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ABSTRACT 
 
 

Throughout 2011, several pieces of legislation aimed at modifying U.S. ethanol 
policy have been proposed in Congress.  The current policy debate focuses on whether to 
leave the mandate for corn and sugarcane based ethanol at 15 billion gallons per year or 
to lower it.  This study assesses the effects of proposed ethanol legislation by evaluating 
both the historical effects of U.S. ethanol policy and approximating the outcomes of 
currently proposed legislation.  Historical effects are assessed following Luchansky and 
Monks (2009) and lengthening the monthly data series to 1994 to 2009, further 
controlling for autocorrelation and adding explanatory variables to control for the ethanol 
blender’s credit and environmental policies encouraging ethanol use.  The study finds 
there was a structural break in the U.S. ethanol industry in 2002 and that the interaction 
of environmental policies and a 186 percent increase in the retail gasoline price from 
2002 to 2008 drove the rapid expansion in the U.S. ethanol industry starting in 2002 
(U.S. Energy Information Administration, 2011f).  The effects of proposed legislation are 
assessed using an Equilibrium Displacement Model (EDM).  The classic EDM is 
expanded to determine whether or not policy outcomes diverge when using a linear 
versus a non-linear approximation procedure.  Results suggest outcomes of current policy 
proposals for U.S. ethanol producers and corn farmers are determined by the ethanol 
mandate.  In contrast, policy prescription outcomes for ethanol consumers and foreign 
ethanol producers are jointly determined by the mandate, subsidy and tariff.  However, no 
economically significant differences resulted from using the linear versus the non-linear 
approximation procedure.  This study finds that the future of the U.S. ethanol industry 
will be jointly determined by the level of the U.S. ethanol mandate and long-run retail 
gasoline prices.
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

Ethanol has become a staple of U.S. farm policy.  However, recently proposed 

legislation suggests this will change.  Throughout 2011, several pieces of legislation 

aimed at modifying U.S. ethanol policy have been proposed in Congress.  Ethanol policy 

debates initially focused on whether or not to let the ethanol subsidy and tariff expire at 

the end of this year, but have recently expanded to consider a modification or elimination 

of the ethanol mandate, commonly referred to as the Renewable Fuel Standard (Doran, 

2011).  Most recently, Representatives Jim Costa (D – California) and Bob Goodlatte (R 

– Virginia) introduced the Renewable Fuel Flexibility Act, allowing the quantity of 

ethanol mandated to be used in the United States to vary based on the U.S. corn stocks to 

use ratio (Office of Congressman Jim Costa, 2011).   

Proposed ethanol legislation is a response to pressures to reduce the U.S. deficit, 

livestock feed prices and global food expenditures.  Naylor and Falcon (2011) suggest 

agriculture has entered a new era where agricultural commodity prices are increasingly 

determined by U.S. biofuels policies.  Global leaders are encouraging the United States to 

reduce or end its ethanol program because of its unintended effect of increasing global 

food price volatility (Naylor and Falcon, 2011).   

These effects are not surprising because the United States is the world’s largest 

corn producer and exporter.  Therefore, ethanol policies affect global food prices.  U.S. 

ethanol policies have recently driven large changes in U.S. corn utilization.  For example, 
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during the 2004 – 2005 marketing year, 53.4 percent of the U.S. corn crop went directly 

to feed livestock and poultry and 12.5 percent went towards ethanol production.  In 

contrast, during the 2011 – 2012 marketing year only 38 percent of the U.S. corn crop 

will be directly used for livestock and poultry feed, while 40 percent of the U.S. corn 

crop is destined for ethanol production. 

Although policymakers and consumers are uncertain of the exact effects of U.S. 

ethanol policies, it is clear that ethanol subsidy program elimination will reduce federal 

government expenditures by approximately 6 billion dollars per year (Stanford, 2011).  

This study aims to provide quantitative insight into the historical effects of U.S. ethanol 

policy and the possible outcomes resulting from ethanol policy changes currently being 

debated in Congress. 

Although significant work has examined the effects of U.S. ethanol policies, most 

studies focus on the outcomes of a single ethanol policy or the effects of ethanol policies 

on a single sector of the agricultural industry, such as the livestock industry.  In contrast, 

this study assesses the simultaneous effects of multiple ethanol policies on all output and 

input markets related to U.S. ethanol production.  Simulations have been extensively used 

to estimate the effects of various ethanol policy prescriptions; however, the classic 

Equilibrium Displacement Model (EDM) is expanded in this study to determine whether 

or not policy outcomes diverge when using a linear versus non-linear approximation 

procedure. 

Historical implications of U.S. ethanol policy are evaluated using two stage least 

squares (2SLS), controlling for autocorrelation by lagging the quantity of ethanol 
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produced and consumed and using a Newey-West adjustment procedure with a twelve 

month lag.  

The historical component of this study suggests that there was a structural break 

in the U.S. ethanol industry in 2002.  This structural break was likely caused by the 

interaction of Clean Air Act programs and state level methyl tert-butyl ether (MTBE) 

bans and a 186 percent increase in retail gasoline prices from 2002 to 2008 (U.S. Energy 

Information Administration, f).  Additional development in the autocorrelation structure 

of the empirical model is needed to accurately assess the impact of subsidies on ethanol 

production.1  However, environmental policies have clearly increased ethanol demand.   

Using an equilibrium displacement model to assess possible outcomes of 

proposed ethanol policy changes requires the use of elasticities for relevant supply and 

demand curves.  There is disagreement amongst the estimates of certain elasticities in the 

literature and thus, a distribution of outcomes resulting from various policy prescriptions 

are calculated by evaluating outcomes across a range of possible elasticities.  

Results suggest outcomes of current policy proposals for U.S. ethanol producers 

and corn producers are determined by changes to the ethanol mandate.  In contrast, policy 

prescription outcomes for ethanol consumers and foreign ethanol producers are jointly 

determined by the mandate, subsidy, and tariff.  Contrary to common belief, the U.S. 

ethanol industry would not collapse in the absence of government policy.  While short-

run adjustments may adversely affect stakeholders such as ethanol plant financers, who 

                                                 
1 MTBE is a chemical compound produced by the reaction of methanol and isobutylene.  It is used as a 
gasoline fuel additive.  As part of a family of compounds called oxygenates, MTBE is blended with 
gasoline to raise its oxygen content (U.S. Environmental Protection Agency, 2008a).  Increased oxygen 
content reduces exhaust emissions by enhancing fuel combustion.  Some oxygenates such as MTBE also 
increase gasoline octane (U.S. Environmental Protection Agency, 2011b). 
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would have to write down capital on foreclosed plants, in the long–run, the model 

suggests complete elimination of all U.S. ethanol policies would only reduce the quantity 

of ethanol produced 19 percent. 

This two-part study first provides an overview of U.S. ethanol policies and 

discusses the existing ethanol literature.  Historical effects of U.S. ethanol policies are 

then empirically examined before developing a simulation model assessing possible 

outcomes of current ethanol policy proposals.  Finally, a conclusion of the overall effects 

of U.S. ethanol policy is reached. 
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CHAPTER 2 
 
 

ETHANOL POLICIES 
 
 

Overview 
 
 

Ethanol policy has a 150 year history in America.  Originally used as an 

illuminating oil prior to the Civil War, a federal tax of $2 per gallon was imposed in 1862 

to fund war efforts, making its cost prohibitively high.  Even though the tax was removed 

in 1906, it wasn’t until the Energy Tax Act of 1978 that the United State’s modern 

ethanol industry was born (U.S. Energy Information Administration, 2008).  The policy 

combined a $0.40 per gallon blender’s credit from the Energy Tax Act of 1978 with a 

$0.54 per gallon specific tariff from the Omnibus Reconciliation Act of 1980 and a 2.5 

percent ad valorem drove the growth of America’s fledgling ethanol industry (U.S. 

Library of Congress, 2008).     

U.S. ethanol policies are typically justified on the grounds of enhancing farmer 

wealth, reducing foreign oil dependence, and reducing greenhouse gas emissions (GHG) 

(Knittel, 2011).  These policies take several forms and can be summarized as subsidies, 

environmental regulations, trade barriers and mandates.  Figure 1 graphically summarizes 

major ethanol policy changes and ethanol production, consumption and import levels 

from 1982 to 2010. 

 



 

 
 
 
 
Sources: Ethanol data from U.S. Energy Information Administration (2011d) and policies from Ethanol Policies section. 

 
Figure 1. Ethanol Policies and Production, Consumption and Imports from 
1982 to 2010
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Ethanol Subsidies 
 
 

Ethanol subsidies have taken on two forms.  Subsidies are provided to fuel 

blenders for each gallon of ethanol they use in blended fuel.  In addition, federal and state 

level programs subsidize ethanol plant construction.  Knittel (2011) finds the effects of 

ethanol plant construction subsidy programs difficult to estimate, because they vary in 

form and interact with the federal corporate income tax system in complex ways. 

Ethanol subsidies have changed over time, and these changes are summarized in  

the fourth and fifth column of Table 1.  These columns show that the ethanol subsidy has 

slowly declined since 1984.  Therefore, the recent expansion in ethanol consumption and 

production observed in Figure 1, starting in 2002, is likely due to policies other than the 

ethanol subsidy.  The mechanism by which the subsidy is received has also changed 

overtime.  From 1979 to 2004, ethanol was implicitly subsidized by being exempt from 

federal fuel excise taxes.  With the passage of the American JOBS Creation Act of 2004, 

ethanol’s federal fuel excise tax exemption was replaced with the Volumetric Ethanol 

Excise Tax Credit program (VEETC), under which fuel blenders receive a tax credit for 

every gallon of ethanol they blend with gasoline.  This tax credit is currently $0.45 per 

gallon and scheduled to expire on December 31, 2011 (Knittel, 2011).  

 
Environmental Policies 

 
 Environmental policies helped facilitate growth of the U.S. ethanol industry by 

increasing demand for fuel oxygenates and decreasing the use of an ethanol substitute, 

MTBE.  The Clean Air Act Amendments of 1990 created the Winter Oxygenated 
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Gasoline Program (WOG) and the Reformulated Gasoline Program (RFG).  Both 

programs mandated that fuel with a minimum oxygenate content be used in poor air 

quality areas (Lidderdale, 1999a and b).  These two programs increased the use of MTBE 

which some states started banning in 2000 in response to water contamination concerns 

(U.S. Environmental Protection Agency, 2008b). 

 
Table 1. Historical Federal Ethanol Subsidies, Mandates and Consumption. 

Year (s) Ethanol 
Consumed 
(Billions of 
Gallons) 

RFS Corn / 
Sugar Cane 
Based Ethanol 
Mandate 
(Billions of 
Gallons) 

Ethanol 
Subsidy ($ 
/Gallon) 

Act Credit Was Changed 
By 

January 1, 1979 
–March 31, 
1983 

             NA 0.4 Energy Tax Act of 1978 

April 1, 1983 – 
July 31, 1984 

 NA 0.5 Surface Transportation 
Assistance Act of 1982 

August 1, 1984 
– December 30, 
1990 

 NA 0.6 Tax Reform Act of 1984 

December 31, 
1990 – 
December 31, 
2000 

 NA 0.54 Omnibus Reconciliation Act 
of 1990 

2001-2002  NA 0.53 Transportation Equity Act 
for 21st Century 

2003-2004             NA 0.52 Transportation Equity Act 
for 21st Century 

2005 – 2007             NA 0.51 American Job Creation Act of 
2004 (Reduction in credit is 
result of Transportation 
Equity Act for 21st Century) 

2008 9.68 9 0.51 NA 
2009 11.04 10.5 0.45 Food, Conservation and 

Energy Act of 2008 
2010 13.18 12 0.45 NA 
2011  12.6 0.45  
2012  13.2 0  
2013  13.8 0  
2014  14.4 0  
2015 - 2022  15 0  
 
Sources:  Congressional acts as listed above and the Renewable Fuels Association (2011b), U.S. Energy 
Information Administration. (2011a) 
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Winter Oxygenated Gasoline Program 
 

Lidderdale (1999a) explains that the WOG program required metropolitan and 

consolidated metropolitan statistical areas exceeding maximum carbon monoxide levels 

to use gasoline with at least 2.7 percent oxygen by weight in winter months.  When 

initially implemented on November 1, 1992, there were 39 metropolitan or consolidated 

metropolitan areas designated as non-attainment areas and required to participate in the 

WOG program.  The program has effectively reduced carbon monoxide levels in most 

program areas with only eight WOG program areas remaining today.  WOG programs 

have a control period for each area, designating the time of year during which oxygenated 

fuel has to be used.  The control periods vary from area to area, but primarily cover 

winter months, starting no earlier than October 1st and ending no later than April 30th.  

For example, the control period for Missoula County, Montana goes from November 1st 

to February 29th (Lidderdale, 1999a). 

