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When a new technology comes along, proponents and opponents immediately pop to the fore. That is to be expected, but surprisingly, the press gets filled with bad data and even more surprisingly, asks the wrong questions. The debate on ethanol is no different. There are a series of questions, facts, hidden agendas and myths that cloud the press. 

Questions like energy balance, sufficient land availability, need for new infrastructure, food versus fuel, carbon emission efficiency, technology timelines, and many more have surfaced.

A negative energy balance is for example, often cited. This paper attempts to put many of these questions in perspective. There is seldom an absolute answer but there are often “most likely” answers, “most pragmatic answers”, “the lowest risk options”, the politically most acceptable and hence most likely to be implementable (mathematically the highest expected value) answer”, or “the best alternative in a situation where each option has its pros and cons.” We often find ourselves agreeing with critics by saying “if that could be done, it would be better”. Probably the most important thing we focus on, as differentiated from other solutions or problem statements is (i) will the solution go beyond the problem statement to focus on the best alternative among the realistic alternatives (in our opinion), even if the alternative has its problems – we ask others to not just criticize this solution but suggest a better option that is technologically, politically, and commercially implementable. (ii) to go beyond the wrong question  “what is…” to the possibilities of “what can be …” with manageable risk and implementation probability, considering technology, market dynamics, investor interest, politics, embedded interests, and the like , and (iii) what trajectory does the choice put us on? If it is not perfect (and corn ethanol is not perfect), does it lead incrementally, like an evolutionary system through successive refinement, to a better and better solution over time? If the solution was to “fail” what would be the cost, the dislocation, and other consequences?
The message of this paper and the companion papers is (i) corn ethanol is not perfect but it is the best alternative among our realistic options; and many of the myths around it are just that – myths; there is no material food vs fuel or energy balance or infrastructure issues; and it dramatically reduces petroleum use independent of its energy balance (2) corn ethanol primes the pump for better options, be it cellulosic ethanol from enzymes or gasification, or butanol, or other “biohols” (other liquid fuel chemistries)  from the same feedstocks using similar technologies and the same automotive engines; these options are well along on the development path. Trajectory and scalability infact are the most important variables to consider in picking among options.  (3) even corn ethanol, though it will never meet all our gasoline replacement needs,  is not your father’s ethanol – it can be and has  been  improved substantially in many ways and made properly can be environmentally almost as good as cellulosic ethanol; corn ethanol properly managed can result in lower prices for gasoline and a much lower priced fuel for today’s automobile engines (minor changes only) without the need to revolutionize the automobile industry; (4) we have enough land for dedicated energy crops to replace all our gasoline needs in an environmentally sustainable manner that is also compatible with the way that Wall Street operates. (5)Ethanol, even as we know if today, can compete with gasoline without subsidies and be environmentally cheaper of consumers. (6) A few simple policy changes, signaling the right intent, can set us down the right path at a lower cost to consumers and the government. 
We can start a trajectory towards a greener, cheaper, politically acceptable fuel that creates a Silicon Valley style innovation boom, rejuvenates the rural economy, and maybe even enhances the battle against global poverty, at minimal cost, and at relatively lower risk than oil, hydrogen or other alternatives. We can do this at little cost (again relative to the cost of petroleum and petroleum subsidies) because this strategy is very amenable to the decision makers from Washington to Wall Street without a lot of dollars from the government. Yes we wish we did not have a corn ethanol legacy mired in controversy around mid-west politics, yes we wish at today’s oil price the credits to ethanol were lower (and we had lower petroleum subsidies and a carbon tax as well), and we did not have tariffs on imported ethanol, but despite all the wishing it is still by far the best real option we have, warts and all!
The reality of this situation is illustrated by an ethanol producer in the mid-west who sells ethanol at “normal sustainable margins” to retailers who will sell it at a profit of $0.20 per gallon (retailers make half of this on gasoline). This ethanol was selling in June 2006 at $1.78 a gallon in Aberdeen, South Dakota, showing that these economics work for farmers, producers, distributors, retailers and most importantly consumers. That is why ethanol is the only real alternative to gasoline (more on electricity as fuel option later). My hope is to see Walmart announce $1.99 per gallon E85 at every Walmart in America. A greener, cheaper, renewable, made in America product that will bring hordes of drivers to their parking lot. Let’s not have a failure of imagination. 
Our realistic “scalable” options in the next decade are limited to oil or ethanol - Do we want to feed our farmers or mid-east terrorism? Do we want ANWR oil rigs or prairie grass fields? Fossil fuels or green fuels? Create farm jobs or mid-east tycoons? Gasoline cars or cars that offer the choice of gasoline or biofuels? Expensive gasoline or cheaper ethanol? This appears to be nothing less than a Darwinian IQ test!

A Hierarchy of goals!
We have a hierarchy of goals for the USA when it comes to transportation fuels and oil. First, on energy and economic goals, we want a lower cost for our transportation fuels, a lower level of imports to improve our trade balance, to be less dependent on foreign oil, to have more energy security and independence, and if possible to create more farm incomes and US jobs. We want to substitute imported petroleum, to reduce worldwide demand for oil to make it less of a critical international resource, and  for oil dollars to stop feeding mid-east based terrorism. All these goals can be achieved without any consideration to energy balance or cellulosic ethanol. By using our export crop lands to produce energy crops we can substitute oil imports with fewer exports of corn, soybean and other crops, reducing our trade deficit while improving the economics to farmers. Almost certainly if we use some of our croplands for either growing food crops to be converted into biofuels or cellulosic energy crops, our farmers will have more flexibility and higher incomes while overall consumer costs will come down. Though the prices for certain crops may increase (they certainly will increase for biomass because there are few large scale uses for it today) there will be an overall economic benefit. Everyone can agree that even the worst ethanol plant in operation today dramatically reduces our consumption of oil (even if it does not reduce our fossil energy use) and hence our dependence on foreign oil. We can meet many of our energy goals starting with corn ethanol and moving over time to cellulosic ethanol and other biohols.
When we reach beyond these goals to our environmental goals, we need to worry about energy balance, land use, monoculture crops, health effects, and a host of other issues. It fortunately turns out that many of the factors that drive economics will also benefit the environment. Even corn ethanol today has a better fossil energy ratio (FER) per mile driven than gasoline with about a 20% reduction in greenhouse gases and it is getting better everyday. Surely we can define an ethanol plant (for example one that uses coal for its energy source) that has negative energy balance and carbon emission consequences but even those plants will dramatically reduce our oil consumption. It is important to distinguish between oil and other fossil energy sources that critics refer to, because though coal has poor carbon emissions, it does have a positive impact on fuel cost, energy security, reducing trade deficit, reducing worldwide demand for petroleum, gaining independence from foreign oil, and increasing farm incomes and employment. We are illustrating a point about our hierarchy of objectives, not suggesting we build coal based corn ethanol plants or coal to liquid fuel plants. Quite the contrary, we strongly recommend we eliminate ethanol credits for any ethanol that does not have at least a 2X FER improvement over gasoline per the Argonne Labs GREET model as the carbon emission reductions are critical to meet our environmental goals. If (hopefully when) a carbon “cap and trade” system is instituted in the country, it will give a substantial advantage to the cleaner forms of ethanol (or other fuels) and may give cellulosic ethanol as much as a $0.20-$0.30 cost advantage over gasoline, on top of an already lower production cost.

A word about efficiency - these scenarios are enhanced and made more achievable sooner if fuel use efficiency is increased. The recent call to increase CAFÉ standards and our recent proposal to turn CAFÉ into a “petroleum mileage” standard will help us get there sooner, with less land use impact. 
Over promises on Cellulosic?
So are we over promising on cellulosic ethanol? We don’t think so but if we are we don’t see another viable alternative. What makes us believe in cellulosic ethanol? If the goal is cellulosic ethanol production costs of $2 per gallon (roughly equal to gasoline at today’s prices), we are there already. We have a number of different ways to do it except that no investor is willing to bet on these price points being viable. So the real question is do we expect cellulosic ethanol production costs to drop sufficiently to be competitive with corn ethanol? The dozen or so serious respondents to a recent Department of Energy RFP are willing to invest $60-70m of their own private money on the belief that their particular technology can meet the requirements. They could all be wrong but it is somewhat unlikely that so many different approaches and distinct technology sets will all prove wrong. We have significant funds invested in three such projects. Are we certain this will work? No, but it is very likely that one of the dozen or more projects will achieve the cost target. The risk of a failure is much lower than the risk of a battery breakthrough to make plug-ins economically attractive or to solve all of hydrogen’s problems(in our view). 
Further if we did not have corn ethanol priming the pump, helping create a market for ethanol, getting the fuel infrastructure and FFV’s lined up, we would not be investing in cellulosic ethanol as the cascade of distribution, market demand and infrastructure risks with the technology risk would make it too risky for us. In fact the corn ethanol investments we have made will make the cellulosic risk smaller as it is likely (but not guaranteed) that the initial cellulosic plants will be add-ons to today’s corn ethanol plants, making them economically viable sooner. To make this future happen this is a pretty modest risk to take compared to the risks we are taking with oil today such as defending shipping lanes, supply uncertainties, climate change and geopolitics. 
We have a climate crisis and energy crisis. We have a terrorism crisis and a foreign policy crisis and all of them are linked to oil. Ethanol is a risk worth taking. And it takes us down a path that can lead to revolution through a series of evolutionary steps, at little cost to government, consumers or US automakers. These are detailed in Part I of this series of white papers, “Imagining Tomorrow”. Part II here, “Is Ethanol Controversial” covers many of the myths about ethanol that are prevalent because of bad information and misinformation campaigns. Part III, “A Near Term Energy Solution” covers our policy recommendations. Little cost, lots of upside – what is there not to like. We don’t buy the argument that this will lull us into not pursuing other solutions (like increased CAFÉ, better batteries) in parallel. Infact we agree that we should pursue multiple options in parallel but given the risk profile certain options deserve more attention than others. And options complementary to the liquid fuel option, like electric power for cars, should get favored attention too. 
Our projections on what we can infact produce in cellulosic and corn ethanol over time is included in Appendix A. It includes details on expected yields of biomass crops, one scenario on how the number of acres of land under biomass crops  might expand over time (we use the assumption that we will primarily replace export crops or use CRP lands, not put additional lands under cultivation). Appendix B hypothesizes how with the right policies the number of flex-fuel cars on the roads might go up and how the demand for E85 might climb over time. It is important to note that fortunately, since E85 capable flex-fuel cars will only come on the road when people buy new cars and new car buying rates are limited to fewer than 10% of our fleet every year, demand for E85 will expand at a measured rate – slower than the supply capability for E85. This is important because if inexpensive E85 is introduced into the market its price will not climb to match that of gasoline as the number of cars capable of consuming it will be the demand limiting factor. Cheaper E85 will remain cheaper and will increase demand for E85 cars.  Appendix C , D and E are responses to recent Op-ed pieces and articles in major US publications and  points out the fallacy of those arguments.
Myths Galore

