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Introduction: The Humble Bee

“Surely if a machine is able to reproduce another machine systematically, we may say that it has a reproductive system. . . .But it is man that makes them do so . . . The humble bee is a part of the reproductive system of the clover . . . then why not we part of that of the machines?”


—Samuel Butler, Erewhon


By early 2007, the world had experienced a sea change in its view of global warming. The United Nations Intergovernmental Panel on Climate Change (IPCC) declared there was a 90 percent certainty that human agency was responsible for the precipitous rise in CO2 levels on the planet. The Stern Commission in Britain warned that climate change was bad for business and would cripple the global economy unless immediate action was taken. The U.S. Supreme Court ruled that the EPA could regulate greenhouse gas emissions to help prevent loss of coastlines and other irreversible effects.


Alarming reports circulated of catastrophic events already set in motion. The polar bears in the Arctic faced extinction as the ice cap melted. The snows of Mt. Kilimanjaro in Africa were virtually gone. Billions of bees in the United States had mysteriously disappeared, leaving their hives empty. Across the planet, everyone  from farmers in their fields to small children anticipating seasonal vacations and office workers on holiday sensed that the seasons no longer unfolded in an orderly sequence. Spring preceded winter in some regions, summer eclipsed fall in others. Hurricanes and other extreme weather  events stuck as never before, and insects, birds, and other wildlife migrated north, forsaking their native habitats.


Intractable Middle Eastern politics, including the war in Iraq and Iran’s nuclear ambitions, the booming economies of China and India, and the reincarnation of Russia on the world stage as an energy Goliath, added to awareness that the world was running out of oil and other climate-endangering fossil fuels and that rising temperatures imperiled the very survival of human culture and civilization.


Out of this bubbling geopolitical cauldron emerged a potential savior: ethanol, biodiesel, and other alternative fuels. Not only could corn, sugar cane, and other crops be used to replace petroleum, they were a clean, non-polluting, biodegradable fuel, contributed to economic self-sufficiency (and hence reduced international competition for scarce resources, a perennial cause of conflict and war), and they were good for farmers, small businesses, and local communities. 


Soon the ethanol race—the new Gold Rush—was on. Scores of new refineries sprouted in the Corn Belt of the American Midwest, palm oil from Indonesia started to fuel a significant percentage of Europe’s transportation, and Brazil announced that it had achieved energy self-sufficiency with ethanol from its vast sugar plantations. Everyone from President Bush and former Vice President Al Gore to Wall Street and Main Street embraced the new technology. Organic farmers and vegetarians touted the virtues of recycling tempura and other plant-quality oils in their Priuses and other hybrids. Tyson Foods, the world’s largest poultry company, teamed up with ConocoPhillips Oil to produce biodiesel for SUVs and other vehicles using beef, pork, and chicken fat.


In the frenzy to wean the country from imported oil and halt the mercury from rising, few entertained second thoughts. What impact would biofuels have on the world food supply? On land use, property values, and labor and fair trade? Is ethanol really beneficial for the climate and environment? Does it require more fossil fuel energy to produce in the form of pesticides, fertilizer, and other fossil-fuel based inputs than it saves? How would ethanol affect the myriad forms of wildlife that share the cornfields? And even more troubling, as Samuel Butler forecast over a century ago when the industrial revolution began and steam-driven factories and mines began to compete for land and other natural resources, what are the evolutionary consequences of committing such a large proportion of human ingenuity and industry to cross-pollinating machines? Are we unwittingly aiding and abetting in our own self-destruction and the creation of a new artificial species that may replace us? 

“The Model T Ford, introduced in 1908, was a flexible   fuel vehicle that could run on ethanol, gasoline, or a combination of both fuels.”

The Benefits of Ethanol


Ethanol, the generic term for a colorless liquid fermented by yeast or other microorganisms, can be used as an alcoholic beverage, an industrial or medicinal solvent, a cleaning agent, or a key ingredient in the manufacture of other chemicals. Also known as ethyl alcohol or grain alcohol, it can be produced from corn, wheat, rice, barley, sugar cane, or other plant-quality material, including trees and wood chips. It has been used as a fuel since 1826 when Samuel Morey developed an engine that ran on ethanol and turpentine.1 


In the early 1890s, Rudolf Diesel used ethanol in the internal combustion engine that bears his name. Henry Ford also used ethanol to power the quadricycle, his first car. The Model T Ford, introduced in 1908, was a flexible fuel vehicle that could run on ethanol, gasoline, or a combination of both fuels. Fuel shortages during World War I increased the demand for ethanol to 50 to 60 million gallons annually.


By the 1920s,  John D. Rockefeller’s Standard Oil Company monopolized the gas business, and petroleum became the preferred automotive fuel in America and most of the rest of the world. Yet even Standard Oil recognized its benefits, adding a small amount of ethanol to gasoline to increase octane and reduce engine knocking. In the Midwest, gasohol, made from oil mixed with between 6 and 12 percent corn ethanol, became popular in the 1930s.


After World War II, the era of cheap gasoline returned and ethanol was not sold commercially for a generation. In the late 1970s and early 1980s, as lead was phased out of gasoline, ethanol became more attractive as an octane additive, and Congress passed laws giving producers significant tax breaks and subsidies. By the early 1990s, ethanol was being used as a gas blend to replace more polluting additives. Producers were also able to tap into the newly emerging and highly profitable market for high fructose corn syrup—a byproduct of the corn ethanol production process.


As the new century began, automakers began producing flexible-fuel vehicles capable of operating on E-85—a blend of 85 percent ethanol and 15 percent oil. However, only 169 gas stations in the country carried E-85, so that most of the 3 million flex-fuel vehicles mandated by law to be capable of using alternative fuels continued to run on oil. MTBE (Methyl Tertiary Butyl Ether), made from natural gas and petroleum and used as an oxygenate in gasoline, was banned in 18 states by early 2003 after traces were found in drinking water, evidently from leaking storage tanks. Ethanol, a safer alternative, gradually replaced MTBE, and the demand for ethanol blends increased, especially in California. 


However, it was not until another several years, when climate change assumed center stage and the war in Iraq dragged on, that the ethanol boom began. In 2006, ethanol refineries purchased 2.2 billion bushels of corn, an increase of one-third over the previous year. Corn futures skyrocketed on the commodities exchange, ensuring high prices through 2010. Seventy-nine new ethanol plants are under construction on top of the 114 already in operation. Another 200 are on the drawing board. Total profits from the 2007 corn crop could reach $13 billion. Ethanol will account for an estimated 26 percent of the corn harvest this year (up from 11 percent in 2004). In 2008, it is projected to rise to 36 percent. In his 2007 State of the Union message, President Bush called for increasing the mandatory use of alternative fuels to 7.5 billion gallons in 2012 (a target likely to be met this year).2  


As this brief summary shows, ethanol has played a small but significant role as an alternative fuel in the rise of the modern motor vehicle. It is a renewable, stable, and generally safe fuel that can be used in cars and trucks with minimal engine modifications. Its density is higher than methanol and some other alternative fuels, making for greater efficiency. It is reviving farming and the rural economy that has been in sharp decline. It contributes to energy self-sufficiency, reducing dependency on the import of foreign oil and the potential for conflict and war over scarce resources.