Carbon monoxide reduction efforts focus on winter months when carbon 

monoxide levels are increased by cold vehicle emissions high in carbon monoxide and 

temperature inversions trapping carbon monoxide near the ground and inhibiting 

dispersion and dilution (Lidderdale, 1999a).   

 
Reformulated Gasoline Program 
 

Unlike the WOG program, which is administered and enforced by individual 

states, the RFG program was administered and enforced by the EPA (Lidderdale, 1999a).  

The RFG program required metropolitan and consolidated metropolitan statistical areas 

not meeting the national ambient air quality standards for ozone to use gasoline with at 
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least 2 percent oxygen by weight year-round (Lidderdale, 1999b and Renewable Fuels 

Association, 2011a ).  Although the RFG program is still in place today, it no longer 

contains a minimum oxygenate requirement.  The minimum oxygenate requirement of 

the RFG program was in effect from January 1, 1995 to May 6, 2006 (Kurt Gustafson, 

personal communication, July 12, 2010).  The RFG program’s oxygenate requirement 

was removed by the Energy Policy Act of 2005 and replaced with a national renewable 

fuels standard (Renewable Fuels Association, 2011).   

 
MTBE Bans 
 

Between 2000 and 2007, 29 states banned MTBE use due to ground water 

contamination concerns (U.S. Environmental Protection Agency, 2008b).  Prior to 

passage of MTBE bans, most refiners and fuel blenders used MTBE to satisfy RFG and 

WOG program requirements.  By instituting a partial or complete MTBE ban in a state, 

fuel refiners and blenders had to modify blending practices to meet the RFG and WOG 

program oxygenate requirements.  Blending ethanol with gasoline was the primary 

method in which refiners and fuel blenders met RFG and WOG program requirements in 

states with MTBE bans (U.S. Energy Information Administration, 2003). 

 
Mandates 

 
 

U.S. ethanol use mandates are referred to as the Renewable Fuel Standards 

Programs (RFS).  The first Renewable Fuels Standards Program (RFS1) was 

implemented under the Energy Policy Act of 2005, mandating that 7.5 billion gallons of 

ethanol be blended into gasoline annually by 2012.  This was amended by the Energy 
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Independence and Security Act of 2007 to create the second Renewable Fuel Standards 

Program (RFS2), which mandated that 36 billion gallons of renewable fuels be blended 

into transportation fuels by 2022.  Of this, a maximum of 15 billion gallons can come 

from corn-based ethanol and the remainder must come from advanced biofuels, cellulosic 

biofuels and bio-diesel.2, 3  The third column in Table 1 is the maximum amount of the 

mandate that can be fulfilled by any kind of renewable fuel for a given year.  Since corn-

based ethanol and sugarcane-based ethanol are the two least expensive forms of biofuels, 

the quantity in the third column of Table 1 can be thought of as the corn and sugarcane-

based ethanol mandate.  The 15 billion gallon component of the RFS2 mandate is 

examined in this paper because it is to be fully implemented by 2015.  With 13.2 billion 

gallons of corn-based ethanol produced in 2010 (Renewable Fuels Association, 2011d), 

fulfilling the 15 billion gallon mandate is likely feasible.  However, technology and 

available agricultural resources may not be adequate to cost-effectively implement the 

advanced biofuel, cellulosic biofuel and biodiesel components of RFS2.   

Economic distortions caused by RFS2 mandates are minimized by RFS2’s waiver 

provision.  This provision states that the EPA administrator can reduce or eliminate 

components of RFS2 at any time for one of two reasons: 

1) There is inadequate domestic supply to meet the mandate. 
 

2) Implementation of the requirement would severely harm the economy or 
environment of a state, region, or the United States. 

                                                 
2 Renewable fuel produced from any cellulose, hemicellulose or lignin from renewable biomass that meets 
the 60 percent GHG emissions reduction requirement (Renewable Fuels Association, 2011c).   
3 Renewable fuel other than corn-based ethanol produced from renewable biomass that meets 50 percent 
GHG emissions reduction requirement.  Includes cellulosic biofuels, bio-diesel and sugarcane-based 
ethanol (Renewable Fuels Association, 2011c).   
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This clause was first implemented in February 2010 when the EPA reduced the cellulosic 

biofuel component of RFS2 from 100 million gallons to 6.5 million gallons due to 

insufficient cellulosic biofuel production capacity (U.S. Library of Congress, 2010).  The 

Environmental Protection Agency is required to set RFS2 requirements each November 

for the next year based on U.S. Energy Information Administration projections (U.S. 

Environmental Protection Agency, 2010). 

 
Trade Barriers 

 
 
The federal fuel excise tax exemption was originally intended for only 

domestically produced ethanol.  However, the Internal Revenue Service had no 

implementable procedure to differentiate between imported and domestically produced 

ethanol.  Therefore, a specific tariff and a 2.5 percent ad valorem tariff were created by 

the Omnibus Reconciliation Act of 1980 to offset the benefits that foreign ethanol 

producers received from the fuel excise tax exemption (U.S. Library of Congress, 2008).  

Originally, the specific rate tariff was set equal to the fuel excise tax exemption and any 

changes in the fuel excise tax exemption were accompanied by changes in the specific 

tariff (Velasco, 2010).  This was the rule-of-thumb until 2001 when the ethanol subsidy 

started to be gradually reduced to its current level of $0.45 per gallon; however, the 

specific tariff has been held constant at $0.54 per gallon, resulting in an increased net 

tariff (Knittel, 2011).  Furthermore, up to 240 million gallons of ethanol are allowed to be 

imported annually from Caribbean Basin initiative countries to the U.S. duty-free (U.S. 
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Library of Congress, 2008).  The tariff program is currently scheduled to expire 

December 31, 2011(Knittel, 2011).   

 
Miscellaneous 

 
 

While over 106 different state laws affect ethanol production and marketing, 

simulations run by the Food and Agricultural Policy Research Institute (2008) suggest 

that state policies have a minor impact on ethanol demand, shifting the U.S. ethanol 

demand curve outward by no more than 10 percent.  However, Table 7 shows that every 

study analyzing the effects of MTBE bans has concluded that state level MTBE bans 

increase ethanol demand.   

Ethanol demand is also affected by mechanical limitations of the U.S. automobile 

fleet.  Until recently, the EPA stipulated that the maximum percentage of ethanol that 

could be blended into gasoline and used in non flex-fuel vehicles was 10 percent.  On 

October 13, 2010 and January 21, 2011 the U.S. Environmental Protection Agency 

(2011) granted two partial waivers allowing, but not requiring, blended gasoline with up 

to 15% ethanol to be sold for use in automobiles built in 2001 or later.4  The bill’s 

passage was accompanied by the development of regulations to ensure proper use of E15 

and that E15 pumps are properly labeled to prevent misuse of E15.   

Tyner et al. (2010) discussed that the EPA’s 10 percent blending limit for non 

flex-fuel vehicles created a technical constraint on the amount of ethanol that could be 

used in the United States.  In the short run E85 vehicles can do little to help get around 

                                                 
4 Includes cars, pick-up trucks, mini-vans and all but the largest sports utility vehicles (U.S. Environmental 
Protection Agency, 2011b). 
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technical blending constraints due to the limited quantity of E85 vehicles and fueling 

stations in the United States (Tyner and Viteri, 2010).  Figure 2 shows that the United 

States has been very close to the theoretical blend wall since August 2010.  With a 10 

percent blending limit and assuming E85 accounts for a small percentage of the total fuel 

consumed the maximum gallons of ethanol that can be consumed in the U.S. is 13.8 

billion gallons.5  For comparison, 13.18 gallons of ethanol were consumed in 2010 

(Renewable Fuels Association, 2011b).  Granted all vehicles, can’t use blended gasoline 

with 15 percent ethanol, but the EPA’s recent increase in the maximum allowable ethanol 

blend means a blend wall won’t be faced if 15 billion gallons of ethanol are mandated to 

be consumed in the United States by 2015.   

 

                                                 
5 Assumes total quantity of blended fuel consumption stays constant at the 2010 level of 137.9 billion 
gallons per year(U.S. Energy Information Administration, 2011g). 
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Sources: U.S. Energy Information Administration. (2011g)6 and Renewable Fuels Association 
(2011b)  

 
Figure 2. Percentage of Finished U.S. Gasoline Consisting of Ethanol,  
January 2006 – April 2011. 

 

  

                                                 
6 Quantity of finished motor gasoline supplied used as an approximate measure of finished motor gasoline 
consumption. 
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CHAPTER 3 
 
 

LITERATURE REVIEW 
 
 

Conceptual Framework 
 
 

Ethanol supply and demand are affected by a complex interaction of market 

forces and policy interventions.  The scope of the ethanol literature reflects this reality, 

with extensive examinations of ethanol’s supply, demand and economic impacts. 

Corn price is the primary determinant of the ethanol supply curve.  According to 

the USDA’s January Feed Outlook Report, 32.1 percent of the U.S. corn crop for the 

2009 to 2010 marketing year is used for ethanol production, while the remainder is used 

for non-ethanol food, seed and industrial use (9.7%), livestock feed and residual use 

(42.5%), and exports (15.7%).  These data imply market or policy induced changes in 

ethanol production influence corn prices (2010).  Therefore, any changes in ethanol 

policies, whether market or policy driven have far reaching economic impacts in 

agricultural markets, food markets, energy markets and related sectors.  A partial listing 

of ethanol’s economic impacts and factors influencing ethanol supply and demand are 

summarized in Table 2.  
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Table 2. Conceptual Framework of Ethanol's Impact. 

 
 

Supply 
 
 
Empirical work on ethanol’s supply elasticity in Table 3 yields inconsistent 

results.  This suggests current empirical evidence is insufficient to conclude whether 

ethanol supply is elastic or inelastic.  In contrast, consensus is found regarding the effects 

of an ethanol import tariff on ethanol supply. 

 
Supply Elasticity 
 

Table 3 shows there is discrepancy between ethanol supply elasticities estimated 

using simulation models as done by Yano et al. (2010) and DeGorter and Just (2009) 

when compared to those estimated using simultaneous equations and 2SLS as done by 

Rask (1998), Miranowski (2007) and Luchansky and Monks (2009) and conducting 

Factors Affecting Supply Factors Affecting Demand Economic Impacts 

Direct subsidies for small ethanol 
plants  

Gasoline price (relative to ethanol) Food prices 

Corn price Number of licensed drivers  Livestock 

Import tariff Number of registered vehicles Corn farmer welfare 

Natural gas price Vehicle fleet composition Non-corn farmer welfare 

Ethanol price Ethanol price Land use 

By-product prices Ethanol mandates 
- Renewable Fuels Standard 
- State mandates 

 

Short–run versus long-run effects 
(i.e. length of time to build plants) 

Winter Oxygenated Fuels Program  

Federal Blender’s Credit Fuel Oxygenate Standards  

International trade MTBE ban  

Cellulosic ethanol from corn stover   

Alternative feedstocks   
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sensitivity analysis on elasticities estimated in the literature as done by Elobeid and 

Tokgoz (2008)7.  Gardner (2007) suggests this discrepancy occurs because rapid changes 

in technology, institutions and regulations effecting ethanol industry structure make 

ethanol supply and demand elasticities impossible to precisely estimate.  Miranowski 

(2007) explains why ethanol supply elasticities calculated using historical data may not 

be useful in current ethanol policy evaluation.  Both Rask (1998), Miranowski (2007), 

and Luchansky and Monks (2009) use instrumental variables to resolve endogeneity 

problems associated with including ethanol price in both ethanol’s supply and demand 

equations.   

Inelastic supply, measured by Rask (1998), Miranowski (2007), Elobeid and 

Tokgoz (2008), and Luchansky and Monks (2009), indicates demand shocks have a 

larger effect on ethanol’s price than on the quantity of ethanol produced.  Therefore, a 

decline in the ethanol blenders’ credit for all ethanol plants or the small ethanol 

producers’ tax credit will, for a given level of demand, have a smaller effect on an 

ethanol plant’s revenue than if ethanol’s supply elasticity were elastic.8  Similarly, this 

indicates that legislation aimed to increase ethanol production will result in higher retail 

prices for ethanol blends (Luchansky and Monks, 2009).  It is also important to note that 

ethanol supply elasticities estimated by DeGorter and Just (2009) are initially 13.6 for the 

2001/2002 marketing year and become progressively more inelastic as the quantity of 

ethanol mandated by RFS2 gradually increases until stabilizing at 15 billion gallons per 

year for marketing years 2015/2016 and later.   

                                                 
7 Heavily rely on estimates from Rask (2008). 
8 Applies only to ethanol plants producing 60 million gallons of ethanol per year or less. 
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Ethanol’s supply elasticity will become more inelastic as the quantity of corn based 

ethanol produced increases, since corn used in ethanol production will consume an 

increasing share of the total U.S. corn crop given current U.S. ethanol policies.  This 

makes increasing ethanol production more expensive, as the corn supply curve becomes 

more inelastic.  All elasticities presented in Table 3 are short-run.  Gardner (2007) 

suggests there are not reliable estimates on ethanol’s long-run supply elasticity and 

assumes long-run ethanol supply elasticities range from 1 to 5.  Following Gardner, 

Crago and Khanna (2011) assume a long-run ethanol supply elasticity of 3 and conduct 

sensitivity analysis on the range 1 to 5. 

