Meat production “most destructive tech…on earth” predicted to cause “10 million deaths a year,” GHG emissions to pass 2 degree warning target of Paris Agreement by 2050” despite developing, viable CPs.   
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Most people like them even better dead. Americans eat three hamburgers a week, so serving beef at your cookout is as patriotic as buying a gun. When progressive Democrats proposed a Green New Deal, earlier this year, leading Republicans labelled it a plot to “take away your hamburgers.” The former Trump adviser Sebastian Gorka characterized this plunder as “what Stalin dreamt about,” and Trump himself accused the Green New Deal of proposing to “permanently eliminate” cows. In fact, of course, its authors were merely advocating a sensible reduction in meat eating. Who would want to take away your hamburgers and eliminate cows?
Well, Pat Brown does, and pronto. A sixty-five-year-old emeritus professor of biochemistry at Stanford University, Brown is the founder and C.E.O. of Impossible Foods. By developing plant-based beef, chicken, pork, lamb, dairy, and fish, he intends to wipe out all animal agriculture and deep-sea fishing by 2035. His first product, the Impossible Burger, made chiefly of soy and potato proteins and coconut and sunflower oils, is now in seventeen thousand restaurants. When we met, he arrived not in Silicon Valley’s obligatory silver Tesla but in an orange Chevy Bolt that resembled a crouching troll. He emerged wearing a T-shirt depicting a cow with a red slash through it, and immediately declared, “The use of animals in food production is by far the most destructive technology on earth. We see our mission as the last chance to save the planet from environmental catastrophe.”
Meat is essentially a huge check written against the depleted funds of our environment. Agriculture consumes more freshwater than any other human activity, and nearly a third of that water is devoted to raising livestock. One-third of the world’s arable land is used to grow feed for livestock, which are responsible for 14.5 per cent of global greenhouse-gas emissions (GGH emissions). Razing forests to graze cattle—an area larger than South America has been cleared in the past quarter century—turns a carbon sink into a carbon spigot.
Brown began paying attention to this planetary overdraft during the late two-thousands, even as his lab was publishing on topics ranging from ovarian-cancer detection to how babies acquire their gut microbiome. In 2008, he had lunch with Michael Eisen, a geneticist and a computational scientist. Over rice bowls, Brown asked, “What’s the biggest problem we could work on?”
“Climate change,” Eisen said. Duh.
“And what’s the biggest thing we could do to affect it?” Brown said, a glint in his eye. Eisen threw out a few trendy notions: biofuels, a carbon tax. “Unh-unh,” Brown said. “It’s cows!”
When the world’s one and a half billion beef and dairy cows ruminate, the microbes in their bathtub-size stomachs generate methane as a by-product. Because methane is a powerful greenhouse gas, some twenty-five times more heat-trapping than carbon dioxide, cattle are responsible for two-thirds of the livestock sector’s G.H.G. emissions. (In the popular imagination, the culprit is cow farts, but it’s mostly cow burps.) Steven Chu, a former Secretary of Energy who often gives talks on climate change, tells audiences that if cows were a country their emissions “would be greater than all of the E.U., and behind only China and America.” Every four pounds of beef you eat contributes to as much global warming as flying from New York to London—and the average American eats that much each month.
“So how do we do it?” Eisen asked.
“Legal economic sabotage!” Brown said. He understood that the facts didn’t compel people as strongly as their craving for meat, and that shame was counterproductive. So he’d use the power of the free market to disseminate a better, cheaper replacement. And, because sixty per cent of America’s beef gets ground up, he’d start with burgers.
Brown assembled a team of scientists, who approached simulating a hamburger as if it were the Apollo program. They made their burger sustainable: the Impossible Burger requires eighty-seven per cent less water and ninety-six per cent less land than a cowburger, and its production generates eighty-nine per cent less G.H.G. emissions. They made it nutritionally equal to or superior to beef. And they made it look, smell, and taste very different from the customary veggie replacement. Impossible’s breakthrough involves a molecule called heme, which the company produces in tanks of genetically modified yeast. Heme helps an Impossible Burger remain pink in the middle as it cooks, and it replicates how heme in cow muscle catalyzes the conversion of simple nutrients into the molecules that give beef its yeasty, bloody, savory flavor. To my palate, at least, the Impossible Burger still lacks a beef burger’s amplitude, that crisp initial crunch followed by shreds of beef falling apart on your tongue. But, in taste tests, half the respondents can’t distinguish Impossible’s patty from a Safeway burger.
Eighteen months ago, White Castle, the nation’s oldest burger chain, started selling the Impossible Slider, and sales exceeded expectations by more than thirty per cent. Lisa Ingram, White Castle’s C.E.O., said, “We’ve often had customers return to the counter to say, ‘You gave us the wrong order, the real burger.’ ” In August, Burger King rolled out the Impossible Whopper in all of its seventy-two hundred locations. Fernando Machado, the company’s chief marketing officer, said, “Burger King skews male and older, but Impossible brings in young people and women, and puts us in a different spectrum of quality, freshness, and health.”