Myth: Energy Balance
 Moving onto the question of energy balance, there is no “one number” for the energy balance of ethanol just as there is no one number for the weight of a cell phone or the cost of wireless phone call. All sizes of cell phone exist and yes in 1985 it did weigh five pounds. The cost of a phone call was high in 1985 per minute but is relatively lower today. Similarly ethanol made in a 1985 plant has a very different energy balance, cost of production, and land use efficiency than today. It is not your father’s ethanol anymore. Such misperceptions, and often the perusal of irrelevant and often the wrong questions, are discussed below.
Unfair reporting? Unfortunately, journalism school teaches our journalists to tell both sides of the story, even if there is no other side, or even if it isn’t the right question. When a trade-off is required between balance and accuracy, they pick balance. The figure below lists many of the studies that show a positive energy balance for corn ethanol, on average.  Almost always the one study by Pimental & Patzek is cited without reference to the other half dozen studies that prove otherwise. It is seldom mentioned that Argonne National Labs and a peer reviewed paper in Science magazine, among others, have challenged the conclusions of this study. A senior scientist from the Union of Concerned Scientists, an environmental organization said to me while criticizing their work, “for god’s sake he is an entomologist!”. Whether personal characterizations are fair or not, it is seldom noted that Patzek was once an oil company employee.  The NRDC, presumably genuinely concerned about environmental issues, agrees with the critics of the  Pimental & Patzek study. A recent press release (June 7, 2006) states “Biofuels such as ethanol and biodiesel can significantly reduce global dependence on oil, according to a new report by the Worldwatch Institute, released in collaboration with the German Agencies for Technical Cooperation (GTZ) and Renewable Resources (FNR)”. One can find other studies that support Patzek & Pimental but the question to ask is – should we report “some researchers say…”?, or  “the majority of studies prove ….. otherwise?” Who are we to believe on environmental issues, the Union of Concerned Scientists, NRDC, Worldwatch, a dozen other studies that prove otherwise or two researchers and a few studies that have been trying to prove corn ethanol is bad for twenty five years? Does mentioning their research make for a more balanced story? A more accurate story about the merits of corn ethanol? 
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Figure: Positive & Negative Energy Balance Studies

It is also clear that the press prefers controversy to accuracy: Pimental & Patzek in their analysis stack the deck against ethanol in a number of ways. The researchers attributed a wide array of energy costs to ethanol production, including the energy required to produce tractors used in cornfields and even all forms of energy consumed by workers for things such as food, transportation and police protection. Equivalent factors generally aren't included in comparable analyses of rival fuels like gasoline. Also, researchers didn't take into consideration the value of ethanol by-products, which can be used in cattle feed. According to the New York Times (June, 2006),  Dr. Pimentel, along with Tadeusz W. Patzek, a civil and environmental engineer from the University of California at Berkeley, published a research finding that the Agriculture Department's analysis excluded the energy required to produce or repair farm machinery, as well as the steel and cement used to build the plants. The Agriculture Department countered by noting that the professors failed to consider the energy benefit of certain ethanol byproducts, including corn oil and corn gluten, and said they were using old farm machinery data. ''They put all the energy on the ethanol,'' said Roger Conway, director of the department's office of energy policy and new uses. Dr. Pimentel acknowledged the omissions of some byproducts, saying they might have boosted the energy balance to as much as break even. How can we best capture these details and biases? Have we computed the same numbers for gasoline?
We don’t get our questions right: Energy balance is not even the right question to answer. It is not the energy balance of ethanol that matters but the energy balance of ethanol relative to the energy balance of gasoline. Dr Wang at Argonne National Labs has built one of the most rigorous and transparent public models for energy balance calculations. His results indicate that corn ethanol has almost twice the energy balance compared to gasoline, yet this crucial fact is seldom mentioned in the press. According to the majority of studies, corn ethanol has an energy balance between 1.3-1.8 while gasoline is substantially worse, at about 0.8 (since it takes energy to extract, transport, refine and handle gasoline). Electricity has an energy balance four times worse than corn ethanol. Do we stop using electricity? No, because as Dr. Wang concludes, this is not even the right question. Dr. Wang goes on to say that energy balance (as Pimental & Patzek define it) is “not a meaningful number for any fuel in evaluating its benefits”. 
Why then does the press continue mentioning it? Why do they fail to mention that electricity has a substantially worse energy balance than ethanol? Do they recommend we stop using electricity? What is often inferred by the press is that it takes more petroleum to make ethanol than is displaced. This is emphatically NOT true, even in the most vintage of plants. Ethanol causes a very significant (more than 90%) reduction in petroleum use. The debate in scientific circles is about whether producing ethanol uses more fossil energy (not petroleum) than it creates. That is an entirely different question because if the objectives are lower cost gasoline replacement fuel, energy security and less reliance on imported oil, then in fact converting non-petroleum forms of fossil energy (mostly natural gas in the case of corn ethanol plants) into ethanol would be a perfectly acceptable strategy, especially since the production costs of a gallon of ethanol are lower today than the cost of gasoline produced from oil. Only when the climate change questions are addressed is energy balance even a relevant question (though carbon emissions per mile driven is a much more appropriate question).  In fact if we have to pick an alternative to gasoline then ethanol is the best choice today.
 More importantly it is a choice that starts a progression to increasingly “better” technologies and has far more room to improve technologically on feedstocks, development process, and ethanol and ethanol like fuels (biohols) that are more compatible with the existing infrastructure than alternative technologies. Equally important, ethanol is compatible and complementary to other petroleum reduction technologies like hybrids and plug-in electric hybrid cars. Even more critically, the key question is not energy balance but rather the greenhouse gas emissions. Certain energy sources like natural gas (the principal fossil fuel in the majority of ethanol plants) are much cleaner and greener than others, like coal. It is not the energy input but rather the total greenhouse gas emissions, from source feedstock, production and consumption of the fuel (per mile driven) that is most important according to the NRDC. Energy balance is the wrong question. Greenhouse gas emissions per mile driven is the right question.
We don’t get our answers right: According to he Wall Street Journal (June 9, 2006)), Prof. Farrell and his students attempted to reconcile disputing studies by comparing them side by side, tracing the numbers back to their original sources and converting everything to standard units. Their conclusion, published in Science in January, was largely in line with Dr. Wang's. So was an analysis of published studies that appeared in March in Environmental Science & Technology, and funded in part by the environmental organization Natural Resources Defense Council.
The Wall Street Journal goes onto say, “It can be disorienting to discover that reputable researchers can so seriously disagree on a single number. In an article last month, the Toledo Blade counted studies, as if that might help settle things. The newspaper noted Prof. Pimentel's work, and added, "Five other researchers have done studies and agree. Thirteen other studies, including one paid for by the Department of Energy, show the opposite." A drawback of all the commonly cited numbers is that they generally rely on data from USDA surveys of farmers and ethanol producers. Such surveys are a few years old. That's not an unusual lag time for federal government surveys, but they don't capture the impact of new plants in the fast-evolving ethanol industry.” We couldn’t agree more.  It is not your father’s ethanol anymore that is produced in the best corn ethanol plants, but more on that later.
Even with all these distortions, most studies show an “energy balance” for corn ethanol of 1.3-1.8 times. More importantly the right answer is the FER of corn ethanol relative to gasoline which has an energy balance of about 0.8. Corn ethanol is clearly, according to most researchers, better than its only real alternative – gasoline.
Not your father’s ethanol anymore: The energy required to produce corn ethanol is declining every year. Corn yields are increasing and fertilizer intensity is decreasing, further improving its energy balance. In five or so years we should start to see corn crops with a nitrogen fixation gene, materially reducing the fertilizer requirements and the energy consumption it entails. Even the crops used to produce ethanol will diversify. Sweet sorghum for example, uses a lot less water and fertilizer, can be harvested twice a year, and makes for a cost effective and environmentally better feedstock that can be grown on marginal lands, lands that ordinarily cannot be effectively used for feedstock. It is the major source of feedstock for ethanol being investigated in India. But such “optimizing” options will not be seriously pursued till after the market for corn ethanol is established. Once ethanol becomes a substantial market, all parts of the production process, crops & feedstocks, manufacturing, chemistries, transportation, and more will be the subject of intensive attention and innovation. The world does not stay still when large scale economics are involved.
As to the production process, again the Wall Street Journal reports that the Broin Cos., based in Sioux Falls, S.D., has pioneered a method to convert corn to ethanol at 90 degrees, rather than the previous 230 to 250 degrees, improving energy efficiency by 10% to 12%, according to co-founder and Chief Executive Jeff Broin. And E3 Biofuels LLC is finding ways to get more out of all parts of the corn, by building plants near dairy farms and feeding cows the byproducts of ethanol processing, then using energy from the animal waste to help power the plants. "Wastes are converted to valuable products, such as biogas and biofertilizers, which replace fossil fuels and their derivatives," according to David Hallberg, co-founder of Omaha-based E3. E3 Biofuels achieves an energy balance for corn ethanol of approximately five, using the Argonne National Labs GREET model – a number higher than what many cite for cellulosic ethanol! We have seen plants at every point in the continuum form old energy inefficient plants to highly optimized plants. 
Manyt plants being built in California, and there are thirteen at last count, are picking locations near cattle feedlots to save the energy of drying the byproduct distillers grain. These “destination” plants dramatically increase energy balance relative to gasoline above 2X. Start replacing other natural gas used in the process with methane from manure from cattle as can be done in California, a simple process of installing digesters, and the energy balance again improves substantially. Add the conversion of the remaining leftovers from manure digesters, as E3 Biofuels has done, and you get close to a 5X improvement. Next will come biomass gasification to produce syngas and replace almost all the energy needs of ethanol production. We suspect we will see typical new CORN ethanol plants in just a few years will achieve an energy balance of 3-4 without cellulosic ethanol technologies, and many old plants will be retro-fitted with biomass gasification technologies to reduce cost and improve energy balance. 
Ethanol, in our estimation, will get better continually, and we suspect lead to even more novel fuel molecules that are compatible with the ethanol infrastructure, existing flex-fuel cars and use the same feedstocks. BP and DuPont have announced butanol, a similar fuel that can be made from similar raw materials (corn, sugarcane, beets, switchgrass etc.). It has a higher energy content, can be used in the same FFV’s, mixed more liberally, with fewer constraints, with gasoline, and will probably be made in the same plants. Other chemistries are currently being designed and tested by scientists, entrepreneurs and technologists. We will be on a different trajectory and the future trajectory is most critical.  
Various fuels compared to different methodologies of producing corn ethanol and cellulosic ethanol are modeled in the NRDC chart below. The Y-axis maps the resulting carbon emission per gasoline equivalent (same as per mile driven)
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Fig: Carbon Emissions per mile driven of various fuels
 (Source: NRDC)
Ethanol is clearly going down the right trajectory, even without other biohols like butanol which will improve the potential of this trajectory further. 