 
Table 3.  Estimates of Ethanol's Supply Elasticity. 

Study Model Data Supply Elasticity 
Estimate 

Luchansky and Monks 
(2009) 

Simultaneous Equations / 
2SLS, ethanol price and 
quantities instrumented 

Monthly U.S. national 
data, 1997 – 2006 

Inelastic Supply 
(.224 - .258) 

Rask (1998) Simultaneous Equations 
/2SLS, ethanol price 
instrumented  

Monthly U.S. state level 
panel data, 1984 - 1993 

Inelastic Supply  
(.37 - .75) 

Yano et al. (2010) Monte Carlo Simulations Calibrated using 2006 U.S. 
national price, demand and 
govt. policy data 

Elastic supply (2.63) 

De Gorter and Just (2009) Simulation Assumes elasticities for 
corn and gasoline markets.  
Various corn, ethanol and 
gasoline data used.  Data 
source unclear.  

Elastic  Supply 
2001-2002: 13.6 
2002-2003: 9.3 
2003-2004: 8.6 
2004-2005: 8.6 
2005-2006: 6.9 
2006-2007: 5.1 
2008-2009: 3.1 * 
2015-2016: 2.2 * 

Miranowski (2007) Simultaneous Equations / 
2SLS, ethanol price and 
quantities instrumented 

Monthly, U.S. national 
data, Jan. 1995 – May 
2006 

Inelastic supply 
(.29) 

Elobeid and Tokgoz 
(2008) 

Reviewed literature and 
then performed sensitivity 
analysis. 

.37 and .75 (upper and 
lower bound of range) in 
Rask (1998) 

Inelastic (.65) 

Note: All elasticities are short-run, except Rask (1998).  Rask’s (1998) equations have both time series and cross 
sectional variation, with cross-sectional variation dominating time series variation in both equations implying 
elasticities are long-run.  *denotes forecast. 
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Import Tariff 
 

There is little empirical work reported on the effects of ethanol import tariffs, 

although De Gorter and Just (2008) and Thompson et al. (2009) make significant 

contributions.  De Gorter and Just (2008) develop an empirical model and conclude that 

imposing an ethanol import tariff with an ethanol use mandate results in an increase in 

domestic ethanol prices because more domestically produced ethanol is required to 

comply with the mandate.  

Thompson et al. (2009) takes an opposite approach.  Since the U.S. currently has 

a $0.54 per gallon ethanol tariff, Thompson simulates the effect of removing the ethanol 

tariff using FAPRI’s biofuel market model.  He finds that the effects of tariff removal 

depend on the oil price.  At a low oil price, eliminating the ethanol tariff increases 

imports and decreases domestic ethanol production with little net effect on overall 

ethanol use.  At high oil prices, eliminating the ethanol tariff can increase imports and 

overall ethanol use without having any large impacts on domestic ethanol production. 

 
Corn Markets 
 

The majority of studies evaluating ethanol production’s effect on corn markets 

conclude ethanol production increases corn prices.  Of the 9 studies presented in Table 4, 

six studies conclude ethanol production increases corn price; one study by Katchova 

(2009) concludes that ethanol production has no impact on corn price; one study by Yano 

et al. (2010) concludes ethanol production increases corn price variability, and; one study 

by Hayes et al. (2009) concludes that the combination of RFS2 and blender’s credit 

effectively provides a price floor for ethanol and corn.   
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Katchova (2009) and McNew and Griffith (2005) both use spatial data to analyze 

the effect of ethanol production on farm level corn prices.  However, the difference in 

results between the two studies is explained by the data used.  Katchova (2009) estimates 

ethanol’s impact on farm level corn prices using a difference in differences model with 

data from the USDA’s 2005 and 2007 Agricultural and Resource Management Survey 

(2009).   

 
Table 4. Ethanol Production's Impact on Corn Markets. 

Study Model Data Ethanol Production’s 
Impact on Corn Price 

Baker and Zahniser 
(2007) 

General data discussion USDA’s 2007 – 2016 
corn use projections 

Increases corn price.    

McNew and Griffith 
(2005) 

Maximum likelihood 
estimation 

Daily panel data for 2,000 
U.S. corn markets from 
March 2000 to March 
2003.   

Increases corn price.  On 
average, building an 
ethanol plant increased 
local basis $.125/bushel. 

Katchova (2009) Difference in differences National data for 2005 
and 2007 from the 
USDA’s Agricultural and 
Resource Management 
Survey. 

Has no impact on corn 
price.  Being located near 
an ethanol plant did not 
have stat. sig. effect on 
corn price paid to farmers. 

Park and Zilberman 
(2007) 

3 Stage Least Squares.  
Corn supply, corn feed 
consumption, corn 
exports and feed alcohol 
and industrial corn uses 
are instrumented. 

Quarterly U.S. national 
data for 11 years spanning 
from 2nd quarter of 1995 
to 1st quarter of 2006. 

Increases corn price.   
Ethanol production’s 
elasticity with respect to 
corn price is .16.   

Low and Isserman (2009) Input-output simulation 
using Implan model from 
Minnesota Implan group. 

Calibrated model using 
regional economic 
information for 2007 
from Minnesota Implan 
Group. 

Increases corn price, but 
effects of corn price 
premiums are small. 

Thompson et al. (2009) Simulation model of 
crops and biofuels 
markets maintained by 
FAPRI. 

Model calibrated using 
data from Food and Ag 
Policy Research 
Institute’s database, 

Increases corn price.  
Changes in ethanol 
mandate and tariff result 
in mild effects on U.S. 
corn prices. 
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Table 4. Ethanol Production's Impact on Corn Markets (continued). 

Study Model Data Ethanol Production’s 
Impact on Corn Price 

Malcom et al. (2009) Regionalized 
agricultural sector 
mathematical 
programming 
simulation model.  

Calibrated model using 
regional prices and 
quantities for 2015 from 
the USDA’s baseline 
projection made in 2008. 

Increases corn price.  
Implementations of RFS2 
increases corn price 2.7% 
above USDA baseline 
projections. 

Yano et al.  (2010) Monte Carlo 
Simulations 
 
 

Calibrated model using 
2006 U.S. national price, 
demand and govt. policy 
data. 

Impacts corn price 
variability.  Large 
fluctuations in gas price 
leads to large fluctuations 
in corn price in absence of 
mandate.   

Hayes et al. (2009) Simulation using partial 
equilibrium world 
agricultural sector 
model from Food and 
Agricultural Policy 
Research Institute. 

Calibrated model using 
U.S. and world price and 
quantity data for 2008. 

Combination of RFS2 and 
blender’s credit 
effectively provide a price 
floor for ethanol and for 
corn. 

Bento and Landry (2009) Multi-market 
simulation model  

Calibrated model using 
2003 GDP, food 
expenditures, ag 
production, ethanol 
production and vehicle 
miles traveled data from 
Bureau of Economic 
Analysis, Federal 
highway Administration 
and USDA 

Increases corn price.  In 
short-run, RFS2 increases 
corn price 28.72% above 
baseline in 2008.  In long-
run, RFS2 increases corn 
price 1.68% above 
baseline.  Effect of RFS2 
small in long-run.   

 
 
In contrast, McNew and Griffith (2005) use a maximum likelihood estimation model with 

daily price data for 2,000 corn markets from March 2000 to March 2003.  In 2003, 68 

ethanol plants produced 2.8 billion gallons of ethanol.  By 2007, there were 110 ethanol 

plants producing 6.5 billion gallons of ethanol (RFA, 2010).  Industry growth between 

the time period studied by McNew and Griffith (2005) and Katchova (2009) implies that 

as the number of ethanol plants increased between 2000 and 2007, the difference in 
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spatial variation amongst farm level corn prices due to ethanol production declined.  This 

explains why McNew and Griffith (2005) and Katchova (2009) had opposite findings. 

 
Demand 

 
 

Similar to supply, the literature fails to find consensus on certain dimensions of 

demand.  There is currently disagreement on whether ethanol demand is elastic or 

inelastic and whether ethanol’s effect as a substitute or compliment to gasoline 

dominates.  In contrast, there is consensus on the impact state level MTBE bans have had 

on ethanol demand.  Literature discussing demand implications of state level ethanol 

policies, ethanol use mandates, blender’s tax credit and RFS2 do not find consensus or 

disagreement but rather provide discussion. 

 
Demand Elasticity 
 

Table 5 shows that the bodies of literature estimating ethanol’s demand and 

supply elasticities are similar in that they disagree on whether the elasticities are elastic or 

inelastic.  Gardner (2007) suggests this discrepancy occurs because ethanol demand 

elasticities are impossible to precisely estimate due to rapid technological, institutional 

and regulatory changes effecting ethanol industry structure.  Both Luchansky and Monks 

(2009), Miranowski (2007), and Rask (1998) use simultaneous equations with 2SLS to 

resolve the problem of ethanol price endogeneity.  However, Luchansky and Monks 

(2009) find ethanol’s demand elasticity to be elastic while Miranowski (2007) and Rask 

(1998) finds it to be inelastic.  Similarly, Elobeid and Tokgoz (2008) conduct sensitivity 

analysis on elasticities from the literature and heavily rely on Rask’s (2008) estimate to 
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estimate ethanol’s elasticity of demand to be inelastic.  This discrepancy in demand 

elasticities is likely due to Rask (1998) using monthly 1984 to 1993 data and Miranowski 

(2007) using monthly data for January 2005 to May 2006, while Luchanky and Monks 

(2009) used 1997 to 2006 data.   

Findings from Rask (1998) and Luchansky and Monks (2009) suggest that for the 

period 1984 to 1993, ethanol and gasoline were compliments, but for the period 1997 to 

2006, they were substitutes.  This theory is supported by Babcock’s (2008) simulation, 

calibrated using data for the 2007 to 2008 marketing year.  Babcock found ethanol’s 

demand elasticity to be highly elastic when ethanol is sold as a gasoline substitute.  The 

short 16 month data series from January 2005 to May 2006, used by Miranowski (2007), 

may explain why he found ethanol’s demand elasticity to be inelastic.  In addition, 

Anderson (2009), using a log-log OLS model and panel data from 1997 to 2006, 

estimated ethanol’s demand elasticity to be elastic.  Gardner (2007) also found ethanol’s 

demand elasticity to be elastic in the long-run while calibrating his simulation model 

using 2006 national price and quantity data.  This evidence suggests ethanol’s demand 

elasticity is currently elastic.  Therefore, supply shocks are typically transmitted more to 

a change in quantity consumed than a change in price.  

 
Table 5. Estimates of Ethanol's Demand Elasticity. 
Study Model Data Demand  Elasticity 

Estimate 
Luchansky 
and Monks 
(2009) 

Simultaneous 
Equations/2SLS, corn and 
ethanol price and ethanol 
quantities instrumented. 

Monthly U.S. national data, 
1997 – 2006. 

Elastic (-1.605 to -2.915) 

Miranowski 
(2007) 

Simultaneous Equations / 
2SLS, ethanol price and 
quantities instrumented 

Monthly, U.S. national 
data, Jan. 1995 – May 2006 

Inelastic (-.89) 
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Table 5. Estimates of Ethanol's Demand Elasticity (continued). 
Rask (1998) Simultaneous Equations / 

2SLS, ethanol price 
instrumented. 

Monthly U.S. state level 
panel data, 1984 – 1993. 

Inelastic (-.37) 

Elobeid 
and Tokgoz 
(2008) 

Reviewed literature and 
then performed sensitivity 
analysis. 

-.37 in Rask Inelastic (-.43) 

Alves and 
Da Silviera Bueno 
(2003) 

OLS and make error 
correction.  Use co-
integration techniques to 
estimate elasticity 
relationships. 

Annual Brazilian national 
data, 1974 to 1999. 

Perfectly inelastic in short 
and long-run in Brazil due 
to fact Brazil has ethanol 
blend mandate and 
government set ethanol 
prices prior to 2006. 

Anderson (2009) Log-log OLS, using station 
specific quadratic trends. 

Monthly panel data for 240 
Minnesota retail fuel 
stations, 1997 to 2006. 

Elastic Demand (2.5) 

Gardner (2007) Vertical Simulation market 
model of ethanol, 
byproducts and corn. 

Calibrated model using 
2006 national price and 
quantity data. 

Inelastic in short-run        
(-.91),  
Elastic in long-run (-10). 

Babcock (2008) Simulation using system of 
equations to find 
equilibrium annual price 
and quantities in ethanol 
and corn markets. 

Calibrated model using 
national price, quantity and 
government policy data for 
2007/2008 marketing year. 
 