Ninety-five per cent of those who buy the Impossible Burger are meat-eaters. The radio host Glenn Beck, who breeds cattle when he’s not leading the “They’re taking away your hamburgers!” caucus, recently tried the Impossible Burger on his show, in a blind taste test against a beef burger—and guessed wrong. “That is insane!” he marvelled. “I could go vegan!”
Several dozen other startups have taken an entirely different approach: (OR COULD) growing meat from animal cells. Yet even Pat Brown’s competitors often end up following his lead. Mike Selden, the co-founder and C.E.O. of Finless Foods, a startup working on cell-based bluefin tuna, said, “Pat and Impossible made it seem like there’s a real industry here. He stopped using the words ‘vegan’ and ‘vegetarian’ and set the rules for the industry: ‘If our product can’t compete on regular metrics like taste, price, convenience, and nutrition, then all we’re doing is virtue signalling for rich people.’ And he incorporated biotechnology in a way that’s interesting to meat-eaters—Pat made alternative meat sexy.”
In the past decade, venture capitalists have begun funding companies that view animal meat not as inflammatory, or as emblematic of the Man, but as a problematic technology. For one thing, it’s dangerous. Eating meat increases your risk of cardiovascular disease and colorectal cancer; a recent Finnish study found that, across a twenty-two-year span, devoted meat-eaters were twenty-three per cent more likely to die. Because antibiotics are routinely mixed into pig and cattle and poultry feed to protect and fatten the animals, animal ag promotes antibiotic resistance, which is projected to cause ten million deaths a year by 2050. And avian and swine flus, the most likely vectors of the next pandemic, pass easily to humans, including via the aerosolized feces widely present in slaughterhouses. Researchers at the University of Minnesota found fecal matter in sixty-nine per cent of pork and ninety-two per cent of poultry; Consumer Reports found it in a hundred per cent of ground beef.
For another thing, meat is wildly inefficient. Because cattle use their feed not only to grow muscle but also to grow bones and a tail and to trot around and to think their mysterious thoughts, their energy-conversion efficiency—the number of calories their meat contains compared with the number they take in to make it—is a woeful one per cent.
It’s easy enough to replicate some animal products (egg whites are basically just nine proteins and water), but mimicking cooked ground beef is a real undertaking. Broadly speaking, a burger is sixty per cent water, twenty-five per cent protein, and fifteen per cent fat, but, broadly speaking, if you assembled forty-two litres of water you’d be sixty per cent of the way to a human being. Cooked beef contains at least four thousand different molecules, of which about a hundred contribute to its aroma and flavor and two dozen contribute to its appearance and texture. When you heat plant parts, they get softer, or they wilt. When you heat a burger, its amino acids react with simple sugars and unsaturated fats to form flavor compounds. The proteins also change shape to form protein gels and insoluble protein aggregates—chewy bits—as the patty browns and its juices caramelize. This transformation gives cooked meat its nuanced complexity: its yummy umami.
Impossible ended up taking three million dollars in seed funding from Khosla Ventures. Then Brown started hiring scientists, most of whom had no food expertise. His wife, Sue Klapholz, who trained as a psychiatrist and worked as a geneticist, became the company’s nutritionist. “I had been making jewelry and doing nature photography, having this great retirement,” she told me, still surprised by this turn in their lives. No one quite knew what they were doing, including Brown, who’d announce projects such as “We need every single plant-based ingredient in the world. Go!”
Impossible’s first burger, built around wheat protein, launched in 2016, at four high-end restaurants: Cockscomb and Jardinière, in San Francisco; Crossroads Kitchen, in Los Angeles; and Momofuku Nishi, in New York. An improved formulation, introduced last January, swapped out wheat for soy and was not only gluten-free but also lower in fat and cheaper to manufacture. Traci Des Jardins, the chef behind Jardinière, said, “The 1.0 version had a mushy mouthfeel, and it would adhere to surfaces and sear in a way that meat doesn’t. This version has a more toothsome bounce, and it doesn’t fall apart in a Bolognese sauce. The 2.0 really does behave just like beef.”
Climate change, which now drives our hunt for meat substitutes, originally drove hominids to turn to meat, about two and a half million years ago, by making our usual herbivorean foodstuffs scarce. Eating animals added so much nutrition to our diets that we no longer had to spend all our time foraging, and we developed smaller stomachs and larger brains. Some scientists believe that this transformation created a powerful instinctive craving. Hanna Tuomisto, a Finnish professor of agricultural science, recently wrote, “This evolutionary predilection explains why eating meat provides more satisfaction compared to plant-based food and why so many people find it difficult to adopt a vegetarian diet.”
