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Until recently, ethanol development and 
utilization have been largely dependent upon 
government subsidies. Without the $0.51 
payment per gallon to blenders, ethanol was 
uneconomic. Tis changed in 2005 because 
of the combination of low corn prices ($2 per 
bushel), high oil prices, and the increased 
value for ethanol as an oxygenate when the 
petroleum-derived oxygenate, MTBE, was 
banned by many states. For the last half of 
2005 and for 2006, ethanol production has 
been a money maker even without the $0.51 
per gallon subsidy, and high profts have led 
to a frenzy of construction of ethanol plants 
and concerns that ethanol will consume a 
large share of the corn crop, drive prices up, 
reduce exports, and force other users to cut 
back corn use. 

What Role for Ethanol? 
Te U.S. is not short of energy; we have 
vast reserves of coal. What we are short of 
is liquid fuels, and, just recently, natural gas 
as well. Ethanol can play a role in reducing 
our dependence on imported oil, which now 
accounts for over 60% of our liquid fuel con-
sumption. We consume more than 140 billion 
gallons of gasoline a year. If we took an entire 
corn crop of 11 billion bushels and converted 
it to ethanol, this would yield about 30 billion 
gallons of ethanol with an energy content 
70% that of gasoline, or 21 billion gallons of 
gasoline equivalent. Tis is roughly 15% of our 
gasoline use. We actually expect to be using 
about a third of our corn crop for ethanol 
in 2012—this will provide about 5% of our 
gasoline use in gasoline energy equivalents. 

Ethanol thus helps meet some of our liquid 
fuel needs, but it does not go very far in 
solving our dependency on imported pe-
troleum, with its potentially high strategic 
cost. (Strategic cost represents the potential 
disruption or infuence that can be exercised 
by foreign oil producers and the cost we pay 
monetarily and in foreign policy for keeping 
oil fowing to us from overseas.) Te strategic 
cost to the nation of imported oil is probably 
two to over three dollars a gallon above what 
we pay for gasoline at the pump. Part of this 
strategic cost will have to be paid in the future 
in terms of the large foreign exchange defcits 
imported oil helps create. 
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Ethanol production is a prominent component of the Bush 
administration’s supply-oriented energy policy. Te bulk 
of the efort so far in dealing with our liquid fuel shortage 
has been focused on increasing the supply of liquid fuels. 
However, additional oil can be “created” by using less 
oil, which is just as efective as producing more. Te key 
consideration then becomes cost. In taking either route, 
increasing supply or limiting demand, additional supplies 
(or savings) become more expensive the more one pursues 
that particular approach, as Figures 1 and 2 illustrate. 

Figure 1. Marginal Cost of Liquid Fuel Supply 

Figure 1 illustrates the supply we produce relative to cost 
when our goal is to increase supply. Note that an early 
petroleum source, like West Texas crude, is relatively inex-
pensive. Getting oil from tar sands and liquids from coal 
is more expensive, but less expensive than oil at a world 
price of $60 a barrel. In this example, ethanol is the most 
expensive at a wholesale price of $2 a gallon. Now compare 
this with the costs of creating additional oil by saving it, as 
illustrated in Figure 2. 

Figure 2. Marginal Cost of Liquid Fuel Saving (Replacement) 

In Figure 2, increasing the Corporate Average Fuel 
Economy (CAFÉ) or auto fuel efciency standards is 
relatively inexpensive, and this is something that we have 
not yet done. Te Congressional Budget Ofce estimates 
that raising the CAFÉ standards by 10% for cars and trucks 
would cost somewhere between 3 and 3.6 billion dollars 
(2003). If the government (taxpayers) were to pay that full 
cost, it would result in a saving of about 14 billion gallons 
of gasoline. 
Compare this with the cost of the subsidy to produce an 
energy-equivalent amount of ethanol—some 20 billion 
gallons. Te ethanol subsidy for the same liquid fuel saving 
as increasing the CAFÉ standards would cost the government 
over 10 billion dollars. What this says is that it would cost 
us about a third as much to increase the fuel efciency 
standards per gallon of gasoline saved as it costs to subsi-
dize ethanol per gallon of gasoline-equivalent ethanol. We 
also have the technology today to do this without everyone 
having to have mini-cars, although we might have to give 
up some of the muscle car acceleration we have desired in 
recent years. 
Note in Figure 2 that the hydrogen car is probably an 
expensive way to obtain liquid fuel from reducing demand. 
Te technology is expensive, and hydrogen is not going to 
be inexpensive to obtain. Today, most of the hydrogen we 
use comes from natural gas, which now is in short supply 
and is more costly to import. Hydrogen can be produced 
from electrolysis, but we do not have large amounts of 
extra-low-cost electricity available to do this. Tere are 
other liquid fuel saving activities that could be arrayed 
along this cost/quantity line, from more efcient oil fur-
naces in homes to better insulated houses where heating 
fuel is used to more use of rail transportation for freight. 

