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This is a three part series of white papers. Part I, “Imagining Tomorrow” details the importance of trajectory on the adoption of revolutionary technology and answers the question “what separates blue-sky futures from practical visions for tomorrow?” Part II, “Is Ethanol Controversial” covers many of the myths about ethanol that are prevalent because of bad information and misinformation campaigns. Part III, “A Near Term Energy Solution” covers our policy recommendations for the US. These papers are available at http://www.khoslaventures.com/resources.html .
There are three types of views on the future. The “show me” skeptics don't want to imagine anything new till well after it is already done. To these folks I only ask that they propose something better. Then there are blue sky dreamers who have no idea what is pragmatic, politically feasible or commercially implementable. In the middle are the people who can imagine the future and boil it down to a series of steps that might have a shot at reality. This paper discusses the last scenario as it applies to our energy options.  What separates blue-sky dreaming from futures that actually get implemented?  You may want to revolutionize the world with rebellion, change the consumption pattern overnight (4% of world population in the US consuming 25% of its resources- I hate it too but don’t count on it changing), dramatically change behavior like getting Americans to drive less (lots of idealized solutions I can think of but it won’t happen except through legislation like higher CAFÉ or higher gasoline prices, and most such legislation is politically infeasible). Good luck. I work on feasible, near term solutions. I support increased CAFÉ and free markets (I am not a fan of ethanol subsidies or import tariffs in today’s environment and have proposed politically feasible compromises to reduce both: “A Near Term Energy Solution” at www.khoslaventures.com/resources.html ) as long as we ensure a level playing field which we don’t have in the gasoline market today.
The single biggest thing we can do to help climate change is a carbon tax (worldwide) or a “cap & trade” system for carbon, but I don’t think it is politically feasible in the US today. Its time will hopefully come soon, probably in the next decade. California’s recent legislation (AB32) is a great start. I would also like to see much broader energy efficiency legislation but I suspect that is harder and will happen in pockets and spread slowly (I am optimistic about some of the latest CAFE proposals that don’t disadvantage US automakers). I would love for us to bias transportation towards public transportation (even with subsidies) but I suspect that will not happen easily and is not an effective use of my time. The personal automobile is here to stay. Finally I believe that the problem of stationary power (electricity) and mobile power (mostly transportation) are different and can be addressed separately. So let’s not confuse the two problems. I even separate the heavy (diesel) transportation from cars and light trucks (gasoline). I believe we need liquid fuels for transportation and have to live with coal for electricity for a while, even though I would love to see a greater emphasis on nuclear, wind and solar. Without a material breakthrough in storage technologies, wind and solar combined will be no greater than 20% of our electric power needs because of base load issues.
We have to find solutions and only the ones that are economically driven will achieve substantial scale. To balance the large ongoing investments in oil, the only solutions that can compete effectively are ones that leverage Wall Street. I like solutions that the average American can be coaxed into adopting, not the ones the 5% who care most about the environment will adopt. The 5% fringe play a valuable role in buying early, demonstrating feasibility, establishing markets, being role models but in the end impact happens when the average American adopts something. New businesses happen when Wall Street gets excited about a new market or technology, but more on that later.
On the public debate, why have I chosen to speak mostly about ethanol? I do support solar, wind, biodiesel, and many other alternative technologies. Initially, I am only focusing (for now) on gasoline, not all petroleum. Yes, diesel, plastics etc will also have to be addressed but I handle “material but manageable” problems one at a time. That is my nature. It does not say that others should not address other problems or that I don’t care about other problems. I spend my time where I am most effective per hour spent. That means that some even more critical problems are left to others. But the reason to support ethanol in public policy debates for me is the feeling that I can really make a visible difference and it will lead to more than a marginal change. But the real answer is my belief that it has the lowest risk strategy to impact peak oil, green house emissions, energy security and independence, while having huge collateral benefits like improving farm incomes, rural employment, and reducing worldwide poverty and terrorism. Ethanol has the best TRAJECTORY! There are other options like coal to liquids and natural gas which are also reasonable options if one is not looking for a trajectory that leads to a 100% renewable source. Others, especially the oil companies are working on some of these.
Ethanol is a subject of controversy for all sorts of reasons. Many of these criticisms, while true in some small ways, are all aggressively promoted by the oil lobby and other interested parties in an effort to forestall change. Most are myths and are addressed in detail in Part II of this series “Is Ethanol Controversial?” Challenges certainly exist with ethanol, but none are insurmountable, and – with apologies to Al Gore – the convenient truth is that corn ethanol is a crucial first step toward developing a clean, economical domestic energy portfolio capable of making petroleum obsolete. I believe we can replace most of our gasoline needs in 25 years with biomass from our farmlands and municipal waste, while creating a huge economic boom cycle and a cheaper cleaner fuel for consumers. But the oil interests are not in a hurry for you to have it.

Corn Ethanol is the Only Way to a Realistic Option to Oil

The message of this paper and the companion papers is (i) corn ethanol is not perfect but it is the best alternative among our realistic options; and many of the myths around it are just that – myths; there is no material food vs fuel or energy balance or infrastructure issues; and it dramatically reduces petroleum use independent of its energy balance (2) corn ethanol primes the pump for better options, be it cellulosic ethanol from enzymes or gasification, or butanol, or other “biohols” (other liquid fuel chemistries)  from the same feedstocks using similar technologies and the same automotive engines; these options are well along on the development path. Trajectory and scalability infact are the most important variables to consider in picking among options.  (3) even corn ethanol, though it will never meet all our gasoline replacement needs,  is not your father’s ethanol – it can be and has  been  improved substantially in many ways and made properly can be environmentally almost as good as cellulosic ethanol; corn ethanol properly managed can result in lower prices for gasoline and a much lower priced fuel for today’s automobile engines (minor changes only) without the need to revolutionize the automobile industry; (4) we have enough land for dedicated energy crops to replace all our gasoline needs in an environmentally sustainable manner that is also compatible with the way that Wall Street operates. (5)Ethanol, even as we know if today, can compete with gasoline without subsidies and be environmentally cheaper for consumers. (6) A few simple policy changes, signaling the right intent, can set us down the right path at a lower cost to consumers and the government. 
We can start a trajectory towards a greener, cheaper, politically acceptable fuel that creates a Silicon Valley style innovation boom, rejuvenates the rural economy, and maybe even enhances the battle against global poverty, at minimal cost, and at relatively lower risk than oil, hydrogen or other alternatives. We can do this at little cost (again relative to the cost of petroleum and petroleum subsidies) because this strategy is very amenable to the decision makers from Washington to Wall Street without a lot of dollars from the government. Yes we wish we did not have a corn ethanol legacy mired in controversy around mid-west politics, yes we wish at today’s oil price the credits to ethanol were lower (and we had lower petroleum subsidies and a carbon tax as well), and we wish we did not have tariffs on imported ethanol, but despite all the wishing it is still by far the best real option we have, warts and all!
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Figure 1: Comparison of Oil, Hydrogen and Ethanol
The reality of this situation is illustrated by an ethanol producer in the mid-west who sells ethanol at “normal sustainable margins” to retailers who will sell it at a profit of $0.20 per gallon (retailers make half of this on gasoline). This ethanol was selling in June 2006 at $1.78 a gallon in Aberdeen, South Dakota, showing that these economics work for farmers, producers, distributors, retailers and most importantly consumers. That is why ethanol is the only real alternative to gasoline (more on electricity as fuel option later). My hope is to see Walmart announce $1.99 per gallon E85 at every Walmart in America. A greener, cheaper, renewable, made in America product that will bring hordes of drivers to their parking lot. Let’s not have a failure of imagination. 