Ethanol also reduces aromatics, olefins, hydrocarbons, and other ozone-forming compounds that are produced by the combustion of petroleum. It offers an attractive alternative to diesel engines that are high in particulates. The amount of carbon monoxide and nitrogen oxide released by burning ethanol is approximately the same as oil. Carbon dioxide emissions are the subject of intense controversy, with some studies indicating that ethanol reduces them substantially and others that it increases the CO2 in the atmosphere and hence contributes to global warming.


At first glance, ethanol looks like a winner—for consumers, farmers, American energy independence, and the environment.

“In 2006, as the ethanol boom broke out in the United States, the price of corn on the world market shot up to nearly $4 a bushel, twice its previous price, provoking protest marches in Mexico City as millions of people could no longer afford tortillas and other basics.”

Food Sovereignty


In Diet for a Small Planet, Frances Moore Lappé challenged the prevailing assumption that there was a scarcity of food and that world hunger was inevitable. In her 1971 classic, she compiled information showing that there was enough food to end world hunger but from 50 to 90 percent of the world’s grain, soybeans, and other staples were fed to livestock rather than people.3 To get one pound of beef, it takes 18 pounds of grain and soybeans; pork, six pounds; turkey, four pounds; eggs, three pounds; chicken, three pounds. Meanwhile, she tabulated pounds of usable protein per acre as follows: 356 pounds from soybeans; 260 pounds from rice; 211 pounds from corn; 192 pounds from other legumes; 138 pounds from wheat; 82 pounds from milk; 75 pounds from eggs; 45 pounds from meat of all kinds; and 20 pounds from beef. Clearly, animal food was extremely energy-, labor-, and land-intensive. Lappé’s book contributed to the spread of vegetarian and plant-centered diets, as many people adopted a lifestyle that promoted food security and sustainability.


Today, a similar ethical dilemma shadows the boom in ethanol and biofuels. Regardless of how beneficial it might be for the climate and environment, the question arises whether the nation’s farmland should be devoted to growing corn to provide fuel for SUVs, pick up trucks, and other gas-guzzling vehicles (as well as Toyotas, Hondas, and other more fuel-efficient cars) when sizable populations in Latin America, Africa, and Asia lack enough food to eat? 


The question did not remain abstract for very long. In 2006, as the ethanol boom broke out in the United States, the price of corn on the world market shot up to nearly $4 a bushel, twice its previous price, provoking protest marches in Mexico City as millions of people could no longer afford tortillas and other basics.4 


Half of Mexico’s 107 million people subsist on $4 a day or less and cannot afford the steep rise in corn prices. Many families already spend a quarter of their daily earnings on food, and a doubling—and in some cases tripling—of the price of tortillas has caused widespread hunger and disease, especially among children who have had to do with less food or skip meals. 


Facing a national revolt as 2007 began, President Felipe Calderon abandoned his free-trade principles and compelled food producers to agree to fixed prices for maize and maize products. Mexico has been traditionally self-sufficient, growing all of its own corn. Under the NAFTA (North American Free Trade Agreement), Mexico opened its borders to importing corn from the United States. U.S. corn—heavily subsidized by the USDA—flooded the market, driving millions of Mexican farmers out of work and turning them into illegal immigrants seeking food and employment north of the border. The trade agreement turned out to be a disaster for Mexico and other Central and Latin American nations as corn from the U.S. was dumped south of the border at up to 80 percent or less of its cost. Amid the turmoil, giant tortilla companies and corn flour distributors such as Grupo Maseca S.A. and Maiz Industrializado S.A. exploited the situation, further driving up prices.5  


Struggling families in Mexico were not the only ones affected as ethanol drove up the price of corn. In India the cost of food jumped over 10 percent in the past year and in China 6 percent. “This is partly due to the diversion of corn to biofuels,” explains Indur M. Goklany, in a recent article on ethanol and global warming.6 It is instructive to compare the total amount of corn produced and where it has gone over the last four centuries:
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In the United States, corn is the primary crop used to produce biofuel. Elsewhere, soybeans, palm oil, sugar cane, and other crops are widely used to help power transport and industry. The ratios among human, animal, and machine use vary with each plant, but overall the trend is clear. Within several years, the majority of the world’s staple crops, including grains, soybeans, and edible plant oils, will be cultivated to power the industrial sector; the second highest amount will go to provide animal feed; and a minority will be used for human consumption. By 2017, the White House’s target of producing 132 billion liters of ethanol would turn the entire American corn crop into fuel.7


The decline of corn as a food crop has already produced ripple effects in other agricultural sectors and in the food industry. American farmers have started to switch from growing wheat, rice, soy, and cotton to planting corn in expectation of profiting from the ethanol boom. The wheat harvest has dropped sharply, and world grain reserves have fallen to their lowest levels in twenty years. The livestock industry has been particularly hard hit, as rising corn prices have increased the price of chicken, pork, and beef. Corn makes up about two-thirds of poultry feed, and the price of meat, chicken, and eggs has jumped about 15 percent during the last year. Corn—the major ingredient in soft drinks in the form of high fructose corn syrup (HFCS)—will cause colas and other sweetened beverages—the second largest sector in the food industry—to rise in price. HFCS commands 55 percent of the American market for sweeteners. The vast majority of processed foods also contain corn ingredients such as cornmeal, corn dextrose, or some other ingredient made from maize. 


In The Omnivore’s Dilemma, food critic Michael Pollan describes an analysis he arranged for a typical meal at McDonald’s: “In order of diminishing corniness, this is how the laboratory measured our meal: soda (100 percent corn), milk shake (78 percent), salad dressing (65 percent), chicken nuggets (56 percent), cheeseburger (52 percent), and French fries (23 percent). What in the eyes of the omnivore looks like a meal of impressive variety turns out, when viewed through the eyes of the mass spectrometer, to be the meal of a far more specialized kind of eater.”8 


According to the USDA, Americans consume 1540 pounds of corn per capita each year—more than any other nationality—primarily in the form of HFCS and other processed corn ingredients.9 Worldwide, corn accounts for 19 percent of total caloric intake by human beings and 15 percent of total protein from plant sources.10 Seventy percent of global corn exports come from the United States. From impoverished refugees in Third World countries dependent on charitable donations of cornmeal to affluent steak eaters dining on grain-fed beef in America, Europe, and Japan, virtually everyone will be affected by the rising price of corn.


Corn requires more energy to produce than other crops, and the ethanol boom has upped the cost of farm equipment, seed, fertilizers, pesticide, and other inputs. It has also impacted land use and property values, as farmland becomes a more attractive investment for hedge funds from Wall Street as well as local businesspeople. To supply just 10 percent of the nation’s fuel production with ethanol, America would need to devote 30 percent of its farmland to corn.11  (For Europe to meet its current biofuel goals, an astonishing 72 percent of farmland would be required.)


Ironically, small farmers, especially those who are leasing land and expanding their operations to get in on the ethanol windfall, will be hardest hit by rising property values.  (Land values in Iowa have jumped 20 to 30 percent in the past 16 months.)12 Increased profits from corn will be offset by higher land prices and cash rents. In the event that the ethanol boom turns into a bust, farmers may be left high and dry. A reduction in government subsidies, the import of cheaper sugar-based biofuel from Brazil, or the emergence of hydrogen fuel cells or other more efficient or cleaner alternative fuels could cause the corn market to collapse, driving millions of farmers into bankruptcy.


