A Near Term Energy Solution

    A White Paper by Vinod Khosla (vk@khoslaventures.com) July, 2006

We don’t need oil, and we definitely don't need hydrogen for our cars and light trucks. We don’t need new engines, new fuel distribution and storage and we don’t need a lot of money or time to do this. Through three simple inexpensive policy changes we can kick start the transition and reassure investors that there is a long term market for ethanol, not subject to price manipulation by the oil producing countries. There is more we can do to accelerate our transition to ethanol and these are discussed, but these three simple changes will start our transition irrevocably. And this is not an alternative fuel option. It can replace all our oil imports and become the centre of our transportation fuels economy. The other impediment, the various politically powerful interest groups, also seems to be well aligned. Other objections, like land use, environmental impact and energy balance can be overcome or have already been overcome.
Summary:

Let us start with the recommendations. The major policy actions don’t need very much money but rather are geared towards signaling to investors that a long term market exists with a level playing field, not subject to manipulation by oil interests. The three major things we need to do are: 
1. Mandate that 10% of all gas stations owned or branded by major gas station owners offer at least one ethanol pump, if they own or brand more than 25 stations. We need an estimated 20,000 E85 ethanol stations in this country to convince car buyers to buy flex-fuel cars (FFV’s) broadly, and 10% of stations is a few percent of our gas pumps. For comparison, Sweden has mandated that 60% of its stations offer E85 by 2009. Even at a conversion cost of $30,000-50,000 per pump, this is a sub-billion dollar issue, an amount easily handled in the context of the oil business, and saved under the credit recommendations below. Further this amount can be recouped in less than a year if consumers save even a cent per gallon of fuel.
2. Mandate at least 70% of the new cars sold in America be FFV’s by 2014, staring with 20% in 2009, and all such cars, old and new, be provided with a yellow gas cap, creating a large pool of cars and hence a potential market for the fuel producers and fuel choice for the car buyer and the country. In Brazil, more than 80% of new cars sold by GM and Ford are FFV’s, mostly sold at the same price as their gasoline only cars.  At $35 per car, even subsidizing the cost for automakers would be small compared to subsidies saved in he recommendation below, or eventually, our oil subsidies.
3. Make the current $0.51 per gallon ethanol VEETC credit variable with oil price varying from $0.25 at $75 per barrel oil, up to $0.75 at $25 per gallon, signaling to the potential oil price manipulators, the OPEC nations and oil companies, that price manipulation is futile. This can be done in conjunction with and extension of the credit to 2015. Current EIA forecasts expect oil to stay above $45 per barrel so this would reduce actual subsidies while providing insurance to farmers and producers. Why is this needed? A senior executive of a major oil company recently said to me “If biofuels are successful we can just drop the price of oil (implication was for a few years to  drive all the Biofuels producers out of business and then raise prices again)”. The substantial savings on subsidy/credit costs, at oil company expense, should more than make up for any automaker incentives for FFV’s and E85 stations that have been proposed. We suggest that such credit be extended for the first five years of a new plants output or the first 500 million gallons, whichever comes first for corn ethanol plants. This will, even at the minimum level of credit ($0.25), over five years, pay for the majority of the plant capital costs. Larger plants will not be disadvantaged by the 500 million gallon limit as they have a lower cost of construction.  For cellulosic ethanol plants which require more capital the credit should apply for ten years. This provision will limit the cost of the credit to new capacity built in the last five years.
We need risk capital here to break the oil stranglehold on our energy supply. We know cheaper, cleaner fuels grown in America, are possible if we can kick start the effort. Imports, if any, will be a small part of our Biofuels consumption. Getting Wall Street to invest in this area in a broad way is the only way we can solve our petroleum crisis, our oil addiction. The above three simple actions will signal to Wall Street that there is a large market if the fuel can be cheaper (per mile driven since the cars will be capable of either E85 or gasoline and consumers will pick the cheaper fuel), that oil companies will not hinder distribution, and the oil producers will not be able to manipulate oil prices driving alternatives to oil out of business as they did in 1985.
In addition, certain other polices can accelerate the process but are not essential: 
(A) Shift the $0.51 blender’s credit to a “ethanol producers credit” preferably to be used only for plant construction instead of giving it to the oil companies as a “blenders credit”. This will build permanent US capacity for new ethanol production, independent of whether the ethanol is US made or imported. In fact this format will supply all the capital required for plant construction the industry needs to replace all our gasoline needs and can be structured to be self effacing when we reach appropriate plant capacity. It is not well known that by manipulating one word, making it a “blenders” credit, the oil companies collect almost the entire credit on ethanol. The farmers and ethanol producers get the trickle down piece of it, estimated to be less than 50% of the credit. We would like the credit to go back into building ethanol capacity in this country, creating a permanent market for American farm products, be they corn, switchgrass or other crops. After all, we do spend $50b per year just defending the sea lanes through which oil is shipped as a subsidy on oil, compared to the $2b we spent on ethanol credits last year (which we are proposing we reduce and most of which was cleverly collected by the oil companies, not the farmers). As to the “free market” opponents of credits (of which I, Vinod Khosla am one), we might suggest that free markets should include externalities. We would estimate that if we had a fee for dumping carbon in our air to provide insurance against the potential damage caused by global warming, it would give ethanol a $0.20-0.30 cost advantage over gasoline, depending ofcourse upon the type of plant it is produced in and the world price of carbon.
(B) There are two markets for ethanol: “blending” for gasoline and E85 as a primary fuel. We should dedicate the blending market for corn ethanol with an extension of the existing RFS to about 15 billion gallons by 2015, presumably mostly from corn, and allow imports of ethanol for E85. By eliminating the tariff only for E85 ethanol use, accelerating E85 adoption while keeping the blending market protected against imports allowing US farmers to get down the learning curve on ethanol costs.  (subject to switching the VEETC ethanol credit to one directed exclusively towards building plant capacity in the US). This will create permanent capacity for ethanol production in the US, even if we temporarily import ethanol. It is likely that we will see WTO action challenging the tariff’s legality. A proactive program is more likely to be effective than a reaction in hindsight to an imposed WTO action. Based on the national security exemption of the WTO, an incentive or VEETC like credit is probably allowed if it is directed towards building ethanol fuel plant capacity in the US.  Besides early availability of lower priced ethanol in the market will accelerate the switch to E85 and take ethanol into the domain of a primary replacement for gasoline instead of just being an additive. The E85 market could be as large as 200 billion gallons per year, much lager than the diminutive 15B gallon or so blending market. But for it to be material and to sustain research in cellulosic ethanol, we need to get the market and the infrastructure for ethanol started today (with the help of corn ethanol). 
(C) Instituting a similar higher limited period credit for cellulosic ethanol or preferably monetizing the current “1.5 times” credit for cellulosic ethanol defined in the 2005 energy bill would spur on investment in new cellulosic ethanol technologies. A “1.5X multiplier” credit towards meeting the RFS (Renewable Fuels Standard) exists in the current law but is worthless since actual production is running ahead of the standard minimums. Not only will this increase research in cellulosic ethanol, it will also increase investment in cellulosic ethanol plants which are more capital intensive than corn ethanol plants, and get cellulosic ethanol started despite its higher initial cost per gallon when volumes are low.
(D) Institute separate RFS standards for E85 (and possibly cellulosic ethanol) to kick start the E85 market which is currently being discouraged by interested parties. We want market forces to operate but it is difficult for new technologies to compete when oil is being highly subsidized, has years of maturity in production technologies, and has sufficient funds to “un-level the playing field of free markets” through influence on legislation through lobbying (Chevron alone spent $42m on lobbying in the last few years). As big fans of free markets, we prefer to level the playing field, kick start alternatives, and get out of the way. Any such standards should be phased out in ten years, sufficient time for alternatives to establish themselves. Further, when we speak of incentives, RFS, or mandates for ethanol, we really mean “for all renewable liquid fuels” like ethanol, biodiesel or other fuel molecules like the recently announced butanol fuel that BP/DuPont and others are developing. Even more attractive fuel molecules are possible and probable, that will probably use the same feedstock (corn, sugarcane, cellulosic materials), the same or retro-fitted plants, and the same infrastructure (engines, pumps, tankers, etc.), making the transition simpler, less disruptive and hence more pragmatic. Hence my preference for liquid fuels compatible with today’s car engines.
 (E) Reform and strengthen CAFÉ  by replacing CAFÉ mileage with CAFÉ “petroleum mileage” to align and incentivize automakers to promote the use of ethanol and other gasoline alternatives, giving them credit for any technology used to replace petroleum; in addition to increases in mileage standards.  Substantial increases in mileage standards would make it that much easier to first eliminate imports and eventually to replace petroleum use. In a similar vein, if we institute a “cap and trade“ system for carbon, it will offer substantial market advantages to ethanol over gasoline, possibly between $0,20-$0.30 per gallon.
 (F) Provide loan guarantees for the first few cellulosic ethanol plants built with any new technology. If there is a charge for loan guarantees, it will limit the amounts, allow plants to be built substantially faster, and be of significant social benefit to society, hopefully without a material cost to government. All loan guarantees should require investors to provide risk capital that is junior to the loan guarantees, ensuring significant investor “skin” in the game.
 (G) Switch agricultural subsidies from row crops to energy crops. If we are to have subsidies for agriculture (not a subject of this paper) then we should maximize the social benefit form such subsidies and energy crops are more likely to benefit society and the world (where there is great angst at the subsidy on US food crops making it difficult for the poor nations to compete in one of the few areas where they can compete effectively).
Fortunately, this time around the environmentalists, the automakers the agricultural interests, the security and energy independence proponents are all aligned. We have sufficient land and the energy balance and the environmental considerations are right. All we need to do is to kick start the process. Ethanol, as the figure below shows, is a much lower risk option than either oil or hydrogen, while being complementary to hybrids. As Jim Woolsey describes it “the coalition of tree huggers, do-gooders, sod busters, cheap hawks, evangelicals, and Willie Nelson “. The environmentalists, evangelicals, the automakers, the farmers, the energy and national security hawks have never been aligned on an issue before and this alignment and the energy and climate crisis would be a terrible thing (opportunity) to waste. We are convinced that America can replace the majority of petroleum used for cars and light trucks with ethanol within 25 years, given the current circumstances.
We often get asked: what is different now about the ethanol market? The price of oil is high; the cost of ethanol has come down below the price of oil and below what gasoline would cost if oil was to drop to $45 per barrel, even without subsidies. Besides Brazil has proven the model and taken the risk out of it while our scientists and technologists are taking out the risk of ethanol production form biomass, so we believe ethanol can scale to be much more than a specialty fuel additive. Ethanol can replace a majority of our oil consumption for cars and light trucks, because it costs less than a dollar a gallon to produce in America today, and production costs are continuing to decline with volume, scale, production experience and process maturity. To illustrate the reality of this situation, an ethanol producer in the mid-west sells ethanol at “normal sustainable margins” to retailers who will sell it at a profit of $0.20 per gallon (the retailers make half of this on gasoline). This ethanol was selling in June 2006 at $1.78 a gallon in Aberdeen , South Dakota. The economics of ethanol work for farmers, producers, distributors and retailers. 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. And in the process they will take middle-east terrorism fuelling dollars and move the dollars to rural America. The economics is such that many producers would be happy to offer any retailer a long term contract at fixed prices for specified quantities such that they can make the same profit on E85 that they make on gasoline and still sell it for $1.99 a gallon, without subsidies and after paying all taxes.
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Aberdeen, SD,  June 2006.