Highly elastic when 
ethanol is sold as fuel 
substitute. Extremely 
inelastic up to percentage 
of oxygenate required.   

Note: Unless specified otherwise elasticities are short-run. 

 
Gardner (2007) specifically estimates both the short and long-run demand elasticities.  He 

finds ethanol demand is inelastic in the short-run and elastic in the long-run.  Unlike 

Gardner (2007), who calculated long and short-run demand elasticities for the United 

States, Alves and Da Silviera Bueno (2003) calculated long and short-run demand 

elasticities for Brazil, using annual Brazilian national level data from 1974 to 1999.  The 

study found demand elasticities to be inelastic in both the short and long-run because 

Brazil has an ethanol blend mandate and the government set ethanol prices prior to 1997 

(Alves and Da Silviera Bueno, 2003). 
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Substitute versus Compliment 
 

Whether or not ethanol’s effect as a substitute or compliment dominates depends 

on a country’s vehicle fleet composition and may be influenced by the time period 

studied.  Tokgoz ad Elobeid (2006) use an international ethanol simulation model to 

show that in the United States, the complementary effect dominates, but the substitution 

effect is expected to dominate if the share of flexible fuel vehicles increases as it has in 

Brazil.   

 
Table 6. Does Ethanol's Effect as a Substitute or Compliment to Gasoline Dominate? 

Study Model Data 
Demand Elasticity 

Estimate 
Higgins et al. (2006) Econometric Time Series 

(multivariate cointegration 
methodology). 

Monthly U.S. national 
data, June 1989 – August 
2005. 

Substitution Dominates 

Luchansky and Monks 
(2009) 

Simultaneous 
Equations/2SLS, corn and 
ethanol price and ethanol 
quantities instrumented. 

Monthly U.S. national 
data, 1997 – 2006. 

Complimentarity 
Dominates 

Rask (1998) Simultaneous Equations / 
2SLS, ethanol price 
.instrumented 

Monthly U.S. state level 
panel data, 1984 – 1993. 

Complimentarity 
Dominates 

Tokgoz and Elobeid 
(2006) 

International ethanol 
simulation model. 

Calibrated model using 
Brazilian, U.S. and 
world prices and 
quantities for 2005.  

Complimentarity 
Dominates 

Salvo and Huse (2010) Vector Autoregressions Monthly Brazilian state 
level panel price data 
from July 2001 to 
September 2009. 

Substitution dominates with 
growing presence of FFVs 
(30% of Brazilian cars in 
2008) 

Alves and Da Silviera 
Bueno (2003) 

OLS and make error 
correction.  Use co-integration 
techniques to estimate 
elasticity relationships. 

Annual Brazilian 
national data from 1974 
to 1999. 

Alcohol is imperfect 
substitute for gasoline even 
in long-run. 

 
 
This is apparent in Salo and Huse’s (2010) research, where vector autoregressions and 

monthly Brazilian state level panel data of prices from July 2001 to September 2009 are 

used to conclude that ethanol’s effect as a substitute dominates when the country has a 

growing presence of fuel flexible vehicles (FFV).  However, Alves and da Silveira Bueno 
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(2003) using an OLS model with annual Brazilian data from 1974 to 1999, conclude 

ethanol is currently an imperfect substitute for gasoline in the United States even in the 

long-run.   

Even though they use data from two different time periods, the simultaneous 

equations / 2SLS papers by Rask (1998), as well as Luchansky and Monks (2009) argue 

that ethanol is primarily viewed as a compliment to gasoline.  A surprising contribution 

to the literature is found by Higgens et al. (2006).  Based on his econometric time series 

model using U.S. national data from June 1989 to August 2005, it is unclear why 

ethanol’s effect as a substitute was found to dominate in the U.S. ethanol market 

(Higgens et. al, 2006).  

 
State Level Policies 
 

When considering the effect a policy change has on ethanol demand, it is 

important to differentiate between the effects of state and federal policies.  For example, 

Young (2009) finds that all western states, except Alaska, Nevada and Wyoming, have 

enacted significant incentives for in-state bio-fuel production; however, even with these 

incentives, few ethanol plants are currently operating in western states.   

The most extensive work examining state level ethanol policy effects upon 

ethanol demand was conducted by FAPRI (2008) in 2008.  This study found that existing 

state policies cause no more than a 10% shift in the U.S. ethanol demand curve. 
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MTBE Bans 
 

Contrary to FAPRI’s (2008) findings that state level ethanol policy has little effect 

on total ethanol demand, state level MTBE bans may be one form of state level policies 

that have historically had a large effect on ethanol demand.  Every study analyzing the 

effects of state level MTBE bans conclude that state level MTBE bans impact ethanol 

demand.  For example, Luchansky and Monks (2009) estimated that for every additional 

1 million residents in states that fully or partially ban MTBE, ethanol price is expected to 

rise by 2 to 3.5 percent. 

Gallagher et al. (2003) argues that long-run expansion of ethanol production with 

state level MTBE bans is moderate.  Falling chemical prices in the long-run make other 

fuel additives that function like ethanol, such as alkylates, become more competitive than 

ethanol in the conventional fuels market.  Both Johnson and Libecap (2001) and Zhang et 

al. (2007) provide evidence of limit pricing by MTBE refiners prior to MTBE being 

banned in most states. 

In addition to the previously discussed studies, both Kenkel and Holcomb (2006) 

and Baker and Zahniser (2007) also conclude state level MTBE bans impacted ethanol 

demand as discussed in Table 7. 

 
Table 7. Impact of MTBE Ban on Ethanol Demand. 

Study Model Data Has MTBE Ban 
Impacted Ethanol? 

Kenkel and Holcomb 
(2006) 

General Information  Yes 

Baker and Zahniser General Information  Yes 
Luchansky and Monks 
(2009) 

Simultaneous Equations / 
2SLS, corn and ethanol price 
and ethanol quantities 
instrumented. 

Monthly U.S. national 
data, 1997 – 2006 

Yes, Ethanol and 
MTBE price are 
negatively correlated. 
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Table 7. Impact of MTBE Ban on Ethanol Demand (continued). 

Study Model Data Has MTBE Ban 
Impacted Ethanol? 

Higgins et al. 
(2006) 

Econometric Time Series 
(multivariate cointegration 
methodology). 

Monthly U.S. national 
data, June 1999 – 
August 2005 

Yes, ethanol and MTBE 
prices are positively 
correlated. 

Gallagher et al. 
(2003) 

Constrained maximum 
welfare simulation. 

Calibrated model using 
2000 national prices 
and quantities 

Yes, but long-run 
ethanol expansion with 
MTBE ban is moderate. 

Johnson and Libecap 
(2001) 

Theoretical model developed 
and applied in the case of an 
ethanol transfer. 

 Yes, MTBE set a limit 
on the price that could 
be charged for ethanol. 

 
 
Ethanol Use Mandates 
 

De Gorter and Just (2009) used theoretical and simulation techniques to conclude 

that if a binding mandate is already in place, increasing the ethanol tax credit increases 

both ethanol and gasoline consumption.  Since Brazil has had large ethanol blend 

mandates since the 1970’s, Schmitz et al. (2003) used a simulation calibrated using 

1998/1999 – 2000/2001 three year average Brazilian price and quantity data to determine 

the welfare effects of a decrease in Brazil’s ethanol blend ratio from 22 to 20 percent and 

an increase in Brazil’s ethanol blend ratio from 22 to 24 percent.  Schmitz et al. (2003) 

found that increasing the ethanol blend ratio from 22 to 24 percent has the following 

effects: anhydrous alcohol10 consumer surplus increases by 22 to 28.4 percent, has no 

effect on hydrous alcohol11 consumer surplus, and increases sugarcane farmer’s surplus 

by 4.3 to 12 percent.  Although the analysis assumed sugarcane prices remained 

unchanged, it still provides insight into the kind of effects that may be associated with 

gradually raising the corn-based ethanol mandate every year until 2015. 

                                                 
10 Anhydrous alcohol is blended with gasoline as mandated by the Brazilian government (Schmitz et al., 
2003). 
11 Hydrous alcohol is used as fuel for vehicles that are 100% powered by alcohol (Schmitz et al., 2003). 
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Table 8. Effects of Ethanol Use Mandates. 

Study Model Data Effect of Ethanol Use Mandate 
Yano et al. 
(2010) 

Monte Carlo 
Simulations 

Calibrated model 
using 2006 U.S. 
national price, 
demand and govt. 
policy data. 

Reduces variation in ethanol use.  
Variation in ethanol use is higher 
under a standalone ethanol blender 
tax credit program than under a 
combination tax credit and ethanol 
blending mandate. 

De Gorter and Just 
(2008a) 

Theoretical model 
tested with 
empirical evidence. 

Calibrated using 
2006 and 2015 
(estimated) U.S. and 
Brazilian national 
level price and 
quantity data. 

If only a mandate is in place, 
exports (i.e. Brazil) benefit from 
U.S. ethanol use mandates just as 
much as domestic producers do. 

De Gorter and Just 
(2009) 

Simulation Not stated. With binding mandate, increasing 
tax credit for ethanol increases 
consumption of both gasoline and 
ethanol.  When mandate binds, 
removing the blender’s tax credit 
has minimal effects. 

Schmitz et al. 
(2003) 

Simulation Calibrated using 
1998/99 – 2001/01 
three year average 
Brazilian price and 
quantity data. 

Increasing mandate increases 
feedstock supplier’s PS  (4%-
12%), has no effect on hydrous 
alcohol CS and increases 
anhydrous alcohol CS by 22% to 
28.4%. 

Kim et al. 
(2010) 

Profit 
Maximization 
Model, conduct 
comparative 
statics. 

None, theoretical 
model. 

Refiners reduce conventional 
gasoline production when ethanol 
mandate is increased. 

U.S. Environmental 
Protection Agency 
(2010) 

Legal Information None, it’s a document 
of regulations and 
standards for RFS2. 

RFS2 causes 7% of all gasoline 
and diesel consumption to be from 
renewable fuels by 2007. 

Tyner and 
Taheripour 
(2008) 

Partial equilibrium 
simulation model 
assesses domestic 
impacts.  Global 
impacts assessed 
with Global Trade 
Analysis project 
framework. 

Calibrated partial 
equilibrium model 
using national price 
and quantity data from 
2004 – 2006.  

2007 RFS mandate no longer binds 
at oil prices of $120/barrel or 
higher. 
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Table 8. Effects of Ethanol Use Mandates (continued). 

Study Model   Data    Effect of Ethanol Use Mandate 
Thompson et al. 
(2009) 

Simulation model of 
crops and biofuels 
markets maintained 
by FAPRI. 

Model calibrated using 
data from Food and 
Ag Policy Research 
Institute’s database, 

Ethanol mandates more likely to 
bind when oil prices are low 
than when oil prices are high. 

Malcom et al. 
(2009) 

Regionalized 
agricultural sector 
mathematical 
programming 
simulation model.  

Calibrated model 
using regional prices 
and quantities for 2015 
from the USDA’s 
baseline projection 
made in 2008. 

RFS 2007 increases prices for 
most crops, but effect is reduced 
if corn yield rates increase at a 
higher rate than expected. 

Roberts and 
Schlenker (2010) 

2SLS and 3SLS.  
Instrument Pd using 
current period yield 
shocks.  Instrument 
Ps using lagged 
yield shocks.  

Annual world 
production and storage 
data for wheat, corn, 
soybeans and rice 
from FAO – U.N., 
1961 – 2007 

Decrease global consumer 
surplus from food consumption 
by $103.33 Billion and increase 
food prices 20%, assuming 
distiller grains are fed to 
livestock.  

 
 
Blender’s Tax Credit 
 

De Gorter and Just (2008), Yano et al. (2010) and Kim et al. (2010) all make key 

contributions to understanding the effect of a blender’s credit.  De Gorter and Just (2008) 

establish a theoretical model and then test it, using projected U.S. and Brazilian national 

level price and quantity data for 2006 and 2015.  They find that removing the blender’s 

tax credit, while the mandate is binding, has minimal effects (De Gorter and Just, 2008).  

Countering this finding is Kim et al. (2010), who conducts comparative statistics on 

profit maximization models, determining that prices of all fuels, including conventional 

gasoline, ethanol and blended gasoline, decline as the ethanol blender’s tax credit 

increases.  Yano et al. (2010) also points out that variation in ethanol use is higher under 

a standalone ethanol blender’s tax-credit program than under a combination tax credit and 

ethanol blending mandate program.  
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Broader Implications 
 

This study focuses on ethanol policies and their direct effects on ethanol’s supply, 

demand, input markets, and related energy markets.  However, extensive work has been 

done evaluating ethanol’s economic impacts.  The literature finds general consensus on 

the economic impacts of ethanol’s impact on food prices, land use and the livestock 

industry.  However, the literature fails to find consensus on who receives the largest share 

of ethanol subsidies and provides general discussion on the welfare implications of 

ethanol production. 