“Building local ownership and wealth is critical,” explains Chuck Hassebrook, executive director of the Center for Rural Affairs. “Locally-owned plants contribute far more to the local economy than absentee investor-owned plants. And creating other opportunities for local people to become self-employed adds to quality of life, builds local leadership, and strengthens our communities. 


“It would be a tragedy if the new farm bill pours the bulk of rural development resources into ethanol. It does not need subsidies with petroleum prices at record highs. Rural development resources are better invested in small business development, leadership development, and other local initiatives.”13


American food aid has also been adversely affected by the ethanol boom. Under U.S. law, all food donated to feed the hungry abroad must be purchased domestically. In the last five years, the amount of food shipped to Africa, Latin America, and Asia has dropped by half in the face of rising fuel and other logistical costs. During this time, the number of people receiving American cornmeal, wheat, and other staples has fallen from 100 million to 70 million. 


“Experts worry that the food-aid budget will feed even fewer of the world’s 850 million hungry people as soaring demand for corn to make ethanol drives up the cost of that staple, a mainstay of food-aid programs,” the International Herald Tribune reported.14 International relief agencies have called for the U.S. Congress to lift restrictions on purchasing food overseas for emergency aid, but powerful agribusiness interests, including the National Corn Growers Association and other lobbyists, strongly oppose such a reform. Community and church groups fighting hunger have started to bypass this logjam—supported by protectionist Democrats and Republicans alike—by donating their own land and labor to raising crops and animals, selling them in the U.S., and donating the proceeds to the Foods Resource Bank to purchase seeds and other materials for farm families in emerging countries.

The Energy Debate

“Abusing our precious croplands to grow corn for an energy-inefficient process that yields low-grade automobile fuel amounts to unsustainable, subsidized food burning.”

—David Pimentel, Cornell University scientist and energy expert15 


Beyond the food versus fuel debate, ethanol’s actual energy savings and impact on weaning the country from petroleum have come under intensive scrutiny. Compared to petroleum, it takes from 1.25 to 1.5 times as much ethanol to travel the same distance because biofuels have a smaller energy density.16 The amount of energy generated by ethanol compared to that needed to produce it is known as the “energy balance.” Proponents of corn ethanol, including the U.S. government, say that biofuel made from corn has an energy balance of 1.3, or yields 30 percent more energy than the amount needed to grow the corn and to harvest, process, and distribute it.17 Other crops have much higher energy balances. The International Energy Agency puts the yield of ethanol made from sugar cane in Brazil at 8.3, or over six times as efficient as maize. 


Using 1.3 as a benchmark, most energy analysts conclude that corn ethanol in the U.S. can reduce America’s use of petroleum at most by 10 to 15 percent.18 A University of Minnesota study by Jason Hill and his associates in 2006 estimated that if the entire American corn crop were used for fuel it would meet only 11 percent of the nation’s present gasoline demand.19 


One of the principal critics of the energetic and economic benefits of ethanol is David Pimentel, a professor of agriculture and life sciences at Cornell University and chairman of a U.S. Department of Energy panel on ethanol use. Over the last generation, Pimentel has emerged as one of the world’s leading specialists on the inputs used to produce various crops. In his most recent study of ethanol production, he and his colleagues made a comprehensive analysis of the fossil energy costs of corn ethanol production.20  These included fourteen energy inputs in cultivation and harvest and nine more in the fermentation/distillation process. 


Based on all the fossil fuel needed to produce ethanol, Pimentel concluded that it took a total of 1.43 kcal of oil or natural gas to produce 1 kcal of corn ethanol. Taking into account the net benefits of dried distillers grains (DDG), a byproduct that is used as a livestock feed, the differential falls to 1.28 kcal of nonrenewable fuels to yield 1 kcal of renewable ethanol.21  


According to the Cornell researchers, the government and corn lobby have overlooked the amount of energy involved in producing farm equipment, processing machinery, and the use of hybrid corn. In previous studies, they further contend, the energy costs of nitrogen fertilizer, insecticides, and herbicides were substantially underestimated.  Government subsidies of the ethanol industry, currently running at $3 billion annually, also artificially skew its energy savings. Pimental’s group calculated that ethanol receives 45 times more grants and tax breaks than the petroleum industry, which is noted for taking advantage of loopholes to make windfall profits.

“In Washington State, farmers are uniting to create canola-free zones to save their crops as rapeseed planted to produce biodiesel encroaches on their farmlands.”

Impact on Climate and Environment


Growing corn or other crops for biofuel requires substantial amounts of fertilizers, pesticides, and other fossil-fueled based inputs, including farm machinery. Growing “corn on corn”—planting corn in the same fields every year rather than rotating it with soybeans or leaving the fields fallow—requires further chemicals. As corn prices rise or remain high, farmers will intensify cultivation of existing fields as well as expand to more marginal land. The end result will add more toxins to the environment and put pressure on already stressed ecosystems.


Pesticide run off, of course, will further pollute rivers and eventually endanger ocean life. But the water table will also be affected by the tremendous amount of water needed to produce and distill corn or other crops. A study by the state of Minnesota found that every gallon of ethanol produced required 4.5 gallons of water.22 Compared to corn, sugar cane—the principal source of biofuel in Brazil—is an even more thirsty crop. In the Indian state of Maharashtra, sugar plantations (which primarily service the soft drink industry) already account for two-thirds of the state’s water consumption, and water tables have dropped by 50 meters in some regions.23 


Across America, local communities concerned about water contamination or depletion are opposing the construction of new corn ethanol plants. In Rogersville, Missouri, for example, a local group representing 400 citizens has taken Gulfstream Bioflex Energy LLC to court, charging that its proposed $165 million ethanol refinery will require 1.3 million gallons of water daily and produce 400,000 gallons of contaminated water. Matt Blunt, the governor of Missouri and a big booster of ethanol, has asked the federal government to relax air pollution standards for new corn-processing plants. 


In Kansas, another state with thin soils where corn is not normally grown, eight ethanol plants have been built, four more are under construction, and twenty-two are in the planning stage. Because of the threat to water tables, especially the Ogallala aquifer that is already strained in sections, about half the ethanol produced in Kansas comes from sorghum, which uses less water than corn.24 


In Washington State, farmers are uniting to create canola-free zones to save their crops as rapeseed planted to produce biodiesel encroaches on their farmlands.25 East of the Cascades, Skagit County produces half the world’s market of cabbage seeds, supplying the U.S. and 90 countries. The state’s rich alluvial soils also produce seeds for kale, collard, Brussels sprouts, radish, cauliflower, and other leafy greens. Keeping crops apart and guarding against cross-pollination is essential to these crops. The influx of canola threatens to contaminate these fields. In Grays Harbor, the world’s largest biodiesel plant opened, a 100 million-gallon facility, to produce biodiesel from rapeseed. State officials have jumped on the biofuels bandwagon  and will require that 2 percent of all diesel sold in the state be made from biodiesel in 2008 and all state agencies must utilize 20 percent of their fuel from this source by the following year. The state ferry system, for example, would require 3.5 million gallons of biodiesel a year.