Environmentally, ethanol is renewable, biodegradable, and water soluble. It is safe because it has been used as moonshine for centuries. Compared to gasoline, E85 reduces ozone-forming volatile organic compounds by 15%, Carbon Monoxide by 40%, NOx by 10%, and sulfate emissions by 80%. Corn ethanol typically reduces green house gas emissions by about 20% and state of the art corn ethanol (www.e3biofuels.com) today and cellulosic ethanol tomorrow can reduce green house gases by 80% or more. Gasoline contains Benzene and other volatile organics, which have been determined by the Department of Health and Human Services to be carcinogenic. There are many “myths” about ethanol that we will address later that are spread by a combination of ignorance, bad science, bad intent, and self-interest. Today’s ethanol is not your father’s ethanol, just as much as your cell phone no longer weighs five pounds. Maybe in 1985 it did but the world has moved along for both cell phones and ethanol.
Americans want an alternative to gasoline. Quoting Tom Friedman on a NYT/CBS poll when asked about a tax on gasoline 87% of Americans said no but when asked about a tax on gasoline to “reduce our dependence on foreign oil” the “No’s” went down to 37%! When asked about a tax on gasoline to “reduce global warming” the No’s went to 34%! We've got a climate crisis on our hands. We have an energy crisis on our hands. We have our oil feeding Middle East terrorism, consumers are paying too much and we need to do something about it. But why a credit or subsidy?  To the free marketers we say, the subsidies to oil have been variously estimated from form tens of cents to many dollars. We make highest cost US based ethanol compete against the lowest priced oil in the world. 
As one blogger put it:
 If Big Oil was fully liable for the following externalized costs --
A) the health-care costs of the air pollution they generate,
B) the environmental cleanup costs when they have a spill,
C) the cost of the mercenary army we taxpayers dispatch to the Mideast to stabilize the supply of crude oil,
D) the cost of global warming-induced floods --
-- then how much do you think you would be paying at the pump?

Studies have been done. Even the ultra-conservative Cato Institute agreed, almost 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. Cato doesn't believe in many of the costs listed above. Other research groups, such 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 -- I don't agree with that, myself. But their lower estimate appears very defensible to me. 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.

  The time has come for us to ask ourselves: 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!
Introduction
Oil is a fundamental component of our economy, and arguably, nothing but trouble. Our lack of it domestically gives rise to concerns over energy security, and price volatility. There’s also the ever-present argument of associated emissions. Despite a reasonably broad consensus on these significant issues, no immediate solutions are in sight, and the best pundits can offer is a call for the start of a hydrogen automobile economy in ten to fifteen years, with broad adoption by 2040. 2040?  History shows technology-centric developments beyond five to ten years are highly unpredictable and almost laughable 35 years out. But such predictions are unnecessary, as are oil and hydrogen derived solutions to our immediate energy concerns. There is an alternative to investing billions of dollars of high-risk capital in new car designs, new fuel distribution systems, and starting the uncertain transition to a hydrogen automobile. Contrary to predictions, a few simple policy changes and this transition can be irreversibly made in less than seven years. Ethanol can make us completely free of oil imports, or maybe even oil for gasoline in twenty five years or less.
To make new policy practicable, powerful interest groups, such as the environmentalists, automakers and farmers, must always be assuaged when it comes to alternative energy solutions. Our alternative approach should also have the aim of minimal Federal funding requirements, low technological risk, and should reduce the cost of transportation in the process. While we are on a roll, let’s re-direct the hundreds of billions of oil dollars presently flowing into the Middle East back into our own rural economy creating jobs, incomes and profits for farmers. 
Sound like utopia? A left-wing, ‘bleeding-edge’ pipe-dream? A distant future rather than a near term reality? Nope. Our problem with oil may be just what we need to revitalize our rural economy, and be a blessing in disguise. The solution is free market capitalism based on America’s strength – technology, innovation, entrepreneurship and our heartland resources. We just need to counter the market distortions created by the oil interests. Our three simple policy recommendations, rationalized above can achieve this, driven by market forces, Wall Street dollars, and little Federal funding. A few other policy changes and we are even further along, accelerating as we go, providing energy security, lower fuel prices for consumers, more farm income and farm jobs, and new opportunities for technology innovation to entrepreneurs , while significantly reducing green house gases and averting a climate crisis. As a side benefit mid-east terrorism gets less funding, we stop funding both sides of the war on terror, we get less subject to geo-politics and we get control over our energy future which is today held hostage by the likes of Venezuela, Nigeria, Russia and the Middle East.
A Hierarchy of goals!