Myth: Not enough cropland 

The next question we see a lot of fear, uncertainty and doubt (FUD) about is the question of land and the related issue of food. Is there enough land to meet our energy needs? Beyond the traditional critique of ‘energy balance’ mentioned above, the question of land use is often cited by critics. If all the ethanol were produced using the ‘corn-to-ethanol’ process, we would simply not have enough land. Quite true, but equally obvious is the fact that relatively predictable pathways exist to cellulosic ethanol. Using switchgrass as an energy crop, the NRDC estimates we would need about 114 million acres of land. We need to look at this another way - 73 million acres of soybeans have been planted. Why can’t we do the same with energy crops? Instead of exporting soybeans we could be reducing oil imports. In addition we have 40 million acres of CRP lands. What if we used them for energy production by growing natural prairie crops like switchgrass (more likely grass “cocktails”) on them? Between export crops and CRP lands we have more than 120 million acres in this country. We believe that a fraction of our export crop lands could more than replace all our oil imports while improving our trade balance, increasing farm incomes, improving  biodiversity in the fields, and making our fuel cheaper.
Improved efficiency in ethanol production and use of waste biomass like corn stover, rice husks, and sugarcane baggasse, leads to a smaller land area requirement. Former Secretary of State George Schultz and former CIA Director Jim Woolsey have estimated that, with some efficiency improvements, we will need only thirty million acres of soil bank lands to meet half our gasoline needs by 2025, in total, a small fraction of the land mass devoted to the soy crop.  The Department of Energy estimates in an April 2005 report that 1.3 billion tons of biomass could be made available relatively easily from existing cropland, resulting in over a hundred billion gallons of cellulosic ethanol without changing agricultural practices materially.  
My personal estimate is that we will need no more than 40-60 million acres to meet our gasoline replacement needs. Dry biomass yields of 20-24 tons per acre are feasible and up to 40 tons per acre are possible in the long term on the best lands. At a 100-110 gallons of ethanol per dry ton of biomass seventy-five million acres of land can produce over a hundred and fifty billion gallons of ethanol. This should be more than sufficient to replace all of our imports. At 24 tons per acre (my estimate/ assumption by 2030 – see Appendix A), 110 gallons per ton or 2700 gallons per acre we can replace all our oil needs even with demand growth. I expect 60 million acres will likely replace all our gasoline needs with modest levels of efficiency improvement and with larger improvements and production optimistically 40 million acres will suffice to supply all our gasoline needs. 
Multiple estimates point to the same conclusion: we have sufficient land. Since a majority of our agricultural land is used to produce animal feed proteins, the NDRC believes in the potential of producing cellulose for ethanol and feed protein simultaneously. The land use argument really disappears in that case. While opponents claim there is not enough land, the NRDC, Sec of State George Schultz & Jim Woolsey (contingent on efficiency increases) disagree.  My personal estimates are that a fraction of the land we use for export crops is sufficient to eliminate all of our imported oil. Who do you trust? A Shell executive recently called the current ethanol “immoral”. What about immorality of oil production in Nigeria? When the American Petroleum Institute and oil interests worry about land use, food prices or environmental issues more than the NRDC you’d better check your wallet. With the oil companies we often see the worst of big business. Do you trust the oil companies, random researchers or the NRDC?
Clearly, using ethanol does not remove the need for other solutions to fuel efficiency such as light-weight vehicles, using hybrid technology, and other design improvements, including dramatic increases in CAFÉ standards. All these techniques will reduce fuel consumption no matter what the fuel source, be it oil, hydrogen or ethanol. However, the possibility exists for the reduced capital investment required in the ethanol scenario to free up investment in other technologies.  There are many other technical approaches to reducing land use, increasing yields of biomass, and increase yields of ethanol per ton of biomass. Once the market gets started all potential technologies, approaches and even appropriate legislation will be brought to bear upon the problem.
How much biomass can we produce? (Some agricultural data is excerpted from a forthcoming book by Prof. Lee Lynd e. al.)
If we go by current data points and the realization that corn yields have increased by 7X and are still increasing (expected to go from 140 bushels per acre average currently to about 200 bushels per acre by 2015). We assume only a modest 60% increase above experimental Miscanthus yields in our model after twenty five years (2030) of development and optimization using plant breeding and genetic engineering. In the only side-by-side comparison of switchgrass and Miscanthus undertaken to date in the U.S., Miscanthus averaged 16.5 dry tons/acre/year whereas switchgrass averaged 4.6 dry tons/acre/year for three Illinois sites with data taken over two years (Heaton and Long, in preparation).  The fact that a well-controlled study showed a 3-fold productivity increase relative to the cellulosic energy crop most widely-studied in the United States is indicative of the nascent status of the field.  At the best of three sites in the best of two years, a yield of 25 dry tons per acre per year was realized. We assume this best yield will become the average yield after twenty five years, across 40-60 million acres of good cropland that is currently used for export oriented crops. 

New tools for plant breeding are available that are expected to foster fast gains in yield per acre.  These include marker-assisted breeding, which do not result in GMO plants, as well as development of transgenic plants (McGlaughlin and Kszos, 2005).  Sugar cane experts (Frikkie Botha, South Africa Sugar Research Institute; Fernando Reinach, Allelyx and Votorantim New Business) project that breeding and cultivation of cane with the goal of maximizing total biomass yield can likely result in about 25 dry tons of harvestable biomass per acre per year in the relatively near term. Megaflora corp. has measured productivities of 28 dry tons per acre per year from crossing North American Hardwoods with the polonia tree. Ceres, a leading plant biotechnology company, has concluded that available information “strongly suggest[s] that over the next decade or so the deployment of modern breeding technologies will result in average energy yields of at least 15 tons per acre, and that these averages can be sustained across a broad range of geographic and environmental conditions, including the approximately 75 million acres of crop and pasture land in the United States that could easily be converted to their cultivation without impacting domestic food production.” (Richard Hamilton, Personal Communication).

  Many researchers, especially in the environmental community assume that energy crops will not use genetic engineering while we continue to use these techniques for row crops. They further assume we will use marginal lands or get our biomass as a byproduct of crops on currently managed lands. The DOE estimates that this scenario of collection of existing biomass with only small change in agricultural practices could generate 1.3 billion tons of biomass in the US. Quoting form the 2005 DOE study’s conclusion “In the context of the time required to scale up to a large-scale biorefinery industry, an annual biomass supply of more than 1.3 billion dry tons can be accomplished with relatively modest changes in land use and agricultural and forestry practices” (Technical Feasibility of a Billion-Ton Annual Supply, US Department of Energy Report , April 2005 http://www.eere.energy.gov/biomass/pdfs/final_billionton_vision_report2.pdf). At an average of 100 gallons per ton , that should be a 130 billion gallons of ethanol. We use 140 billion gallons of gasoline today.

We personally believe that it is likely we will use dedicated energy crops (cocktails of C4 photosynthetic grasses like miscanthus) on lands that are currently used to produce export crops and 40-60 million acres of this land will be sufficient to meet most of our gasoline needs. We will do significant optimization for plant species picking crops for each region and its rain pattern, sunlight hours and temperature characteristics. Likely we will develop new combinations of grass cocktails (mostly likely energy crops will be C4 phototsynthetic species) to avoid the problems of today’s monoculture crops. It is likely energy crops will be dry land crops. Miscanthus in the US shows excellent starting yields and has been studied by Bical (www.bical.net) in the UK and at the University of Illinois in the US (www.aces.uiuc.edu/DSI/MASGC.pdf). Sweet sorghum, another promising crop is being studied in India and China. Other interesting plans have been mentioned (Switchgrass, Prosipis, …). Tree crops developed for the paper industry might play a role. The maximum yield in a 40” per year rain fed region is about 40 dry tons per year. We assume practically that we will, after 25 years of optimization using both plant breeding and genetic engineering techniques, using lands that are export crop lands and crop rotation lands for today’s row crops to yield at 60% of their maximum potential. We assume yields of 24 tons per acre by 2030.

And how much land could we use?

We have over 120 million acres of CRP and export crop lands. Our default assumption is that we will use some fraction of these lands to eliminate our oil imports for gasoline and then go on to replace even domestic oil used for gasoline. It is also worth contemplating that harvested land has stayed constant as the US population has tripled and the per capita calorie consumption has gone up. Further, in the US approximately 250 million acres of cropland are devoted to animal feed production (including forage crops) and pasture for meat production, essentially all of which could be used to produce energy crops. In addition, about 350 million acres are devoted to range land, of which some but not all could be used to produce energy crops.  In 2005, 75.1 million acres of corn grain were harvested in the U.S., about 80% of which was feed to livestock (~60 MM acres; ); 71.4 million acres of soybeans were harvested, with 70% going to feed animals (~50 million acres); and 61.6 million acres of  hay were harvested. In 2002, 62 million acres of cropland were used as pastureland. An estimated 20% of the 50 million harvested acres of wheat are used to feed livestock (~10 million acres). Additional crops that are primarily fed to animals include sorghum (6 million), oats (2 million),  and barley (3 million).  The total allocation for animal feed production, therefore, is an estimated 255 million acres, not including other crops commonly feed to livestock (e.g. millet, rye, peas, beans, lentils).
(Crop acreages from NASS, 2006. Pasture acreage from USDA, 2006. Corn grain and soybeans allocated to animal feed from Etherton et al., 2003. Wheat allocated to animal feed based on FAO, 2006).
Table 1. Feed conversion efficiencies for major animal food types.