Our realistic “scalable” options in the next decade are limited to oil or ethanol - Do we want to feed our farmers or mid-east terrorism? Do we want ANWR oil rigs or prairie grass fields? Fossil fuels or green fuels? Create farm jobs or mid-east tycoons? Gasoline cars or cars that offer the choice of gasoline or biofuels? Expensive gasoline or cheaper ethanol? This appears to be nothing less than a Darwinian IQ test!

The Biohols Trajectory:

I believe in the great potential of biofuels because of what I call the “biohol trajectory” – liquid fuels derived from biomass for internal combustion engines. Like Moore’s law, this theory predicts a steady increase in performance, cost, and importantly, yield per acre of farmland. A number of biofuels appear along this performance curve, among them corn ethanol, cellulosic ethanol, higher energy content butanol, and other biomass derived new fuel chemistries even better than butanol. We will see fuels with higher energy density, better environmental characteristics and engines better optimized for biohols. In addition, we can count on the emergence of complementary technologies such as cheaper hybrids, better batteries, plug-in hybrids, and more efficient, lighter weight cars.  Ethanol and newer fuels will have substantially improved miles per gallon as their energy will be more efficiently used through innovations like higher compression ratio engines and turbo charging. Integrating these engines with hybrids will allow them to run at their optimal efficiency most of the time; an efficiency I expect will reach close to 50%. The single most critical variable in the potential of Biofuels is the gallons of fuel produced per acre which in turn depends upon biomass produced per acre and the process efficiency or how many gallons of ethanol each ton of biomass can be converted into. I estimate plant yields for energy crops like miscanthus and switchgrass increasing to between 20-24 tons per acre, conversion efficiency increasing to about 100-110 gallons of ethanol per ton resulting in 2000-2700 gallons of fuel per acre.  Adding to this the 50% improvement in engine efficiency and better fuels, these factors will combine to provide a 7-10 fold improvement in miles driven per acre of land over 25 years. This biohols trajectory makes the implausible assertion of independence from gasoline not only possible but probable. But significantly, and necessarily, the curve of biohols begins with garden variety corn ethanol.
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Figure 2: Ethanol Yields (gallons per acre)
Ethanol appears scalable to a 100% of our gasoline needs and does not appear to need subsidies to be cost competitive with its fossil energy competitor (just because US ethanol gets subsidies does not mean it needs them – the fact is that oil also gets substantially larger direct subsidies and does not need them). Infact it was the only category of alternative energy which I believed met these two criteria that formed the basics of a large economic opportunity for Wall Street. Our projections on what we can infact produce in cellulosic and corn ethanol over time is included in Appendix A. It includes details on expected yields of biomass crops, one scenario on how the number of acres of land under biomass crops  might expand over time (we use the assumption that we will primarily replace export crops or use CRP lands, not put additional lands under cultivation). Appendix B hypothesizes how with the right policies the number of flex-fuel cars on the roads might go up and how the demand for E85 might climb over time. It is important to note that fortunately, since E85 capable flex-fuel cars will only come on the road when people buy new cars and new car buying rates are limited to fewer than 10% of our fleet every year, demand for E85 will expand at a measured rate. This is important because if inexpensive E85 is introduced into the market its price will not climb to match that of gasoline as the number of cars capable of consuming it will be the demand limiting factor. Cheaper E85 will remain cheaper and will increase demand for E85 cars.  
A word about efficiency - these scenarios are enhanced and made more achievable sooner if fuel use efficiency is increased. The recent call to increase CAFÉ standards will help us get there sooner, with less land use impact. A 3% per year increase in CAFÉ (4% has been recently proposed) would cut our gasoline or gasoline alternative needs in half by 2030. 
It is all about the trajectory! 
There's a huge difference between people who focus on “what is”, and people who focus on “what can be”. Ten years ago, when we were starting an IP router company, nobody in the established telecommunication world believed in the internet because the “what was” was not as good as an alternative technology called ATM. Almost every telecom carrier said, "no way would we ever switch our core network”. The state of the internet protocol was so much worse than the alternative ATM for telecom carrier purposes. But “what can be” ended up so much better and so much cheaper because of the trajectory it was on, such that any company not adapting it will over time go out of business. The difference between “what is” and “what can be” has to be reached in an evolutionary not a revolutionary fashion. IP & the web browser had a useful purpose, got deployed, were used and hence attracted both implementation and R&D investments. Next generation stuff was built on top (like better routers, IP management and network software, JAVA, Flash, Dynamic HTML pages, AJAX, and the semantic web) and is still being pursued because the technology had an incrementally improving path. Both the incremental steps and the long term vision have to be attractive for a technology to cause a revolution. If the two trajectories are in conflict, the incremental path generally wins. It is the road more frequently traveled. Cell phones have followed the same path, starting from heavy scratchy voice quality devices to being dominant sleek, lightweight devices with good voice quality and better features than their land line counterparts. How many of you thought twenty years ago that they would mostly surpass land lines? Trajectory often determines where societal choices end up, especially when we cannot or do not legislate the outcome. The tunnel vision “show me” skeptics are at one end and they don’t want to imagine any improvements, any future trajectory. They can cite how they have been burnt before. How many wars have we won without any setbacks? Ask any athlete how many times he lost before winning? Do we give up these mission critical goals? At the other end are blue sky dreamers, academics disassociated from reality and practical knowledge of how implementation happens. They don't understand the politics and dynamics of change and imagine a future that is possible, a beautiful paradise island, even if there is no path to get there.

    Hydrogen is such an island, or possibly such a mirage. A more likely path is ethanol in today’s internal combustion engines, followed by better hybrid technology to make hybrids more broadly acceptable, to increasing the amount of battery storage on cars to make them more “plug-in” capable and over time to reduce the size of the ethanol driven internal combustion engine, thereby reducing the amount of liquid fuel we need for our automobiles. The more we use batteries the cheaper and better they will get, the more investment and R&D interest they will attract, and the faster the cost performance curve will improve. Batteries will get cheaper and we will use more battery capacity in our cars, enabling longer range, making such cars cheaper and better and driving towards lower percentage use of liquid fuels (if there is greener electricity – we buy ourselves an option through using compatible technologies). If you tell me we should replace most of today’s cars with sixty mile range or cost ineffective cars, I wish you good luck getting in getting it done. And the energy balance ratio of electricity is far worse than that of corn ethanol today. If we get more wind and solar we should be replacing coal plants with that additional capacity, assuming it is cost competitive.
Along the way we will see better liquid fuels emerge, fuels I call biohols. Butanol has already been proposed by BP and DuPont, and other liquid fuels have been discussed among researchers. They are superior to ethanol in many ways but will use the same or similar feedstocks and run interchangeably with gasoline or ethanol in today’s engines. Some will require minor engine modifications and others will not. The bigger the ethanol market, and we must move it from a  blend of only fifteen billion gallons a year US market to a primary fuel 200 billion gallons a year market, the more investment and R&D it will attract to reduce cost, improve engine performance and find additives and alternatives like butanol, to make it even better. With ethanol and biohols in general it is very possible to get there incrementally without disturbing a lot of current investment, vested interests (like automakers), and natural market forces. The oil industry spends hundreds of billions in investments in oil every year and to find a replacement it must attract the same kind of capital. The only source of such capital is Wall Street. A profitable trajectory driven by attractive rates of return will attract billions and billions from Wall Street. If we want to make change happen, make it worthwhile for the entrenched interests without making it easy enough for them to rest on their laurels. In the end I do believe the oil companies will be big players in the biofuels game.
My experience, and hopefully the above examples illustrate that when it comes to technology, the best way to change the world is not by revolution, but a series of evolutionary steps that compound into a revolution. Change must follow a trajectory from step to step, from innovation to innovation, as technology matures, each step justifying its economic viability and attracting investment. So while ethanol may not be ideal, I’m convinced it’s the best first step. It offers one thing no other oil substitute can: a clear path from where we are to where we hope to be. There are other scenarios we can imagine – wind driven hydrogen generators powering our cars – but they are just that, blue sky flights of imagination from academics with no notion of reality. At the other end are the “show me” tunnel vision skeptics. I invite those folks to sit on the sidelines and watch the show or to go work on a better solution. Twenty five years ago nobody could convince them of personal computing, the internet, biotechnology and communications revolutions. To those who want us to change our lifestyle, drive less, develop more compact cities, and other solutions that involve social change, I agree completely and I wish them well, but it  is not a solution set I can effectively spend my time on. Finally, the end solution will not be any one thing – a number of different approaches will add up. My own forecast about the march of the biohols along its natural trajectory is shown in Figu. It is meant to be illustrative, not precise.
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Figure 3. March of the Biohols 
Three Good Reasons to Believe the Ethanol & Biohols Trajectory
I believe this ethanol trajectory for three reasons. The first is economic: Ethanol can be produced and sold cheaper than gasoline today so a replacement market can exist. Most ethanol facilities can produce their fuel for about $1 a gallon – about half the production cost of gasoline. And innovative producers like E3 Biofuels claim to make it for $0.75 a gallon (Appendix C). I would like to eliminate subsidies gradually in conjunction with removal of tariffs on imported ethanol. For kicks, we might consider removing the substantial direct subsidies to oil too – just something called “excess of percentage over cost” adds up to a $82 billion subsidy to big oil! There are many other such esoteric clauses in our legislation, all inserted by oil’s political lobbyists. Free markets demand level playing fields, not an incumbent oriented tilt.