We have a hierarchy of goals for the USA when it comes to transportation fuels and oil. (i)We want a lower cost of transportation fuel, we want lower level of imports to improve our trade balance, we want to be less dependent on foreign oil and have more energy security and independence, and if possible create more farm incomes and US jobs. We want to substitute imported petroleum, reduce worldwide demand for oil to make it less of a critical international resource; we want oil dollars to stop feeding mid-east based terrorism. All these goals can be achieved without any consideration to energy balance or cellulosic ethanol. Economists will tell you that if household affordability of both food and gasoline in America is a goal then allowing food crops to be traded against gasoline replacement costs will reduce our overall costs. 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 add the option of using some of our croplands for either food crops to be converted to gasoline substituting fuels or to cellulosic energy crops, our farmers have more choice and their incomes will go up 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). 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.

When we reach beyond these goals to our environmental goals, (ii) we need to worry about energy balance, land use, monoculture crops, and a host of other issues. It fortunately turns out that the many of the factors that drive economics will also benefit the environment. Even corn ethanol today has better energy balance than gasoline with about a 20% reduction in greenhouse gases and it is getting better everyday. Surely we can define an ethanol plant (for e.g 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 coal has negative carbon emissions but it does have a positive impact on fuel cost, energy security, reduced trade deficit, reduced worldwide demand for petroleum, 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. Quite the contrary I strongly recommend we eliminate our ethanol credits for any ethanol that does not have atleast a 2X energy balance improvement over gasoline per the Argonne Labs GREET model. The carbon emission reductions are critical to meet our environmental goals. If a carbon “cap and trade” system is instituted in the country, it will substantially advantage 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. (iii) These scenarios are enhanced and mad 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.

A solution under our noses, here today! 
The solution to this seemingly insuperable energy problem sits before us. Ethanol. Minimal modifications, at equally minimal cost are all that is required for the conversion of most new automobiles and light trucks to use ethanol or gasoline in various blends. For less than $35 of additional cost, with no more than a few new gaskets and hoses, many contemporary vehicles can use E85, an 85% ethanol blend already available. Sound surprising?

Almost five million such cars, called flex-fuel cars (FFVs) are already on America’s roads. Unfortunately most owners of such cars either don't know they have an FFV, or have never used E85 in their car. The automakers sell FFVs to get mileage credits afforded to them under federal CAFÉ standards, and interestingly FFV’s often sell at the same price as their gasoline only brethren. In California today, a Ford F150 sells for the same ‘price’ whether it is a gasoline-only vehicle or an FFV!  Five million FFV’s may not feel tangible but in California that amounts to almost as many FFV’s as diesel vehicles, yet nobody debates that we have enough diesel vehicles to justify distribution of diesel fuels. The usual chicken and egg problem for new engine/fuel systems does not exist here. Enough FFV’s are on the road today to justify distribution of ethanol and if we have adequate ethanol distribution , consumers will have a reason to buy an FFV as their next car. It gives them a choice of gasoline or ethanol as a fuel for the next fifteen years for that car. And the FFV solution is cheap, costing only about $35 more to manufacture ($100 if you include the cost of the sensor which is needed anyway to meet EPA and other pollution control requirements, and is present on most new cars).
If we mandate that 70 of all new cars sold in this country be FFV’s by 2014, consumers and the country will get a choice of fuels for the life of the car. Investors will get a signal of permanent demand for ethanol if they will bet on being able to produce it cheaper than gasoline. This is the one of our “three simple policy recommendations” to permanently change the transportation fuel future of this country.
The move to ethanol is easy. Unlike hydrogen, we don't have to invent new cost-effective fuel cells, new high-pressure fuel tanks or other fancy nanotechnology-based fuel storage mechanisms that will never be as cheap as a regular gasoline tank. On top of that, think about how hard it is to get your mechanic to work on your car now. How many times have you heard the standard ‘wait for parts’ excuse when your car is in the shop? Now picture the world with hydrogen vehicles – retraining millions of mechanics around the world, from Duluth, Minnesota to Nairobi, to work on a new kind of engine, and getting them to spend billions of dollars in inventory costs stocking new car parts for these engines in every neighborhood or small town. Not on the best day we ever had! Electrics today have a cost and performance problem though technology is improving rapidly. We suspect they will be complementary solutions in the future.
The need for E85 distribution

Unlike hydrogen, today, ethanol can utilize much of the existing transport and storage infrastructure. The old leaded gasoline pump can easily be converted to E85 for anywhere from $5,000 - $100,000 depending on location (or a new pump added as has been done already in Minnesota and other parts of the mid-west where E85 vehicles are much more common). Many of the same old tanker trucks can distribute the ethanol to the gas stations. Despite rumors to the contrary they have been doing this for years in Brazil with few of the speculated problems. This simplicity will lead to our second policy recommendation. 
Since ethanol is cheaper than gasoline to produce without subsidies we should require that 10% of gasoline stations to have  at least one ethanol pump, for owners or branders of more than 25 stations. This will give consumers a chance to access the cost benefits of ethanol and make a real choice. But our oil companies are not in a rush to make that happen. In order to not burden the small operators, We recommend we require all gas station owners or branders with more than 25 gas stations in the country to offer ethanol at least one pump in 10% of their gas stations. That would constitute altering a few percent of their existing pumps at a relatively minor cost.

We can have our cake, and eat it too. With ethanol cheaper to produce (ignoring the temporary gouging going on today, gouging that will go away as excess capacity is brought online in the next 18 months because of large profits in the ethanol business) than gasoline today the long term “gasoline equivalent” cost of wholesale ethanol (ethanol offers somewhat lower mileage per gallon hence the need for an “equivalent mileage” price per gallon) is projected to be about $0.60-$0.75 per gallon as capacities ramp up and new cellulosic technologies emerge. This projection by the National Resources Defense Council (NRDC) does not account for the radical technologies that are in development already. 
Ethanol is cheaper to produce today than gasoline by a wide margin, even before all subsidies and taxes. The cost to produce a gallon of ethanol in Brazil is less than $0.75 per gallon and under a dollar per gallon in a traditional corn ethanol plant. That equates, even with US costs to about $1.20 per “Gasoline equivalent” gallon of ethanol. Gasoline on the other hand costs $1.60 or more per gallon today, depending upon the cost of a barrel of oil. Furthermore, there is evidence to suggest that the 25% mileage penalty for ethanol will no longer be as cumbersome. It can be immaterially small 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 — 100 to 105, vs. 87 to 93 octane for 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, thus substantially eliminating the mileage penalty which has been a convenient excuse for the opponents of ethanol.

It is a fact that there is a $0.51 per gallon of ethanol “subsidy” but very few people realize that it is not needed to make the economics of ethanol work today.  Further, surprisingly, most of the $2b in subsidies goes to the oil companies as it is officially a “blender’s credit”. The farmer sees only a fraction of it. This credit was important many years ago when oil was cheap and ethanol expensive but it is no longer needed to make ethanol competitive with gasoline.  We would recommend shifting the $0.51 blender’s credit to a “ethanol producers credit” preferably to be used only for plant construction in the US instead of giving it to the oil companies as a “blenders credit”. This will build permanent US capacity for new ethanol production, independent of whether the ethanol is US made or imported. In fact this format will supply much of the capital required for plant construction the industry needs to replace all our petroleum and can be structured to be self effacing when we reach appropriate plant capacity.. While we are it we should remove the $0.54 per gallon tax that exists on imported ethanol from Brazil. Why tax imports of a clean, renewable, secure fuel while we continue to import oil without a comparable tax? 
At first this sounds like political suicide, but we have a solution. We agree with Rick Tolman, CEO of National Corn Growers Association, who believes that corn can provide 14-17 billions of gallons of ethanol by 2015 without impacting food supply.  It turns out that 14-17 billions correlates approximately to the ethanol demand for blending. Why not keep corn based ethanol for blending while allowing imports to kickstart the E85 market? The American farmer will continue to see demand for all the product they can supply and the American consumer will have access to cheap E85 fuel, increasing demand for FFV’s and thus creating long term demand for new cellulosic ethanol from American farmland. Sound like a win-win. If we don’t create demand for E85 NOW, thus increasing the supply of FFV’s through consumer demand for cars for this cheaper fuel, we will have a serious imbalance in demand for ethanol versus supply, bankrupting many corn ethanol producers and putting a halt to cellulosic ethanol development. The figure below shows that the ethanol market will peter out within a few years unless we start the E85 market.
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Fig: Long term Ethanol Supply Projections
There is a current rush to build corn ethanol capacity that will exceed the projected demand for ethanol for blending. As early as 2008 we will see a serious decline in ethanol prices and a premature and an unfortunate setback to our best alternative to gasoline. It will probably halt or delay interest in cellulosic ethanol – the fuel we really need.
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Fig: Short term Ethanol Supply/Demand/Price trends
Recapping where we are, to implement widespread change in the USA we should mandate that most new high volume mainstream car models sold in this country be FFV’s within seven years, so that investors will be assured of ethanol demand as long as it can be produced competitively. They will invest all the money needed to bring up capacity and invest in technology for improved yields and lower costs. Whilst appearing arduous, government requirements of 10% annual increase in FFV market share in new car production by automakers from 2009 to 2014, is much easier than it appears. Feasibility of this has already been proven in Brazil. Consumers will be happy to buy cars that can run on gasoline that gives them the option of using green ethanol at a cheaper price, and it is consumers that will kick-start the transition. As soon as FFV’s start to appear more widely and ethanol remains cheaper, distribution will mushroom. Walmart and Costco, among others, would love the opportunity to entice every FFV owner to their parking lot by providing ethanol gas stations.  Traditional gasoline retailers like BP, Shell and Chevron will jump in, especially if we require them to provide ethanol at 10% or more of their gas stations. As most cars become FFV’s, ethanol production capacity will skyrocket. If all this is going to happen in any case, why do we need the government to enact new policy? We need to convince investors that ethanol demand is here to stay. We can do that by requiring FFV’s and ethanol distribution. As investors start to rely on this demand large investments will go into ethanol production, technology innovation and innovative new approaches to production and distribution. 