	
	Feed Conversion

	Food Type
	(kg feed/kg edible weight)
	(kcal feed/kcal edible weight)

	Beef
	25.0
	31.4

	Pork
	9.4
	9.1

	Chicken
	4.5
	7.7

	Eggs
	4.2
	29.5

	Fish
	2.3
	6.6

	Milk
	0.7
	4.3


Mass conversions from Smil, 2000, assuming feed is corn; corresponding caloric values from USDA National Nutrient Database for Standard Reference; gov/fnic/foodcomp/search/ 

Changes in the relative proportions of various kinds of meat also have large potential impacts on land availability. In 2000, relative consumption of beef, pork, and poultry was as follows: 41% beef, 27% pork, and 32% poultry.  Using these values and the data in Table 1, a weighted average of 14.3 kg feed per kg edible animal product can be calculated.  Per capita meat consumption changed significantly throughout the 20th century however, and there would seem little reason to assume that it will remain constant in the future.  Between the mid seventies and 2000, for example, beef consumption fell by 19%, pork consumption remained essentially constant, and poultry consumption increased by 92%.   For a hypothetical future scenario in which beef and pork accounted for 25% of meat consumption and poultry accounted for 50% - which would not seem unreasonable given recent trends - a weighted average of 10.85 kg feed per kg is calculated; a 24% change relative to the situation 2000.  Devoting 24% less cropland to animal feed production would make available very roughly 50 million acres. We will also see the emergence of new practices. 

Myth: Food prices will go up
To allay another common misconception, it is extremely unlikely that ethanol will be competing materially with food. The current process takes the starch from corn to make ethanol and leaves the protein and fiber for livestock feed.  A current rule of thumb is that 1 lb of dried distillers grains (DDGs), the corn ethanol byproduct, replaces a ½ lb of corn and a ½ lb of soybean meal in a cattle feed ration. By the time we get to needing sufficient quantities of ethanol, we will be producing most of it from cellulosic feedstocks. This is why the land use arguments are incorrect. In fact many energy crops like switchgrass and miscanthus perhaps could make for excellent crop rotation plants with traditional row crop agriculture.  The idea is to develop mixed grass “cocktails” that will serve as crop rotation crops for today’s row crops , increasing bio-diversity , while producing feedstock for liquid fuels. This mix will enhance the soil, keeping farmland more productive and biodiverse, according to the NRDC study “Growing Energy”. 
Some impact on food prices is possible, even likely over the short term, but we suspect total household costs for food and transportation fuels will go down. It is worth noting that for the US as a whole we are most likely to do crop rotation of energy crops with traditional row crops like corn and replace export crops (like soybean) with energy crops. Export crops will be replaced by reduced imports with higher value to farmers and a better balance of payments for our economy. Since a majority of our agricultural land is used to produce animal feed proteins, the NDRC believes in the potential of producing cellulose for ethanol and feed protein simultaneously. The land use argument and the related food price argument really disappear in that case.

At the international level, why have the developing countries been fighting so hard to eliminate the food subsidies? The press likes to conjure up images of food supply shortages, when the reality is that we have had burdensome surplus crops in the last few years, large enough that the western world has to support its farmers with subsidies. There is no scarcity of food but rather a scarcity of income to buy it for the poorest of the poor. The current Doha round of talks on international trade broke down mostly over this issue.

The issue is a food distribution and an ability to pay issue, not a shortage of production or production ability.  When critics moralize about food vs fuel, do they mention or moralize about the fact that the majority of our corn is used to feed cattle and other animals not humans and that each kilogram of beef produced uses thousands of liters of water per a recent New Scientist report? That it takes 25 pounds of corn to produce one pound of beef? If we “saved” all this water and corn used for beef and used it to produce energy crops, we could produce plenty of biomass. It is often stated that we have only 75 million acres of corn but fail to mention that this acreage has declined substantially since the 1930’s because of the increased yields of corn? Do the oil interests moralize about the deals for oil in Nigeria, Sudan and other places?

Developing liquid fuels based on biomass to replace gasoline is among the best things we could do to alleviate poverty and increase the value of lands in Africa, Latin America and other parts of the poverty belt. On a worldwide basis the Americas, Brazil, Australia, India, and Africa could each produce enough ethanol to meet their local gasoline replacement needs and then export enough to serve much of the planet. Latin America together with Africa could serve Europe. Africa could also supply India. China and Japan could be supplied by Australia, Mongolia and Latin America. Africa, Mongolia, Latin America and India will see increased rural incomes and help alleviate poverty and all its associated problems. And we would still have oil to fallback on during a shortage. It could be our “reserve” fuel.  Temporarily food prices in America may go up but long term this will be a boon to farmers and consumers in America and around the world. 

Moralizing aside, there is more than sufficient land on this planet at the yields we are expecting per acre as defined in this white paper to meet US needs in the US and worldwide needs from the worlds lands. Their moralizing seems less than genuine when one considers the fact that energy consumption correlates very well with human welfare (up to a certain point) and they propose no solutions. I presume they are suggesting, like the oil companies, that we stay with gasoline and take the risk of letting the climate crisis explode. They also fail to assume that we will have newer fuels (like butanol), better technologies (gasification of biomass), and other feedstocks (municipal solid waste, forest clippings and ocean grown algae). It reflects a failure of imagination and would only be acceptable if they proposed an alternative solution. It would be immoral to take the risk of letting our planet burn up, Greenland melt, submerge lands from Bangladesh to Fiji, form the World Trade Center to Shanghai and potentially leave the billion plus people in India without water as the Himalayan ice pack melts away. Are they moral or moralistic? Or just buying the oil company line?
Myth: Ethanol will give lower mileage
Though a 25% mileage reduction per gallon of ethanol compared to gasoline is the reality today, it can be immaterial over time as engines are optimized for a flex-fuel world. Saab sells a model in Sweden that adjusts itself to take full advantage of E85's higher octane relative to gasoline. Called the Saab 9-5 BioPower, its turbocharged engine generates 175 horsepower on gasoline and a whopping 215 hp on E85. (USA Today, 5/4/2006). Even with the additional horsepower, the Saab 9-5 only has a 18% lower mileage on ethanol. If the engine was designed to provide the 175 hp on ethanol, we would get an additional substantial step increase in ethanol mileage. This proves that engines can be optimized for ethanol, substantially eliminating the mileage penalty which has been a convenient excuse for the oil companies. The fact is that the 25% mileage penalty is only true if you run a gasoline optimized engine with E85 without any special features to adopt it for ethanol use. E85 can tolerate compression ratios up to 15 or higher (like diesel which generally uses compression ratios of around 13 and gets higher mileage as a result). Gasoline is restricted to compression ratios below 10.
Myth: Ethanol is more expensive
Production costs and market prices are different things. Today, prices may be high caused by the rapid demand spike we have seen as oil companies have rapidly switched away from MTBE to avoid the legal liability they are incurring today, and to avoid the potential of additional liability they will surely incur from volatile organics, especially benzene, that are material components of today’s gasoline and are known carcinogens. The Foundation for Consumer & Taxpayer Rights released a new study of rising gasoline prices in California that found corporate markups and profiteering are responsible for spring price spikes, not rising crude costs or the switchover to higher-cost ethanol, as the oil industry claims. ( www.consumerwatchdog.org/energy/rp/6132.pdf )

But just as surely as profits are high and margins exorbitant for ethanol producers today, additional capacity, maybe even excess capacity is coming on line rapidly. There is more capacity under construction and under planning today (planned to be operational by 2008) than we have built in the last twenty years in this country. Payback periods for new plants are six months instead of the seven years investors would normally expect! Ethanol production costs in the US today are about $1.00 per gallon before any subsidies or taxes,  substantially cheaper than the production cost of  gasoline, even if oil was to decline to the mid-40’s. Further these production costs will decline rapidly with better technology, better process and more production experience, assuming that corn prices stay in their historical range. The decline in production costs in Brazil, with accumulated total volume of production experience, has been dramatic and currently stands at $0.70 per gallon. It should decline to below $0.50 per gallon. The NRDC estimates the eventual production cost of cellulosic ethanol in the US will reach $0.60 per gallon- a number validated by long term cost projections of the many business plans we have received using a wide variety of technologies. Lower production cost should mean lower prices, except for manipulation or under-distribution of E85 by the oil companies. By way of proof, if any is needed for this economic fact, there is an ethanol producer in South Dakota that will not price gouge and insists on selling his ethanol at “normal” profit margins to retailers who in turn will sell it at “normal” margins. This E85 was selling at $1.78 a gallon in Aberdeen, South Dakota recently (June, 2006). Imagine if Walmart sold this ethanol at every Walmart in America. Don’t let ethanol demand mismanagement or short term price aberrations change the reality of the production cost of ethanol. 

So why are prices for ethanol so high? Mismanagement of ethanol demand is the only real answer.  The Wall Street Journal (June 9, 2006) states “in an effort to drive down fuel costs, Congress phased out the oxygenate requirement as part of last year's energy bill, effectively ending the use of MTBE as an additive in the U.S. Those provisions went into effect last month, just in time for the start of the summer driving season. In theory, that meant selling purer blends of gasoline to consumers. But, as a practical matter, the nation's refinery shortage meant additives are still needed to stretch out supply to meet the demands of drivers, says Larry Goldstein, president of the Petroleum Industry Research Foundation.”  If refinery capacity had been better managed and the oil industry was not rushing to phase out of MTBE but was managing the transition, we would not be seeing the volatility in ethanol prices.  And as to temporary price impact of ethanol according to a draft U.S. EPA report reported by Greenwire (June 22, 2006), the draft concludes that boutique fuels have provided "significant, cost-effective air quality improvements" and warns that effort to reduce the number of fuels should at least maintain those improvements.  It goes on to say “While the task force received some input from industry stakeholders suggesting a potential connection between boutique fuels and supply or price concerns, this input was not supported by any documentation and EPA's review did not reveal any studies or empirical data confirming that boutique fuels presently contribute to higher fuel prices or present unusual distribution problems,". Lets not let interested parties spread misinformation. Imagine what gasoline prices would be if we removed the 5+ billion gallons of ethanol currently being used from the market! The refinery capacity shortage would really hurt then.  Gasoline prices would be substantially higher. We have corn ethanol to thank for the small mercy of not having even higher gasoline prices.

Why are prices lower for ethanol compared to gasoline? Take the example of the Tahiti field (so named though it is in the Gulf of Mexico) being developed by Chevron. It will cost $5.5 billion (as reported by MIT Technology Review Magazine, Jul/Aug 2006) and be expensive to operate being in 24,000 feet of deep ocean.  It will generate 125,000 barrels of oil a day or about a billion gallons of gasoline and similar amounts of other products. The same capital investment could produce 4 billion gallons of ethanol capacity (and other animal feed products) at little risk.

Myth:  Ethanol needs subsidies
Wrong again. It may get subsidies but it doesn’t need them to be competitive with gasoline at any projected price of oil within the next twenty five years (Energy Information Administration projections, 2006). But the ethanol interest group is a potent political force and if it is getting subsidies, it won’t give them up easily. However we not only have a subsidy, but also we have a tariff of $0.54 per gallon, making expensive ethanol from the US compete with the least expensive oil in the world (Saudi oil). Today, even if ethanol prices were cut in half or more to $1.40 a gallon wholesale, corn ethanol producers would make adequate margins of profit. If we did not have a tariff or a subsidy ethanol would compete extremely well with oil.