Meanwhile, ethanol at the pump can be relatively inexpensive. Recently in Aberdeen, South Dakota, E85 – a blend of 85 percent ethanol and 15 percent gasoline – was selling at gas stations for just $1.78 a gallon (JUNE 2006), through a series of producers and distributors who refuse to price gouge consumers. Wal-Mart is considering selling it. Imagine if every Wal-Mart offered $1.99 a gallon throughout America! And I would happily offer them all the fuel they wanted to buy in fixed long term contracts such that they could sell it at $1.99. The economics of building plants to supply Wal-Mart or any other retailer work. The point is that the whole supply chain can make money and the consumer can still get $1.99 ethanol today. The switch to cars and trucks that can run on E85 would be relatively economical, too. There are already 6 million such flex-fuel vehicles on the road in the US. It costs about an incremental $35 to make a new car capable of taking either fuel - ethanol or gasoline. 

The second is scientific: Ethanol production scaling is amenable to technological solutions. Today, corn yields about 400 gallons of ethanol per acre of cropland but technology is likely to push that efficiency towards 2700 gallons per acre by 2030 (for cellulosic ethanol). This is the key variable in achieving scale, even lower costs, and manageable land use scenarios. Biotechnology, plant breeding, chemical process technologies, synthetic biology, energy crop engineering, systems biology, computational modeling, new fuel chemistries will all offer tools, approaches and possibilities for improvement. Failure to use them will be a failure of imagination. Brazil has seen an almost linear decrease in cost of production for ethanol over the last thirty years despite not using technology (materially). What could we do with the power of technology and large markets within our grasp?
Several entrepreneurs are already working on cheaper, more energy-efficient biofuels that will ultimately replace corn ethanol. Celunol and Mascoma, two of our investments, are developing new cellulosic ethanol technology using different approaches to hydrolysis. Kergy, another Khosla Ventures company, is trying to do the same thing from cellulose, municipal and farm waste using a completely different approach they call anaerobic thermal conversion. Richard Branson’s Virgin Group is engineering a butanol-like fuel robust enough for jet engines. Gevo, another Khosla Ventures company, is developing new approaches to fermentation using synthetic biology techniques.  Greenfuel Technologies and others are revolutionizing algae farming for ethanol and biodiesel production. It is rumored that genome pioneer J. Craig Venter is busy developing synthetic organisms that will be able to synthesize ethanol. Another Khosla Ventures company called Ls9 is applying synthetic biology to produce new biofuels. Others, including some of our own investments that don't want to disclose what they are doing, are following similar goals. All of these fuels will be derived from biomass, share similar manufacturing and distribution processes, and power improved internal combustion engines, so all of them will benefit from the trailblazing, market acceptance, and infrastructure of corn ethanol. Without corn ethanol they would get no venture investment.

And then there are more imaginative ethanol and biohols production strategies. I have seen plans (not one I funded) to get 22,000 gallons per acre using current carbon dioxide sources (like power plant exhausts), proposals for ocean based dense algae farms (something that seems like a good idea) that convert algae to biodiesel and ethanol. We need to set a path that leads to revolutionary vision but has short term steps to renovate, innovate, and make money for our scientists, engineers, entrepreneurs and established companies that choose this new path. The steps will be incremental. The bigger the market, the more the attention, and greater the funding for both implementation and R&D, the greater the competition and hence a faster and faster pace of innovation and revolution. This is the trajectory I believe is possible.
So am I over promising on cellulosic ethanol? I don’t think so but if I am I don’t see another viable alternative. What makes me believe in cellulosic ethanol? If the goal is cellulosic ethanol production costs of $2 per gallon (roughly equal to gasoline at today’s prices), we are there already. We have a number of different ways to do it except that no investor is willing to bet on these price points being viable. So the real question is do we expect cellulosic ethanol production costs to drop sufficiently to be competitive with corn ethanol? The dozen or so serious respondents to a recent Department of Energy RFP are willing to invest $60-70m of their own private money on the belief that their particular technology can meet the requirements. They could all be wrong but it is somewhat unlikely that so many different approaches and distinct technology sets will all prove wrong. We have significant funds invested in three such projects. Am I certain this will work? No, but it is very likely that one of the dozen or more projects will achieve the cost target. The risk of a failure is much than the risk of a battery breakthrough to make plug-ins economically attractive or solving all of hydrogen’s problems (in my view). 
Further if we did not have corn ethanol priming the pump, helping create a market for ethanol, getting the fuel infrastructure and FFV’s lined up, I would not be investing in cellulosic ethanol as the cascade of distribution, market demand and infrastructure risks with the technology risk would make it too risky for me. Infact the corn ethanol investments we have made will make the cellulosic risk smaller as it is likely (but not guaranteed) that the initial cellulosic plants will be add-ons to today’s corn ethanol plants, making them economically viable sooner. To make this future happen this is a pretty modest risk to take compared to the risks we are taking with oil today, with shipping lanes, supply uncertainties, climate change and geopolitics. 
Another key question that gets debated is do we have enough land? The NRDC says we do. I believe we don’t need to add any additional land under cultivation. We can replace our export crop lands with energy crops. Do you trust the NRDC or the well funded misinformation campaign from the American Petroleum Institute? A number of alternative land use approaches will be discussed later.
 The third reason is simply about pragmatism: Ethanol is already here – and in use! We know how to produce it, we know how to distribute it, and we already have cars with engines that can use it. So why reinvent the wheel? An E85 distribution network starting with about 900 E85 pumps today, to just 20,000 would be sufficient to make E85 broadly available – an investment I estimate at much less than a billion dollars. Just the subsidy decrease I have proposed (See my policy paper - “A Near Term Energy Solution” at www.khoslaventures.com/resources.html ) would more than pay for this infrastructure. The sooner E85 corn ethanol primes the pump, the sooner we can progress to the next steps on the biohol trajectory. If we get higher CAFÉ standards (likely by 2030 – even a 3% per year increase in CAFE cuts our gasoline needs in half) and other positive surprises we will need less ethanol, and we will get there incrementally and in a politically acceptable fashion. But we don't need these “extra” improvements to replace most of our gasoline consumption with ethanol.
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The Evolutionary Stair-step      (does not show up)
The Legacy of Corn Ethanol
There are issues around corn ethanol (even a few around cellulosic ethanol) that are often debated but mostly we don’t ask either relevant questions or the right questions. Energy balance is not relevant. We should directly measure our goals – (i) how much petroleum do we displace and (2) greenhouse gas reductions per mile driven. This topic and a series of other myths and misinformation are addressed in our accompanying paper, “Is Ethanol Controversial?” These myths addressed include:

· Energy Balance – does ethanol take more energy to produce than it contains?