There is one more fly in the ointment. This leads to why we need the third major policy piece:  make VEETC credit variable with oil price varying from $0.25 at current prices ($75 per barrel of oil) up to $0.75 (instead of the current $0.51 per gallon credit) as oil prices vary from $75 to $25 per barrel. This will insure that OPEC or the National oil companies cannot manipulate prices as easily, hence driving ethanol producers out of business.  Such a policy would signal to all oil interests that oil price manipulation to drive ethanol producers is futile. It will dramatically decrease the probability of such a manipulation of oil prices. Ideally, for corn ethanol plants these credits should apply to the first five years of production and should expire for all new plants once corn ethanol capacity exceeds 15 billion gallons in this country. Credits for cellulosic ethanol are discussed below. 
These three policies will assure investors that a permanent market will exist for ethanol and will not be subject to price manipulation by the oil producers (we all know the Enron story!) Market distortions will be removed and billions of dollars will flow into the “ethanol plus” economy creating a permanent alternative to gasoline, without material government funds.
The most vocal opponents of ethanol argue that if this “wonder” fuel is so great, the market will speak and we don’t need to set government mandates. True, except the oil companies are stifling the market to protect their lucrative profit schemes. If you were making $36 billion of profit per year like Exxon, would you want things to change?  As Upton Sinclair, novelist and social crusader from California said "It is difficult for a man to understand something when his salary depends on his not understanding it." Reports of oil company executives lying under oath are reminiscent of the 1985 price manipulation episodes, Enron’s energy price manipulation, and other examples, be it Iran, Saudi Arabia or Russia. I personally received a warning from a senior executive of a major oil company that they could drop the price of oil if biofuels started to take off. OPEC, a cartel, by definition does not allow free markets to operate in oil.
On the small matter of ethanol subsidies, we should realize that ethanol competes with global oil. If we look at the subsidy to global ethanol there is none! In fact we have a $0.54 per gallon “tax” on ethanol imports. The $0.51 per gallon blenders credit that the government offers on domestic ethanol goes not to the farmers but to the refiners who blend the ethanol into their gasoline! Another two billion dollars per year for the hard pressed oil companies! As if that was not enough  we have just added another $7 billion in “concession “ because of the hard conditions for the oil companies because of hurricane Katrina. Poor Exxon only made $36b in profits last year. They need help. Can anyone fairly argue that true market mechanisms are operating? That we have a level playing field for ethanol?
Are oil companies entitled to their profits? We believe they are if they play fair. But that should not prevent us from developing alternatives to their stranglehold on our transportation fuel for the good of society. Here are some examples of why it is clear we need to reign in big oil:

1. Gov. Pataki proposed a new bill in NY. The bill would exempt renewable fuels from the provisions of “exclusivity” contracts between fuel providers and retail service stations, which only allow the service stations to sell specific brands of fuel. In most cases, these brands do not include renewable fuels. Since the “exclusivity” contracts prohibit service stations from obtaining renewable fuels like ethanol (E85) from other sources, these fuels are not available for sale to consumers. The Governor’s proposal would exclude renewable fuels from these contracts if the distributor does not offer these types of fuels.

2. Some gas stations do not allow use of company credit cards for payment for E85 and posts warnings against ethanol  is typical of how oil companies discourage consumer use with scary notices. An Exxon brochure in Brazil stated that every third fill up should be with gasoline for all flex fuel vehicles, another falsehood!

3. 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 national switchover to higher-cost ethanol, as the oil industry claims. One can find the study at    http://www.consumerwatchdog.org/energy/rp/6132.pdf 
4. The 1985 price manipulation & re-coupling of an economy that was decoupling from oil has been reported on. According to Cambridge Energy Research Associates, the premier oil industry research group, the 1973 oil shock was followed by a decade of lackluster growth and more importantly a decoupling, econometrically, of the economy from oil. In an attempt to addict the economy, the oil cartel dropped the price of oil to $8 per barrel and here we are!
Most ethanol in this country is presently produced from corn. Within the next few years the cheapest way to produce ethanol will be from cellulose, carbon rich material found in agricultural waste like sugarcane baggasse, corn stover (the remaining part of the plant after corn is harvested), rice husks, forest clippings, and various types of prairie grasses. Ironically, these cheap sources of ethanol are substantially greener, and will come online not because they are green, but because they are cheaper. Again, simple market economics will drive this change. . We expect to see production scale plants will be start implementation within 2-3 years with scale production in five years or so.. But we will never get there unless we start with corn ethanol. The technologies for cellulosic ethanol exist and will be deployed. We can help the cellulosic ethanol production capacity to arrive here faster if we offer an increased “credit” to ethanol that is produced from biomass or non-food feedstock. We would only recommend that we offer credits for the first five years of any corn ethanol plants production and ten years of credits for cellulosic ethanol, since its capacity will ramp slower and capital costs for such plants are substantially higher than that for cellulosic ethanol. It will kick start the cellulosic production of ethanol and get production costs down. We might offer loan guarantees behind investor capital for the first few production plants for cellulosic ethanol from any new technology, since it is extremely difficult to get plants built with new unproven technology financed. Once the first few plants with any new technology are proven, investors will provide traditional project financing for subsequent plants.

The particularly American combination of creative scientists, entrepreneurs, venture capital and private equity funds will drive the actual price much lower, and it will happen fast. We will see another boom like the internet boom, but one that will include rural America this time around. No doubt it will create the next Sun, Google, Yahoo or Ebay with worldwide markets based on American technology.  Starting a new industry is hard, and hydrogen vehicles are up against this hurdle. However the ethanol industry is already in process, with capacity increasing by over 20% per year. It is already a part of our fuel supply, as it is blended into gasoline to increase octane ratings. With automakers continuing to chase mileage credits under the CAFÉ standards, the number of FFV’s in the market will continue to rise, increasing ethanol consumption, which should be met by increasing production capacity and declining cost of production. The bottom line of that economics argument is that prices will decline and the consumer will win at the gas pump.  And they already own 5 million of these cars capable of running on ethanol! We have the fuel and we have the cars so all we have to do is add the ethanol pump. 
Current blending practices will continue to provide ethanol demand, allowing producers to ramp up capacity without worrying. NRDC estimates this will eventually save consumers $20B per year – a pretty nice “cost” cut while improving energy security and reducing carbon emissions. FFV’s are also more cost effective than hybrids when it comes to saving petroleum use and reducing greenhouse gases. A hybrid costs about fifty times more to produce than an FFV and saves less than a fifth of the gasoline that an FFV will. Given the precarious situation in Detroit, it is much easier to have them make FFV’s than hydrogen cars or even hybrids. We estimate that an FFV, even fueled by corn ethanol, has almost comparable carbon emission reductions to a hybrid yet costs thousands less to produce. And if we can produce hybrid FFV’s all the better.
A world of possibilities