Keep in mind that oil has an even more potent political force and receives many different subsidies, direct and indirect. A recent General Accounting Office of the Federal government listed a few of the measurable subsidies. Something esoterically called the “Excess of Percentage over cost depletion” has been a $82 billion dollar subsidy to oil. Expensing of exploration and development cost was listed as another $42 billion subsidy. Add on alternative fuel production credit (read oil shale, tar sands  etc), oil and gas exception from passive loss limitation, credits for enhanced oil recovery costs, expensing of tertiary injectants, and other esoteric tools the oil lobby has inserted into various pieces of legislation, (including shameless attempts to get royalty relief from Katrina related bills to the tune of $7b). And none of this includes any of the indirect subsidies which have been estimated to be a few tens of cents to many dollars per gallon once one includes indirect costs like military costs. (Defending our sea lanes through which oil passes alone costs us $50billion per year) 

There are many studies on the subsidies to oil, both direct and indirect (get refs). Even the ultra-conservative Cato Institute agreed, almost a decade ago, that Big Oil receives a large hidden subsidy. Cato found that Big Oil was receiving $50 billion/year in subsidies from the American taxpayer. That works out to about $0.35/gallon. Other research groups, such sources as the International Center for Technology Assessment (ICTA), estimated the hidden subsidy to Big Oil at $2.50 to TWELVE DOLLARS per gallon. This report was issued BEFORE the beginning of the $100 billion/year fiasco known as Gulf War II. (Put another way, it's a $0.70/gallon fiasco.) ICTA included hidden subsidies to the entire automobile infrastructure in its higher estimate -- we don't agree with that. But their lower estimate appears very defensible to us. The hidden subsidies to the petroleum industry, taken from your taxes, can be measured in DOLLARS per gallon. It doesn't matter whether you care to use less gasoline or not, you pay Uncle Sam and Uncle Sam helps Big Oil. Big Oil is the biggest welfare queen on the planet. And since these subsidies do not appear on any ledger, they don't count as "profit." Yet the subsidies absolutely DWARF the reported profits -- AND the taxes that you petroleum shills hate so much.


If we did not have a tariff or a subsidy ethanol would compete extremely well with oil. And while we are at it, I should point out that cost and price are different things. E85 market pricing would be much lower in a stable market because production costs are so much lower than gasoline. If production costs are half of gasoline why shouldn’t it sell for half of gasoline? Answer: because of distortion and mismanagement. Frankly it is in the interest of the oil companies to keep ethanol prices high so as a primary fuel it doesn’t start to replace gasoline. In the end for any commodity, price will be related to production costs but the oil companies are in no hurry to see rapid change happen here. If we ever get a real cap and trade system like we should have it will make ethanol more competitive. In some sense I view the current subsidy on ethanol as just offsetting the current subsidies to oil and in the future to substitute for what will be a cap and trade credit.

Myth: Ethanol cannot use existing infrastructure
Not really true. Brazilian experts laugh at these misleading assertions. Brazil has thousands of gas stations using the same tanks, pumps, tankers for transportation, some with minor modifications and Brazil is building new pipelines to transport ethanol. For sure not every tank or tanker can be used as is, and we have environmental regulations more stringent than Brazil that will require us to have new nozzles for our gas pumps, but the dollars required to achieve this are immaterial compared to the size of the market. For a multi-hundred billion dollar market, I estimate that to convert 10% of the stations to offer at least one E85 pump will take no more than a few hundred million dollars over about five years, or less than 0.1% of revenue annually. Many (but not all – and we only need 10% in my estimation to kick start the market) of the same pumps in the ground can be cleaned and adopted. Ethanol can be piped in pipelines contrary to popular belief, but not if the ethanol is going to be used as an additive to gasoline. Piping E85 or E100 ethanol is no problem since the small amounts of water it may pickup in the pipeline is only problematic when added to gasoline in low blends like E6 or E10 (6% and 10% ethanol respectively). But the opponents like to spread these myths as general roadblocks when it is only an issue for the narrow use of ethanol as a blend stock. There are thousands of leaking underground tanks at our gas stations and we have an existing multi-billion dollar fund for replacing leaking underground storage tanks (LUST Funds). When this “fix “ is done, we can use tanks that will accommodate both ethanol and gasoline. Maybe E85 is the reason to expedite the replacement of these leaking tanks?
Myth: Ethanol has dubious environmental benefits
There are two separate uses for ethanol with very different considerations and two kinds of emissions – carbon dioxide and other pollutants. This section deals with non-carbon emissions (pollutants) while carbon emissions are dealt with in the energy balance and greenhouse gases section above. First, the use of ethanol as an E85 fuel is generally acknowledged as being good for pollutant emissions. It is as good as or better than gasoline in most respects and it meets the California tailpipe emission requirements, among the strictest requirements in the country, as a fuel. This is the primary market for ethanol in the long term.  Just for the record, in the use of ethanol, there is no difference between corn ethanol and cellulosic ethanol. They are identical. Any differences between the two are strictly in their production. 

The additive market for blending ethanol into gasoline, the second market, raises more controversial issues.  Ethanol in low blends (up to about 6% mixture by volume in gasoline) is generally considered attractive from an emissions profile point of view by most environmentalists, serving as an oxygenate, increasing the efficiency of the fuel and reducing emissions per mile driven. As the percentage of ethanol increases in gasoline, certain evaporative emissions increase before they start going down again as ethanol concentration increases. Above 50% ethanol we get into the domain of E85 discussed above. We don’t recommend ”mid-blends” of ethanol around E10-E20 as they distract from the eventual goal of getting to E85 as a primary fuel. However, quoting from a REAP (Renewable Energy Action Project) report, “the rate of ozone formation is determined from several factors, including the nonlinear function of the mixture of NOx and VOC (volatile organics) in the atmosphere and local weather conditions.  Ethanol reduces carbon monoxide and soot particulate matter by one-third “. E10 reduces soot formation by 36% according to the Colorado Division of Public Health in newer vehicles and an “Environmental Science and Technology” paper shows a 22% reduction for older vehicles with E10 fuel. Ethanol also reduces other dangerous pollutants and carcinogens such as benzene. According to Environmental Defense’s analysis at Scorecard.org , 88% of the risk from cancer causing chemicals in the air comes from cars, trucks and other “mobile” sources with pollutants like benzene. Ethanol replaces octane enhancing toxins in gasoline. An NREL report published in 199? states that “emission of potency weighted toxics (benzene, 1,3-butadiene, formaldehyde, and acetaldehyde) for the FV Taurus tested on E85 were 55% lower than that of the FFV tested on gasoline”.  As to smog formation and ozone it goes on to discuss actual data “.in California ozone levels dropped significantly after E6 was put in use statewide in 2004”,  “fewer smog days in California since switching to E6”,  “pollution days dropped since switching to E10 in Eastern Wisconsin”,  “fewer smog days since New York switched to E10”,  “Connecticut pollution dropped since switching to E10”, “Denver study shows ozone reduced with E10”, “Michigan analysis shows benefits of 10 with permeation included”, and so on and so on.
There is a computer model called the California Predictive model with uncertain findings that shows that NOx emission might increase. Many experts consider this a problem with the predictive model, not the actual emissions. The model assigns zero CO reduction benefits to ethanol fuels and a steep NOx penalty to all ethanol blends while the US EPA model does not. The US EPA states the magnitude of the NOx emissions is not large when compared to the test to test variability in emissions and differences between vehicles. But, it goes on to state that ozone levels (related to smog formation) dropped to record low levels in California with ethanol in the fuel. The emissions profile of two 2005 model year cars as done by the California Air Resources Board are as follows:

	Vehicle Model
	Fuel
	NOx

(CA std.=0.14)
	NMOG

(CA std.=0.10)
	CO

(CA std. =3.4)

	2005 Ford Taurus
	E85
	0.03
	0.047
	0.6

	
	Gasoline
	0.02
	0.049
	0.9

	2005 Mercedes-Benz C 240
	E85
	0.01
	0.043
	0.2

	
	Gasoline
	0.04
	0.028
	0.3

	Data Source: California Air Resources Board, On-Road New Vehicle and Engine Certification Program,

Executive Orders; http://www.arb.ca.gov/msprog/onroad/cert/cert.php


Myth:  Cellulosic Ethanol is a decade away
So how far away is cellulosic ethanol? The DOE has a request for proposal due in August 2006 to set up a cellulosic ethanol plant. The best way to evaluate the timeframe for the technology is to judge how many technologies, in the view of knowledgeable private investors, are ready for large investments. The DOE request for proposals which calls for a $75 million or so in private investment in every proposal received more than a dozen qualified submissions or more. We at Khosla Ventures know of at least three serious attempts that are ready for pilot deployment and another three in development. Yes it takes time to build new plants but we are closer than most press articles figure. And though the cost initially will be high at pilot scale, as full scale plants are built and we gain production experience, the production costs will go down as surely as the Sun travels from east to west. We expect to see construction start on production scale plants within 2 years with full scale production up and running in 4-6 years. We need corn ethanol to prime the systems, infrastructure and condition markets, while keeping investor interest high in cellulosic ethanol. An established market for ethanol will accelerate the introduction of cellulosic ethanol. We can reach our goal of food, fuel, and animal feed in a sustainable way. Why otherwise would environmentally oriented organizations like the NRDC, Worldwatch and others be pushing for cellulosic ethanol?
There are two paths to converting cellulose into ethanol, biochemical and thermochemical. Biochemical processes consist of pretreatment of the material to make the sugars available, enzymatic hydrolysis to degrade the polymers, and modified organisms to ferment both pentose and hexose sugars. A number of companies have formed to pursue this approach. We have invested in Celunol (former BCI), which has the most robust bacterial organism to ferment pentose sugars, and Mascoma which is using both modified yeasts and thermophilic organisms to convert cellulose to ethanol. On the thermochemical side, the process consists of gasifying biomass into syngas (CO+H2) and then using a chemical catalyst to convert the syngas into ethanol. Kergy, a KV company, has a proprietary technology to convert any sort of carbaceous material into syngas at a low cost and convert into higher alcohols at a very high yield. Kergy is also focusing on R&D to improve yields, increase scale, and have a flexible front end to accommodate mixtures of waste.
Ethanol and the Key Criteria
Repeating our criteria for a good alternative to gasoline, (i) will the solution go beyond the problem statement to focus on the best alternative among the realistic alternatives (in our opinion), even if the alternative has its problems – we ask others to not just criticize this solution but suggest a better option that is technologically, politically, and commercially implementable. (ii)  go beyond the wrong question  “what is…” to the possibilities of “what can be …” with manageable risk and implementation probability, considering technology, market dynamics, investor interest, politics, embedded interests, and the like , and (iii) what trajectory does the choice put us on? If it is not perfect (and corn ethanol is not perfect), does it lead incrementally, like an evolutionary system through successive refinement, to a better and better solution over time? If the solution was to “fail” what would be the cost, the dislocation, and other consequences.
 How does ethanol and corn ethanol stand up to these criteria? Results indicate that corn ethanol has twice the fossil energy balance compared to gasoline. It is providing important petroleum use reductions and modest green house gas reductions. It is a choice that starts a progression to increasingly “better” technologies and ethanol has far more room to improve technologically on feedstocks, on development process, on ethanol and ethanol like fuels (biohols). Such progress can happen in an evolutionary fashion from corn ethanol to better corn ethanol on to cellulosic ethanol and finally other biohols, while mostly leveraging previously installed infrastructure. Equally important, ethanol is compatible and complementary to other petroleum reduction technologies like hybrids and plug-in electric hybrid cars. Acceptance and introduction is about as easy as it is for any other imaginable fuel. Wall Street is interested and the investment capital to make this scenario happen is available. There is a “what can be” and a path to get there.

