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Ethanol’s Political Support
	Crude oil prices topped $80 a barrel in mid-September, breaking the previous record on 7 days in a row.  Earlier, gasoline prices topped $3 per gallon for weeks.  The U.S. imports 2/3 of its oil, twice as much as any other nation even uses.  Americans consume twice as much energy as American plants harvest using photosynthesis.  Since 1850, 90% of the US oil endowment has been mined, according to Prof. David Pimentel of Cornell University (New York, USA).
For more than a decade, refiners have blended some ethanol, up to 10%, into gasoline supplies.  General Motors and Ford sell some vehicles (less than 5% of all cars sold) that are designed to run on up to 85% ethanol.  They plan to sell many more, perhaps instead of raising fuel efficiency.
	Many farmers support a new market for their crops, especially corn.  Ethanol production has pushed up the price of corn, the chief ethanol source in the United States, increasing profits for some of these farmers.  Farmers are looking at converting a large fraction of America cropland to corn production, in order to supply ethanol distilleries.
Replacing much of America’s gasoline (140 billion gallons a year) with ethanol has a great deal of political support.  The Energy Policy Act of 2005 requires that 7.5 billion gallons of ethanol be blended into the gasoline supply by 2012.  In line with President Bush’s recommendation, a bill now in Congress mandates U.S. use of 36 billion gallons a year of ethanol by 2022, including 20 billion from such non-corn feedstocks as switchgrass, wood chips,  and corn stems and leaves.
The US now produces 6.5 billion gallons a year of fuel ethanol at 127 distilleries.  Seven expansions and 78 plants under construction will double that. (Bloomberg News, August 28, 2007)  Ethanol consumed 20% of the US corn crop in 2006 and is expected to consume 25% in 2007.  The push for more ethanol has been a major factor (along the push for more efficient cars) in oil industry plans to scale back expansions at oil refineries by 40%, even eliminate them.  This in turn has helped keep gasoline prices high.
Can the Farmer and the Cowman Be Friends?
On the other side, many farmers look at corn prices up to $3.50 a bushel.  That’s the highest in a decade and up 75% in two years.  They see higher costs to feed their cows, chickens, and pigs.  This squeezes their profit margins.  For example, with a 40% increase in the cost of feeding chickens, Tyson Foods saw a $117 million profit in 2005 turn into a $235 million loss in 2006.  Using corn for ethanol raises the price of milk, beef, chicken, eggs, and pork, but not as much as it squeezes supplier margins, since many factors go into retail prices.  Ranchers are questioning the wisdom of ethanol subsidies.
US wheat prices in October were up 90% from 9 months earlier.  Soybean prices were up 40%, influenced by demand for biodiesel and switching cropland from soybeans to corn.  As big Mexican farmers shipped corn north to US markets for ethanol, the price of Mexican tortillas rose with corn prices and Mexicans protested in the streets of Mexico City.  Using a large amount of food crops like corn to make ethanol raises ethical concerns.
Ethanol Drawbacks
Ethanol has some inherent problems.  First, ethanol’s energy density is only 2/3 that of gasoline.  Cars won’t go as far, without bigger tanks.  Second, ethanol picks up impurities from water, iron and steel, making it more corrosive than gasoline is.  So the network of gasoline pipelines cannot be used to transport ethanol without major changes.   Accordingly, ethanol is transported mostly modest distances, 75% by rail and the rest by tank trucks.  Third, corn production consumes a great deal of water, much of it from the Ogallala Aquifer, where the water table is falling steadily.  A gallon of ethanol requires 1700 gallons of water (mostly to grow the corn).  See Pimentel editorial, BioScience 56: 875, November 2006.