We would like to see hydrogen, hybrid or plug-in electric cars in this country too. But they must have the 0-60 performance, range, the space and size, low capital cost and low operating cost of today’s gasoline car. Only FFV’s meets this requirement today. If consumer demand changes to lower weight, higher efficiency cars, FFV’s will still be most competitive. We suspect FFV/electric hybrids will make sense for consumers who are willing to pay the extra $5000 but we also suspect that this does not work for most Americans (unless of course we aggressively mandate higher CAFÉ standards, something we highly recommend). Plug-in electric/FFV hybrids will also make sense, reducing the need for onboard batteries, the major component of extra cost in hybrids (up to an extra $10,000-20,000). Ofcourse we don’t know what battery technology breakthroughs are in store that will completely change the cost equation for plug-in electrics. Maybe wind or solar power to charge the plug-in FFV/electric’s battery will make the world even nicer once the batteries are affordable. Hydrogen cars may someday make sense if hydrogen is reformed onboard from ethanol or a similar liquid fuel or initially if an FFV capable of gasoline/ethanol/ hydrogen as a fuel in a traditional internal combustion engine is introduced, thus increasing the availability of hydrogen. This is technologically relatively easy, much easier than a PEM hydrogen fuel cell. Once hydrogen is plentiful in the distribution system, we might get pure hydrogen engines accepted in the marketplace without the traditional chicken and egg problem of do we get hydrogen fueling stations first or get consumers to buy hydrogen cars first. 
Further, there are better fuel molecules than ethanol we could design and I suspect creative technologists and entrepreneurs will bring to market. Butanol and many other fuel molecules, including renewable hydrocarbons, that can replace “fossil gasoline” can be made from renewable sources like ethanol – often the same feedstocks and the same production methodologies, with different technology sets. We call this the “ethanol plus” fuels market. 

For ethanol and other related liquid fuels, there are many other sources of starting materials. Our favorite is ethanol form municipal sewage. Human waste and other trash, almost anything with carbon, can be recycled into producing ethanol. Imagine our sewage driving our cars! This is not pie in the sky but rather technologies that have been venture funded to produce cost competitive ethanol within two years. We don’t even need land. And we get cost effective ethanol because the feedstock is negative cost. Today we pay to get our trash buried in landfills and our sewage treated, producing a negative cost feedstock for ethanol. Old tires, paper mill sludge, forest clippings, wood chips – bring it on! They can all be converted to ethanol or to similar fuels. All these approaches bypass land traditional use. Ideally a cost effective feedstock should produce enough feedstock density to serve plants within a collections radius of fifty miles or less.
Ethanol can easily get much higher fuel efficiency than it does in today’s engines because like diesel and unlike gasoline, it can have much higher compression ratios in internal combustion engines. When one hears of a lower mileage for ethanol it is because we optimize the engine for gasoline and run ethanol in it. As we get wide distribution of ethanol, automakers will make ethanol optimized engines that can also run on gasoline, resulting in much higher efficiencies. In my estimation, (i) better liquid fuels like butanol, higher mileage on ethanol/butanol or other liquid fuels (“ethanol plus”), and (ii) 10X better yields per acre for bio-produced liquid fuels from renewable energy crops at substantially lower costs than today is a much lower risk technological bet for cost effective, infrastructure compatible technologies than the other options discussed here. In the end all these technologies can and should compete in the marketplace. These technology advances makes the energy balance and land use arguments go away.
Been there, done that
A move to ethanol is an achievable goal. Over 40% of Brazil’s oil consumption of gasoline has been replaced by ethanol. Within three years, the sales of FFV’s have climbed from 4% of new car sales in the beginning of 2003 to about 80% of new car sales in February 2006. It is rumored that VW is considering phasing out gasoline powered models altogether. How has this radical transition happened so quickly? Simple economics. With ethanol cheaper than gasoline, consumers demand FFVs. Automakers respond to consumer demand, and gasoline pumps have changed to respond to the supply of new automobiles – FFVs. Brazil has saved over $50 billion in oil imports and provided significant income and employment in its agricultural economy, while reducing green house emissions. As a side effect, in Brazil each dollar spent on ethanol is estimated to generate twenty times more local jobs than the same dollar spent on gasoline! If Brazil can do it in a few years, why can’t we? It wont be an identical strategy but infact our version of a “ethanol plus” strategy, with our superior technologies, are very feasible. Appendix A and B show how the production capacity for ethanol and demand for ethanol (aka flex-fuel cars and their ethanol usage) might increase over time, and the assumptions behind such projections.
Brazil declared “independence from imported oil”  in 2006, just three years from when only 4% of all new cars were FFV’s.  Ethanol costs $0.75 per gallon to produce in Brazil from sugarcane and it reduces green house gases by as much as 80+% compared to petroleum. Brazil has saved $50B in oil imports. Even though the scale in the USA is much larger, the Brazilian example reduces the risk of doing the same in the USA, and provides proof that the successful change can be made relatively rapidly and predictably. Brazil also stands ready to supply more ethanol to us while we bring up internal supply. This poses an interesting question - would we rather import gasoline and crude oil, or cheaper, greener, more geopolitically secure ethanol? 
Gaining independence from foreign oil would not be unique to the US. We just recently returned from Brazil. Let me share some insights with you:

· We got a very visceral feel for carbon capture. Looking at sugarcane varieties capable of producing 200 (wet) tons per hectare we could imagine the sound of carbon dioxide getting sucked out of the atmosphere.

· Our estimates of less than 60 million acres required to fuel most of Americas cars and light trucks by 2030 started to feel conservative as we saw Brazilian entrepreneurs developing technologies to produce over 3000 gallons per acre. Imagine what would happen if we let Silicon Valley entrepreneurs and American scientists and technologists innovate in this area! Some fraction of the land used for export crops could replace much of our gasoline needs in the USA. We must signal to our innovators that this is a long term, large market, as Brazil has done.
· As we saw baggasse roll off the conveyor belts into heaps of waste for burning, it struck us that because of the preprocessing already done on this waste material it could produce cellulosic ethanol very soon. Even today’s semi-developed cellulosic ethanol processes could make economic sense without waiting for full development. Orange peels from Florida and wood chips from our North Western forests would be next in line.

· It became clear that American, Brazil, Australia, India, Africa could each produce enough ethanol to meet their local gasoline replacement needs and then export enough to serve much of the planet. There is plenty of underutilized pastureland throughout the world that can help grow energy crops, a higher and better use than the current use. It is worth noting that on a worldwide basis that American, Brazil, Australia, India, 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, and Mongolia. Africa, Mongolia, Latin America 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. IInfact 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.

· It was surprising to learn that the average wage at Cosan, the largest Brazilian ethanol producer, was many times the average for similar industries in Brazil. Over a million jobs had been created in the ethanol economy in Brazil. Ethanol produces substantially more jobs per dollar invested than oil does.

· Almost astounding was the claim by some entrepreneurs that they could see technology driving costs well below 50 cents per gallon. There is no reason US ethanol production costs wont come down too. Run, don’t walk seems so compelling suddenly. The big manufacturers confirmed their ability to produce ethanol at below 75 cents a gallon today. Why are we paying over three dollars a gallon for our gasoline?

· If ethanol supplies run low Brazilian producers can switch production in hours away from sugar to produce more ethanol. Consumers constantly switch back and forth between ethanol and gasoline based on cost and availability. Wouldn’t it be nice if consumers here had a choice and not be hostage to oil?

· It was embarrassing to see Brazilian experts laugh at the myths US energy companies spread like we cannot use the same storage tanks, tanker trucks or transport ethanol in pipelines. They have been doing his for years with no adverse consequences. Why do we let people interested in slowing down biofuels spread these myths by turning molehills into mountains? Some issues surely exist but they are easily resolved in the context of a market as large as the transportation fuels market.