Aside from contaminating surrounding crops, soil erosion would also increase with the rise in ethanol and biodiesel production. For every inch of topsoil created by modern corn farming, 12 inches is lost.26 According to the National Audubon Society, meeting the fuel needs of a single year’s growth in the American population with ethanol would require 52,000 tons of insecticides, 735,000 tones of herbicides, 93 million tons of fertilizer, and the loss of 2 inches of soil from the 12.3 billion acres on which corn is cultivated.27   The impact on birds, fish, mollusks, crustaceans, and other wildlife would be devastating. Already the U.S. corn industry is the major contributor to pesticide run off on the continent and creator of dead zones—toxic, bacteria-teeming, algae-obstructed regions—in the Gulf of Mexico. Prior to the ethanol craze, seventy percent of the wetlands in the Midwest had already been drained to grow surplus corn.28 


As renewable resources, ethanol and other biofuels are widely viewed as beneficial to the environment and an important part of an energy strategy that will reduce greenhouse gases and slow climate change. Reviewing several studies in Science, for example, Alexander Farrell of the University of California, Berkeley, concluded that corn ethanol would reduce greenhouse gases by 13 percent compared to an equivalent amount of petroleum.29  Several red flags, however, have been raised about ethanol emissions. Though generally non-toxic, incompletely burned ethanol releases acetyladehyde, an ozone-forming compound, and several carcinogens, including formaldehyde, benzene, and betadiene. Like other industrial refining, making ethanol produces waste products that require disposal. Swill, the principal waste product from ethanol, is used on land as a soil conditioner, but it can be extremely toxic to fish and other marine life.30 Also, depending upon the amount of corn and other crops cultivated, clearing fresh farmland would release more carbon dioxide, raising greenhouse emissions and possibly canceling any net gains. The refining of corn or other crop also requires substantial energy. ADM, which produces a third of America’s ethanol, burns coal to power its plants, adding to the greenhouse gases in the atmosphere. (In 2002, ADM settled a pollution case with the EPA by agreeing to install $340 million of air quality controls in ethanol plants in 16 states.)


In a new study on the health effects of ethanol, Stanford researchers found that pollution from ethanol could adversely affect sufferers from asthma and other respiratory diseases more than gasoline. “Ethanol is being promoted as a clean and renewable fuel that will reduce global warming and air pollution,” Mark Z. Jacobson, the author of the study and an atmospheric scientist at the California university, stated. “But our results show that a high blend of ethanol poses an equal or greater risk to public health than gasoline, which already causes significant health damage.” 31 


By 2012, American car manufacturers will be required to produce half of their vehicles capable of running on “flex” fuel, making use of either gasoline or an 85 percent ethanol blend. Jacobson found that cars running on ethanol would increase ozone emissions in urban locales. In Los Angeles, the most severely affected, he estimates that ozone-related respiratory deaths would increase by 9 percent—or 120 persons—annually. 

Brazil: The Biofuels Republic

“With every tree that falls [for development of ethanol production] we increase the probability that tipping point [for loss of the Amazonian rainforest] will arrive.’”

—Dr. Philip Fearnside of Brazil’s National Institute of Amazonian Research


In Brazil, the site of the world’s most successful ethanol program, 300 sugar mills are currently producing ethanol, and there are another 60 under construction. The nation produces one-third of the world’s total biofuels. Cars and other motor vehicles are equipped to run on 100 percent ethanol or a 20-25 percent blend. Over 30,000 service stations stock ethanol and retail it at half the cost of petroleum. Brazil touts its energy independence on foreign oil and has stepped up its exports to other countries. Over the next ten years, it expects to double its production.32 


In addition to ethanol, Brazil has launched a major program to produce biodiesel from soybeans, sunflowers, and castor beans. Recent legislation requires all diesel fuel to include a 2 percent biodiesel blend from oilseed crops by 2008 and 5 percent by 2013. Biodiesel is a particular boon to the soy industry, which has been in decline for many years. Several multinationals, including Archer Daniels Midland, have recently closed soybean crushing plants as the export market has tanked. 


Brazil, which has been called the world’s first Biofuels Republic, has been hailed as an economic and environmental model for a globally warmed world. The International Energy Agency reported in 2006 that the nation’s sugar ethanol program was generally “environmentally sustainable.”33 On average, as noted earlier, the energy balance for making ethanol from sugar was 8.3 (six times that of corn), and carbon savings were calculated at between 85 and 90 percent. The energy needed to process sugar cane into ethanol comes from burning residue from the crop itself, so that no fossil fuels are required, and greenhouse gas emissions are minimized. 


The IEA report was based on the expectation that Brazil would limit expansion of sugar plantations into virgin land or forested regions to 5 percent over the next five years (as it has assured), as well as safeguard against upsetting the regional or national economies, complying with land use, property rights, and human rights, and managing waste and disposal responsibly. 


Despite its glowing promise, most environmentalists and social activists remain deeply concerned about the impact of Brazil’s biofuels program on biodiversity and indigenous cultures. As the site of the Amazonian rainforest, monoculture has already devastated large regions of the country. Besides imperiling countless species of animals, plants, and native tribes, deforestation dramatically impacts climate change. As the “lungs of the earth,” the rainforests take in carbon dioxide and produce oxygen, helping to offset the tremendous amount of CO2 and other greenhouse gases produced by modern society and the trend toward globalization. The Amazon also recycles trillions of tons of water in the form of rainfall that cools the atmosphere. Every hectare of rainforest that is lost adversely affects this delicate balance.


Besides the Amazon, sugar plantations have invaded the Cerrado, a savannah on the Atlantic coast. Two-thirds of this pristine region has reportedly been destroyed or damaged by the sugar industry, which as noted above, is extremely water-intensive.  According to one study, the amount of organic carbon in the soil decreased by nearly one quarter when forest was converted to pasture for cattle production, another major Brazilian industry.  When the pasture was later used to grow sugar, a further 22 percent of the carbon stored in the soil was  released into the atmosphere.34


Compared to growing sugar, logging, or cattle raising, soy production is considered the most environmentally and culturally destructive industry. Most of the soy grown in Brazil is exported to Europe, the United States, or China for use as animal feed. In the Matto Grosso, a major Amazonian region, soy producers are planning to build hydroelectric dams to power their energy-intensive industry. The Enawene Nawe, a traditional culture that has inhabited this region was generations, has been pushed to the brink of extinction. “Soya is killing us,” the community said in a recent appeal to save their homeland.


The World Wildlife Foundation reports that 80 percent of Brazil’s carbon emissions come from deforestation and that ethanol production would save only 13 percent, for a net increase of nearly six times the amount of CO2 and other greenhouse gases in the atmosphere.35 


In early 2007, on a visit to South America, President Bush and Brazilian President Luna concluded an agreement to develop biofuel production. “If Brazil responds to the U.S. target to increase biofuel consumption five-fold by using the Amazon rainforest, it will take the Amazon close to a tipping point beyond which the rainfall cycle it generates will collapse creating drought, megafires, and family of biblical proportions,” the UK Green Party warned in 2007. “If the Amazon goes up in flames our last chance at stabilizing climate will have been lost.”36

“To slake the world’s growing demand for palm oil, deforestation is proceeding on a vast scale, producing forest fires that blanket the landscape, including densely populated regions, with smog and other harmful particulates.”

Southeast Asia: The Palm Oil Bonanza


The rise of palm oil has sparked a gigantic biodiesel industry in Southeast Asia that rivals the sugar cane boom in Brazil. Though centered in the tropics, the refining of this oilseed would go primarily to fueling Europe’s transport network. The EU has mandated that 5.75 percent of all fuel originate from renewable resources by 2010 and 20 percent by 2020. To meet these goals within its own boundaries would require that all the arable farmland in Europe be devoted to producing biofuels.37 Hence, the EU has decided to import biodiesel from other regions, most notably, Southeast Asia, to meet its green targets.