· We don’t have enough cropland 

· There is a tradeoff between energy and food for the world’s poor

· Lower energy content of ethanol means 33% lower mileage 

· Ethanol is expensive

· Ethanol needs subsidies

· Ethanol cannot use existing infrastructure 

· Ethanol has dubious environmental benefits 

· Cellulosic ethanol is not real?

· Subsidies for ethanol interfere with free markets?

Corn Ethanol is a Good Stepping Stone on the Way

Most of the fossil energy used in corn ethanol production is natural gas, not petroleum so, the typical US corn ethanol plant reduces petroleum use dramatically according to the NRDC (http://www.nrdc.org/air/transportation/ethanol/ethanol.asp ) and Dr Wang at Argonne National Labs (90% or more reduction)! That addresses peak oil and energy security issues even if it does not address the green house gas issues. (2) We get moderate,(roughly 20% depending on production methodology for corn ethanol plants) green house gas reductions in typical corn ethanol facilities but as we try and reduce cost of production and make the process more energy efficient we can get 60-80% (5X the fossil energy balance  per E3 Biofuels even with corn ethanol. As explained above, in my view the only solution we can implement rapidly will have to fit in today’s engines and we should chart a path for improving engines and improving fuels in smaller manageable steps without a dramatic big-step change. If we require a big step we know it won’t happen. Pragmatics is what rules doability in my view. Others are welcome to disagree and spend their time trying to make some other scenario happen. I won’t spend my time on it but I will sincerely hope they are successful. Corn ethanol will lead to other fuels but will it be completely displaced? I don’t know the answer but probably not. I do think it will become an immaterial part of our liquid fuel infrastructure because of its inherent limited capacity (15 billion gallons per year). Biofuels in the US will be a 100-200 billion gallons per year market and if we have excess capacity (something I think is likely) excess capacity will be applied to bioplastics, stationary power and other applications. Compared to what we are likely to pick as politically acceptable options, the consequences of failure are small. 
Having dismissed energy ratios as mostly irrelevant I want to stress that even corn ethanol from a typical natural gas powered corn ethanol plant today has almost twice the energy balance of petroleum. Apples to apples a unit of fossil energy will deliver between 1.3 to 1.8 units of liquid fuel energy out in corn ethanol and 0.8 units of energy out for gasoline per Dr. Wang at the Argonne National Labs and the GREET simulation model. And this energy, being of higher octane can be used more efficiently than gasoline –some where between 10-30% more efficiently depending upon the engine. The popular notion that one gets 33% less energy mileage with ethanol is also mistaken. Actually, the difference is between 5-27% lower in most cases (the 5% case is hypothetical but feasible as real engines like the SAAB 9-5 Biopower car gets 18% less mileage but about 20% more horsepower. If it was sized to give the rated 150hp it gets on gasoline, mileage would improve substantially). An engine with a compression ratio above fifteen would also dramatically increase ethanol mileage. Gasoline can only tolerate compression ratios of below ten without knocking. Even better, the ethanol production uses about 90% less petroleum so for peak oil enthusiasts it is by far the best and easiest solution. It will result in 10-30% lower green house gases per mile driven for environmentalists. The plants one of my investments (Cilion) is building do not dry the distillers grain, cutting the energy use substantially and hence are much greener. Later they will replace the rest of the natural gas by utilizing the manure from local cattle feedlots (they are mostly building plants near cattle feedlots). E3 Biofuels carries the energy efficiency story further. 
The following graph illustrates that even for standard corn ethanol plants ethanol comes out way ahead when evaluating (1) the amount of fossil energy needed or (2) the amount of petroleum energy needed.
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We achieve a dramatic reduction in petroleum use even in the worst corn ethanol plants. But even corn ethanol leads us down an attractive staircase to better corn ethanol and to cellulosic ethanol, achieving much lower green house gas emissions along the way, all the way to eventually having NEGATIVE green house gas emissions per mile driven. The following NRDC chart shows green house gas emission per mile driven for various ways to produce corn ethanol. E3 Biofuels corn ethanol and cellulosic ethanol are dramatically better than corn ethanol but traditional corn ethanol is good enough on all counts and we should not let perfect be the enemy of the good. That will only block the most attractive path to petroleum use and green house gas emissions we have available.
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Fig 4: Carbon Emissions per mile driven of various fuels (Source: NRDC)
Ethanol is clearly going down the right trajectory, even without other biohols like butanol which will improve the potential of this trajectory further. 

But does ethanol need a subsidy to survive? NO. It may get subsidies but it doesn’t need them to be competitive with gasoline at any projected price of oil within the next twenty five years (Energy Information Administration projections, 2006). Besides we have a subsidy for ethanol but we also have a tariff of $0.54 per gallon, making expensive ethanol from the US compete with the least expensive oil in the world (Saudi oil), while keeping out Brazilian ethanol. Today, even if ethanol prices were cut in half or more to $1.40 a gallon wholesale, corn ethanol producers would make adequate margins of profit. If we did not have a tariff or a subsidy ethanol would compete extremely well with oil. I should point out that cost and price are different things. E85 market pricing would be much lower in a stable market because production costs are so much lower than gasoline. If production costs are half of gasoline why shouldn’t it sell for half of gasoline? Answer: because of distortion and mismanagement. It is in the interest of the oil companies to keep ethanol prices high so as a primary fuel it doesn’t start to replace gasoline. In the end for any commodity, price will be related to production costs but the oil companies are in no hurry to see rapid change happen here. If we ever get a real cap and trade system like we should have it will make ethanol more competitive. In some sense I view the current subsidy on ethanol as just offsetting the current subsidies to oil and in the future to substitute for what will be a cap and trade credit.

Molehills or Mountains?
Are there issues with ethanol? Sure. Are they molehills or mountains that we cannot climb? Today corn ethanol is less than perfect. Corn uses more water and fertilizer than I like (E3 Biofuels corn uses far less). With all factors like fermentation emissions, crop growing and transportation etc it reduces green house gases only about 20% ( actually between 10-30% generally but getting better every day). I would like to see much higher numbers on green house gas reductions and less intensive crop cultivations. Cellulosic will make all these issues much less critical – miscanthus will use a lot less water and almost no fertilizer (after the growing season it sends its nutrients back to the root system (stored in rhizomes for the winter) which is not harvested, almost no tillage, richer soil because it actually fixes carbon into the soil (hence the negative carbon per mile driven in the NRDC charts), and much greater biodiversity. We will still have to do grass cocktails to avoid monoculture, probably more complex crop rotation schemes and better management of the land. Unexpected problems with agriculture will crop up and will need to be managed. Likely we will have mixed species of C4 photosynthetic grasslands. Highly diverse native hay meadows, mowed annually, were once an important part of the Oklahoma landscape and should serve as models. They can provide carbohydrates to convert into liquid fuels for our cars and remnant proteins to turn into animal feed protein. 
It is not only unlikely that we will not get our gasoline replacement from corn, it is also unlikely that economics will support our getting the biomass from byproducts of today’s annual crops like corn stover. Economics will dictate biomass density of atleast 6-8 tons per acre initially and 15+ tons per acre later to keep the collection radius small (below 30 miles probably) and delivered cost of biomass below $40 per dry ton (or about $0.40 per gallon of fuel). This will dictate energy crops like miscanthus, sweet sorghum, energy canes etc. We will probably design higher energy density fuels with even higher octane ratings and higher burn efficiency, higher compression ratios before knock occurs and more. 
Options, Mirage-options, & Alternative Agendas