Myths and plenty of them!
But here in the US, interested, biased or uninformed parties keep spreading myths that may have been true one day but today have acceptable solutions.
Myths #1– Energy Balance
The petroleum interests like to spread fallacies.  It is often quoted that it takes more energy to produce ethanol than it produces. That was spread by Pimental. It is either  bad science or it is bad intent. His bad assumptions have been debunked many times by Science (the journal), Argonne National labs and many others. The following representative studies have been done over the last ten years:


[image: image4]
Only the one negative study is quoted in the popular press. Why? Dr. Wang at Argonne National Labs in Chicago has done an exhaustive comparison of these studies and developed his own energy balance model showing a material reduction in greenhouse gases even with corn ethanol. The Pimental and Patzek data has been widely criticized  and Dr. Wang and a recent peer reviewed article in Science magazine (January 2006) by Dr. Ferrel et. al. of the University of California Berkeley essentially both “correct” the assumptions behind the Pimental & Patzek study and prove the results of their model is similar to other studies if the assumptions are normalized.
Remember how long the tobacco companies claimed that smoking does not cause cancer? Do you wonder who or what is behind this? I do. It is also enigmatic that the same energy balance arguments are not made for gasoline and electricity which according to the Argonne National Labs study have half and one quarter the energy efficiency/balance respectively of corn ethanol!
Not all ethanol is the same. Today’s ethanol is not your father’s ethanol, just as much as your cellphone no longer weighs five pounds. Maybe in1985 it did but the world has moved along for both cell phones and ethanol. The NRDC has looked at the various methods for producing ethanol and characterized its energy balance as shown in the figure below:
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Fig: Energy balance of various fuels   

Source: NRDC
It is clear that even corn ethanol is continuum of technologies that keep improving every year.  As producers build modern plants and try and save energy costs by using less natural gas, the energy balance generally gets better. The NRDC report “Energy Well Spent” states that 
•         “corn ethanol is providing important fossil fuel savings and greenhouse gas reductions”

•         “cellulosic ethanol simply delivers profoundly more renewable energy than corn ethanol”

•         “very little petroleum is used in the production of ethanol ….. shift from gasoline to ethanol will reduce our oil dependence”

Many new plants do not dry distillers grain, the animal feed by-product of corn ethanol production, saving substantial amounts of natural gas. They can do this by building plants near cattle feedlots. Other plants add a second step of replacing their natural gas with methane from digesters that cheaply digest the cattle manure, replacing almost all of their fossil energy needs. The NRDC data does not include the best corn ethanol plant yet that starts up in July 2006 - E3 Biofuels in Mead, Nebraska that  goes one step further and converts the remaining manure product after the methane is produced into fertilizer for its corn fields, creating a full cycle. For a corn ethanol plant E3 Biofuels achieves an energy balance of almost 5X, more than is projected for cellulosic ethanol! This NRDC chart shows that infact the best ethanol, by having plants fix carbon in the soil when it is fixing carbon in the plant (typical of switchgrass and miscanthus), can infact have a net negative carbon consumption. This is a feat that electrics or hydrogen cars will never accomplish. 
With atleast half a dozen different methodologies and research efforts to produce cellulosic ethanol, it is almost certain that within a few years, we will have cost effective, scalable cellulosic ethanol.

Though a 25% mileage reduction per gallon of ethanol compared to gasoline is the reality today, it can be immaterially small over time as engines are optimized for a flex-fuel world. This again will improve the energy balance of ethanol by making less energy go further using ethanol’s higher octane rating and the possibility of higher compression ratios for ethanol engines.

All this is without the breakthroughs that are in various stages of research. We know of half a dozen projects that will further improve the energy balance. Technologies like Synthetic Biology will bring a whole new level of capability to the production processes that we can hardly imagine today. Remember when they said silicon (CMOS) would only ever run at a 100 megahertz? Today your home computer silicon can run at 4000 megahertz! This kind of “can do” is an everyday occurrence in the field of technology and it will apply to energy technology too.

Myths: 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 relatively inefficient ‘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, mostlyrecently? Instead of exporting soybeans we could be reducing oil imports. In addition we have 40 million acres of CRP lands where we pay farmers to not grow food. What if we used them for energy production by growing natural prairie crops like switchgrass (more like 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, restoring 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 20-30 tons per acre are feasible and up to 40 tons per acre are possible in the long term on the best lands. At a hundred gallons of ethanol per dry ton of biomass, and twenty tons per care, 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 28 tons per acre (my estimate/ assumption by 2030 – see Appendix A) we can replace all our oil needs even with demand growth. 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.

When opponents claim there is not enough land and the NRDC says there is, Sec of State George Schultz & Jim Woolsey have said the same thing (contingent on efficiency increases) and 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. 
Myth: Food prices will go up

To allay another common misconception, it is extremely unlikely that ethanol will be competing materially with food  since it wont be made from corn. By the time we get to needing sufficient quantities of ethanol, we will be producing most of it from cellulosic feedstocks, not corn. This is why the land use arguments are incorrect. Infact many energy crops like switchgrass and miscanthus make for excellent crop rotation plants with traditional row crop agriculture which often depletes the soil. Researchers are developing mixed grass “cocktails” that will serve as crop rotation crops for today’s row crops , increase bio-diversity (as opposed to monoculture energy crops), while producing feedstock for liquid fuels. These energy crops will replenish the oil, keeping farmland more productive and biodiverse, according to the NRDC study “Growing Energy”. Some impact on food prices is possible 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 intensive agriculture type 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.

 Further there is plenty of underutilized pastureland throughout the world that can help grow energy crops, a higher and better use than the current use. It is worth noting that on a worldwide basis that American, Brazil, Australia, India, 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 Africa. Africa, Mongolia, Latin America 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.  Many press reports conjure up images of starving children and food supply shortages but fail to mention that we have so much food we actually pay farmers ($48 per acre on CRP lands) not to grow food on their land?. Do they mention or moralize about the fact that the majority of our corn is used to feed cattle and other animals, an unhealthy and very inefficient food, not humans and that each kilogram of beef uses thousands of liters of water to produce per a recent New Scientist report? If we “saved” all this water used for beef, we could produce plenty of biomass. It is often stated that we have only 73 million acres of corn but fail to mention that this acreage is declining for lack of demand (no wonder that farmers need subsidies to survive, subsidies which are often countercyclical and will decline if corn prices go up, something Bono has been calling for to help the worlds poor and make their agricultural crops more competitive). 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 per acre as defined in this white paper 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?
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 immaterially small 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 — 100 to 105, vs. 87 to 93 octane for 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, thus 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 and no special features to adopt it for ethanol use. 

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! Just because certain interest groups, the corn interests, have political clout and can get credits does not mean they are needed. But that is the subject of a companion paper.  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 technologies 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 at $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 proof 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 a “normal” profit margins to retailers who will sell it at “normal” margins. This E85 is selling at $1.78 a gallon in Aberdeen, South Dakota today (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 real 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.”.  I 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 4+ billion gallons of ethanol currently being used from the market! The refinery capacity shortage would really hurt.
Myth: Ethanol cannot use the existing infrastructure

Not really true. Brazil has thousands of gas stations using the same tanks, pumps, tankers for transportation, some with minor modifications. They are building new pipelines to transport ethanol and their experts laugh at these naïve assertions. 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 atleast 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 not a problem unless it is 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 problems 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 emission requirements as a fuel, among the strictest requirements in the country. 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 and 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 such as cancer causing 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 toxics 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 on and 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

	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 as to set up a cellulosic ethanol plant due in August of 2006. 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 $5+0 million investments. We expect the DOE request which calls for a $75 million or so in private investment in every proposal will receive a dozen submissions or more. Atleast half a dozen are expected to be very credible. We at Khosla Ventures know of atleast five serious attempts that are ready for pilot deployment. Yes it takes time to build new plants and perfect technologies 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 production scale plants will be start implementation within 2-3 years with scale production in five years or so. We need corn ethanol to prime the systems, infrastructure and condition markets, and keep 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?
Technology 

A robust market for ethanol drives entrepreneurial dreams of technological innovation and riches, as well as the scientific quest to extend the frontiers of knowledge and capability, and both groups have shown significant interest in all aspects of the ethanol production process. At least half a dozen different approaches exist to make ethanol that is not based on food crops. 