As discussed in the companion paper, “Imagining the Future” what can be with hydrogen is also great (some will debate even that calling it a mirage with questionable benefits even if we could get there), but there is no way to incrementally get there from “what is” today to “what can be”. Some have suggested wind powered hydrogen generation powering fuel cells. Personally I believe running cars off hydrogen generated from wind or solar power is an unrealistic pie-in-the-sky idea from academics who have no understanding of the politics of change and have not participated in real change. Theory and practice are often different. Electric cars, more likely hybrids (plug-in or otherwise) also offer an attractive “what can be” scenario but the path to them is very compatible with the biohols trajectory. We should attempt both.
Nobody disagrees with the assertion that we don’t have enough land to produce all our fuel requirements from corn. But that does not make corn ethanol an undesirable product. If we are going to replace all our gasoline and produce 140+ billion “gasoline equivalent“ gallons of a fuel, we first need to get to 15 billion gallons. We need to hone our production technologies, get the flex-fuel automobiles (FFV’s) in place and the infrastructure for pumping, storing, and transporting ethanol – in effect priming the pump. Incidentally most such infrastructure will also apply to many future liquid fuels like butanol that are being considered. Corn ethanol will do all that, and it will intensify the interest and investment in finding these better sources of crops, better fuels, better process technologies and better automobile engines for this new fuel economy. Corn ethanol is providing us here in the US, with an essential and invaluable transition service. 
Nothing is Risk Free:
We are not claiming that these projections are certainties. Crop yields could be much lower, the price of oil could decline dramatically driving ethanol out of business competitively, the cellulosic process could take longer, or the infrastructure could be a problem. But gasoline or other alternatives are not risk free either. We need to pick the lowest cost, lowest risk option, and it appears to us that despite all its questions, ethanol is the best option. Others may assess the risks and costs differently. Further we are not suggesting that the path will be without bumps or friction. We will need to take a long term view, persevere past problems, plough through issues and respond with course corrections along the way. But there does not seem to be many insurmountable problems. 

Let the technology explosion happen! 

Most importantly our choice today should start a progression to increasingly “better” technologies that has far more room to improve technologically on feedstocks, on development process, on ethanol and ethanol like fuels that are compatible with the existing infrastructure. Some paths are more amenable to these technology improvements than others. Corn yields are increasing and fertilizer intensity is decreasing, all improving its energy balance. In five or so years we should start to see corn plants with a gene that allows the plant to fix its own nitrogen, materially reducing the fertilizer requirements and the energy consumption it entails. Drought resistance genes should reduce water use. Yields of ethanol per bushel of corn are also increasing. 
This will be followed by better cellulosic technologies, better enzymes, better yeast and fungi for fermentation. But I suspect they will start feeding back into crops to go beyond higher yielding crops to crops that have built in enzymes for various parts of the production process. All together new processes will be developed. Beyond the enzymatic process for cellulosic ethanol, the dark horse is biomass gasification which will increase the maximum potential yield above today’s accepted one hundred gallons of ethanol to over 110 gallons of ethanol per dry ton of biomass. 
Ethanol production scaling is amenable to technological solutions. Today, corn yields about 400 gallons of ethanol per acre of cropland but technology is likely to push that efficiency towards 2700 gallons per acre by 2030 (for cellulosic ethanol). This is the key variable in achieving scale, even lower costs, and manageable land use scenarios. Biotechnology, plant breeding, chemical process technologies, synthetic biology, energy crop engineering, systems biology, computational modeling, new fuel chemistries will all offer tools, approaches and possibilities for improvement. Failure to use them will be a failure of imagination.

Several entrepreneurs are already working on cheaper, more energy-efficient biofuels that will ultimately replace corn ethanol. Celunol and Mascoma, two of our investments, are developing new cellulosic ethanol technology using different approaches to hydrolysis. Kergy, another Khosla Ventures company, is trying to do the same thing from cellulose, municipal and farm waste using a completely different approach they call anaerobic thermal conversion. Richard Branson’s Virgin Group is engineering a butanol-like fuel robust enough for jet engines. Greenfuel Technologies and others are revolutionizing algae farming for ethanol and biodiesel production. It is rumored that genome pioneer J. Craig Venter is busy developing synthetic organisms that will be able to synthesize ethanol. Another Khosla Ventures company called Ls9 is applying synthetic biology to produce a new biofuel. Others, including some of our own investments that don't want to disclose what they are doing, are following similar goals. All of these fuels will be derived from biomass, share similar manufacturing and distribution processes, and power improved internal combustion engines, so all of them will benefit from the trailblazing, market acceptance, and infrastructure of corn ethanol. Without corn ethanol they would get no venture investment.

And then there are more imaginative ethanol and biohols production strategies. I have seen plans (not one I funded) to get 22,000 gallons per acre using current carbon dioxide sources (like power plant exhausts), proposals for ocean based dense algae farms (something that seems like a good idea) that convert algae to biodiesel and ethanol. We need to set a path that leads to revolutionary vision but has short term steps to renovate, innovate, and make money for our scientists, engineers, entrepreneurs and established companies that choose this new path. The steps will be incremental. The bigger the market, the more the attention, and greater the funding for both implementation and R&D, the greater the competition and hence a faster and faster pace of innovation and revolution. This is the trajectory I believe is possible.

While these companies are working to increase the capacity, production cost and efficiency of our fuel supply, we can gradually replace our automotive fleet with cars capable of using either gasoline or E85 and other liquid fuels, complemented by battery hybrid technologies which will also get progressively better or cheaper. Fortunately demand and hence production capacity can only grow as fast as the fleet of E85 capable cars increases. An estimate of how fast the fleet can change is shown in Appendix B. fortunately, the FFV car fleet, even under aggressive growth assumptions, and hence demand for E85 can only grow at a certain rate, a rate which is easily supplied by the increase in ethanol production capacity. We suspect that within a few years we will be demand limited and given the cost advantage of E85 over gasoline we will see increasing demand for FFV vehicles.

Maybe we will complement or replace corn ethanol one day with hybrids, plug-in hybrids or even hydrogen. Most likely these will be complementary technologies and will co-exist, dramatically reducing the amount of liquid fuel we will need for our cars and light trucks. Increased CAFÉ standards, lightweight vehicles and other design improvements like engines, vehicle profiles etc will all help. But the path to cellulosic ethanol is clearly defined and much lower risk than many of the alternatives (though cost effective hybrids and plug-in hybrids are also likely). It may be the only real alternative we have today. And if we signal to investors, technologists, and entrepreneurs that we are serious about developing an alternative to gasoline and leveling the playing field relative to oil and gasoline, the markets will do the rest. If the markets are developing as we expect then cellulosic ethanol will be here long before we run out of corn ethanol demand. As to specific policy recommendations to accelerate the change, these are covered in a companion white paper, “A Near Term Energy Solution”.
We have a hierarchy of goals and we won’t meet all of them on Day One! Ethanol’s criticism may make for interesting press articles but what is more critical is that we pick a path that puts us on a path of continual improvement and multiple avenues of technology progress. What is most important in our policy decisions and choices is not what exists today but what we can make in the near future, the trajectory we can be on. The three critical things to address our energy crisis and our climate crisis are trajectory, trajectory, and trajectory.
Appendix A: Ethanol Production Capacity & Acreage CAPABILITY for energy crops
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Year Cellu.Eth. GalsCorn Eth. GalsTotal Eth (gals)Gas. Eq Gals Demand(1%)

(Billions) (Billions) (Billions) (Billions) (Billions Gal)

Million Acres  

Yield (tons/ac)Yield  (Gals/ton) Biomass Ac.

2005 6 80 0 0 4.0 4.0 3.2 140

2006 6.3 83.2 0 0 4.8 4.8 3.8 141.4

2007 6.6 86.5 0 0 5.8 5.8 4.6 142.8

2008 6.9 90.0 0 0.0 6.9 6.9 5.5 144.2

2009 7.3 93.6 0.1 0.1 8.3 8.4 6.7 145.7

2010 7.8 97.3 1 0.8 10.0 10.7 8.6 147.1

2011 8.3 98.3 3 2.5 10.9 13.4 10.7 148.6

2012 8.9 99.3 5 4.4 12.0 16.5 13.2 150.1

2013 9.6 100.3 7.5 7.2 13.2 20.4 16.4 151.6

2014 10.2 101.3 10 10.4 14.6 24.9 19.9 153.1

2015 10.9 102.3 13 14.6 14.6 29.1 23.3 154.6

2016 11.7 103.3 16 19.4 14.6 33.9 27.1 156.2

2017 12.5 104.4 19 24.8 14.6 39.4 31.5 157.8

2018 13.4 105.4 22 31.1 14.6 45.7 36.5 159.3

2019 14.3 106.5 25 38.2 14.6 52.8 42.2 160.9

2020 15.4 107.5 28 46.2 14.6 60.8 48.6 162.5

2021 16.3 108.6 31 54.8 14.6 69.3 55.5 164.2

2022 17.2 109.7 34 64.3 14.6 78.9 63.1 165.8

2023 18.3 110.0 37 74.4 14.6 89.0 71.2 167.5

2024 19.4 110.0 40 85.3 14.6 99.8 79.9 169.1

2025 20.5 110.0 43 97.2 14.6 111.7 89.4 170.8

2026 21.8 110.0 46 110.2 14.6 124.8 99.8 172.5

2027 23.1 110.0 49 124.4 14.6 139.0 111.2 174.3

2028 24.5 110.0 52 140.0 14.6 154.5 123.6 176.0

2029 24.5 110.0 56 150.9 14.6 165.5 132.4 177.8

2030 24.5 110.0 60 161.7 14.6 176.3 141.0 179.5
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Accuracy Estimate 25%