What can be with hydrogen is also great (some will debate even that calling it a mirage with questionable benefits even if we could get there), but there is no way to incrementally get there from “what is” today to “what can be”. The most likely path for hydrogen is co-producing it from ethanol, running it in today’s internal combustion engines, getting hydrogen distribution, and then replacing internal combustion engines with higher efficiency fuel cells or improving the internal combustion engines. Eventually we could produce the hydrogen from clean electricity sources like wind and solar. But I consider this path unlikely. Personally I believe running cars off hydrogen generated from wind or solar power is an unrealistic pie-in-the-sky idea from academics that have no understanding of the politics of change and have not participated in real change. Theory and practice are often different. 
Lester Lave proposes we use wind mills to generate electricity which in turn should power hydrogen generator to run fuel cell cars. To be fair wind power is a good technology and economic in certain limited locations and all the power we can generate economically should be used to slow the growth of coal fired power plants. That would be appropriate. But to use this electricity in an inefficient process to generate very cost ineffective  hydrogen (hydrogen from even cheaper sources is too expensive a fuel), put it in gas tanks that themselves would increase the cost of cars by thousands of dollars and take up the whole back end of your SUV ensuring that nobody would want to buy it (the proponents I presume don’t play golf and don’t need trunk space), run it in an engine that is underpowered (even a modest car would need 75 kilowatts to match your regular engine) and adds many thousands of dollars more to the price tag (Americans will love that), and then will last about 2000 hours if the DOE achieves its engine life targets for 2010. And then we will ensure that US automakers, with the weakest balance sheets in the auto world will have to retool all their cars, their engines, retrain every mechanic in Duluth, Minnesota, put new spare parts everywhere. And then will have to distribute this hydrogen (local production is possible but not with wind based electricity) at an energy balance which is a fraction of the energy balance of the corn ethanol that Lester criticizes (one can use the best ethanol plants or the typical plants. If one wants to use typical plants as Lester does then the energy balance of the typical electric plant should be used for comparison) for any cost effective way to produce and deliver hydrogen. If we do all this we will replace the electricity that could have been effective in reducing greenhouse gases from coal fired plants to eliminate a much smaller amount of carbon in automotive fuels.
 All electric cars in one step are not something I can believe in either, though I am more optimistic about their prospects over the long term in incremental steps. Despite incentives it has already failed and I don’t see a smooth path to massive adoption, except as described above. If others are more successful with electric then nothing I am proposing will be in conflict. We will get to oil independence sooner as electrics catch on rapidly. I do hope they are successful. 

Why not biodiesel? Though I like biodiesel, there is a fundamental difference from ethanol. Even though biodiesel has a better energy balance than corn ethanol or more importantly fewer green house gas emission per mile driven than ethanol, I don’t believe it will scale beyond hundreds of gallons per acre of land unless it can be produced from biomass. Ethanol, butanol and any liquid fuel that has a shot at replacing our gasoline needs has to scale up to 2,000-2,700 gallons per acre. 
Agendas Galore
There are opponents to ethanol with genuine agendas. Some people who don’t believe the progress being made in cellulosic ethanol don't want the nation to focus on ethanol. I don’t buy their argument that the focus on ethanol will lull us into not pursuing other solutions (like increased CAFÉ, better batteries) in parallel. 
Whenever I see somebody like Lester compute the amount of land needed to serve our gasoline needs through corn ethanol I smell a devious agenda. Nobody in their right mind is proposing we use corn ethanol to meet our needs. But corn is a valuable stepping stone to other sources of biomass derived liquid fuels. One wind researcher even said to me he was opposing ethanol only because it was taking so much attention and hence funding away from wind research. So much for intellectual honesty. Beyond just being pie-in-the-sky unrealistic, it also reflected a lack of understanding of the real issues facing us, a very academic view of the real politics of change and absolutely no understanding how innovation actually happens and how technology gets adopted in the marketplace. His claim “an epic competition between the 800 million motorists who want to protect their mobility and the two billion poorest people in the world who simply want to survive” is so ridiculous I can only ask “why are the developing nations asking for lower food subsidies? The Doha round of trade talks broke down mostly over the demand from the developing world for less subsidized food in the west. This and similar myths are debunked in my essay “Is Ethanol Controversial?” (www.khoslaventures.com/resources.html).
At the international level, why have the developing countries been fighting so hard to eliminate the food subsidies? The misinformation campaigns like to conjure up images of food supply shortages, when the reality is that we have had burdensome surplus crops in the last few years, large enough that the western world has to support its farmers with subsidies. There is no scarcity of food but rather a scarcity of income to buy it for the poorest of the poor.
When The American Petroleum Institute is concerned enough about world food supply and our welfare to have issued press releases on it! A Shell Oil executive recently talked about the morality of trading food for fuel. When critics moralize about food vs fuel, do they mention or moralize about the fact that the majority of our corn is used to feed cattle and other animals not humans and that each kilogram of beef produced uses thousands of liters of water per a recent New Scientist report? That it takes 25 pounds of corn to produce one pound of beef? If we “saved” all this water and corn used for beef and used it to produce energy crops, we could produce plenty of biomass.  It is often stated in these moralistic misinformation campaigns that we have only 75 million acres of corn but fail to mention that this acreage has declined substantially since the 1930’s because of the increased yields of corn? Do the oil interests moralize about the deals for oil in Nigeria, Sudan and other places? Do we trust the NRDC or the API when considering the appropriateness of ethanol?
Developing liquid fuels based on biomass to replace gasoline is among the best things we could do to alleviate poverty and increase the value of lands in Africa, Latin America , India and other parts of the poverty belt. 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 is this just the oil company line?
The Oil Factor