Oil made from the fruit and seeds of the palm tree is a traditional cooking oil in West Africa. Its high amount of beta-carotene, vitamin E, and other nutrients have made it the second most popular vegetable oil in the world next to soy oil. However, its saturated quality carries serious cardiovascular health risks, and its use is discouraged by the World Health Organization and other medical bodies.38  Hence, palm oil, like sugar in Brazil, is a major modern food crop, but not an essential one. Depriving people of sugar or palm oil does not directly cause hunger or starvation and may even improve public health. In comparison, maize is the staff of life for millions of people, and fluctuations in price or availability directly impact their health and well being.


In Indonesia 4 million hectares of forest have been cleared to create palm plantations in Sumatra and Borneo. Another 16.5 million hectares are on the drawing board, and in Malaysia an additional 6 million hectares of forest are in the process of converting to palm farms. The celebrated Tanjung Putting National Park in Kalimantan has been opened to biofuel planting much as Alaskan wilderness and other nature preserves around the world have been leased to oil drillers.


As one of the last refuges for wildlife in Southeast Asia, these regions are home to the orang-utan, the Malaysian elephant, Sumatran rhino, tapirs, gibbons, and many other species of wild animals. Environmentalists warn that they face almost certain extinction if the palm tree expansion continues. The influx of multinational biofuel companies, foreign investment, transcontinental shipping, and other infrastructure has also taken a large human toll. “Thousands of indigenous people have been evicted from their lands, and some 500 Indonesians have been tortured when they tried to resist,” notes George Monbiot in Heat: How to Stop the Planet from Burning.  “The entire region is being turned into a vegetable oil field.”39


To slake the world’s growing demand for palm oil, deforestation is proceeding on a vast scale, producing forest fires that blanket the landscape, including densely populated regions, with smog and other harmful particulates. From choice, drier lands, palm planters have moved to swampier areas whose peat bogs are drained, resulting in the emission of even more carbon than the felled trees when the peat oxidizes. A study in Nature found that in a recent year the clearing of the rainforests in Indonesia released from 13 to 40 percent as much CO2 as all of the petroleum in the world combined!40  Like the gigantic Krakatoa volcano in Java that erupted in 1883 that scientists rank as the greatest environmental catastrophe in recorded history, palm oil prospecting in Indonesia threatens to unleash ecological disasters of almost unimaginable proportions.


In Malaysia, the first palm plant will come on line this year, supplying biodiesel not only to Europe but also to India, South Korea, Turkey, and Columbia. Malaysia itself now requires that all diesel sold for domestic use include 5 percent palm oil. In response to the European Union’s new policy to increase biofuel consumption by ten times, Malaysia and Indonesia have authorized 20 million hectares of land, including rainforests and swamp land, be set aside for palm production. Further South, in Australia, the first biodiesel plant utilizing palm oil opened in 2006 in Darwin and produces 140 million liters of fuel annually.


According to a recent UN report, 98 percent of the Indonesian rainforest will be destroyed or degraded by 2022 if the trend in palm oil production for fuel continues.41 Delft Hydraulics, a Netherlands energy consultant, found that each ton of palm oil produced releases 33 tones of carbon dioxide into the atmosphere or over ten times as much as petroleum.42 Around the world, environmental, development, and social organizations have called upon the EU to abandon its biofuel targets. In a joint statement released in early 2007, 145 organizations called upon the EU energy ministers to put a moratorium on biofuel targets in order to protect natural forests and local communities in the global south.43 

“The ethanol boom will inevitably launch a new round of GM products. ‘It seems reason to expect, in the not-too-distant future,’ Andrew Leonard writes, ‘quadruple- and quintuple- and sextuple-stacked hybrids that do all kinds of fancy things such as incorporate herbicide resistance, targeted pesticides, and modifications that make the corn cheaper and easier to industrially transform into ethanol.’”

The GMO Connection


The impact of ethanol on the ecosystem is compounded by the fact that much of the corn produced in the United States is genetically engineered. A rise in corn production, especially to new regions and marginal lands, will substantially increase the amount of GMOs (genetically modified organisms) released into the environment. 


The most popular corn seeds planted in America today are Monsanto’s “triple stack hybrids,” a GM variety that combines three traits. The corn is resistant to the company’s Roundup herbicide and incorporates toxins that kill the corn borer and the corn rootworm, two insects that can devastate crops growing in the fields. The insecticides built into seeds are engineered from two types of Bacillus thuringiensis, or Bt, a soil bacterium that is toxic to the corn borer and the rootworm.


“For Monsanto, the apparent popularity of triple stack hybrid corn seed is an opportunity to tout the market’s embrace of its latest products,” explains Andrew Leonard in an article “Why Monsanto Loves Ethanol.” “For critics of GM corn, the rush to such varieties presages a future filled with weeds that evolve to resist Roundup and new generations of corn borers and rootworms that shrug off Bt toxins.”44 


Although approved by the U.S. government, genetically modified Bt crops (including soy, cotton, and rapeseed as well as corn) have been associated in many independent research studies with harming beneficial insects, birds, and other wildlife as well as plants and soil cultures. Today there is widespread concern that Bt corn may be a major factor in the mysterious disappearance of bees throughout North America and other parts of the world.45 


The ethanol boom will inevitably launch a new round of GM products. “It seems reason to expect, in the not-too-distant future,” Andrew Leonard writes, “quadruple- and quintuple- and sextuple-stacked hybrids that do all kinds of fancy things such as incorporate herbicide resistance, targeted pesticides, and modifications that make the corn cheaper and easier to industrially transform into ethanol.”46 


The effects of GMOs on non-target species can be toxic and unpredictable. For example, a bacterium genetically altered to produce ethanol from plant wastes killed wheat plants.47 The organism, Klebsiella planticola with an additional alcohol gene, had shown no detectable adverse effects during pesticide and toxicity evaluations and had been approved for experimental tests by the EPA. But under actual field conditions, all the wheat plants exposed to the GM bacteria died while none of the wheat plants in the control group were affected. 


In testimony to the New Zealand Royal Commission on Genetic Modification, Dr. Elaine Ingham warned, “This bacterium was engineered to produce alcohol from plant debris, so alcohol could be produced after raking up grass straw residues instead of burning fields. This organism would have been released to the real world by placing the residue left at the bottom of the fermentation container following grass straw alcohol production on fields as fertilizer. With a single release, we know that bacteria can spread over large distances, probably world-wide . . . This could have been the single most devastating impact on human beings since we would likely have lost corn, wheat, barley, vegetable crops, trees, bushes, etc.”48 


The U.S. Department of Energy estimates that the country could produce one third of its fuel from a new generation of ethanol crops by 2030. It particularly recommends genetically engineering switchgrass and poplar trees, which grow fast, are naturally resistant to pests, and high in cellulose. The design of “better” enzymes and yeasts in the laboratory is aimed at boosting biofuel production. As the planet warms up, moreover, crops can be engineered to neutralize the adverse effects of climate change. “We can engineer crops to grow on dry and saline soil, enthuses Raymond Orbach, undersecretary for science in the Department of Energy. “This is going to be a revolution. For agriculture, it is going to be a very exciting time.”49 


logen, a small Canadian company has started producing ethanol with a tropical fungus genetically engineered to produce enzymes that can efficiently break down cellulose and convert biomass into starch and alcohol. “Cellulose feedstocks could product twice as much ethanol per hectare as corn,” the company contends.  Investment bank Goldman Sachs has put $30 million into the project, and logen intends to establish a plant in Germany with the backing of Volkswagen and Shell.50 


In 2007, the Intergovernmental Panel on Climate Change (IPCC) called for a substantial increase in the research and development of GM crops as a major strategy in the campaign to prevent or slow global warming. Academic institutions, such as the University of California at Berkeley, are teaming up with oil companies (BP in this case) and biotech companies to research and develop new varieties of GM crops that can be used to produce biofuels. The euphemism for this process is “synthetic biology.”