Longer Term Issues 
One recent study of future ethanol production sees ethanol 
plants being able to pay over $4 a bushel for corn for years 
to come and ultimately concludes that we will be producing 
over 31 billion gallons of ethanol by 2015 by utilizing all 
the corn that could be purchased up to this high corn price 
(Elobeid, Tokoz, Hayes, Babcock, and Hart, 2006). Tis 
would utilize 11 billion bushels of corn out of an estimated 
15.6 billion bushel crop on 95.6 million acres, requiring 
corn to replace many soybean acres. 
At this high corn price, exports and many other uses would 
be severely restricted. Tis is seen as a logical end point for 
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the expansion of the ethanol industry. However, continued 
pursuit of policy to stimulate corn ethanol production 
could lead to a boom/bust cycle for agriculture. Tis is 
especially true if the current biofuels incentives were to be 
redirected toward reducing demand. 
Realistically, what are the longer term constraints for ethanol 
production? Looking at Figure 1, if we do have develop-
ment of oil from tar sands at anything like the pace that is 
underway today, there will be large amounts of liquid fuels 
from the tar sands by 2015 in spite of the environmental 
and other difculties of doing so. (Processing tar sands uses 
vast amounts of energy and water.) Te same holds true for 
coal liquefaction. Te critical questions here are what hap-
pens to the price of oil between now and 2015, and what 
policy does government adopt with respect to encouraging 
liquids from coal and oil from tar sands. 
Tere could be a policy similar to that for ethanol, ofer-
ing a subsidy of $0.50 to $0.70 a gallon for tar sand oil or 
liquids from coal. A less expensive alternative would be to 
have a subsidy that only is paid when the price of oil falls 
below a given price. Let’s say the subsidy would kick in for 
coal liquefaction only when the price of oil went below $45 
a barrel—a possible break-even point for coal liquefaction. 
Such a subsidy would probably cost about $0.15 to $0.25 
a gallon and keep the coal liquefaction investment whole 
during drops in oil prices over the coming decade. 
Using a variable subsidy for encouraging investment in 
energy projects costs the taxpayer less and reduces fnan-
cial variability in the industry (Tyner and Quear, 2006). 
We know that a variable ethanol subsidy would have cost 
the taxpayer substantially less than the current per gallon 
subsidy and could have prevented the fnancial distress that 
the industry sufered in the mid 1990s, when corn prices 
reached $5 and gasoline prices were low. Tis variable 
subsidy idea is used today in agriculture with the loan def-
ciency payment, which only results in payments to farmers 
when crop prices fall below a fxed level. 
Part of the reason for designing a policy to protect in-
vestment in domestic liquid fuel production is that such 
domestic production ultimately limits how much others 
can charge to sell us oil from overseas. We also need to rec-
ognize that those in control of the vast oil reserves overseas 
exercise monopoly power. Foreign producers might see it in 
their own best interest to lower the price of oil temporarily 
and make investment in domestic production or conservation 
uneconomic. Te fall of oil prices in the late 1980s and 
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early 1990s did just that. Tis is why few will invest in a 2 
billion dollar coal gasifcation plant today without some 
proft guarantee. 