Harrison (2009), Abbot et al. (2008) and Hayes et al. (2009) found ethanol 

production has contributed to food price increases.  In contrast, Baek and Koo (2009), 

while using a Johansen co-integration and vector error correction model, were unable to 

directly test the effect that ethanol has on food price inflation.  

Empirical evidence suggests the literature lacks consensus on who receives the 

largest share of ethanol subsidies.  Who receives the largest share of ethanol subsidies 

depends on the model and data used. 
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CHAPTER 4 
 
 

ECONOMIC THEORY  
 
 

Figure 3 outlines how the U.S. ethanol industry and its related policies are 

modeled in this paper.  Starting from the bottom of the model, domestic ethanol 

production is a function of both corn and non-corn inputs.  Total domestic ethanol supply 

is a combination of domestically produced ethanol and imported ethanol.  Imported 

ethanol is affected by two policies, both an ad valorem and a specific rate tariff.  For 

modeling purposes tariff refers to the combined ad valorem and specific rate tariff.  All 

policy prescriptions consider either leaving both tariffs in place or removing both tariffs 

simultaneously.  Therefore the ad valorem and specific rate tariff are jointly referred to as 

one tariff and not independently modeled.  Total ethanol supply is then combined with 

the gasoline supply to produce gasoline equivalent blended fuel.   

 To be consistent with consumer behavior, gasoline equivalent blended fuel is 

modeled instead of the physical quantity of blended fuel.  Consumers demand the energy 

services provided by blended fuel and value each fuel source based on its energy content.  

The energy value of ethanol and gasoline are normalized to the energy value provided by 

one gallon of gasoline. 

The ethanol use mandate is imposed upon fuel blenders and specifies the required 

total quantity of ethanol in the blended fuel.  In addition, fuel blenders receive the ethanol 

blenders’ credit, which is a subsidy per gallon of ethanol used in blended fuel production.  

Blended fuel is then sold at retail to gasoline equivalent blended fuel consumers. 
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Figure 3. U.S. Ethanol Industry Model. 
 
 
 Figure 4 is similar to Figure 3 but graphically shows supply and demand curves 

for all ethanol related markets discussed.  Solid lines represent primary supply and 

demand curves, while hashed lines represent derived supply and demand curves.  The 

only primary demand curve in the entire model is the demand for gasoline equivalent 
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blended fuel.  Four of the markets have primary supply curves.  These markets are the 

corn, non-corn input, imported ethanol, and gasoline markets.  Both the domestically 

produced ethanol market and the total ethanol market have derived demand and supply 

curves. 

Figures 3 and 4 provide an overview of the U.S. ethanol industry and its related 

input markets.  Analysis of the specific effects of ethanol policy prescriptions on 

domestic ethanol consumers, domestic ethanol producers and ethanol imports is 

conducted in Figures 5 and 6.  Figure 5 is used to demonstrate the effect of removing all 

ethanol programs.   

Ethanol is a small part of the total gasoline equivalent fuel market.  With or 

without the current ethanol program, there are approximately 135 billion gallons of 

gasoline equivalent fuel consumed annually (Table 15).  Even with the current ethanol 

program in place, ethanol only provides six percent of the total quantity of gasoline 

equivalent fuel consumed in the United States, with the remainder provided by gasoline.12  

Being a small part of the competitive gasoline equivalent fuel market makes ethanol a 

price taker in the gasoline equivalent blended fuel market in the absence of government 

intervention.  In the absence of government intervention, the gasoline equivalent blended 

fuel price PF equals the gasoline equilibrium price ∗ as shown in the U.S. Gasoline 

Market graph of Figure 5.   

  

                                                 
12 Percent of gasoline equivalent blended fuel from ethanol =

∗
∗ 100

. ∗
∗ 100 6% 
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Figure 4. U.S. Ethanol Industry Model. 
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As price takers, U.S. ethanol producers face a horizontal demand curve.  The free 

market ethanol price is the ethanol to gasoline energy ratio, m, times the equilibrium 

gasoline price, ∗ .   

The subsidy of amount S in the U.S. Ethanol Market graph of Figure 5 makes the 

initial horizontal demand curve facing U.S. ethanol producers , with  being the 

initial price received by domestic ethanol producers and  being the initial price paid by 

domestic ethanol consumers.  Given the ethanol mandate has not been binding, it is not 

included in the model and consumers pay what ethanol is worth based on its gasoline 

equivalent energy value, ∗.13  With the subsidy, the marginal cost of ethanol 

production at the current level of ethanol production Do exceeds its gasoline equivalent 

energy value, ∗.  Eliminating the subsidy shifts the horizontal demand curve facing 

domestic ethanol producers downward by the amount of the subsidy to .  This 

decreases the price received by domestic ethanol producers by the amount of the subsidy 

to , while having no effect on the price  paid by domestic ethanol consumers.   

Only domestic ethanol production and not imports are modeled in Figure 5 

because imported ethanol is also a price taker facing a horizontal demand curve at PI or 

PE + S - T and has no effect on the price received by domestic ethanol producers because 

the mandate is non-binding.  Assessing policy implications requires differentiation 

between long and short-run effects.  In the long-run, given current market and policy 

conditions, eliminating the ethanol tariff will increase imports, but won’t lower the 

domestic ethanol supply price.  However, in the short-run, market rigidities such as the 
                                                 
13 Comparing the second and third columns in Table 1 shows U.S. ethanol consumption has always 
exceeded the ethanol mandate from its start in 2008 to 2010.  Furthermore, Bevil (2011) suggests the 
ethanol consumption mandate has not been binding for 2011. 
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limited availability of blended fuel pumps may enable increased ethanol imports to 

decrease the ethanol supply price.  Given current ethanol policies eliminating only the 

tariff would cause foreign ethanol producers to receive the same price  as domestic 

ethanol producers. Therefore imports would increase, but domestic ethanol producers 

would still receive  and produce Do in the long-run.  Granted, an elimination of all 

ethanol programs lowers the domestic ethanol supply price from  to , but this is due 

to subsidy and not tariff elimination.  Figure 5 and its discussion are useful when 

considering the effects of removing all current U.S. Ethanol programs.   

In contrast, Figure 6 is useful when considering the effects of increasing the 

ethanol consumption mandate to EM gallons, with or without the current subsidy and 

tariffs in place.  A three graph framework is used to demonstrate these effects on 

domestic ethanol consumers, domestic ethanol producers and ethanol imports.  Initially, 

there is a subsidy and tariff in place.  The mandate is initially non-binding and therefore 

not included in the initial conditions.  

Foreign ethanol producers receive a subsidy and are also assessed tariffs.  

Therefore, the net tariff of T - S is modeled in the imported ethanol market.  Using the 

2008 to 2010 average ethanol tariff and subsidy from Table 15, the 2008 – 2010 average 

net tariff is calculated to be $0.12 per gallon.  Modeling the net ethanol tariff as an 

increase in the cost of supplying each unit of imported ethanol causes the initial import 

supply curve  to be vertically shifted upward by the amount of the net tariff (NT) 

above the free market ethanol import supply curve, .  In contrast, the ethanol subsidy 

is modeled as a reduction in the cost of supplying each unit of domestically produced 
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ethanol.  The subsidy causes the initial domestically produced ethanol supply curve, , 

to be vertically shifted by the amount of the subsidy S below the free market domestically 

produced ethanol supply curve, .  

The total U.S. ethanol supply curve in Figure 6’s U.S. Ethanol Market graph is a 

horizontal summation of the imported and domestically produced ethanol supply curves.  

Therefore, the free market total U.S. ethanol supply curve, , is a horizontal 

summation of the free market imported ethanol and domestically produced ethanol 

supply curves.  Similarly, the initial total U.S. ethanol supply curve, , which accounts 

for the subsidy and tariffs is a horizontal summation of the initial imported ethanol supply 

curve accounting for the net tariff and the domestically produced ethanol supply curve 

accounting for the subsidy.   

In the absence of government intervention, ethanol is still a price taker in the 

gasoline equivalent fuel market and receives the price ∗ as explained in Figure 5’s 

discussion.  As a price taker, Figure 6 shows that foreign and domestic ethanol producers 

face nearly perfectly elastic demand curves, as discussion surrounding Figure 5 explains.  

Initially, consumers pay  for Eo gallons of ethanol, where  = mPG meaning the 

initial value consumers pay for ethanol is based on its gasoline equivalent energy value.  

This corresponds to the initial horizontal demand curve in the United States total ethanol 

market being .  However, domestic ethanol producers receive a per unit subsidy of S, 

causing them to face an initial horizontal demand curve  which is  vertically shifted 

upward by S.  This causes domestic ethanol producers to initially produce Do and receive 

. 
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Figure 5. The Effect of Subsidy Removal on U.S. Gasoline and Ethanol Markets. 
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Importers initially face the horizontal demand curve .   is a downward 

vertical shift of the United States total ethanol demand curve  by the amount of the net 

tariff, NT.  This causes foreign ethanol producers to initially export Io gallons of ethanol 

to the United States while receiving a net price of . 

Regardless of whether the initial ethanol subsidy and tariffs are kept in place, 

increasing the ethanol mandate to 15 billion gallons changes the demand curve in the 

total U.S. ethanol market from the blue horizontal demand curve of  to the green L 

shaped demand curve of DE΄ = DE΄΄.  Whether or not the subsidy and tariffs are left in 

place has no bearing on the new total domestic ethanol demand curve; only the new 

mandate EM does.  Increasing the mandate to EM gallons of ethanol causes the ethanol 

mandate to bind, resulting in a L shaped demand curve.  Consumers pay whatever price 

necessary to consume a minimum of the mandated quantity of ethanol EM.  However, 

consumers are only willing to pay mPG or ethanol’s gasoline equivalent energy based 

price for quantities of ethanol greater than the mandate.  The mandate causes consumers 

to pay more for ethanol than its gasoline equivalent energy values suggests.  Increasing 

the ethanol mandate to EM gallons causes the quantity of ethanol domestically consumed 

to rise from Eo to EM  gallons, while the consumer ethanol price rises to PE΄ if the subsidy 

and tariffs are left in place and PE΄΄ if the subsidy and tariffs are removed.  The vertical 

distance between PE΄ and PE΄ is slightly less than S.  This occurs because horizontally 

summing the original and free market supply curves results in the vertical distance 

between the original and free market United States total ethanol supply curves being 

slightly less than the subsidy.   
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The effect of increasing the ethanol mandate to EM gallons depends on whether or 

not the initial subsidy and tariffs are left in place.  If the initial subsidy and tariffs are left 

in place, increasing the mandate to EM gallons causes the demand curve facing domestic 

ethanol producers to shift vertically upwards to DD΄, causing the domestic ethanol supply 

price to increase from 	to PD΄ and the quantity of ethanol domestically produced to 

increase from Do to D΄.  When the tariff and subsidy are both in place, the relationship PI 

= PD - T must hold.  This is shown in the imported ethanol graph and U.S. ethanol 

production graph of Figure 6 where the vertical distance between both PD΄ and PI΄ as well 

as  and 	equals the tariff.   

The imported ethanol graph shows when increasing the ethanol mandate to EM 

and leaving the subsidy and tariffs in place, the horizontal demand curve facing foreign 

ethanol producers shifts vertically upward from  to PI΄.  This corresponds to the new 

imported ethanol price being PI΄.  The higher import price causes the quantity of imported 

ethanol to increase from Io to I΄.  

In contrast, if the ethanol mandate is increased to EM gallons and the subsidy and 

tariffs are eliminated the same demand curve DE΄΄ =DE΄ faces the total U.S. ethanol 

market as when the initial subsidy and tariffs were left in place, however the policy 

change causes the supply curves in all three markets to shift from the original supply 

curves to the free market, SFM, supply curves.  With the relevant portion of the demand 

curve being vertical in the total U.S. ethanol market, shifting the total U.S. ethanol supply 

curve upward from  to  causes the price paid by domestic ethanol consumers to 

increase from PE΄ to PE΄΄ to cover the full costs of producing EM gallons of ethanol.  This 
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shift and the associated policy changes also cause the demand curve facing domestic 

ethanol producers to shift upward from  to DD΄΄ and the demand curve facing foreign 

ethanol producers to shift vertically upward from 	to DI΄΄.  

Eliminating the subsidy and tariffs while increasing the mandate to EM gallons of 

ethanol requires the domestic ethanol demand price equals the domestic ethanol supply 

price and the imported ethanol price, that is PE΄΄ = PD= PI΄΄.   Increasing prices in all three 

ethanol markets from their initial levels causes the quantity of ethanol imports to increase 

from Io to I΄ and the quantity of ethanol domestically produced to increase from Do to 

D΄΄.   

The major difference between increasing the mandate to EM gallons of ethanol 

when the initial subsidy and tariffs are left in place versus when they are removed, is that 

domestic blended fuel consumers bare the full cost of the ethanol mandate when the tariff 

and subsidy are removed and must pay the marginal cost of total ethanol production PE΄΄.  