In 2008, Syngenta, the giant biotech company based in Switzerland, plans to introduce a GM corn that contains an enzyme that converts itself into ethanol, bypassing a separate process at the distillery. DuPont and Bunge announced a joint venture to design soybeans for biodiesel and other industrial uses. 


It seems that the sun—the ultimate source of global warming—never sets on the brave new world of GM biofuels.

“Ceres, a California company, is promoting switchgrass, a wild, fast-growing species in the Midwest, as an abundant, low-cost alternative to corn- or soy-based fuels. “You could turn Oklahoma into an OPEC member by converting all its farmland to switch grass,” gushes Ceres’s director.”

Cellulosics: Non-Food Sources of Fuel


As an alternative to grain-based ethanol, interest in cellulosic ethanol is rising. The lure of green energy has triggered a wave of bioprospecting, or the quest for cheaper and more efficient forms of cellulose that can be turned into biofuels. From Scandinavia to New Zealand, biotech companies are funding research into developing a host of new products made from fast-growing trees, shrubs, and grasses that incorporate enzymes, for example, those from termites, that can convert the cellulose and lignin in trees and other biomass into easily distillable form.


Cellulosic biofuels are made from non-food products such as trees, wood chips, rice straw, and other inedible plants or waste materials. Advocates say cellulosics avoid the ethical objections posed by using staple food crops for fuel. They also tend to produce higher yields, typically twice as much ethanol per acre as corn. Nor do they compete for scarce farmland or utilize wetlands or other protected areas. 


Tree-based ethanol, or treethanol, requires less chemicals and water than field crops. Trees also grow year round and contain more carbohydrates than other feedstocks, accelerating the breakdown of sugars in the fermentation process. Trees also serve as habitats for birds unlike sugar cane plantations and many other monocultures. In New Zealand, BioJoule is developing an ethanol plant to produce fuel from willow trees that thrive on nutrient-poor soils. The willows would be pulped into wood chips and then processed into ethanol. Several commercial byproducts would be produced in the process, lowering costs and making tree ethanol competitive with Brazilian biofuel made from high-yielding sugar cane. In Sweden, entrepreneurs are investigating the use of poplars as a renewable fuel source.


The U.S. Department of Energy is funding research into GM trees. “Our preliminary results clearly point out that transgenic wood can drastically improve ethanol-production economics,” says Vincent Chiang, a biologist at North Carolina State University.51 In addition to their usual objections to

biotechnology, health and environmental groups have particularly warned against the genetic engineering of trees. The UN Convention on Biological Diversity (CBD) warned in 2006 that tree pollen can travel hundreds of miles and cross-pollinate with ordinary trees. “Pine pollen can travel 2000 miles,” observes Teresa Anderson.  “Trees have such a long growth cycle we have little or no idea what the impact will be on their ecologies. But trees provide the planet’s most important ecosystems for keeping climate in the balance. It seems insanity to use this untested technology as a so-called ‘solution’ when there is a large chance that it could harm global forest systems and create even more long-term chaos.”52


Ceres, a California company, is promoting switchgrass, a wild, fast-growing species in the Midwest and eastern states, as an abundant, low-cost alternative to corn- or soy-based fuels. “You could turn Oklahoma into an OPEC member by converting all its farmland to switch grass,” gushes Richard Hamilton, Ceres’s director.53 


Others are not so optimistic. “Ethanol from 300 million acres of switchgrass still could not supply our present gasoline and diesel consumption, which is projected to double by 2025,” James Jordan and James Powell wrote recently in the Washington Post.54 The two Polytechnic University of New York researchers warned that even biofuels from nonfood crops could have a “devastating” effect on agriculture and the environment.


David Pimentel, the Cornell researcher and expert on energy use, calculates that producing ethanol from switchgrass requires 50 percent more fossil fuels than it produces and biomass requires 57 percent more.55 


Phycotransgenics, an Indianapolis company, is using algae to produce recombinant proteins that can be harvested and processed into fuel. CEO Richard Wagner says unlike corn, which has up to 100 chloroplasts per cell, algae have only one, which makes genetic engineering easier and more likely to succeed. The single-cell plants, he explains, are more prolific than staple food crops and can produce up to 15,000 gallons of ethanol per acre.


While cellulosics are less objectionable than staple food crops, their efficiency—and hence impact on the environment and climate change—overall may be negative, especially when they are genetically modified.

Central America: Epicenter of the Ethanol Storm

“Like earlier civilizations, we face a choice. When the Sumerians got into trouble on the food front, they substituted barley for wheat, which delayed but did not prevent their ultimate decline. We are similarly substituting ethanol for oil, treating the symptoms rather than the cause. The question is whether we will move quickly enough to reduce our dependence on oil . . . or choose to follow the . . . Sumerians and Mayans?”


—Lester Brown, “Ethanol Could Leave the World Hungry”56 


While the American Corn Belt, Brazilian cane fields, and Southeast Asian palm plantations have dominated the rise of biofuels, the epicenter of the competition between food and fuel for the world grain harvest is Central America. On the site of one of the planet’s oldest cultures, the politics of oil, ethanol, and biotechnology are rapidly converging. As we saw, protests have already broken out in Mexico City over rising tortilla prices fueled by the ethanol boom.


Central American wildlife has also been impacted. For millennia, large stingless bees known as xunan kab (“royal ladies) have produced honey in log nests in the tropical forests of the Yucatan. According to Maya myth, they served as a link to the spirit world. Mexican pyramids—shaped curiously in the form of beehives—boast likenesses of Ah Muzen Cab (Great Lord Bee) on their on their tops.


In traditional Maya society, honey was harvested as a sweetener, a medicine, and the active ingredient in balche, a fermented beverage. Beeswax was employed in producing candles and metal objects in the lost wax processing of casting. The gentle insects were regarded as messengers of the gods and treated reverentially. If a bee were killed accidentally, the Maya wrapped it in a leaf and buried it in a sacred ceremony. 


Today the xunan kab (known as meliponines by scientists) are endangered. During the last fifty years, the African honeybee imported from Brazil has interbred with European bees introduced into Central America. Native bees are also dying out as their habitats are destroyed to make way for cattle grazing, soybean plantations, logging, and urban development. 