Fourth, even if all US cropland were converted to corn production for ethanol, it would still produce only 1/3 of the current US gasoline supply, or less.  In recent years, US farmers have used 300 to 350 million acres of the 500 million acres of cropland available.  More than 100 million acres more were used for pasture or lay idle.  One study, led by Burton English of the University of Tennessee, says that another 105 million acres (25% more than current total corn acreage), mostly pasture land, would need to be dedicated to energy crops like switchgrass to meet a goal of 25% energy use from renewables by 2025.  The English study says that converting 105 million acres of US farmland to switchgrass and other energy crops could yield 86 billion gallons of ethanol by 2025 (40% of US gasoline use), plus 1.1 billion gallons of biodiesel, enough to support 60 million households.   While the English analysis suggests that using all US cropland (corn, wheat, soybeans, etc.) for ethanol could replace 32% of American gasoline use, Pimentel says that using the entire American corn crop alone would replace only 6% of American gasoline use.
Finally, by some estimates, current techniques of ethanol production require more energy input than the amount of energy output they yield.  Thus, ethanol may not decrease US carbon dioxide (CO2) emissions.  Other estimates are more optimistic and find that ethanol will decrease CO2 emissions modestly.
Energy In versus Energy Out
A key to the viability of ethanol production as a replacement for gasoline is how much energy input, from fossil fuels, is required to produce a unit of energy output from ethanol.  (These analyses omit the solar energy stored by green plants using photosynthesis, just the supplemental fossil fuel energy.)  After fermentation to create ethanol, it requires a lot of energy to separate the 8% ethanol from a broth that is 92% water.  (Gasoline and water don’t mix.)  Brazil gets an 8:1 energy out to energy in ratio for ethanol, using sugar cane.  Brazilian sugar cane crop yields (kilograms per hectare) are 5 times as high as American corn yields.  Further, Brazil uses less energy to distill, because they don’t need high purity (full separation).  Brazilian ethanol is not mixed with gasoline.  Half the cars in Brazil run on just ethanol.
Two analyses of the energy in / out ratio for American corn ethanol give quite different answers.  Other analyses give a variety of answers, but none of them peg corn’s energy out / energy in ratio at better than 2:1.  Some peg it at less than 1:1.
Pimentel’s 2005 analysis of 14 energy inputs for corn production, plus 9 used to ferment and distill it, found that 100 units of energy from fossil fuel inputs yields 78 units of energy output from corn ethanol.  More than half of the energy input went to distilling the ethanol 3 times, to remove enough water (99.5% purity) so the ethanol can be mixed with gasoline.  With credits for a distillation byproduct, distillers’ dried grains, 100 units of energy input yielded 83 of output.  Pimentel found that ethanol from cellulose is worse, using current technology: 100 units of fossil fuel energy inputs yields 70 of output from cellulosic ethanol.  Pimentel’s study is available at www.springerlink.com/index/R1552355771656V0.pdf.
Hosein Shapouri’s analysis for the U.S. Department of Agriculture used 12 crop inputs for ethanol, plus 4 to ferment and distill it.  He found that ethanol yields 106 units of energy output for every 100 of input, but 167 when given credits for byproducts.  These include distillers’ dried grains, corn gluten feed, corn gluten meal, and corn oil.   The study is available at www.usda.gov/oce/reports/energy/net_energy_balance.pdf.
The two analyses use very similar crop yield data, factors to convert pounds of corn to gallons of ethanol, and energy required to distill a gallon of ethanol (about 2/3 of the energy actually contained in a finished gallon of ethanol!).  They differ in two major ways.  First, Pimentel finds that it takes twice as much energy to grow enough corn for a gallon of ethanol, compared to the USDA finding.  Greater energy intensity (51% more) in fertilizers (and/or more pounds of fertilizer) accounts for 27% of the difference, energy embodied in farm machinery (omitted by Shapouri) 25%, herbicides and insecticides (energy intensity and amount used, combined) 16%, seed production 11%, labor 8%, irrigation water 7%, and other factors 6%.  Second, Pimentel credits only distillers’ dried grain.  Neither researcher specifies how the credits are calculated.