Leaving the initial tariff and subsidy in place also causes domestic ethanol producers to 

produce more and receive a higher price than if they were eliminated.  Recognizing that 

domestic ethanol production plus ethanol imports must equal the mandate, E = D + I, 

indicates a higher quantity of ethanol is imported when the subsidy and tariff are 

eliminated versus when they are left in place.  Driving this result is the higher import 

price without the subsidy and tariffs versus when they are in place.  Increasing the 

mandate to EM gallons of ethanol when the initial subsidy and tariffs are eliminated 

causes the ethanol import price to be higher than the imported ethanol price if the subsidy 

and tariffs were left in place by slightly less than the tariff. 



 

                    Imported Ethanol                          U.S. Ethanol Production                                     Total U.S. Ethanol Market   
 

    
 
 
Figure 6. Effect of Government Policies on U.S. Ethanol Market. 

Where: 
o indicates original condition without policy prescriptions 
΄ indicates variables associated with increasing mandate to 15 billion gallons while leaving tariffs and subsidy in place 
΄ ΄ indicates variables associated with increasing mandate to 15 billion gallons while eliminating tariffs and subsidy 
NT = net tariff = T - S  
FM = free market
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CHAPTER 5 
 
 

ECONOMETRIC MODEL 
 
 

Overview 
 
 

Specifying an empirical model of U.S. ethanol supply and demand is difficult, 

because there is not a clear systematic relationship between the quantities of ethanol 

domestically produced and consumed and the domestic ethanol price.  Simultaneous 

effects of several federal ethanol policies have induced large structural changes in both 

ethanol supply and demand since the passage of the Energy Tax Act of 1978.  These 

structural changes were escalated with the implementation of the Winter Fuel Oxygenate 

(WFO) Program in 1992, the Reformulated Gasoline (RFG) Program in1995 and the 186 

percent increase in retail gasoline prices from 2002 to 2008 (U.S. Energy Information 

Administration, f).  Both the WFO and RFG programs mandated gasoline contain a 

minimum oxygenate level.  Fulfilling this requirement was achieved by blending 

oxygenates with gasoline.  The primary oxygenates used were ethanol and MTBE.  States 

began banning MTBE use starting in July 2000 in response to water contamination 

concerns (U.S. Environmental Protection Agency, 2007).  This left ethanol as the primary 

oxygenate to satisfy RFG and WFO program requirements.15  The large increase in retail 

gasoline prices shifted the ethanol demand curve outward as this study suggests ethanol 

and gasoline are substitutes.  

                                                 
15 According to Table 1 and Bevil (2011), ethanol use mandates were first imposed by RFS1 and expanded 
by RFS2, but have never been binding.  Therefore, mandates are not included in the empirical specification 
of the U.S. ethanol industry.   
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While over 106 different state laws affect ethanol production and marketing, 

simulations run by the Food and Agricultural Policy Research Institute (2008) suggest 

state policies have a minor impact on ethanol demand, shifting the U.S. ethanol demand 

curve outward by no more than 10 percent.  However, Table 7 shows that every study 

analyzing the effects of MTBE bans concludes that state level MTBE bans increase 

ethanol demand.  Therefore, MTBE bans are the only state level policy included in the 

ethanol supply and demand model. 

 
Variable Description 

 
 

Properly identifying ethanol supply and demand equations requires the use of 

primary, instrumental and calculated variables.  Simultaneous determination of ethanol 

price and quantities makes the ethanol price endogenous to both the ethanol supply and 

demand equations.  Ethanol is instrumented for using all the exogenous variables in both 

the ethanol supply and demand equations as discussed below.   

With 38 percent of U.S. corn production used in ethanol production (USDA 

Economic Research Service, 2011a), there is likely a reverse causation between the 

quantity of ethanol produced and the corn price, making corn price endogenous.  

Correcting for this endogeneity is achieved by lagging the corn price.  The lagged corn 

price is correlated with the endogenous corn price because it is unlikely major 

adjustments to global corn supplies occur in one month and are part of long-run trends.  

With actual corn price and lagged corn price having a positive linear relationship, lagged 
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corn price is a good proxy for actual corn price, assuming the lagged corn price is 

uncorrelated with the error term.   

 Lagged corn price is not correlated with the error term because it is a pre-

determined variable.  According to Greene (2008), the lagged corn price is a pre-

determined variable because it is independent of all subsequent structural disturbances.  

A corn price determined last month is exogenous to this month’s error term.  In response, 

the lagged corn price satisfies instrumental variable requirements.  Lagging the corn price 

reduces, but does not eliminate, the problem of corn price endogeneity.  It can be argued 

that the lagged corn price is only chronologically predetermined and is not actually 

exogenous, because federal crop and ethanol programs affect the current and last period’s 

corn price.  However, the lagged corn price is pre-determined in the sense of determining 

short-run shocks.  For example, news this month regarding a Chinese crop failure cannot 

affect last month’s corn price. 

Natural gas price is included as an independent variable in the supply equation, 

because natural gas is the second largest variable cost in ethanol production (Holfstrand, 

2011).16  Although soybean meal is not an actual ethanol production cost, its price is 

included in the ethanol supply equation as a proxy for ethanol byproduct values.  

Fluctuations in byproduct values affect an ethanol plant’s net corn cost.17  The majority 

of U.S. ethanol is produced using dry-grind rather than wet mill plants.  Typically, the 

only byproducts of value at dry-grind ethanol plants are distiller’s grains.  Distiller’s 

                                                 
16 Using 2008 to 2010 data for a hypothetical ethanol plant in Northern, IA. Natural gas and corn accounted 
for 11 and 78.4 percent of total variable costs respectively (Holfstrand, 2011). 
17 Net corn cost describes the cost of starch used to produce ethanol.  Net corn cost equals the whole kernel 
cost-byproduct value. 
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grains are valued for both their energy and protein content.  Directly including a 

distiller’s grain price in the ethanol supply equation would create multicollinearity with 

the corn price because there is a fixed proportional relationship between corn and 

distiller’s grains prices.18  The energy value of ethanol byproducts is captured by the 

lagged corn price, because corn serves as the benchmark for determining the value of a 

livestock feed’s energy content.  Similarly, soybean meal is the benchmark for 

determining the value of a livestock feed’s protein content.  Including soybean meal in 

the supply equation captures the value ethanol plants receive for the protein content of 

distiller’s grains.  Lastly, the federal ethanol blender’s credit is included in the ethanol 

supply equation, because it reduces the cost at which U.S. produced ethanol is supplied to 

U.S. ethanol consumers.   

In the demand equation, total vehicle miles driven in the United States are 

included to proxy for the total quantity of gasoline equivalent energy services demanded.  

Additionally, retail motor gasoline price is included because it has consistently been 

shown to have a relationship with ethanol prices.  However, the literature fails to 

conclude whether ethanol and gasoline are substitutes or complements.  

MTBE price is included in the ethanol demand equation because MTBE and 

ethanol are substitutes.  Both MTBE and ethanol are fuel oxygenates added to gasoline to 

enhance combustion.  Therefore, in the absence of government intervention an increase in 

the MTBE price likely causes the ethanol price to increase and vice versa.  Twenty-five 

states have banned MTBE to date (U.S. Environmental Protection Agency, 2007). 

                                                 
18 Dried distiller’s grains as well as wet distiller’s grains are typically priced as a percentage of corn prices.  
For example, dried distiller’s grains are commonly sold for 80% of the corn price depending on the time of 
year. 
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RFG Program, WFO Program, 
and MTBE Ban Policy Variables 
 

The RFG program, WFO program, and MTBE bans are all expected to increase 

ethanol demand.  While none of the policies explicitly mandate ethanol use, they result in 

an implied ethanol demand.  The percentage of the U.S. population living in an area with 

a RFG program, WFO program or MTBE ban in month m and year y are calculated using 

equations 1, 2 and 3 respectively.  Variables used in these equations are detailed in Table 

9.  All three policy variables are calculated as the percentage of the U.S. population living 

in areas affected by the given policy to control for population changes over time. 

(1) 	 ,
∑ , , ,

	
				 

 

(2) 	 ,
∑ , , ,

	
			 

 

(3) 	 ,
∑ , , ,

		
  

 
 
Table 9. Variables Used to Construct RFG and WFO Program Policy Variables. 

Variable  Description 

percrfgm,y Percent of U.S. population living in RFG program areas in month m and 
year y 

percwfom,y Percent of U.S. population living in WFO program area in month m and 
year y 

percmtbem,y Percent of U.S. population living in MTBE ban areas (states) in month m 
and year y 

, ,  Weight, expressed as a decimal, defining proportion of month m in year y 
which RFG program is in effect for county i. 

, ,  Weight, expressed as a decimal, defining proportion of month m in year y 
which WFO program is in effect for county i. 

, ,  Weight, expressed as a decimal, defining proportion of month m in year y 
which MTBE ban program is in effect for state j. 
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Table 9. Variables Used to Construct RFG and WFO Program Policy Variables 
(continued).  

Variable  Description 

i Index for U.S. counties 

j Index for U.S. states  

cntypopi,y County i’s population in year y 

spopj,y State j’s population in year y 

natpopy U.S. population in year y 

 
 

Only annual population estimates are available.  Therefore, annual population 

estimates are used in conjunction with monthly population weights to calculate the 

percentage of the U.S. population living in a RFG program, WFO program or MTBE ban 

area in a given month and year.   

If a county is not in a RFG or WFO program area or a state under a MTBE ban 

area, then the respective weight is always zero.  If a county is designated a RFG or WFO 

program area or a state is designated a MTBE ban area for the entire month, then the 

respective weight is one.  When a RFG program, WFO program or MTBE ban is only in 

place for part of the month the affected population is pro-rated, with the respective 

weight being between 0 and 1.  If only part of county i is designated as an RFG or WFO 

program area, then only half of the county population is used.  That is, (0.5)*popi,y is used 

instead of popi,y.  This is consistent with Lidderdale (1999b) (personal communication, 

July 12, 2010).   

With state level implementation, MTBE bans took various forms, from partial to 

complete bans.  Some states gradually transitioned from partial to complete bans.  
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However, the population being affected by a partial MTBE ban is counted the same way 

as the population that is affected by a complete ban (U.S. Environmental Protection 

Agency, 2007).  Impacts of state level MTBE bans are potentially underestimated using 

this approach because it doesn’t account for the continued use of MTBE to some degree 

in states with a partial MTBE ban. 

 
Empirical Specifications 

 
 

The empirical model follows the general approach of Luchansky and Monks 

(2008).  A two-stage least squares (2SLS) equation is estimated, controlling for 

autocorrelation using a Newey-West adjustment procedure with a twelve month lag.19  

Their study was reproduced and then expanded by adding policy variables to control for 

RFG and WFO program effects, further controlling for autocorrelation and using a longer 

data series.  Using monthly national data from 1994 to 2009 better captures structural 

changes in U.S. ethanol supply and demand.  This provides additional inferences to those 

in Luchonsky and Monks (2009), who used national monthly data from 1997 to 2007. 

Ethanol imports are not additively included in the U.S. ethanol supply equation 

because the U.S. ethanol supply curve is solely a function of U.S. ethanol production 

costs.  Similarly, imported ethanol has no affect on the U.S. ethanol demand curve.   

  

                                                 
19 Results using three-stage least squares were qualitatively similar to those obtained using a 2SLS 
estimation. 
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Table 10. Empirical Model Variables. 

Endogenous Variables Abbreviation  Units 
   
Ethanol Production QS Thousands of Barrels / Day 
Ethanol Consumption Qd Thousands of Barrels / Day 
Ethanol Price Pe $ / Gallon 
   
Exogenous Variables in the Supply 
Equation 

  

Ethanol Production Lagged One Month QS
t-1 Thousands of Barrels / Day 

Corn Price Lagged One Month Pct-1 $ / Bushel 
Natural Gas Price Png $ / Thousand Cubic Feet 
Soybean Meal Price Psbm $ / Ton 
Federal Ethanol Blender’s Credit BC $ / Gallon 
   
Exogenous Variables in the Demand 
Equation 

  

Ethanol Consumption Lagged One 
Month 

Qd
t-1 Thousands of Barrels / Day 

Vehicle Miles Driven MD Billions of Miles 
Retail Motor Gasoline Price Pg $ / Gallon 
MTBE Price Pmtbe  $ / Gallon 
MTBE Policy Variable %MTBE Percent of U.S. Population 

Living in a State With a MTBE 
Ban 

RFG Policy Variable %RFG Percent of U.S. population living 
in an area with a Reformulated 
Fuel Gasoline Program 

WFO Policy Variable %WO Percent of U.S. Population 
Living in an Area With a Winter 
Fuel Oxygenate Program 

 
 

Time dependent ethanol supply and demand equations are specified below in 

equations 4 through 7, with all variables defined in Table 10.  