There is a fly in our ointment however. There are folks who don’t want us to have cheaper alternatives to gasoline, atleast not quickly.  With the oil companies and their unlimited financial and political resources fighting the development of new fuels and in the absence of any sort of national “Manhattan Project,” a new “Silicon Valley” of energy development hasn’t really been able to get off the ground. The oil cohorts fought the increased mileage requirements for new cars and trucks.  They lobbied Congress for tax breaks and environmental waivers. Oil companies have received over a $120 billion in direct subsidies according to the General Accounting Office and substantially more in indirect subsides. When the EPA decided that the lead in gasoline was a serious health hazard the oil companies spent millions fighting the change. Today they are fighting for waiver from MTBE pollution liability and avoiding responsibility for carcinogenic benzene in our air. When municipalities in California decided to purchase cleaner natural gas buses, the diesel industry sued California to block the switch!  At every single turn in the history of our oil dependence, the oil companies have spent their considerable fortune to make sure that we as a nation remained dependent on oil.  They did this in large part by lobbying congress and by providing congressional members with large amounts of campaign cash and by trying to suppress cleaner cheaper alternatives to oil in the marketplace. I hope they realize soon that this is a major business opportunity for them. But they must compete, not forestall. But given their immense political and financial clout (Saudi Arabia’s asset value increases by a trillion dollars every time oil prices go up by $4!) there is real danger that despite an attractive trajectory for biohols, interested parties will keep us addicted to oil.
Finally on the issue of subsidies, we force the cheapest oil in the world from Saudi Arabia to compete with expensive US ethanol, while keeping out cheap ethanol from Brazil. (Even US ethanol is cheaper to produce than gasoline at today’s oil prices). In addition there are plenty of direct and indirect subsidies for oil. Keep in mind that oil is an even more potent political force than the ethanol interests and has many different subsidies, direct and indirect, that it receives. A recent General Accounting Office of the Federal government listed a few of direct and directly measurable subsidies. Something esoterically called the “Excess of Percentage over cost depletion” has been a $82 billion dollar subsidy to oil. Expensing of exploration and development cost was listed as another $42 billion subsidy. Add on alternative fuel production credit (read oil shales, tar sands etc), oil and gas exception from passive loss limitation, credit for enhanced oil recovery costs, expensing of tertiary injectants, and other esoteric tools the oil lobby has inserted into various pieces of legislation, (including shameless attempts to get royalty relief from Katrina related legislation to the tune of $7b). And none of this includes any of the indirect subsidies. They have been variously estimated at from a few tens of cents to dollars per gallon once one includes indirect costs like military costs. We spend over $50 b per year defending the sea lanes through which oil passes! 
How much biomass can we produce? (Some agricultural data is excerpted from a forthcoming book by prof. Lee Lynd e. al.)
If we go by current data points and the realization that corn yields have increased by 7X and are still increasing (expected to go from 140 bushels per acre average currently to about 200 bushels per acre by 2015). We assume only a modest 60% increase above experimental Miscanthus yields in our model after twenty five years (2030) of development and optimization using plant breeding and genetic engineering. In the only side-by-side comparison of switchgrass and Miscanthus undertaken to date in the U.S., Miscanthus averaged 16.5 dry tons/acre/year whereas switchgrass averaged 4.6 dry tons/acre/year for three Illinois sites with data taken over two years (Heaton and Long, in preparation).  The fact that a well-controlled study showed a 3-fold productivity increase relative to the cellulosic energy crop most widely-studied in the United States is indicative of the nascent status of the field.  At the best of three sites in the best of two years, a yield of 25 dry tons per acre per year was realized. We assume this best yield will become the average yield after twenty five years, across 40-60 million acres of good cropland that is currently used for export oriented crops. 
New tools for plant breeding are available that are expected to foster fast gains in yield per acre.  These include marker-assisted breeding, which do not result in GMO plants, as well as development of transgenic plants (McGlaughlin and Kszos, 2005).  Sugar cane experts (Frikkie Botha, South Africa Sugar Research Institute; Fernando Reinach, Allelyx and Votorantim New Business) project that breeding and cultivation of cane with the goal of maximizing total biomass yield can likely result in about 25 dry tons of harvestable biomass per acre per year in the relatively near term. Megaflora corp. has measured productivities of 28 dry tons per acre per year from crossing North American Hardwoods with the polonia tree. Ceres, a leading plant biotechnology company, has concluded that available information “strongly suggest[s] that over the next decade or so the deployment of modern breeding technologies will result in average energy yields of at least 15 tons per acre, and that these averages can be sustained across a broad range of geographic and environmental conditions, including the approximately 75 million acres of crop and pasture land in the United States that could easily be converted to their cultivation without impacting domestic food production.” (Richard Hamilton, Personal Communication).
  Many researchers, especially in the environmental community assume that energy crops will not use genetic engineering while we continue to use these techniques for row crops. They further assume we will use marginal lands or get our biomass as a byproduct of crops on currently managed lands. The DOE estimates that this scenario of collection of existing biomass with only small change in agricultural practices could generate 1.3 billion tons of biomass in the US. Quoting form the 2005 DOE study’s conclusion “In the context of the time required to scale up to a large-scale biorefinery industry, an annual biomass supply of more than 1.3 billion dry tons can be accomplished with relatively modest changes in land use and agricultural and forestry practices” (Technical Feasibility of a Billion-Ton Annual Supply, US Department of Energy Report, April 2005 http://www.eere.energy.gov/biomass/pdfs/final_billionton_vision_report2.pdf). At an average of 100 gallons per ton, that should be 130 billion gallons of ethanol. We use 140 billion gallons of gasoline today.
We personally believe that it is likely we will use dedicated energy crops (cocktails of C4 photosynthetic grasses like miscanthus) on lands that are currently used to produce export crops and 40-60 million acres of this land will be sufficient to meet most of our gasoline needs. We will do significant optimization for plant species picking crops for each region and its rain pattern, sunlight hours and temperature characteristics. Likely we will develop new combinations of grass cocktails (mostly likely energy crops will be C4 photosynthetic species) to avoid the problems of today’s monoculture crops. It is likely energy crops will be dry land crops. Miscanthus in the US shows excellent starting yields and has been studied by Bical (www.bical.net) in the UK and at the University of Illinois in the US (www.aces.uiuc.edu/DSI/MASGC.pdf). Sweet sorghum, another promising crop is being studied in India and China. Other interesting plans have been mentioned (Switchgrass, Prosipis, …). Tree crops developed for the paper industry might play a role. The maximum yield in a 40” per year rain fed region is about 40 dry tons per year. We assume practically that we will, after 25 years of optimization using both plant breeding and genetic engineering techniques, using lands that are export crop lands and crop rotation lands for today’s row crops to yield at 60% of their maximum potential. We assume yields of 24 tons per acre by 2030.
And how much land could we use?

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

	
	Feed Conversion

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

	Beef
	25.0
	31.4

	Pork
	9.4
	9.1

	Chicken
	4.5
	7.7

	Eggs
	4.2
	29.5

	Fish
	2.3
	6.6

	Milk
	0.7
	4.3


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

Changes in the relative proportions of various kinds of meat also have large potential impacts on land availability. In 2000, relative consumption of beef, pork, and poultry was as follows: 41% beef, 27% pork, and 32% poultry.  Using these values and the data in Table 1, a weighted average of 14.3 kg feed per kg edible animal product can be calculated.  Per capita meat consumption changed significantly throughout the 20th century however, and there would seem little reason to assume that it will remain constant in the future.  Between the mid seventies and 2000, for example, beef consumption fell by 19%, pork consumption remained essentially constant, and poultry consumption increased by 92%.   For a hypothetical future scenario in which beef and pork accounted for 25% of meat consumption and poultry accounted for 50% - which would not seem unreasonable given recent trends - a weighted average of 10.85 kg feed per kg is calculated; a 24% change relative to the situation 2000.  Devoting 24% less cropland to animal feed production would make available very roughly 50 million acres. We will also see the emergence of new practices. 
Imagining Tomorrow is an Imperative 
Failure to look at these possibilities is a failure of imagination. We need to thread the needle between the “what is… and let’s extrapolate today’s corn ethanol production” tunnel vision skeptics or the forces behind the misinformation campaigns. and the “pie-in-the–sky academics who will dream up “what can be” without consideration for the path dependence of the choices we make and the pragmatics of how business works and what is needed to make a revolutionary future happen through a series of evolutionary steps. We should take our lesson from nature – from single celled amoeba to complex humans was an evolutionary process. It is the only way we can get billions of dollars deployed to make this alternative future happen.