Agricultural scientists are starting to look at alternative energy crops, biotechnologists have been looking at designing and redesigning enzymes and organisms for the conversion of cellulose to ethanol, chemical engineers and process technologists have been reviewing new and more efficient process designs and lower costs plants, and biochemists are evaluating co-products to reduce the net cost of ethanol production by trying to produce high value products in the same cycle. Still others are imagining or designing the next “better molecule. BP and DuPont have announced an effort to produce Butanol, compatible with much of the ethanol infrastructure and having better fuel properties. Still others are working on even better molecules.
Crop rotation cycles;  re-engineering plants to increase biomass yields per acre; producing animal proteins and cellulosic crops simultaneously; maximizing gallons of ethanol per ton of biomass; reducing energy costs; reducing capital costs; reducing enzyme costs or cycle times of the processes;  developing brand new organisms and even new metabolic pathways to produce energy - everything is up for improvement. 

For ethanol and other related liquid fuels, there are many other sources of starting materials. Some of our favorites are ethanol form municipal sewage, waste baggasse after sugar is produced, wood chips and forest clippings, and sea grown algae, among others. Human waste and other trash, almost anything with carbon, can be recycled into producing ethanol. Imagine our sewage driving our cars! This is not pie in the sky but rather technologies that have been venture funded to produce cost competitive ethanol within two years. We don’t even need land. And we get cost effective ethanol because today we pay to get our trash buried in landfills and our sewage treated, producing a negative cost feedstock for ethanol. Old tires, paper mill sludge, forest clippings, wood chips – bring it on! They can all be converted to ethanol or to similar fuels. All these approaches bypass land use.

Engines can get better too with technology. Ethanol can easily get much higher fuel efficiency than it does in today’s engines because like diesel and unlike gasoline, it can have much higher compression ratios in internal combustion engines. When one hears of a lower mileage for ethanol it is because we optimize the engine for gasoline and run ethanol init. As we get wide distribution of ethanol, automakers will make ethanol optimized engines that can also run on gasoline, resulting in much higher efficiencies. 

My estimates of less than 60 million acres required to fuel most of America’s cars and light trucks by 2030 started to feel conservative as we saw Brazilian entrepreneurs developing technologies to produce over 3000 gallons per acre. Our projections of land use and ethanol costs are based on 400-500 gallons per acre. Given time and incentive, we see US based technologies developed using energy crops like miscanthus and switchgrass or more likely “grass cocktails”, poplar trees, and  other crops meeting or exceeding the Brazilian numbers. Imagine what would happen if we let Silicon Valley style entrepreneurs and American scientists and technologists innovate in this area! Some fraction of the land used for export crops could replace much of our gasoline needs. We must signal to our innovators that this is a long term, large market, as Brazil has done. It is encouraging that a recent survey of the engineering faculty at the University of California, Berkeley, showed that almost half the engineering faculty wanted to work on energy, compared to a very small minority just a few years ago. A re-evaluation of our fuel options and alternatives to oil has the whole scientific world excited.
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Fig:  Projected ethanol yields per acre in the US & Brazil
In my estimation, better liquid fuels like butanol, higher mileage on ethanol/butanol or other liquid fuels, and up to 10X better yields per acre for bio-produced liquid fuels from renewable energy crops at substantially lower costs than today is a much lower risk technological bet for cost effective, infrastructure compatible technologies than the other options discussed here. In the end all these technologies can and should compete in the marketplace. These technology advances makes the energy balance and land use arguments go away.
Interest Groups & Politics

Even when a path is right for the country it does not happen unless the right interest groups are aligned. For the scenario to work we need to have most of the various interest groups aligned with the objectives. Fortunately, this time around the environmentalists, the automakers the agricultural interests, the security and energy independence proponents, even the evangelicals are all aligned. The political process will not be a strong impediment. 
Environmentalists delight? 
Forward thinking organizations like the NRDC have conducted detailed studies substantiating the benefits of ethanol for the environment, and how they could reach a renewable future a lot sooner than the 35 years needed to get the dubious “green” benefits of hydrogen. 
It is poorly understood that there are no environmentally clean ways to produce hydrogen. Most of today’s hydrogen is made from natural gas, with the expensive alternative being hydrogen production using electricity through hydrolysis. About 50-75% of the electricity is wasted in the process of making hydrogen, and carbon emissions are still significant since carbon is emitted while either producing electricity, or from the natural gas. Further, the net efficiency of hydrogen, including its production and use in fuel cells, is pretty low. Though this problem can be solved by finding cleaner ways to make electricity like solar or wind, we are far from achieving that goal. Then we have a hydrogen storage risk. And a reliability and lifetime risk for the hydrogen fuel cells. And cascading risk upon risk and one uneconomic technology on another does not seem prudent. In addition we will have a significant chicken and egg problem. And if we do come up with a “clean electricity” strategy, don't we want to replace our carbon-intensive electricity first? 
Brazilian “sugar” ethanol is substantially greener than gasoline.  Cellulosic ethanol provides 60-80% reduction in carbon emissions, with 90% reductions achievable in the medium term. Traditionally many environmentalists have opposed ethanol since it is produced from corn and results in a poor “energy balance’ – only a little more energy out of the ethanol than gets put into it. Somewhat enigmatic is the fact that the same comparison is not made for hydrogen given the inefficiencies and carbon emission in its production, resulting in a worse energy balance than corn ethanol. According to a detailed Argonne National Labs study even corn ethanol results in a 20% reduction in carbon emission and requires half the amount of fossil fuels and a 90% reduction in petroleum use required to provide the same energy output using petroleum. The NRDC also supports the green house gas reduction conclusions. Don't let the propagandists, using old data and “outlier” studies convince you otherwise. Most studies in the last ten years agree with this conclusion. Remember how long the tobacco industry was able to argue that you could not prove that smoking caused cancer? And there are even scientists around today claiming we have no proof of global warming. At least ethanol has an easier path to being completely green through cellulosic production, and all this happens without the need for carbon credits. However, should we ever institute carbon trading the net cost of ethanol for consumers should decline further because of its materially  better carbon efficiency today and likely profoundly better carbon efficiency in the future.. 
But the environmental benefits don’t stop there. Over time we will increase the cellulosic content of our crops and develop new energy crops. Bamboo grasses, woody plants like willows, and various prairie grasses such as switchgrass and miscanthus may make excellent feedstock for making ethanol. Generally many of these plants are natural prairie grasses and are much better at replenishing the soils than traditional row crops.  The University of Illinois has been studying a feedstock grass called Miscanthus, which grows in a wide variety of soils needing little fertilizer, water or pesticides. Another feedstock, Switchgrass, reduces nitrogen runoff from fertilizers, increases carbon content of the soil, reduces topsoil erosion by more than seventy-five times, and still manages to increase biodiversity in crops (2-5 times the number of bird species) compared to corn according to the NRDC report “Growing Energy”. 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. We will clearly not want energy crop monoculture and will have to develop new crop rotation practices and cocktails of grasses, but these are addressable issues.
Here is significant confusion about ethanol as a fuel in cars. When ethanol is blended with gasoline above about 5% ethanol, certain pollutants can increase in the car’s emissions. E20  as used in Brazil will probably not meet emissions standards in the US. But above certain levels of ethanol, emissions start to decline again. E85, or 85% ethanol, is better or equal to gasoline in its emission profile in almost any dimension. It is a cleaner fuel than gasoline. We do not recommend blending ethanol into gasoline above about 6%. Most environmentalists take a similar position. Infact gasoline should be controversial. It causes green house gases, and adds pollutants like benzene to the air and MTBE to our water. Benzene has been labeled by the Dept of Health & Human Services to be a carcinogen and 75% of the benzene in the air comes from gasoline, causing cancers and other health problems. 