Supply Equation 
 

(4)  ,   
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where: . 
 
Taking the logs of both sides of the ethanol supply equation yields the log-log model: 
 
(5) 		ln 	 ln ln ln 	 ln	  
 																		 ln	 ln	  
 
 
Demand Equation 
 
(6) 	 % % % , 

 
where: . 
 
Taking the logs of both sides of the ethanol demand equation yields the log-log model: 
 
(7) ln ln ln	 ln	 ln	

																																	 	 	 	 ln 	 %mtbe % %
 

 
Given this expanded model, the Durbin-Watson statistic suggested the Newey-West 

adjustment procedure didn’t appropriately control for autocorrelation in the error terms.  

Additional autocorrelation control was provided by lagging the quantity of ethanol 

consumed in the ethanol demand equation and the quantity of ethanol produced in the 

ethanol supply equation.  Regression coefficients estimated using the double-log supply 

(2) and demand (4) equations directly provide elasticity estimates.   

U.S. aggregate supply and demand equations are estimated using 2SLS to account 

for the endogeneity between ethanol price and quantities in the supply and demand 

equations.  The first stage estimates ethanol prices as a function of all exogenous 

variables.  Predicted ethanol prices are then used in the second stage.  That is,  

ln	 ln	 ⋯ ln	 %  

where γ’s are the estimated parameters in the 1st stage.  After the ethanol price is 

estimated in the first stage of 2SLS it is used to identify equations 2 and 4.  Multiple 
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specifications were run, but using supply equation (2) and demand equation (4) provided 

the best fit. 

 
Data 

 
 
 Data for this model are from several sources.  National level monthly data from 

1994 to 2009 are used with Table 10 providing a summary of the units, sources and 

details of primary and policy variables used in the econometric model.  Accounting for 

ethanol policies requires constructing policy variables.  The percentage of the U.S. 

population living in a RFG program area, WFO program area and states with a MTBE 

ban are all policy variables.  Calculation methods for these three variables were discussed 

in the Variable Description section above.  Data used to construct each policy variable 

are summarized in Table 10.   

 Data describing the quantity of ethanol domestically produced and consumed, 

natural gas prices and retail motor gasoline prices are from the U.S. Energy Information 

Administration (2011d, e and f).  Ethanol and MTBE prices were obtained from Hart 

Energy Publishing’s (1994 – 2009) weekly price reports.20  Soybean meal prices are from 

the USDA’s Economic Research Service (2011) and corn prices are from the National 

Agricultural Statistics Service (2011).  Vehicle miles driven are from the U.S. Federal 

Highway Administration (2011o) and the federal ethanol blender’s credit is taken from 

U.S. Statutes as described in Table 1.  

                                                 
20 The publications changed names over the years.  The publication was originally called Oxy-Fuel News 
and then changed its name to Renewable Fuel News in mid-2004.  The publication once again changed its 
name to Ethanol and Biodiesel News in March 2007, although there was some overlap of Oxy-fuel News 
and Renewable Fuel News.  Most recently, the publication’s name was changed to Ethanol & Biofuels 
News in September 2009.  Change in publication names had no effect on the price reporting practices.   
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Table 11. Data Sources. 

Endogenous Variables Source Details 

Ethanol Production 
(Thousands of Barrels / Day) 

U.S. Energy Information 
Administration (2011d) 

Quantity of denatured fuel 
ethanol. 

Ethanol Consumption 
(Thousands of Barrels / Day) 

 
U.S. Energy Information 
Administration (2011d) 

Quantity of denatured fuel 
ethanol. 

Ethanol Price ($ / Gallon) 
 
 

 
Ethanol rack prices are 
reported in weekly price 
reports published by Hart 
Energy Publications.  The 
number of states prices are 
reported for fluctuates 
around 24 over time.  An 
inverse distance weighting 
procedure was used to 
estimate prices for states 
with missing prices.  
National price is a simple 
average of state prices.  
Prices are average at the 
monthly level21.   

Exogenous Variables Exclusive 
to Supply Equation  

 

Ethanol Production Lagged One Month  
(Millions of Gallons)                                         

 
U.S. Energy Information 
Administration (2011d) 

Quantity of denatured fuel 
ethanol. 

Corn Price Lagged One Month ($ / Bushel)   
 
National Agricultural  
Statistics Service (2011) 

Price received by farmers 
for grain corn. 

Natural Gas Price 
($ / Thousand Cubic Feet) 

U.S. Energy Information 
Administration (2011e) 

 
Ethanol industrial is an 
industrial not a commercial 
natural gas user, but because 
industrial natural gas prices 
are only available from 
1997 to present, commercial 
natural gas prices are used 
to proxy for industrial 
natural gas prices. 
Correlation between 
commercial and industrial 
natural gas prices is 0.96. 

 
 
 

                                                 
21 Some prices taken directly from weekly price reports while others were collected and shared by Dr. 
Soren T. Anderson of Michigan State University. 
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Table 11.  Data Sources (continued). 

Exogenous Variables Exclusive 
to Supply Equation  

 

Soybean Meal Price ($ / Ton) 
USDA Economic Research 
Service (2011) 

 
High protein soybean meal 
price for Central Illinois. 

Federal Ethanol Blender’s Credit 
($ / Gallon) 

 
U.S. Statutes as listed in 
Table 1  

 

 
Exogenous Variables Exclusive to 
Demand Equation  

 

Ethanol Consumption Lagged One Month 
(Thousands of Barrels / Day) 

 
U.S. Energy Information 
Administration (2011d) 

Quantity of denatured 
ethanol. 

Vehicle Miles Driven (Billions) 
 
U.S. Federal Highway 
Administration (2011)  

 

Retail Motor Gasoline Price ($ / Gallon) 
 
U.S. Energy Information 
Administration (2011f) 

City average gasoline retail 
prices including taxes. 

MTBE Price ($ / Gallon) Hart Energy Publications 

Prices used for Houston 
through Oct. 5, 2006.  Hart 
Publications stopped 
publishing port specific 
prices Oct. 5, 2006, so U.S. 
prices used from that point 
forward. 

Percentage of U.S. population in states with 
a MTBE ban 

 
Constructed using state 
population data (U.S.  
Bureau of Economic 
Analysis, 2010) and dates 
state MTBE bans were 
implemented (U.S. 
Environmental Protection 
Agency, 2007).  

Pro-rated for months which 
MTBE ban was not in effect 
for the entire month in 
certain states.  MTBE bans 
were only in effect for part 
of a month in the first month 
a ban was implemented in 
certain states.   

Percentage of U.S. Population in 
Reformulated Fuel Gasoline Program Areas 

 
Constructed using county 
population (U.S. Bureau of 
Economic Analysis, 2010) 
and Reformulated Fuel 
Gasoline Program start and 
stop dates (U.S. 
Environmental Protection 
Agency (2008b), 
Lidderdale (1999b) and 
Kurt Gustafson (personal 
communication, July 12, 
2010). 
 

Pro-rated for months during 
which Reformulated 
Gasoline Program was not 
in effect for entire month in 
certain states.  This occurred 
in months the RFG program 
was implemented and ended 
in certain states. 
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Table 11.  Data Sources (continued). 

Exogenous Variables Exclusive to 
Demand Equation 

  

Percentage of U.S. Population in Winter 
Fuel Oxygenate Program Areas 
 

Constructed using state, 
county, metropolitan 
statistical area and 
micropolitan statistical area 
population data from U.S. 
Bureau of Economic 
Analysis (2010) as well as 
Winter Fuel Oxygenate 
Program start and stop 
dates from the U.S. 
Environmental Protection 
Agency (2001 and 2008c) 
and Lidderdale (1999a).22 

Pro-rated because Winter 
Fuel Oxygenate Program 
control periods are only 
effective in winter months 
and are not always started 
and stopped at the beginning 
of the month. 
 

 
 
 Population data were retrieved from the U.S. Bureau of Economic Analysis 

(2010).  Information on dates for which MTBE bans were implemented was obtained 

from the U.S. Environmental Protection Agency (2007).  Reformulated Fuel Gasoline 

program beginning and ending dates were compiled using data from the U.S. 

Environmental Protection Agency (2008b), Lidderdale (1999b) and Kurt Gustafson 

(personal communication, July 12, 2010).  Beginning and ending dates for Winter Fuel 

Oxygenate program areas came from the U.S Environmental Protection Agency (2001 

and 2008b) and Lidderdale (1999a). 

 All price data were converted to real terms using the seasonally adjusted 

consumer price index for all items, using September 1997 as the base month (U.S. 

Bureau of Labor Statistics, 2011).23  The Results section below justifies estimating the 

                                                 
22 Policy variables could be constructed using only county and national level data.  MSA data are used in 
conjunction with county level data for computational ease, where each MSA is an aggregate of complete or 
partial counties.  Therefore, the WFO policy variable is shown in equation (6) as being computed with only 
county and national population data.   
23 Base month was set to match Luchonsky and Monks (2009) analysis to best reproduce results in their 
study. 
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ethanol supply and demand equations for the three time periods: 1994 – 2001, 2002 – 

2009 and 2001 – 2009.  Table 12 provides the mean and standard deviation for all 

primary and policy variables for each of these time periods. 

 
Table 12. Summary Statistics for U.S. Ethanol Market, 1994 – 2009. 

1994 - 2001 2002-2009 1994-2009 

  Mean STD Mean STD Mean STD 

Endogenous Variables    

Ethanol Production (Thousands of Barrels / Day)  91 17 358 198 224 194 
Ethanol Consumption (Thousands of Barrels / 
Day) 91 20 371 204 231 202 

Ethanol Price ($ / Gallon) 1.22 0.16 1.51 0.38 1.37 0.32 
   

Exogenous Variables Exclusive to Supply 
Equation    
Ethanol Production Lagged One Month 
(Millions of Gallons)  91 17 350 194 221 189 

Corn Price Lagged One Month ($ / Bushel)   2.39 0.69 2.3 0.65 2.35 0.67 

Natural Gas Price ($ / Thousand Cubic Feet) 5.83 0.82 8.25 1.41 7.04 1.67 

Soybean Meal Price ($ / Ton) 190 48 189 50 189 49 

Federal Ethanol Blender’s Credit ($ / Gallon) 0.54 0.03 0.42 0.04 0.48 0.07 
   

Exogenous Variables Exclusive to Demand 
Equation    
Ethanol Consumption Lagged One Month 
(Thousands of Barrels / Day) 91 20 364 201 228 198 
       

Endogenous Variables    

Vehicle Miles Driven (Billions) 215 19 247 15 231 23 

Retail Motor Gasoline Price ($ / Gallon) 1.29 0.13 1.86 0.45 1.58 0.44 

MTBE Price ($ / Gallon) 0.85 0.2 1.45 0.49 1.15 0.48 
Percent of U.S. Population in States With  
MTBE Ban 0.7 1 38 2 19 23 
Percent of U.S. Population in Reformulated  
Fuel Gasoline Program Areas 28 10 18 17 23 15 
Percent of U.S. Population in Winter Fuel  
Oxygenate Program Areas 8 10 4 4 6 8 
N = 192 national level monthly observations for 1994 – 2009 
N = 96 national level monthly observations for 1994 – 2001 
N = 96 national level monthly observations for 2001 – 2009 
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Results 

 
 
 The ethanol supply and demand equations were first run for the entire period from 

1994 to 2009.  These results are reported in the Initial Results section.  Analysis of these 

results suggests a structural break in the U.S. ethanol industry.  It is empirically 

determined in the Structural Break in U.S. Ethanol Industry section that the U.S. ethanol 

industry experienced a structural break in 2002.  After running the ethanol supply and 

demand equations for the two sub periods, 1994 – 2001 and 2002 – 2009, the results for 

all three time periods and previous studies are extensively compared in the Final Results 

section.  

 
Initial Results 
 

Consistent with Luchansky and Monks (2009), corn price was first treated as 

endogenous and instrumented for using combinations of variables including corn yield, a 

Midwest precipitation index, lagged corn price, and the percent of domestically produced 

corn used in domestic ethanol production.  A better fit was achieved by directly using the 

lagged corn price in the supply equation. 

Corn price is the only lagged variable included in the ethanol supply and demand 

equations, but experimental testing was conducted lagging retail motor gasoline and 

natural gas prices.  Condition scoring was used to test for multicolinearity resulting from 

these lags (Greene, 2008).  Lagging the retail motor gasoline price had a trivial effect on 

the condition score of the regressor matrix, indicating lagging motor gasoline neither 

created nor reduced multicollinearity in the regressor matrix.  In contrast, lagging the 
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natural gas price caused the regressor matrix to become poorly conditioned, indicating 

lagging natural gas prices induces multicollinearity in the regressor matrix.  Therefore, 

contemporaneous values of retail motor gasoline and natural gas prices are included in 

the ethanol supply and demand model. 