From 1980 to 1990, the number of native beehives dropped from about one thousand to four hundred. In the last census in 2004, only ninety remained. Many native wildflowers, shrubs, and other plants cross-pollinated by the xunan kab (but not by the African honeybee) are also in decline.57 


Though rich in natural resources, Mexico has suffered under globalization. Between 1998 and 2001, GMO corn from the United States was illegally dumped or imported into the country, widely contaminating native maize. A suppressed government study in 2002 found that 11 out of 22 regions in Oaxaca and Puebla, the original cradle of Mesoamerican civilization and homeland for the ancient strains of maize first domesticated seven thousand years ago, were contaminated by GMOs as high as 60 percent.58 The National Biosecurity Commission in Mexico City declared a moratorium on planting GM corn, but Monsanto, Cargill, and other multinationals have managed to effect the “transgenization” of the tortilla industry. “Millions of years of biological history will be lost if transgenic seeds are allowed to be planted in the Mexican milpa [corn patch],” warns Dr. Ignacio Chapela, the UC-Berkeley biologist who first discovered GMO contamination while doing fieldwork in Oaxaca.59 In 2007, Monsanto concluded an agreement with the National Confederation of Corn Producers to convert some of the nation’s vast maize crop to “technically improve seeds” to resist plague and improve yields.60 


The threat of dire climate change is used by the biotech giants to promote new drought-resistant GM seeds. Mesoamerica has been particularly hard hit by warming temperatures, El Nino and La Nina storm cycles, and a mammoth hurricane in 2005 that was more devastating than Katrina that destroyed New Orleans. Though rich in oil, Mexico will inevitably be pressured into producing ethanol from maize for both domestic use and export to the U.S. Currently, Mexico does not sell ethanol for domestic use, but it produces flex-fuel engines for sale abroad and may divert some of its extensive sugar cane harvest into developing biofuels.


This past winter, billions of bees vanished in North America and other regions of the world. Environmentalists suspect that a main cause of this mysterious disappearance is toxicity from Bt corn. Bees customarily gather pollen and nectar from cornflowers, and Bt has produced lethal effects in Monarch butterflies (which coincidentally winter in Mexico and are also declining in large numbers). According to a Cornell University study, 44 percent of the larvae of the butterflies died when exposed to Bt corn pollen,61  Beekeepers also recently started feeding bees high fructose corn syrup to nurse them through the winter instead of honey or other forms of sucrose. Exposure to Bt crops (including cotton, soy, and rapeseed in addition to corn) may be killing off the continent’s principal pollinators.62


Bees pollinate one third of all human food crops, including many grains, beans, vegetables, fruits, nuts, and seeds. Coffee plantations in Central America and elsewhere have been particularly affected, as coffee is dependent on bees as well. Bees are especially sensitive to temperature changes, and loss of pollen and nectar sources as a result of climate change could be disastrous. The decline and fall of bees will devastate the world food supply far beyond the adverse effects of corn ethanol and other dubious biofuels. As Einstein reputedly warned, “If the bee disappears from the surface of the earth, man would have no more than four years to live.”63 


According to the famous Mayan Prophecy, the world will end in 2012, about four years from now. The ancient Mesoamericans were renowned for their astronomical knowledge, and their calendars (such as the Aztec Solar Calendar) are more accurate than the Gregorian calendar we use today. Like the xunan kab honeybees of the Yucatan and teocinte, the original heirloom variety of maize in Oaxaca, that are imperiled by genetically altered corn, humanity’s days may be numbered unless the world awakens to the approaching crisis.

“Politics lie at the core of the nation’s unsustainable commitment to ethanol just as much as it does to preserving oilfields in the Middle East. All the presidential candidates, for example, are beholden to voters in Iowa, site of the nation’s bell weather political caucus and the capital of the ethanol industry.”

The Gospel of Ethanol


The gospel of ethanol has sparked an evangelical crusade in the American heartland. In rural regions and other areas that have been bypassed by the IT (information technology) revolution or been hard hit by the loss of manufacturing or outsourcing, the prospect of a new golden age fueled by corn is proving irresistible. Similar missionary efforts have been launched on behalf of other biofuels across the planet.


In Mexico, the ancient Aztecs used to offer an annual human sacrifice to the Sun to ensure the fertility of the maize harvest. In the name of energy independence and climate control, the president, Congress, and other national leadership in the United States today are prepared to sacrifice the nutritional health and well being of the rest of the world to produce cheap corn-based fuel to keep America’s SUVs, four-by-fours, and other monstrous vehicles on the road. As a form of Montezuma’s revenge, modern corn monoculture, including new GM varieties, is destroying the heirs to the civilization that conquered Mexico. High fructose corn syrup is fueling the obesity epidemic in America today, raising the risk of heart disease, certain cancers, diabetes, and many other chronic disorders.  Half the corn crop goes to animal feed to produce beef, dairy food, chicken, eggs, and other animal foods high in saturated fat that are leading to further biological degeneration and skyrocketing healthcare costs. And now corn is poised to replace oil as the main fuel for America’s 250 million passenger vehicles.


Politics lie at the core of the nation’s unsustainable commitment to ethanol just as much as it does to preserving oilfields in the Middle East. All the presidential candidates, for example, are beholden to voters in Iowa, site of the nation’s bell weather political caucus and the capital of the ethanol industry. To buck the tide and question the hidden social and environmental costs of the region’s literal new cornucopia is tantamount to political suicide. Similarly, legislation related to fuel economy, gasoline additives, air and water quality controls, and other energy related issues mask fierce behind-the-scenes rivalry among the oil companies, the natural gas cartel, and the newly emerging corn barons. Special interests, not the common wealth, largely continue to drive energy policy.


In terms of food politics, the ethanol debate comes down to a few basic truths. According to David Pimentel, 11 acres of corn are required to fuel a typical American car for one year.64  In a world in which 3 billion people live on less than $2 a day (half of which goes to food), as economist Lester Brown reminds us, the corn needed to fill up an SUV gas tank with ethanol only once could feed a single person for an entire year.65 


In many ways the ethanol debate is a distraction. The central issue on the planet today is creating a sustainable future. As a landmark United Nations report in 2007 explained, the top destroyer of the environment and contributor to climate change is the modern food and agricultural system, especially animal food production. Cattle and other livestock generate the single biggest source of greenhouse gases—18 percent—more than cars, trains, and planes combined.66 


According to the new FAO study, Livestock’s Long Shadow, deforestation, desertification, acid rain, water pollution, air pollution, soil erosion, destruction of coral reefs and creation of “dead zones,” and many other adverse environmental and climate changes are driven by fossil-fuel based agribusiness; the meat, poultry, and dairy industries; and the global spread of fast food.67 


In Samuel Butler’s utopian novel, Erewhon, the Erewhonians ultimately halted their industrial revolution, banishing the steam engine and all other machines to the museum because of their deleterious impact on nature and human development.  Hopefully, we will not have to take such a dramatic step.


The world has abundant resources to ensure healthy food, clean energy, and safe, efficient transport for all. By changing ourselves, beginning with our own food and fuel pattern, we can change the world. We can enjoy the benefits of modern society, including its marvelous technological innovations, without cross-pollinating a new species of artificial intelligence that will succeed us. By respecting the traditional staff of life—whole grains, including maize, rice, and wheat, as food for human consumption—biological evolution, including the endless development of the human spirit, will continue to unfold naturally.

Appendix 1

Planetary Health Guidelines on 

Ethanol and Biofuels


1. Personal and planetary health are inseparable. The choices that we make in our daily way of life, including food selection, energy use, and transportation, shape and influence the world as a whole. In turn, changes in resource use, wildlife distribution, and climate change impact our individual and family health, consciousness, and well being.