Forward thinking environmentalists should look beyond fighting the automakers, but instead offer them additional incentives or other compromises to get their support for the FFV mandate.
Automakers 
US automakers are just starting the transition to hybrids, and significant investment is required to catch foreign competitors. The investment of scarce dollars and resources into this chase competes with investing billions in hydrogen initiatives. Complete retooling of the systems, manufacturing maintenance, training and other aspects of production is just the start. Investment in traditional automobile engines and in hybrid technology will have to be abandoned in the chase to compete in the hydrogen race. US automakers, with relatively weaker balance sheets than many foreign competitors, are least prepared for the transition. Labor unions and pensioners, together with shareholders, will bear the brunt of the pain of this transition to hydrogen. Ethanol as a fuel source will prevent this competitively disadvantaged scenario from happening. 
With some degree of nimbleness, the US automakers have a chance to be first to market, hand-in-hand with support from environmentalists. Negotiations with environmentalists around additional CAFÉ credits for ethanol cars, or an alternative “petroleum mileage” standard while mandating distribution of ethanol to the oil companies is one low cost approach to reducing carbon emission rapidly. One “mpg” of CAFÉ is worth about hundreds of dollars per car to the automakers while the incremental cost of an FFV is $35. There is plenty of room for a win-win.
Agricultural Interests
At the other end of the economic spectrum is the agricultural community. One of the many pressures on US farm economics is the WTO community, crying for a reduction in subsidies for US farmers. These subsidies increase costs for US taxpayers and create international ill-will. What if we redirected the subsidies to energy crops, giving farmers the greater revenue and profit per acre than they currently receive under the subsidy regime?

With an additional $20-40/dry ton of cellulosic waste (or energy crops) and 20-30 or more tons per acre (10 tons per acre in the short to medium term), farm incomes will increase to a point where the need for these subsidies subsides and revenue rises above the subsidy benchmarks. It will also redirect funds flowing into the Middle East towards US rural economies. Further, WTO pressure to reduce subsidies will decline as energy crops are unlikely to be under pressure under WTO rules anytime soon. 
Additional jobs will be created in the biofuels sector, and national farm income will climb by billions alongside declining foreign oil purchases. An FFV mandate for new vehicles will lead to more demand for US agricultural products. Starting down the bio-refinery path will also lead to other products such as renewable plastics. The potential benefits are staggering. We are talking about adding some significant portion of the energy economy to the rural economy which has principally participated in just the “food” part of our GDP.
Conclusions

There is no dearth of significant opportunities to improve the economics, environmentonics, or capacity of “ethanol plus” production. The sky is the limit if we give these motivated scientists, technologists and entrepreneurs a chance. This is not a rally against hydrogen, rather a call to focus on the here and now, and the immediate returns possible from starting a cycle of conversion to a near term renewable future. Ethanol is not without its issues, but none are insuperable. 
Automakers will have to re-work engines to meet emission and evaporative standards. Farmers will have to learn about new crops and waste collection methods. Environmentalists and scientists will have to push the more renewable cellulosic technologies and develop sustainable energy crop mixes. Oil companies will have to gradually upgrade the infrastructure. Hard, but necessary work because the evidence exists that the use of ethanol is the most probable, lowest cost and nearest term possibility that meets the national imperative of providing a more green, more secure and a lower cost energy source for transportation.
Risk capital from investors is the only solution to the oil stranglehold. Three simple things that need a little bit of courage, not a lot of money are sufficient to get this capital flowing. These three policies will assure investors that a permanent market will exist for ethanol and will not be subject to price manipulation by the oil nations. Billions of dollars will flow into the ethanol economy creating a permanent alternative to gasoline, without material government funds.
In conclusion, 

· We are convinced that we can replace the majority of petroleum used for cars and light trucks with ethanol within 25 years starting with the “three simple policy recommendations”

 

· As these technologies ramp up, they will be cheaper -- unsubsidized -- than gasoline, even if petroleum drops to $40 a barrel, possibly even at $25 a barrel, given appropriate policies.
 

· You get a fuel that's cheaper and greener than petroleum and all American.  It gives us energy security.  And it takes Middle East terrorist-fuelling dollars and moves them to rural America.

Fortunately, this time around the environmentalists, the automakers the agricultural interests, the security and energy independence proponents are all aligned. We have sufficient land, the energy balance  and the environmental  considerations are right. All we need to do is to kick start the process. Ethanol, as the figure below shows, is a much lower risk option than either oil or hydrogen. Imagine the mid-west returned to its original prairie state, producing animal feed proteins (that’s what the prairie grasses did before the row crops took over), increasing biodiversity, increasing farm incomes, creating rural jobs, reducing green house gasses and global warming, and producing ethanol or other  fuels while reducing our dependence on terrorism supporting oil imports. Any outcome short of this will be a real failure of imagination
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Appendix A: Ethanol Production Capacity & Acreage CAPABILITY for energy crops

	 
	 
	 
	 
	 
	 
	Production
	Production
	Production
	Ethaol Prod.

	Year
	
	
	
	
	
	Cellu.Eth. Gals
	Corn Eth. Gals
	Total Eth (gals)
	Gas. Eq Gals

	 
	
	
	
	
	
	(Billions)
	(Billions)
	(Billions)
	(Billions)

	 
	
	
	
	
	Million Acres
	
	
	
	

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

	2005
	 
	6
	80
	 
	0
	0
	4.0
	4.0
	3.2

	2006
	
	6.3
	83.2
	
	0
	0
	4.8
	4.8
	3.8

	2007
	
	6.6
	86.5
	
	0
	0
	5.8
	5.8
	4.6

	2008
	
	6.9
	90.0
	
	0
	0
	6.9
	6.9
	5.6

	2009
	
	7.3
	93.6
	
	0.1
	0.1
	8.3
	8.4
	6.9

	2010
	
	7.8
	97.3
	
	1
	0.8
	10.0
	10.7
	8.6

	2011
	
	8.3
	98.3
	
	3
	2.5
	10.9
	13.4
	10.7

	2012
	
	8.9
	99.3
	
	5
	4.4
	12.0
	16.5
	13.2

	2013
	
	9.6
	100.3
	
	7.5
	7.2
	13.2
	20.4
	16.4

	2014
	
	10.2
	101.3
	
	10
	10.4
	14.6
	24.9
	19.9

	2015
	
	10.9
	102.3
	
	13
	14.6
	14.6
	29.1
	23.3

	2016
	
	11.7
	103.3
	
	16
	19.4
	14.6
	33.9
	27.1

	2017
	
	12.5
	104.4
	
	19
	24.8
	14.6
	39.4
	31.5

	2018
	
	13.4
	105.4
	
	22
	31.1
	14.6
	45.7
	36.5

	2019
	
	14.3
	106.5
	
	25
	38.2
	14.6
	52.8
	42.2

	2020
	
	15.4
	107.5
	
	28
	46.2
	14.6
	60.8
	48.6

	2021
	
	16.3
	108.6
	
	31
	54.8
	14.6
	69.3
	55.5

	2022
	
	17.2
	109.7
	
	34
	64.3
	14.6
	78.9
	63.1

	2023
	
	18.3
	110.8
	
	37
	74.9
	14.6
	89.5
	71.6

	2024
	
	19.4
	111.9
	
	40
	86.7
	14.6
	101.3
	81.0

	2025
	
	20.5
	113.0
	
	43
	99.8
	14.6
	114.4
	91.5

	2026
	
	21.8
	114.1
	
	46
	114.3
	14.6
	128.9
	103.1

	2027
	
	23.1
	115.3
	
	49
	130.4
	14.6
	144.9
	116.0

	2028
	
	24.5
	116.4
	
	52
	148.1
	14.6
	162.7
	130.2

	2029
	
	25.9
	117.6
	
	55
	167.7
	14.6
	182.3
	145.8

	2030
	 
	27.5
	118.8
	 
	58
	189.4
	14.6
	203.9
	163.2


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


Accuracy Estimate 25%

Does not include “other” gasoline use (lawnmowers, boats,…), hybrid or plug-in hybrid FFV’s, lighter vehicles, higher CAFÉ standards etc.
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RISK: Oil vs. Hydrogen vs. Ethanol

		Oil		Hydrogen		Biofuels

		Energy Security Risk		High		Low		Low

		Cost per Mile		High		?		Low

		Infrastructure Cost		Low		Very High		Low

		Technology Risk		Very Low		Very High		Low

		Environmental Cost		Very High		?		Low

		Implementation Risk		Very Low		Very High		Low

		Interest Group Opposition		Very High		High		Low

		Political Difficulty		?		High		Low

		Time to Impact		-		Very high		Low
















