Appendix B: E85 Capable Fleet & E85 Demand Forecast for Automobiles 
	
	
	New cars/yr
	New FFV's
	Cum  FFV Cars
	% E85 (per car)
	E85 Demand 

	
	
	(000’s)
	(000’s)
	(000’s)
	
	(Billion Gallons)

	2005
	
	16,177
	1,000
	1,000
	
	

	2006
	
	15,944
	1,000
	2,000
	
	

	2007
	
	16,328
	2,000
	4,000
	
	

	2008
	
	16,442
	2,000
	6,000
	
	

	2009
	
	16,637
	3,327
	9,327
	0.1
	1

	2010
	
	16,799
	5,040
	14,367
	0.15
	2

	2011
	
	16,977
	6,791
	21,158
	0.2
	3

	2012
	
	17,085
	8,543
	29,700
	0.25
	6

	2013
	
	17,099
	10,259
	39,960
	0.3
	9

	2014
	
	17,139
	11,997
	51,957
	0.35
	14

	2015
	
	17,164
	12,015
	63,972
	0.4
	19

	2016
	
	17,281
	12,097
	76,069
	0.45
	26

	2017
	
	17,450
	12,215
	88,284
	0.5
	33

	2018
	
	17,664
	12,365
	100,648
	0.55
	42

	2019
	
	17,833
	12,483
	113,132
	0.6
	51

	2020
	
	18,011
	12,608
	125,739
	0.65
	61

	2021
	
	18,246
	12,772
	137,511
	0.7
	72

	2022
	
	18,508
	12,956
	149,467
	0.75
	84

	2023
	
	18,788
	13,152
	160,619
	0.75
	90

	2024
	
	19,077
	13,354
	171,973
	0.75
	97

	2025
	
	19,356
	13,549
	182,194
	0.75
	102

	2026
	
	19,664
	13,765
	190,919
	0.75
	107

	2027
	
	19,953
	13,967
	198,096
	0.75
	111

	2028
	
	20,192
	14,134
	203,688
	0.75
	115

	2029
	
	20,467
	14,327
	207,755
	0.75
	117

	2030
	
	20,735
	14,515
	210,272
	0.75
	118


Estimate assumes adoption of policy recommendations for flex-fuel mandates
Does not include “other” gasoline use (lawnmowers, boats,…), hybrid or plug-in hybrid FFV’s, lighter vehicles, higher CAFÉ standards etc.

Appendix : Case Studies of “Bad Questions, Bad, Data, Wrong Questions, Wrong Answers, and more…”
Appendix C:
Re: The False Hope of Biofuels ( James Jordan & James Powell, Washington Post, July 2, 2006)

This recent Op-ed in the Washington Post was full of misinformation, bad facts, bad assumptions, biased assumptions and a clear lack of knowledge of where technology is headed. A compendium:

*the authors state that even if all 300 million acres of currently harvested US Cropland produced ethanol it would not supply all the gasoline and diesel fuel we now consume. One might ask why the National Resources Defense Council, after a multi-year study spread across many universities and researchers, with subject experts in most of the relevant areas (the authors don’t appear to be experts in many of the relevant areas)  concluded that with 114 million acres we can  meet all our gasoline needs (the NRDC did not include diesel fuels replacement – a separate topic generally addressed with biodiesel, not ethanol)? They assume a future corn yield of 139 bushels per acre. Infact most experts project corn yields to exceed 200 bushels per acre (44% more!) by 2015 just by linearly projecting the recent past in crop yield increases. That’s a big difference but it is infact an irrelevant question (see “we don’t ask the right questions” segment above) since nobody expects corn to supply our future needs. It is just a “starter”.  Their naivety is further illustrated by the fact that no plant yielding only 2.5 gallons per bushel would be considered competitive today. Today yields are around 2.75 (reflecting the authors “intent” to prove their point with “old data”). I expect this number will exceed 3 gallons per bushel or more with just a direct corn process and probably 50% higher if the distillers grain byproduct is converted to ethanol also (another 80% more!). Add a switch to butanol instead of ethanol and you get another 25% more energy content.
*The authors state that the fuel value of ethanol is 33% lower but don’t point out (ignorance or bad intent?) that even in a gasoline optimized engine one gets only 25% lower mileage not 33% lower. In a somewhat optimized car like the SAAB Biopower (a very popular GM model in Sweden TODAY) car we get only a 18% lower mileage while producing 20% more horse power. Surely if we were just to meet marketing specs on horsepower we would  be down to an inconsequential difference. Add hybrid drive trains or better still, plug-in electrics and we get another 25% to a 100% or more increase. Add diesel like engine features since ethanol can have similar compression ratios as diesel (diesel gets 30% more mileage than gasoline per gallon), add other engine efficiency improvements, and you get some big numbers. Not all of these are likely to happen but many other things we have not figured in are likely to happen (we have reviewed atleast a half dozen new engine ideas for funding just in the last six months). The point is not each increase but the backward thinking, bias or bad data of the authors. I wonder what or who encouraged them to use these facts!
* They state that “some researchers even claim that … it takes more energy to make ethanol than one gets out”. True but what about many more researchers who claim that statement is not true? What about the fact that electricity gets out a small fraction of the amount of energy that ethanol gets out? Do they recommend we stop using electricity too? Do they point out that even if their corn ethanol assumptions were true, we would still (according to the NRDC) see a 90% reduction in petroleum use? Who should you trust – these researchers or the NRDC?

* They continue with the biased facts by stating that we have only 73 million acres of corn but fail to mention that this acreage is declining. It was about 120 million acres about 75 years ago. In addition they moralize that it would be improper to use land for energy instead of food. A Shell executive recently made the same comment without commenting on the deals they are doing in Nigeria! Moralizing aside, there is more than sufficient land on this planet at the yields we are expecting pr acre as defined in the white paper above to meet US needs in the US and worldwide needs from the worlds lands. Infact it is probably one of the most effective ways to address worldwide poverty by creating a  high value product for the land the world’s poorest nations own in Africa, Latin America and other parts of the world. Their moralizing seems less than genuine when one considers the fact that energy consumption correlates very well with human welfare (up to a certain point) and they propose no solutions. I presume they are suggesting, like the oil companies, that we stay with gasoline and take the risk of letting the climate crisis explode. They also fail to assume that we will have newer fuels (like butanol), better technologies, and other sources like liquid fuels like ethanol and butanol from municipal solid waste, forest clippings and ocean grown algae. It reflects  a failure of imagination and would only be acceptable if they proposed an alternative solution. It would be immoral to take the risk of letting our planet burn up, Greenland melt, submerge lands from Bangladesh to Fiji, form the World Trade Center to Shanghai and potentially leave the billion plus people in India without water as the Himalayan ice pack melts away. Are they moral or moralistic? Or just buying the oil company line?
* Continuing the “selective facts” they use, they cite corn stover use for cellulosic ethanol but fail to point out that a 2005 Department of Energy study (an extensive one at that) states that  we can get 1.3 billion tons of biomass from current crops… without a material change in agricultural practices. That would be 130 billion gallons of ethanol at conservative future conversion ratios. Going beyond the DOE scenario is extremely likely. Any examination of the business aspects of  cellulosic ethanol would convince one that corn stover is unlikely to be the feedstock of choice.  For economic reasons energy crop “cocktails”, a diverse mix of grasses like switchgrass, miscanthus and others are the most likely scenario. They claim that not plowing waste  back into the soil hurts the land fertility but ignore the fact that many energy crops being considered actually fix carbon in the soil while producing the biomass and are infact ideal crops to grow in rotation with traditional row crops like corn and soybean. This will actually improve the fertility of the soil.
* Though it is hard to argue with judgment calls, I have to strongly state my disagreement with their assumption that one can only get 1000 acres per gallon. I suspect that three times that number, 3000 gallons per acre is a very achievable number with sustainable energy crop harvesting as described in Appendix A. We have seen startup companies, funded by professional investors, that believe these are achievable goals. I do wonder what the basis of the authors assumptions are.
*Add up 44 more bushels per acre, 80% more ethanol per bushel, 33% more energy in butanol,  25% more for hybrids, 100% more for plug-ins, XX% more for lighter vehicles or higher CAFÉ standards, and much more one can see all the ways (as defined in this and a companion paper) that one can reach our goal in a sustainable way. Why otherwise would environmentally oriented organizations like the NRDC, Worldwatch and others be pushing for cellulosic ethanol? The authors conjure up images of starving children but fail to mention that we have so much food we actually pay farmers not to grow food on their lands. Do they mention or moralize about the fact that the majority of our corn is used to feed cattle and other animals, not humans and that each kilogram of beef uses thousands of liters of water to produce (New Scientist)? There are many other statements in the Op-ed that I disagree with, but I believe they just reiterate the points made above.
Exhibit D
Re: Biomass Movement  (John Deutch, Wall Street Journal, May 10, 2006)
I generally agree with Prof Deutch that cellulosic ethanol has a lot of potential. He is also optimistic about its potential but his Op-ed illustrates, even with the best intent, of how misinformation makes its way into the press. A few comments follow. 
Dr. Deutch states: “Thus one gallon of ethanol used in gasohol displaces perhaps one-third of a gallon of oil or less.” The math is incorrect because the two thirds of a gallon of oil energy only produces half a unit of gasoline. This makes today’s corn ethanol 2X  better  than gasoline even with these assumptions. The NRDC states that corn ethanol is “providing important oil savings today”. 
“A federal tax credit of 10 cents per gallon on gasohol therefore, costs the taxpayer a hefty $120 per barrel of oil displaced cost”.  Appears to be wrong again as a $0.10 gasohol credit would imply 20% ethanol. The average for the country is well below 10% ethanol blend (average) for about 40% of our gasoline supply, depending upon the state.

“The cost, although uncertain and dependent upon local production conditions, is in the range of $50 to $70 per barrel of oil, which explains why, until now, it has not attracted a great deal of attention”. This is a judgment call but I am seeing much better projections on technologies we are investing in. Imagine what it could be in 10-15 years of real venture backed and guided entrepreneurs leveraging world class scientists. A $30-40 per barrel oil price seems like the likely breakeven within 5-7 years.