We have a climate crisis and energy crisis. We have a terrorism crisis and a foreign policy crisis and all of them are linked to oil. Ethanol is a risk worth taking. And it takes us down a path that can lead to revolution through a series of evolutionary steps, at little cost to government, consumers or US automakers. Little cost, lots of upside – what is there not to like. 
Appendix A: Ethanol Production Capacity & Acreage CAPABILITY for energy crops
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2005 6 80 0 0 4.0 4.0 3.2 140

2006 6.3 83.2 0 0 4.8 4.8 3.8 141.4

2007 6.6 86.5 0 0 5.8 5.8 4.6 142.8

2008 6.9 90.0 0 0.0 6.9 6.9 5.5 144.2

2009 7.3 93.6 0.1 0.1 8.3 8.4 6.7 145.7

2010 7.8 97.3 1 0.8 10.0 10.7 8.6 147.1

2011 8.3 98.3 3 2.5 10.9 13.4 10.7 148.6

2012 8.9 99.3 5 4.4 12.0 16.5 13.2 150.1

2013 9.6 100.3 7.5 7.2 13.2 20.4 16.4 151.6

2014 10.2 101.3 10 10.4 14.6 24.9 19.9 153.1

2015 10.9 102.3 13 14.6 14.6 29.1 23.3 154.6

2016 11.7 103.3 16 19.4 14.6 33.9 27.1 156.2

2017 12.5 104.4 19 24.8 14.6 39.4 31.5 157.8

2018 13.4 105.4 22 31.1 14.6 45.7 36.5 159.3

2019 14.3 106.5 25 38.2 14.6 52.8 42.2 160.9

2020 15.4 107.5 28 46.2 14.6 60.8 48.6 162.5

2021 16.3 108.6 31 54.8 14.6 69.3 55.5 164.2

2022 17.2 109.7 34 64.3 14.6 78.9 63.1 165.8

2023 18.3

110.0

37 74.4 14.6 89.0 71.2 167.5

2024 19.4

110.0

40 85.3 14.6 99.8 79.9 169.1

2025 20.5

110.0

43 97.2 14.6 111.7 89.4 170.8

2026 21.8

110.0

46 110.2 14.6 124.8 99.8 172.5

2027 23.1

110.0

49 124.4 14.6 139.0 111.2 174.3

2028 24.5

110.0

52 140.0 14.6 154.5 123.6 176.0

2029 24.5

110.0

56 150.9 14.6 165.5 132.4 177.8

2030 24.5

110.0

60 161.7 14.6 176.3 141.0 179.5

Gasoline Demand & Ethanol Production0204060801001201401601802001611162126YearBillions of GallonsProduction Total Eth (gals)(Billions)Ethaol Prod. Gas. Eq Gals(Billions)Gasoline Demand(1%)(Billions Gal)  


Accuracy Estimate 25%

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

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

	2005
	
	16,177
	1,000
	1,000
	
	

	2006
	
	15,944
	1,000
	2,000
	
	

	2007
	
	16,328
	2,000
	4,000
	
	

	2008
	
	16,442
	2,000
	6,000
	
	

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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


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

Appendix: E3 Biofuels
In the middle of an 880-acre commercial feedlot just outside Mead, Nebraska, sits the first location for E3 Biuofuels. In front of me are four parallel tracks of open-air cattle sheds. Each is the width of a giant barn and a full half-mile in length. From up here, they look more like jumbo jet landing strips than animal pens. Beyond the sheds are several hundred acres of corn fields, from which much of the animals’ feed is harvested.

It may look like a regular, if huge, cattle feedlot but for the glittering silver four-story. Until recently, this was just a regular feedlot. But starting in November, a company called E3 Biofuels is about to fire up the most energy-efficient corn  ethanol facility in the country: a $75 million state-of the-art bio-refinery plus feedlot capable of producing 25 million gallons of ethanol a year. What’s more, it will run on methane gas produced from cow manure. The super-efficient operation capitalizes on a closed loop of resources available here on the prairie – cattle (fed on corn), manure (from the cows), and corn (fed into the ethanol distiller.

The most important structures here happen also to be the least beautiful: a pair of four-story, 4 million-gallon fuel tanks, each walled in 16 inches of concrete at their base and filled to the brim with cow manure. Historically, ethanol plants were fired by coal or natural gas. But methane, produced from manure powers this plant. Not only do no fossil fuels go into this plant, but very little pollution comes out. 

It is very nearly a closed energy loop (some corn has to be bought from other farms), which is why, in terms of the ratio between energy put into the plant versus energy churned out – an often used measure for fuel efficiency known as the energy balance – the ethanol made here in Mead signals a new era. Co-founded by Dennis Langley and David Hallberg, the plant achieves an energy balance for corn ethanol of almost five – similar to the holy grail of cellulosic ethanol. Though corn is used to produce ethanol, the waste product of this process which is rich in protein, is used as cattle feed – a product known as distillers grain. The only difference from typical corn ethanol plants is that the distiller’s grain does not need to be dried but can be fed wet to the local cattle. That saves energy making the ethanol greener, and it saves energy costs making it cheaper. The difference here starts with the fact that he natural gas used to power typical corn ethanol plants is produced from the manure from the feedlot. The biodigestor waste left after methane production from cow manure is processed to produce ammonia fertilizer for the corn fields and potting soil from the remaining fiber that the cattle did not digest, while preventing the venting of the very potent greenhouse gas, methane, into the atmosphere (methane is 23 times worse than carbon dioxide as a greenhouse gas). Normally ground water pollution from cattle feedlots is a serious problem but Mead, in the process of producing fertilizer from the cattle manure eliminates the phosphates from groundwater! By diverting the manure from the feedlots to the ethanol plant, E3 Biofuels is not only eliminating one of its primary operating costs, it is also removing phosphate hazards from the environment. Another problem is methane pollution. At most feedlots manure is spread across top soil as a fertilizer, or simply left to rot. Either way, methane gas is released into the soil and air as the manure decays. Although methane is a clean fuel when burned, the gas itself is one of the biggest contributors to global warming being over twenty times more potent than carbon dioxide. By removing the manure from the feedlots and employing it in the ethanol plant, e3BioFuels is not just eliminating one of its primary operating costs, it is also removing hazardous methane from the environment.
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The Mead plant shows how the potential impact of switching to a renewable fuel goes far beyond resolving our transportation needs, or even our dependence on foreign oil. In contrast to the costs and hardships critics claim replacing oil will heap on consumers, the convenient truth is that switching to ethanol will bring a windfall of secondary benefits, most of which we can’t yet even quantify in economic terms.
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RISK: Oil vs. Hydrogen vs. Ethanol

		Oil		Hydrogen		Biofuels

		Energy Security Risk		High		Low		Low

		Cost per Mile		Med=High		High?		Low

		Infrastructure Cost		Low		Very High		Low

		Technology Risk		Very Low		Very High		Low

		Environmental Cost		Very High		Low-High?		Low

		Implementation Risk		Very Low		Very High		Low

		Interest Group Opposition		Very High		High		Low

		Political Difficulty		?		High		Low

		Time to Impact		NA		Very high		Low
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Biomass


			


			Corn


									Bushels/Acre			G/Bushel			G/Acre


						2006			149			2.7			402


			5% increase			2015			231			2.83			654


			VK			2015			180			2.83			509


			VK			2015			180			3			540


			Max			2015			231			3			693


						2030			254			3			762


			Increase			1.0225			Rick Tollmans numbers


						2006			2007			2008			2009			2010			2011			2012			2013			2014			2015			2016			2017			2018			2019			2020			2021			2022			2023			2024			2025			2026			2027			2028			2029			2030			2031			2032


			Bushels/acre			149			152			156			159			163			167			170			174			178			182			186			190			195			199			203			208			213			218			222			227			233			238			243			249			254			0			0			0			0			0