An inborn meat hunger remains a hypothesis; meat is the object of many human urges, including the urge to construct all-encompassing theories. In the book “Meathooked,” Marta Zaraska writes, “We crave meat because it stands for wealth and for power over other humans and nature. We relish meat because history has taught us to think of vegetarians as weaklings, weirdos, and prudes.” The anthropologist Nick Fiddes goes further, declaring, in “Meat: A Natural Symbol,” that we value meat not in spite of the fact that it requires killing animals but because it does. It’s the killing that establishes us as kings of the jungle.
It’s worth noting that the Neanderthals, who subsisted almost entirely on meat, were outcompeted by our omnivorous ancestors. In any case, Ethan told me, meat no longer serves its original purpose, and “we can use the expanded brain that meat gave us to get us off of it.” Like many alternative-protein entrepreneurs, he is a vegan; when he taste-tests Beyond’s burgers, he occasionally chews a beef burger to orient his palate, then spits it out and wipes his tongue with a napkin. He has a potbellied pig named Wilbur at home that knows how to open the refrigerator: “Wilbur lives in our house to teach my kids that, from the perspective of science, the moral circle is poorly defined.”
Ethan said that he launched Beyond Meat to mitigate meat’s effects on “human health, climate change, natural resources, and animal welfare—we call them ‘the four horsemen.’ ” One consequence of this compendious mission, with its attention to people’s health—and to their concerns about health, warranted or not—is that Beyond, unlike Impossible, uses only ingredients taken more or less directly from nature.
Ethan’s scientists are skeptical of heme’s efficacy. Dariush Ajami, who runs Beyond’s lab, told me that he viewed it as a mere colorant, because, in collaborating with companies specializing in food chemistry, “we’ve never seen any flavor houses using heme as a flavor catalyzer.” Ethan told me that even if heme proved to be a catalytic dynamo he wouldn’t use it, or any genetically modified ingredient: “There’s an evolutionary instinct, deep within us, to avoid things we don’t understand.” When I noted that consumers already accept many G.M.O. products—more than half the rennet used to make cheese is genetically modified, and ninety-two per cent of America’s corn is G.M.O.—he conceded, “People will get used to it in the Impossible Burger.” He grinned. “But will they get used to it before the burn rate gobbles the company?”
Thirty-three companies are working on a single-ingredient approach: using animal cells to grow meat in vats. The management consultants at A.T. Kearney predict that by 2040 the technique will produce thirty-five per cent of all meat. Josh Tetrick, the C.E.O. of Just, Inc., which is developing cell-based chicken nuggets and ground wagyu beef, told me that the problem with plant-based meat is that it feels ersatz: “The Silicon Valley approach of Impossible Foods and Beyond Meat is ‘If we can nail taste and cost, we’ll win.’ But meat is about identity and authenticity. Like, I hope Tesla comes out with a pickup truck, but if they have to call it Tesla’s Electric Mobility Transport Unit my friends in Alabama would never buy it.”
The cell-based approach may eventually provide meat using a tiny fraction of the land and water that livestock use. And, if companies can figure out how to grow cells on a scaffolding of mushroom or celery, or arrange them using a 3-D printer (and also surmount issues with vascularization and oxygen diffusion), they’ll have solved the defining challenge for meat replacements: building a sturdy approximation of muscle, fat, and connective tissue to produce full cuts of meat and fish. Mike Selden, of Finless Foods, told me, “Where Impossible stops is where Finless starts. They’re limited to ground products, and we’ll be able to make sashimi and fillets.”
Since 1961, global meat production has grown more than four hundred per cent. Not only is meat delicious; it’s nutritious—a great source of protein, iron, and Vitamin A. In areas such as sub-Saharan Africa, where one person in five is malnourished, meat is the quickest fix. Its consumption also demonstrates to the neighbors that you can afford something other than rice, yams, or cassava. The barrier to that emblem of arrival keeps getting lower: in most places, meat is cheaper than it’s ever been.
By 2050, as the world’s population grows to nearly ten billion, demand for meat is expected to nearly double again. In the global-management world, this predicates what is known as “the 2050 Challenge”: how do we feed all those people without hastening climate change? A five-hundred-page report, “Creating a Sustainable Food Future,” released in July by the World Resources Institute, the World Bank, and the United Nations, declared that, if we stay on our present course through 2050, feeding the planet will “entail clearing most of the world’s remaining forests, wiping out thousands more species, and releasing enough GHG emissions to exceed the 1.5° C and 2° C warming targets enshrined in the Paris Agreement—even if emissions from all other human activities were entirely eliminated.” The chance that ten billion people will suddenly stop driving, cooling their homes, and manufacturing anything at all is, of course, zero. The report’s lead author, a droopy-eyed research scholar at Princeton University named Tim Searchinger, told me, “There were times writing it when I thought, Euthanize your children—we’re all doomed.”