“Success will require a sustained research effort; it is too early to estimate the production costs of this method, because process conditions are unknown”. Again though it is hard to exactly estimate costs it appears low enough risk for many investors, myself included , to have invested on the bet that costs will be competitive or lower than corn within a  3-5 year window. It seems to be a lower risk than many other chip, IT, and solar cell projects I have reviewed. I would classify the overall technology risk as moderate compared to the typical venture investment

“I will be astonished, but delighted, if the cost of ethanol or other biomass-derived chemicals proves to be less than $40 per barrel of its oil equivalent, and if large-scale production can be accomplished in six years”. I have multiple investments all geared towards beating this cost/time window. I hope to astonish John but I could be wrong.
“Ignoring crop rotation, an acre under cultivation will produce five to 10 tons of switch grass annually, which in turn provides 50 to 100 gallons of ethanol per ton of biomass”. These numbers are not validated by research I have done. In Brazil I have seen an energy cane variety today capable of 200 wet tons her hectare, with expected ethanol yields to allow for  up to 3000 gallons per acre. I have reviewed gasifiers yielding north of 100 gallons per dry ton with projections to 120 gallons per  dry ton. My personal estimates are that conservatively we will reach 27 dry tons per acre and 110 gallons per dry ton or about 3000 gallons per acre in the US within 25 years. John’s estimates of 500-1000 gallons per acre appea way off. In the expected case less than 60 million acres, a fraction of our export crop acreage, would supply all our gasoline needs. In the optimistic case just our CRP lands could replace our gasoline needs.

Appendix E: 
Lester Lave, “Ethanol could leave the world hungry”; Fortune (Aug 16, 2006)
If Lester Lave’s recent article “Ethanol could leave the world hungry” in Fortune (Aug 16, 2006) convinced you of anything, I have a bridge in Brooklyn to sell you. Maybe you also like to pay extra to buy “Smart Water” at the grocery store. It reflected a naiveté that is hard to comprehend. Beyond just being pie-in-the-sky unrealistic, it also reflected a lack of understanding the real issues facing us, a very academic view of the real politics of change and absolutely no understanding how innovation actually happens and how technology gets adopted in the marketplace. His claim “an epic competition between the 800 million motorists who want to protect their mobility and the two billion poorest people in the world who simply want to survive” is so ridiculous I can only ask “why are the developing nations asking for lower food subsidies? The Doha round of trade talks broke down mostly over the demand from the developing world for less subsidized food in the west. He claims “cars will claim most of the increase in world grain consumption” but fails to tell you that corn acreage this year will decline by about 3% over last year and has declined from 120 million acres many years ago to about 75 million acres today for lack of demand. He fails to tell you that 60% of corn goes to animal feed, not human food and that if the current trend away from red meats to white meats like poultry continue corn demand will fall dramatically (about 33% for feed). It takes 25 pounds of grain to produce one pound of beef.

The NRDC, a premier environmental organization, has concluded after a multi-year, multi-researcher study that we have more than sufficient land to meet our gasoline replacement needs. Do we trust them or researchers with agendas? Whenever I see somebody like Lester compute the amount of land needed to serve our gasoline needs through corn ethanol I smell an agenda. Nobody in their right mind is proposing we use corn ethanol to meet our needs. But corn is a valuable stepping stone to other sources of biomass derived liquid fuels, and anyone who is serious about dialog should assume this. One wind researcher even said to me he was opposing ethanol only because it was taking so much attention and hence funding away from wind power research. So much for intellectual honesty.

Lester proposes we use wind mills to generate electricity which in turn should power hydrogen generator to run fuel cell cars. Possible but improbable. To be fair wind power is a good technology and economic in certain limited locations and all the power we can generate economically should be used to slow the growth of coal fired power plants. That would be appropriate. But to use this subsidized electricity in an inefficient process to generate very cost ineffective  hydrogen (hydrogen from even cheaper sources is too expensive a fuel), put it in gas tanks that themselves would increase the cost of cars by thousands of dollars and take up the whole back end of your SUV ensuring that nobody would want to buy it (the proponents I presume don’t play golf and don’t need trunk space), run it in an engine that is underpowered (even a decent car would need 75 kilowatts to match your regular engine) and adds many thousands of dollars more to the price tag (Americans will love that), and then will last about 2000 hours if the DOE achieves its engine life targets for 2010. And then we will ensure that US automakers, with the weakest balance sheets in the autoworld will have to retool all their cars, their engines, retrain every mechanic in Duluth, Minnesota, put new spare parts everywhere. And then will have to distribute this hydrogen (local production is possible but not with wind based electricity) at an energy balance which is less than the energy balance of the corn ethanol that Lester criticizes (one can use the best ethanol plants or the typical plants. If one wants to use typical plants as Lester does then the energy balance of the typical electric plant should be used for comparison) for any cost effective way to produce and deliver hydrogen. If we do all this we will replace the electricity that could have been effective in reducing greenhouse gases from coal fired plants to eliminate a much smaller amount of carbon in automotive fuels.

What can be with hydrogen is great, but there is no way to incrementally get there from what is to what can be. The most likely path for hydrogen is co-producing it from ethanol, running it in today’s internal combustion engines, getting hydrogen distribution, and then replacing internal combustion engines with higher efficiency fuel cells or improving the internal combustion engines. We might even have hydrogen from wind power by 2050 but we won’t get there by starting down that trajectory right away. This later scenario is feasible. 
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				1.1		1.05		1.04		1.01

														Production		Production		Production		Ethaol Prod.		Gasoline		US Oil		US Oil				Oil Imports

		Year												Cellu.Eth. Gals		Corn Eth. Gals		Total Eth (gals)		Gas. Eq Gals		Demand(1%)		Consumption		Consumption		Investment $		(for Gasoline)

														(Billions)		(Billions)		(Billions)		(Billions)		(Billions Gal)		M Barrels/day		M gallons/day		(Billions $$)		(Billions Gals.)

												Million Acres																		(Low Demand)

						Yield (tons/ac)		Yield  (Gals/ton)				Biomass Ac.

		2005				6		80				0		0		4.0		4.0		3.2		140		20.82		155,650		1.0		90.6

		2006				6.3		83.2				0		0		4.8		4.8		3.8		141.4		21.2		158,192		1.2		90.9

		2007				6.6		86.5				0		0		5.8		5.8		4.6		142.8		21.2		158,566		1.4		91.1

		2008				6.9		90.0				0		0.0		6.9		6.9		5.5		144.2		21.5		160,659		1.9		91.1

		2009				7.3		93.6				0.1		0.1		8.3		8.4		6.7		145.7		21.8		162,977		3.5		90.9

		2010				7.8		97.3				1		0.8		10.0		10.7		8.6		147.1		22.2		165,743		4.7		90.0

		2011				8.3		98.3				3		2.5		10.9		13.4		10.7		148.6		22.5		168,360		5.3		88.8

		2012				8.9		99.3				5		4.4		12.0		16.5		13.2		150.1		22.8		170,602		7.0		87.4

		2013				9.6		100.3				7.5		7.2		13.2		20.4		16.4		151.6		23.1		172,471		8.0		85.2

		2014				10.2		101.3				10		10.4		14.6		24.9		19.9		153.1		23.3		174,340		8.4		82.6

		2015				10.9		102.3				13		14.6		14.6		29.1		23.3		154.6		23.5		175,910		9.6		80.3

		2016				11.7		103.3				16		19.4		14.6		33.9		27.1		156.2		23.8		177,854		11.0		77.5

		2017				12.5		104.4				19		24.8		14.6		39.4		31.5		157.8		24.1		179,873		12.5		74.2

		2018				13.4		105.4				22		31.1		14.6		45.7		36.5		159.3		24.3		181,966		14.2		70.2

		2019				14.3		106.5				25		38.2		14.6		52.8		42.2		160.9		24.6		183,835		16.1		65.6

		2020				15.4		107.5				28		46.2		14.6		60.8		48.6		162.5		24.8		185,480		17.1		60.3

		2021				16.3		108.6				31		54.8		14.6		69.3		55.5		164.2		25.0		187,199		19.1		54.5

		2022				17.2		109.7				34		64.3		14.6		78.9		63.1		165.8		25.3		188,993		20.2		48.0

		2023				18.3		110.0				37		74.4		14.6		89.0		71.2		167.5		25.5		190,638		21.7		41.0

		2024				19.4		110.0				40		85.3		14.6		99.8		79.9		169.1		25.8		192,731		23.8		33.4

		2025				20.5		110.0				43		97.2		14.6		111.7		89.4		170.8		26.1		194,750		26.0		25.1

		2026				21.8		110.0				46		110.2		14.6		124.8		99.8		172.5		26.4		197,217		28.5		15.8

		2027				23.1		110.0				49		124.4		14.6		139.0		111.2		174.3		26.7		199,460		31.1		5.6

		2028				24.5		110.0				52		140.0		14.6		154.5		123.6		176.0		27.0		201,702		21.9		-5.7

		2029				24.5		110.0				56		150.9		14.6		165.5		132.4		177.8		27.3		203,945		21.6		-13.3

		2030				24.5		110.0				60		161.7		14.6		176.3		141.0		179.5		27.6		206,113		35.0		-20.7
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						New cars/yr		New FFV's		Cum  FFV Cars		% E85 (per car)		Millions of Gals@400/yr

		2005				16,177		1,000		1,000

		2006				15,944		1,000		2,000

		2007				16,328		2,000		4,000

		2008				16,442		2,000		6,000

		2009				16,637		3,327		9,327		0.1		1

		2010				16,799		5,040		14,367		0.15		2

		2011				16,977		6,791		21,158		0.2		3

		2012				17,085		8,543		29,700		0.25		6

		2013				17,099		10,259		39,960		0.3		9

		2014				17,139		11,997		51,957		0.35		14

		2015				17,164		12,015		63,972		0.4		19

		2016				17,281		12,097		76,069		0.45		26

		2017				17,450		12,215		88,284		0.5		33

		2018				17,664		12,365		100,648		0.55		42

		2019				17,833		12,483		113,132		0.6		51

		2020				18,011		12,608		125,739		0.65		61

		2021				18,246		12,772		137,511		0.7		72

		2022				18,508		12,956		149,467		0.75		84

		2023				18,788		13,152		160,619		0.75		90

		2024				19,077		13,354		171,973		0.75		97

		2025				19,356		13,549		182,194		0.75		102

		2026				19,664		13,765		190,919		0.75		107

		2027				19,953		13,967		198,096		0.75		111

		2028				20,192		14,134		203,688		0.75		115

		2029				20,467		14,327		207,755		0.75		117

		2030				20,735		14,515		210,272		0.75		118
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