															Year			Gallons per acre															corn			sugar cane			cellulosic


																														2006			402			578			480


															2006			402			corn ethanol									2015			509			1218			1120


															2015			509			corn ethanol									2030			762			3239			2970			5400


															2006			578			sugar cane only


															2010			1,218			sugar cane +bagasse


															2015			3,239			sugar cane+bagasse+straw												2006			2015			2030


															2006			480			cellulosic									Sugar Cane			578			1218			3239


															2015			1,120			cellulosic									Corn			402			509			762


															2030			2,970			cellulosic									Cellulosic			480			1000			2592


															2030			5,400			cellulosic








Biomass


			2006			2006			2006


			2015			2015			2015


			2030			2030			2030





Sugar Cane


Corn


Cellulosic


Time


Gallons per acre


Ethanol Yields Up & Up & Up


578


402


480


1218


509


1000


3239


762


2592





Sugar


									hectare			acre			Liter			Gallon			tons to mill			liter


									1			2.47105381			1			0.2641721			1			82


									usable cane factor			0.7727272727


									Brazil Today yield of sugarcane


						total			tons/hectare to mill			tons/acre			L/hectare			L/acre			G/acre			G/ton


			first cut			110			85			34.40			7,000			2,833			748			22


			last cut			80			61.82			25.02


			average			85			65.68			26.58			5,409			2,189			578			17


			85 tons sugarcane						37.4			wet tons sugar			12.8			dry tons sugar


									23.8			wet tons bagasse			11.9			dry bagasse


									23.8			wet tons straw


									Brazil Today yield of sugarcane + bagasse																					Brazil			USA


																											2006			578			402


									tons/hectare to mill			tons/acre			L/hectare			L/acre			G/acre						2010			1,218


			average						65.68			26.58			5,409			2,189			578						2015			3,239			509


			with bagasse						5.95			2.41			3,392			1,372			363


			TOTAL																		941


			first cut sugarcane						85			34.40			7,000			2,833			748


			with bagasse						7.7			3.12			4,389			1,776			469


			TOTAL																		1,218


									Energy cane


									tons/hectare to mill			tons/acre			L/hectare			L/acre			G/acre


			average sugarcane						142			57.47			11,694			4,732			1,250


			with bagasse						16.6			6.72			9,400			3,804			1,005


			with straw						16.1			6.52			9,200			3,723			984


			TOTAL																		3,239





Samir Kaul:
this is dry cellulose and hemicellulose


Samir Kaul:
this is dry cellulose and hemicellulose


Samir Kaul:
this is dry cellulose and hemicellulose


Samir Kaul:
total growth including stems, leaves, etc...
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Gas


			


			Corn


									Bushels/Acre			G/Bushel			G/Acre


						2006			149			2.7			402


			5% increase			2015			231			2.83			654


			VK			2015			180			2.83			509


			VK			2015			180			3			540


			Max			2015			231			3			693


			Increase			1.0225			Rick Tollmans numbers


						2006			2007			2008			2009			2010			2011			2012			2013			2014			2015


			Bushels/acre			149			152			156			159			163			167			170			174			178			182








			


			From Fortune May 15, 2006


			Cost of gas


			crude oil			55%


			refining & profits			22%


			taxes			19%


			dist &mktg			4%


			total			100%


			From Altra


			crude oil			$70			per barrel


			G/barrel			42


			cost of crude/gallon			$1.67			87.0%


			refining			0.25			13.0%			must not include profits


			total cost per gallon gas			$1.92


			From energy information administration website


																		USA today						California today


			Cost of gas			2003			%			2004			%			2006			%			2006			%


			crude/barrel			$28.50						$36.97						$72						$72


			G/barrel			42						42						42						42


			crude oil/gallon			$0.68			43.5%			$0.88			47.6%			$1.71			59.1%			$1.71			51.6%


			refining &profits			$0.23			15.0%			$0.33			18.0%			$0.52			18.0%			$0.60			18.0%			constant %


			taxes			$0.42			27.0%			$0.43			23.0%			$0.43			14.8%			$0.68			20.5%			constant #, 7% extra in CA


			distribution & mktg			$0.22			14.0%			$0.22			12.0%			$0.22			7.6%			$0.22			6.6%			constant #


			Retail Price			$1.56			99.5%			$1.85			100.6%			$2.90			99.5%			$3.32			96.7%			missing $.11


			Actual sum			$1.55						$1.86						$2.89						$3.21


			Differential			$0.01						-$0.01						$0.01						$0.11						could be additional profit


			profit assuming .25 refining costs			-$0.02						$0.08						$0.27						$0.35						$.25 is what Altra assumes as cost


			Using Fortune %


																		USA today						California today


			Cost of gas			2003			%			2004			%			2006			%			2006			%


			crude/barrel			$28.50						$36.97						$72						$72


			G/barrel			42						42						42						42


			crude oil/gallon			$0.68			43.5%			$0.88			47.6%			$1.71			59.1%			$1.71			51.9%


			crude oil			$0.86			55.0%			$1.02			55.0%			$1.60			55.0%			$1.82			55.0%


			refining &profits			$0.34			22.0%			$0.41			22.0%			$0.64			22.0%			$0.73			22.0%


			taxes			$0.30			19.0%			$0.35			19.0%			$0.55			19.0%			$0.63			19.0%


			distribution & mktg			$0.06			4.0%			$0.07			4.0%			$0.12			4.0%			$0.13			4.0%


			Retail Price			$1.56			100.0%			$1.85			100.0%			$2.90			100.0%			$3.30			100.0%


			Actual sum			$1.38						$1.71						$3.02						$3.21


			Differential			$0.18						$0.14						-$0.12						$0.09


			Using Fortune %


																		USA today						California today


			Cost of gas			2003			%			2004			%			2006			%			2006			%


			crude/barrel			$28.50						$36.97						$72						$72


			G/barrel			42						42						42						42


			crude oil/gallon			$0.68			55.0%			$0.88			55.0%			$1.71			55.0%			$1.71			55.0%


			refining &profits			$0.27			22.0%			$0.35			22.0%			$0.69			22.0%			$0.69			22.0%


			taxes			$0.23			19.0%			$0.30			19.0%			$0.59			19.0%			$0.59			19.0%


			distribution & mktg			$0.05			4.0%			$0.06			4.0%			$0.12			4.0%			$0.12			4.0%


			Total cost			$1.23						$1.60						$3.12						$3.12


			Retail Price			$1.56						$1.85						$2.90						$3.30


			ADDL PROFITS			$0.33						$0.25						-$0.22						$0.18


			Using Fortune % and Altra estimate of $.25 refining


																		USA today						California today


			Cost of gas			2003			%			2004			%			2006			%			2006			%


			crude/barrel			$28.50						$36.97						$72						$72


			G/barrel			42						42						42						42


			crude oil/gallon			$0.68			55.0%			$0.88			55.0%			$1.71			55.0%			$1.71			55.0%


			refining			$0.25			20.3%			$0.25			22.0%			$0.25			22.0%			$0.25			22.0%


			taxes			$0.23			19.0%			$0.30			19.0%			$0.59			19.0%			$0.59			19.0%


			distribution & mktg			$0.05			4.0%			$0.06			4.0%			$0.12			4.0%			$0.12			4.0%


			Total cost			$1.23						$1.60						$3.12						$3.12


			Retail Price			$1.56						$1.85						$2.90						$3.30


			ADDL PROFITS			$0.33						$0.25						-$0.22						$0.18
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				1.1		1.05		1.04		1.01

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

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

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

												Million Acres																		(Low Demand)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

		2005				16,177		1,000		1,000

		2006				15,944		1,000		2,000

		2007				16,328		2,000		4,000

		2008				16,442		2,000		6,000

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

								.@mandate 20-70%

										life=15yrs



Millions of Gals@400/yr

.@mandate 20-70%
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