“What’s the increase in your production going to be the day Burger King goes national?” Searchinger asked.
Searchinger had brought a list of detailed questions about the company’s costs and its supply chain, which the execs met with assured generalities. Brown said, “Another advantage we have over the incumbent technology is that we keep improving our product every week. The cow can’t.”
“How close are you on the texture issues to being able to make steak and cubed beef?”
“The level of confidence in the R. & D. team is very high,” Brown replied evenly. At the moment, Impossible’s steak prototypes are squishy and homogeneous, far too easy to eat. Brown announced a steak project earlier this year, then put it on hold to address the supply crunch.
Searchinger said, “Our baseline estimate is that by 2050, to produce the beef to meet demand, we’ll see a hundred and fifty-eight million hectares more pastureland in Africa alone. And the even bigger threat is from China.”
Searchinger looked wistful. “If you could just reforest all the grazing land, 1.2 billion hectares!” he said. “Giving up all beef would be the most effective thing we could do for the planet.” He has calculated that if you reduced beef consumption by three-fourths (allowing for some pastoral nomadism and dairy cows later used for beef) and reforested accordingly it would reduce global G.H.G. emissions by about twenty per cent.
While all cattle graze on grass for much of their lives, at least ninety-five per cent of American beef cattle spend their last four to six months being fattened on grain at feedlots. Because cattle “finished” on grass gain weight half as fast as they do on grain, they are kept alive longer; for that reason, and because the microbes in their bellies process grass more thoroughly, the cows belch out forty-three per cent more methane. Grass = gas. When a Costa Rican at Brown’s table at dinner proudly announced, “One of the priorities of our government is decarbonizing cattle ranching,” Brown said, “You can’t decarbonize cattle ranching. It’s impossible. You just need to get rid of those cows!”
He is equally baffled by challenges from people who agree with his goals but question his methods. In 2017, the environmentalist organizations ETC Group and Friends of the Earth attacked Impossible, claiming that heme was potentially unsafe and that its patty “implicates the extreme genetic engineering field of synthetic biology, particularly the new high-tech investor trend of ‘vat-itarian’ foods.” Brown published a comprehensive response, in which he pointed out that “your own bloodstream right now contains about as much heme as 300 pounds of Impossible Burgers.”
The spread of livestock is largely responsible for the ultimate in the unethical treatment of animals; since 1970, the world’s wild animal populations have diminished by an average of sixty per cent. But peta, in its zeal, often fails to grapple with the nuances of means and ends. For instance, it opposes eating chicken, pointing to the abuses of factory farming. American broilers, chickens raised for meat, are bred and confined in ways that make them more than four times larger than broilers were in the nineteen-sixties; as a result, they often collapse from their own weight. Jacy Reese, in “The End of Animal Farming,” noted that “consuming smaller animals leads to far more suffering per calorie because it takes far more animals.” By comparing the number of days that various kinds of livestock spend in factory-farm conditions, Reese determined that eating chicken is nineteen times worse than eating beef. But it’s vastly better for the environment—poultry production has about one-eighth the climate impact of beef production.
The agribusiness giant Cargill recently invested in Puris, which supplies Beyond Meat with pea protein, and in two cell-based startups. Brian Sikes, who runs Cargill’s protein-and-salt group, told me that “plant-based is part of the solution” to the 2050 Challenge, “and potentially cell-based is, too.”
The N.C.B.A.’s math doesn’t account for nitrous-oxide emissions from manure-covered pastures or emissions from producing crops for feed and from manufacturing the beef itself, all of which raise the figure to 3.8 per cent. More significantly, the E.P.A.’s accounting, like many such assessments, fails to factor in the G.H.G. impact of animal agriculture’s land use. According to the World Resources Institute, if Americans replaced a third of the beef in their diets with legumes, it would free up a land area larger than California, much of which could be reforested (at great expense, and if the owners of the land were so inclined).In most of the world, beef production is vastly less efficient than it is in America. Frank Mitloehner, a professor in the department of animal science at the University of California, Davis, who is often cited by pro-meat forces, acknowledged, “We have way too much livestock in the world—it poses a serious risk to our ecosystems.” By incorporating American know-how abroad, he added, “we could feed everyone in the developing world with one-quarter of the current global herds and flocks.”
Right now, they do. In July, Impossible announced that, after tripling production at its Oakland factory and signing a deal to make its burgers at plants belonging to a meat-processing behemoth called the OSI Group, it was no longer restricting deliveries to any of its distributors. The company planned to increase production fourfold by the end of the year. It was once more blasting ahead.
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