Reasonable Actions and Their Consequences 
Tink in terms of where we might be in 2015 with respect 
to liquid fuels. Senator Lugar, as chair of the Senate Foreign 
Relations Committee, has pointed out that there are some 
things the market does not take care of by itself (2006). Our 
strategic vulnerability with respect to oil is one of these. 
We are not now pricing liquid fuels to refect their full cost 
to our society in terms of the blood and treasure we are 
expending to keep inexpensive gasoline fowing. In 1935, 
the cost of a thousand gallons of gas was 36% of average 
disposable income. A thousand gallons of the “cheap” gas 
of the 1950s and 60s cost 12% of disposable income, and 
the same amount at $2.10 today would cost 7% of average 
disposable income. However, our political, military, and 
economic vulnerability is vastly greater. Europe is equally 
vulnerable, especially with respect to natural gas from the 
Russia. However, they are pricing gasoline above $7 a gallon. 
By 2015, we might have increased the CAFÉ standards by 
15% and might be obtaining an actual 10% saving based 
on the more efcient cars in service. We as taxpayers might 
have shared the cost of this by subsidizing some of the 
cost of the new technology. Would people just drive longer 
distances and eat up the savings? 
Unfortunately, that is what has happened in the past. If we 
protected the investment for tar sand development and coal 
gasifcation/liquefaction, we might have as much or more 
liquid fuel from these sources as the 10 billion gallons more 
realistically projected for ethanol. We also should have 
ethanol from cellulose conversion (Mosier, 2006). If this is 
less expensive than ethanol from corn, we should be seeing 
corn ethanol plants switching over to cellulose feedstock, 
limiting the use of corn for ethanol. Tese actions might 
allow us to hold the line in terms of the proportion of our 
liquid fuel we imported while still using more. Would this 
be enough? 
What else might happen? If economic growth continues 
in India and China as it has recently, we will increasingly 
be limited in the amount of foreign oil that we are able to 
purchase. Tese countries are locking up supplies wherever 
they can around the world, and their demands for these 
fuels are increasing at a fast rate. China also has the foreign 
exchange earnings to purchase vast amounts of oil with 
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the dollars they earn from selling us manufactured goods. 
If this continues, world oil prices will be higher by 2015. 
We might even have the courage to try and limit our own 
demand growth with a higher gasoline tax that would make 
the infation-adjusted price of gasoline two or three times 
what is was 50 years ago. Here the market, as infuenced by 
the tax, would signal consumers and encourage decisions 
to use less and conserve more. 
At really high petroleum prices further boosted by gasoline 
taxes, do we end up making 31 billion gallons of ethanol 
from corn? Probably not. Te reason is that oil from tar 
sands, coal liquefaction, cellulose conversion, increased fuel 
efciency, and conservation are all even more attractive op-
tions with oil at $120 a barrel plus a high gasoline tax. 

Conclusion 
What is clear is that there is no one action that signifcantly 
reduces our dependence on foreign liquid fuels, be it more 
ethanol, the development of coal liquefaction, or increasing 
the CAFÉ standards. A large number of things will have to 
be done simultaneously. Te questions are what policies en-
courage many of these things to happen, and are we willing 
to undertake them now, or must we wait until the danger 
may be even greater? 

References and Further Information 
Congressional Budget Ofce. “Te Economic Costs of Fuel 

Economy Standards Versus a Gasoline Tax,” Washington 
D.D. (2003). 

Doering, O. “Energy Systems Integration: Fitting Biomass 
Energy from Agriculture into U.S. Energy Systems” 
in Agriculture as a Producer and Consumer of Energy, 
(Eds.) J. Outlaw, K .J. Collins, and J .A. Dufeld, CABI 
Publishing, Cambridge MA (2005). 

Elobeid, A.; Tokoz, S; Hayes, D.; Babcock, B.; and Hart, C. 
“Te Long-Run Impact of Corn-Based Ethanol on the 
Grain, Oilseed, and Livestock Sectors: A Preliminary 
Assessment,” CARD Briefng Paper 06-BP 49, November, 
Center for Agricultural and Rural Development, Iowa 
State University, Ames (2006). 

Lugar, R. G. “National Security and Energy Policy.” Keynote 
Address, Richard G. Lugar/Purdue University Summit on 
Energy Security (2006) <http://news.uns.purdue.edu/ht-
ml3month/2006/060829.SP-Lugar.energy.html>. 

Mosier, N. “Cellulosic Ethanol—Biofuel Beyond Corn.” 
(ID-335). Purdue University Cooperative Extension 
Service (2006). 

Tyner, W. E.; Quear, J. “Comparison of A Fixed and Variable 
Corn Ethanol Subsidy” Choices, Volume 21, No. 3, pp 
199-202 of pdf. (2006) <http://www.choicesmagazine.org/ 
2006-3/grabbag/index.htm>. 

Visit <http://www.ces.purdue.edu/bioenergy> for 
free, downloadable copies of all of the publications 
in the Purdue Extension BioEnergy series. 

PURDUE AGRICULTURE NEW 12/06 

It is the policy of the Purdue University Cooperative Extension Service, David C. Petritz, Director, that all persons shall have equal opportunity and access to the programs and facilities without 
regard to race, color, sex, religion, national origin, age, marital status, parental status, sexual orientation, or disability. Purdue University is an Affirmative Action institution. 

This material may be available in alternative formats. 

1-888-EXT-INFO  •   http://www.ces.purdue.edu/new 

4 

http://www.ces.purdue.edu/new
http://www.ces.purdue.edu/new
http://www.ces.purdue.edu/bioenergy
http://news.uns.purdue.edu/html3month/2006/060829.SP-Lugar.energy.html
http://www.choicesmagazine.org/ 2006-3/grabbag/index.htm