Alternatives to Corn Ethanol
Partly as a result of the many drawbacks to corn ethanol, there is a great deal of interest in three alternatives.  First, some researchers seek to make plant-based compounds that resemble gasoline more closely than they resemble ethanol.  They would have a much higher energy density than ethanol and low corrosion.   A group under Jay Keasling of the Joint Bioenergy Institute in Berkeley, California (USA) is trying to engineer microbes to turn cellulose into hydrocarbons that can go directly into a gasoline tank without the need for mixing in petroleum.  (Science News 172:121, August 25, 2007)
Second, there is a great deal of biodiesel development.  Biodiesel has an energy density 9% higher than gasoline, not 33% lower.  Soybeans are the primary biodiesel source in the US, although sunflower, rapeseed (canola), palm, and other oils will serve.  However, there are concerns about adequate acreage for soybeans and the ratio of energy in to energy out.  The energy in / out ratio is 8 times as good for palm oil, compared to soybeans, according to the Earth Policy Institute.  Pimentel found that the energy in /out ratio for US soy biodiesel is 100:79, barely different from corn ethanol, a bad deal.
Third, the greatest interest is in making ethanol from cellulose.  The US Department of Energy this year announced it would spend $385 million over 4 years on six pilot plants for cellulosic ethanol.  A farmer would receive a cost share and per-acre rental payment over a plant’s first 5 years.  After that, a farmer would get $45 per ton of biomass delivered.
Switchgrass is the most famous cellulose source these days, but mixed prairie grasses show more promise.  Neither requires the heavy inputs of fertilizer, pesticides, and irrigation water that corn, or even sugar cane, does.  The problem with cellulose is that the yeast microbes that make ethanol aren’t able to chew up the much harder cellulose in cell walls.  As Martin Keller at Oak Ridge National Lab said, “Nature developed plants so they’re not easily degraded.”
Current  cellulose ethanol strategies use several steps to dismantle cell walls, beginning with heat, pressure, or acids to separate lignin and hemicellulose from cellulose.  Cellulose fibers do not dissolve well in water, making it difficult for enzymes to break cellulose down to glucose.  Microbes that break down hemicellulose produce much by-product and little ethanol.  Research focuses on finding new enzymes to break down cell walls,  since ones that break down corn kernels won’t do the trick.  Researchers at the Great Lakes Bioenergy Research Center are prospecting among microbes, including bacteria and fungi, that rot fallen trees in forests.  Researchers hope to genetically engineer a single organism that can both break down cell walls and ferment the resulting products into ethanol.  The energy in / energy out problem can be greatly ameliorated if energy for distillation is provided by burning lignin and hemicellulose instead of fossil fuels.
In February, Cellunol broke ground for a cellulose ethanol plant in Louisiana using the bagasse residue from sugar cane.  Mascoma is building a $30 million plant in upstate New York to make ethanol from wood chips.  A plant in Iowa is being built to make ethanol from corn cobs and stalks.  Their processes are  trade secrets.
In the Meantime
Rising costs, for both plant construction and feedstock inputs, threaten to make many new ethanol plants uneconomic.  Construction costs have risen 75%, according to Bill Hallisey, a managing director with Berggruen Holdings in New York.  Some Wall Street analysts  predict the ethanol boom is about to stumble on a supply glut and shrinking profit margins, according to Gordon Ommen, co-founder of US BioEnergy Corp., one of the top ethanol producers in the U.S.  Geoff Cooper, of the National Corn Growers Association, expects a temporary oversupply over the next few months, but hesitates to call it a glut.  Lehman Brothers analysts estimated the surplus at 1 million gallons per day (about 5%) in the second half of 2007.
Ethanol prices on the Chicago Board of Trade are down 25% from a year ago and 57% below the $3.98 a gallon peak on July 3, 2006.  Second-quarter profits in 2007 fell 23% at VeraSun Energy Corp. and 49% at Aventine Renewable Energy Holdings Inc.  Share price are down 35% at VeraSun, 41% at Aventine, and 41% at Bio-Fuel Energy Corp., but up 3% at Archer Daniels Midland Co.  With higher input prices and lower output prices, many companies industry-wide are re-examining plans to build or expand distilleries.  That sounds like the news for oil refineries.