2. As planetary citizens, access to healthy food, clean air and water, and a safe, system of public transport is everyone’s natural birthright.


3. The earth faces multiple crises in respect to agricultural production and food use, energy development and fuel consumption, and climate change and global warming. New sustainable ways of living must be developed or our species, along with many others, may not survive.


4. Comprehensive solutions are required to deal with these overriding interconnected problems. Energy and fuel policies cannot be viewed in isolation from other basic issues.


5. Policies and practices should be avoided or minimized that are personally harmful, morally objectionable, or environmentally destructive. These include chemically based agriculture, especially corn and soy monocultures; the modern way of eating high in grain-fed beef, dairy, and other animal products; reliance on petroleum and other fossil fuels; and the use and spread of nuclear technology.


6. The use of maize, wheat, rice, barley, sorghum, and other staple food crops for ethanol should be halted or phased out as soon as possible.


7. Palm oil and other biofuels that contribute to deforestation, water pollution, and air toxicity should be halted or phased out as soon as possible.


8. Genetic engineering involves many inherent hazards to human health and the environment. The long-range unpredictable and irreversible risks of biotechnology far outweigh the short-term benefits. Genetic modification of enzymes, yeasts, and seeds for ethanol or biodiesel production should be halted or phased out as soon as possible.


9. Energy policy should focus primarily on sustainable agricultural practices and transitioning to plant-based diets; reducing wasteful and unhealthy energy consumption; incorporating wind, solar, hydroelectric, and other renewable fuels; developing quantum conversion, zero point energy, and other safe, clean new technologies that tap into potentially unlimited energy sources; developing public transport; and improving the efficiency of motor vehicles. Fuel efficiency has scarcely changed over the last century. The Model T Ford got 25 miles per gallon of gas, a slightly higher amount than today’s typical car (24.5 mpg).68  A four-gallon increase in the average fuel efficiency of American automobiles would save 15 percent of total fuel consumption.69


10. On a global scale, ethanol and biofuel production appears to be unsustainable. In some bioregions, plant-based fuels may be part of a sustainable local or regional economy. Organic and natural agricultural practices should be developed as much as possible.


11. Individuals, families, communities, and regions should be encouraged to inventory their natural resources, calculate their energy use, and develop their own local approaches to sustainability.


12. On a practical level, individuals and families can reduce their carbon footprint by eating more plant quality foods, especially whole grains, beans and bean products, vegetables from land and sea, fruits, seeds, nuts, and other whole, unprocessed foods; growing more of their own food; eating locally; and buying organically. They can reduce their home energy use by using solar, wind, and other renewable energies; using more efficient appliances; and minimizing the use of fossil fuels. 


13. In respect to transport, the 40/40/20 rule can be observed: about 40 percent of travel by personal car is local (2 miles or less) and can usually be eliminated in favor of bicycling or walking; another 40 percent is of moderate distance, but can be combined with other errands or scheduled to be shared with family members, friends, or neighbors; and about 20 percent is essential.70 Online car pools are forming in many areas so that both people needing or offering a ride can easily connect on the Internet and divide the monetary and energy costs.


14. Recycled oil used in home cooking or local restaurants; cellulosics from rice straw, corn stalks, and other inedible plant materials; and other biomass may be used on a personal, family, or community level to produce biodiesel for local use so long as it does not adversely affect the environment and waste products are disposed of properly. For example, the third annual Greasestock was held in Yorktown Heights, N.Y., where “greasers” from the Northeast met to display cars and trucks converted to run on recycled vegetable oil. One Jetta was renamed “Volksvegan.”


15. With a combination of simple, common sense approaches, humanity can create a sustainable future. It can enjoy delicious, healthful cuisines, share the earth harmoniously with other species of animals and plants, and enjoy the benefits of modern technology, including energy grids and transportation networks, powered by a variety of clean, renewable sources.

Appendix 2

Japan Develops Rice Ethanol


Japanese drivers may soon fill up their cars with rice ethanol. In Shinanomachi, a mountain resort 125 miles northwest of Tokyo, a government-financed project is producing a biofuel brew similar to unfiltered sake made from rice hulls and other waste products donated by local farmers.


“We want to present the next generation a preferable blue print—a self-sustainable use of local fuels,” explained Yasuo Igarashi, project director and a professor of microbiology at the University of Tokyo.71 


As home of Toyota, the world’s leading motor vehicle manufacturer, and the Kyoto climate treaty, Japan is striving to catch up with Europe, Latin America, and other regions in the international race to develop a biofuel to meet its own carbon emission targets. 


Unlike most other countries, Japan is entirely dependent on crude petroleum imports for its fuel and has been severely impacted from the spike in global oil prices, including soaring transoceanic freighter costs. Japan is so far behind other countries in the biofuels race that the Shinanomachi project had to import a Ford Focus with a flex-fuel capability to test its product.


As part of its energy policy, Japan has set of goal of supplying 10 percent, or 6 million kiloliters, of biofuel by 2030. Prof. Igarashi says that it takes 1 kilogram of rice to produce a half liter of ethanol. If the price can be kept competitive with gasoline, he envisions Japan turning to rice as a major feedstock for its fuel in the near future.


In a recent interview, Hiroshi Shiraiwa, a member of the International Food & Agricultural Trade Policy Council and a former director of Mitsui, said that unlike America, where prime cropland is at a premium, Japan has nearly 33 percent of its farmland, primarily rice paddy fields, unplanted or diverted for growing wheat or soy.72 (Because of the soggy soil, these crops, he says, are largely unproductive when grown on former paddy land.) 


The decline of rice farming in Japan has been a major cultural issue, and proponents of biofuels say using unplanted or abandoned farmland for rice ethanol will revive farming. The country’s one million hectares of unused paddy land could produce an estimated 6 million tons of rice that could be processed into 1.8 million kiloliters of fuel.


In comparison to corn, which needs to be rotated with other crops, Shiraiwa notes, rice can be grown on the same soil year after year. Rice also has about the same starch content as corn, he points out. But the entire rice husk can be used as part of a co-generation system to produce energy in the dehydration process unlike corn stalks, thus reducing the fossil fuel inputs. Still,  Shiraiwa admits, there are no concrete figures yet on the net energy balance of using rice as a fuel compared to oil or other crops.


Shiraiwa is particularly enthusiastic about new hybrid and genetically modified strains of rice. “There could potentially be an increased yield of three or four times as much in the future, if we introduced a GM crop,” he stated in a recent interview. He recommends calling this rice “eco-grain” instead of “ethanol rice” to reduce resistance among farmers.


Shiraiwa says that ethanol could be made from high yielding brown rice that is regarded is unsuitable for consumption in white-rice loving Japan. To prevent rice ethanol from driving up international food prices, he also advocates an acreage allotment policy that would divide the amount of farmland between food and fuel.


For proponents, rice ethanol will rejuvenate Japan’s rural economy, revive rice as a cultural symbol, and contribute to reducing greenhouse emissions. For critics, the underlying assumption is that “ethanol from rice will allow us to keep driving or eating as usual.”73  Unless fundamental changes are made, it may lead to an ever-increasing demand that more and more of Japan’s—and Asia’s—ricefields—be converted into fuel. On a planet in which half the people eat rice every day as their principal food—and many of them, as in Africa, India, Latin America, and North Korea, go to bed hungry each day—using rice to power motor vehicles, however green and energy-efficient, is unsustainable.
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