 Regression results using data from 1994 to 2009 are presented in Table 13.  The 

sign and lack of statistical significance on many of the variables are not consistent with 

economic theory.  However, ethanol price in the supply equation is statistically 

significant, has the correct positive sign and an inelastic elasticity of supply.  All of these 

results are consistent with Luchansky and Monks (2009).  Corn price is not statistically 

significant, which is consistent with Luchansky and Monks (2009) results when 

instrumenting for corn price using ethanol production, corn yield and trend.  Soybean 

meal price is not statistically significant.  Soybean meal prices proxy for byproduct value.  

Therefore, an increase in soybean meal prices reduces an ethanol plant’s net corn price.  

A soybean meal price increase is equivalent to a decline in corn price from an ethanol 

plant’s decision making perspective.  Theory therefore suggests soybean meal price 

should be statistically significant.  Unlike Luchansky and Monks (2009) who did not find 

the federal ethanol blender’s credit to be statistically significant, this study find’s the 

ethanol blender’s credit is found to be statistically significant but with an incorrect 

negative sign. 

 In the demand equation, the ethanol price is statistically significant and of the 

correct negative sign.  Its elasticity of demand of -0.6 contrasts with Luchansky and 

Monks (2009) who found it to be elastic.  The retail motor gasoline price is statistically 
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significant and positive in sign indicating ethanol and retail gasoline are substitutes.  This 

is consistent with Luchansky and Monks (2009).  However, the MTBE price is not 

statistically significant, while theory suggests MTBE and ethanol are substitutes.  The 

RFG program variable is statistically significant, but has an incorrect negative sign.  

Theory suggests RFG should be positive in sign because an increase in the percentage of 

the population living in an RFG program area will increase the quantity of ethanol 

demanded.  All other variables are statistically significant and of the correct sign.  Further 

discussion of each variable and how its coefficient estimates compare to other studies and 

theory is provided in the Final Results section below.  Given that corn price lagged one 

month, soybean meal price, federal ethanol blender’s credit, MTBE price and RFG policy 

variables aren’t statistically significant, of correct sign, or both as economic theory 

suggests they should be indicates there has been a structural break in the U.S. ethanol 

industry that isn’t accounted for.  

 
Table 13. Estimates of Factors Affecting U.S. Ethanol Supply and Demand, 
1994 – 2009. 
 Coefficient 

(Std. Error) 
 

Supply Equation: Dep. Var. = ln(QS)   
Intercept 0.178  
 (0.131)  
ln(ethanol price) 0.127  
 (0.052) ** 
ln(ethanol production lagged one 
month) 

0.907  

 (0.024) *** 
ln(corn price lagged one month) -0.004  
 (0.024)  
ln(natural gas price) -0.074  
 (0.045) * 
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Table 13. Estimates of Factors Affecting U.S. Ethanol Supply 
and Demand, 1994 – 2009 (continued). 
 Coefficient

(Std. Error)
 

ln(soybean meal price) 0.014  
 (0.017)  
ln(federal ethanol blender’s credit) -0.455  
 (0.117) *** 
Adj. R2 0.9868  
Root Mean Squared Error 0.0846  
   
Demand Equation: Dep. Var. = 
ln(Qd) 

  

Intercept -1.628  
 (0.759) ** 
ln(ethanol price) -0.608  
 (0.167) *** 
ln(ethanol consumption lagged one 
month) 

0.756  

 (0.062) * 
ln(vehicle miles driven) 0.504  
 (0.125) *** 
ln(retail motor gasoline price) 0.517  
 (0.208) ** 
ln(MTBE price) -0.083  
 (0.077)  
MTBE Policy Variable 0.648  
 (0.2268) *** 
RFG Policy Variables -0.083  
 (0.0764) *** 
WFO Policy Variable 0.763  
 (0.115) *** 
Adj. R2 0.9695  
Root Mean Squared Error 0.1353  

 = Incorrect sign or not statistically significant. 
Estimates are significant at the 10 percent (* p<0.1), 5 percent (** p<.05) or 1 percent (*** p<.01) level. 
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Structural Break in U.S. Ethanol Industry 

 
Figure 7 shows a change in the slope of the domestic ethanol production and 

consumption curves in 2002.   

 
Sources: Ethanol data from U.S. Energy Information Administration (2011d) 
 
Figure 7. U.S. Ethanol Production, Consumption and Net Imports, 1981 – 2010. 
 
 
This suggests that a structural change may have occurred in the U.S. ethanol industry in 

2002.  The major policy change occurring in this time period was the implementation of 

state level MTBE bans, starting in July of 2000 (U.S. Environmental Protection Agency, 

2007).  In addition, the retail gasoline price increased 186 percent from 2002 to 2008 

(U.S. Energy Information Administration, f).  Identifying the structural change in the 
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U.S. ethanol industry is performed heuristically by plotting the natural log of rescaled 

values of U.S. ethanol price, U.S. retail gasoline price and the percentage of the U.S. 

population living in MTBE ban areas, as shown in Figure 8.  The log, and not the levels, 

of the three variables is plotted because transforming the three variables to logs allows 

their slopes to be directly compared, even though the three variables are in different units.  

Large changes are observed in the ethanol price, retail gasoline price and percentage of 

the U.S. population living in states with MTBE bans.  The vertical line in July of 2000 on 

the percent of the U.S. population living in states with MTBE bans line is caused by the 

implementation of the first state level MTBE bans by Iowa, Nebraska and Minnesota 

(U.S. Environmental Protection Agency, 2007).   

In 2002, there is a visual change in the slope of the ethanol and retail gasoline 

price lines.  Starting in 2002, ethanol and retail gasoline prices began an upward sloping 

long-run trend.  This suggests a structural break in 2002.  Further evidence of a structural 

break is suggested by changes in residuals occurring in approximately 2002.  Figure 9 

shows substantial changes in supply equation residuals in approximately 2002.  The 

vertical dashed line in the middle of the figure represents January 2002.  Though not as 

substantial, changes in demand equation residuals occurring at approximately 2002 can 

be seen in Figure 10.  This perceived structural break is statistically confirmed using the 

Chow test, presented in Table 14. 
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Sources: Author generated graph using data discussed in Table 9. 
 
Figure 8. Natural Logs of U.S. Ethanol Price, Quantity of Ethanol Produced and 
Percent of Population Living in States with a MTBE Ban.
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Figure 9. U.S. Ethanol Supply Equation Residuals, 1994 – 2009. 
 
 

 
 
Figure 10. U.S. Ethanol Demand Equation Residuals, 1994 – 2009. 
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Accounting for this structural model, the system of equations is ran for three time 

periods: 

1) 1994 – 2001 

2) 2002 – 2009 

3) 1994 – 2009 

Table 14. Testing for Structural Break in the U.S. Ethanol Supply and 
Demand Equations in January 2002 Using Chow Test. 

Equation  Test Statistics 
at 10% sig. level

Test Result Conclusion 

Supply Fcrit = 1.7 
Fstat = 8.05 

| Fstat | > Fcrit Structural break in U.S. ethanol 
supply equation 

Demand Fcrit = 1.7 
Fstat = 8.26 

| Fstat | > Fcrit Structural break in U.S. ethanol 
demand equation 

 
 
Final Results 
 
 Comparing results from the three time periods and previous studies provides 

insight into the U.S. ethanol industry and its rapid expansion since 2002.  Ethanol prices 

are always of correct sign and statistically significant except for the supply equation’s in 

1994 – 2001.  The introduction of the RFG and WFO program during this period, in 

conjunction with the continuation of the subsidy and tariff programs, may have had a 

sufficiently distorting effect such that firms production decisions were driven mostly by 

government policy rather than market forces.  Consistent with Luchansky and Monks 

(2009) who find the U.S. ethanol supply elasticity to be 0.224 to 0.258 and Rask (1998) 

who finds the U.S. ethanol supply elasticity to be 0.37 to 0.75, the estimated U.S. ethanol 

supply elasticity of 0.12 to 0.13 suggests an inelastic U.S. ethanol supply curve. 



68 
 

The elasticity of ethanol demand of -1.58 for 1994 to 2001 indicates ethanol 

demand was elastic for this time period.  In contrast, the elasticity of ethanol demand was 

inelastic for 2002 to 2009 and 1994 to 2009.  The demand elasticity for 2002 to 2009 and 

1994 to 2009 was -0.82 and -0.6 respectively.  This contrasts with Luchansky and Monks 

(2009) and Anderson (2009), who both used data from 1997 to 2006 and found ethanol 

demand to be elastic.  However, neither controlled for the blender’s credit, RFG program 

or the WFO program.  Rask (1998) found the elasticity of ethanol demand to be inelastic 

using data from 1984 to 1993.   

Results suggest that ethanol’s demand elasticity became more inelastic over time. 

This may be due to state level MTBE bans started being implemented in 2001 and the 

RFG and WFO programs coming into effect.  These program areas had few oxygenate 

alternatives to ethanol, thus making demand for ethanol more inelastic.  In addition, the 

inelastic ethanol demand for the  2002 – 2009 and 1994 – 2009 time periods is not 

surprising, because the service provided by ethanol is gasoline equivalent energy and 

gasoline’s demand elasticity is -0.38 (U.S. Energy Information Administration, 1995).  

Since ethanol and gasoline provide the same energy service, in the absence of 

government intervention, their elasticities should be the same. 

All lagged ethanol production and consumption terms are statistically significant 

with the correct positive sign.  Unlike Luchansky and Monks (2009) whose model did not 

find corn prices to be statistically significant and correctly signed, in this study, corn 

price is statistically significant with the correct negative sign for 1994 to 2001.  However, 

corn price is statistically significant and of the wrong positive sign from 2002 to 2009, 
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consistent with Luchansky and Monks (2009) results when using the actual corn price.  

Corn price is not statistically significant from 1994 to 2009, also consistent with 

Luchansky and Monk’s (2009) results when instrumenting for corn price using ethanol 

production, corn yield and trend.  The fact that the corn price is not statistically 

significant for the entire period is expected because corn price is statistically significant 

and of opposite signs for the two sub periods.   

All statistically significant variables are of correct sign for 1994 to 2001, except 

for the RFG policy variable, which is statistically significant and of the wrong sign in all 

time periods.  This may be due to insufficient variation in the RFG policy variable for it 

to be appropriately identified.  When the RFG program was in effect from January 1995 

to May 2006, the percentage of the U.S. population living in an RFG program area 

ranged from 31.2 to 33.6 percent, with areas rarely entering and exiting the program.  

Therefore, while the RFG program was in place, the percentage of the U.S. population 

living in an RFG program area changed little while the quantity of U.S. ethanol produced 

increased 252 percent.  This causes a correlation between the quantity of ethanol 

consumed and the percentage of the U.S. population living in a RFG program area of       

-0.72.  With theory suggesting the RFG coefficient should be positive in sign, it is 

possible there are interactions between the RFG policy variable and the MTBE ban or the 

RFG and WOG policy variables that are not accounted for.  Participation in both the 

WFO and RFG program were based on different criteria, with some areas meeting the 

criteria for both programs in certain time periods.  Therefore, some areas such as Los 

Angeles, CA were in some periods affected by both programs.  
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 It is not surprising that all other statistically significant variables are of correct 

sign except RFG from 1994 – 2001.  U.S. ethanol production and consumption 

conformed to economic intuition from 1994 to 2001, increasing 3 percent per year on 

average.  In contrast, U.S. ethanol production and consumption increased by 

approximately 53 and 51 percent per year, respectively, from 2002 to 2009, largely 

driven by ethanol policy changes and the substitution of ethanol for gasoline as retail 

gasoline prices increased 186 percent from 2002 to 2008 (U.S. Energy Information 

Administration, f). 

The percentage of the U.S. population living in a state with a MTBE ban 

increased from 9 percent in December of 2003 to 31 percent in January of 2004 largely 

due to implementation of MTBE bans in California and New York.  While these bans 

were implemented, 74 percent of California’s population lived in an RFG program area 

while 66 percent of New York’s population lived in an RFG program area.  No WFO 

programs were present in New York, but 20 percent of California’s population also lived 

in a Winter Oxygenate program area.  With fuel retailers starting to change blending 

practices early in preparation for full MTBE ban implementation, the quantity of ethanol 

consumed increased from 108 to 874 million gallons and from 4 to 295 million gallons in 

California and New York respectively from 2002 to 2004.  During this time period, total 

U.S. ethanol consumption increased from 2,069 to 3,547 million gallons, with 71 percent 

of this increase coming from increased demand in NewYork and California resulting 

from the MTBE Ban.  Figure 11 suggests this increased demand increased ethanol prices 

substantially starting in 2002.  These higher ethanol prices encouraged many new firms to 
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enter the ethanol industry.  With large increases in ethanol production and consumption 

from 2002 to 2009 being partially policy induced, resulting ethanol market distortions 

may have affected the observed relationship between the dependent and independent 

variables in the U.S. ethanol supply and demand equations.  This may explain why some 

variables are not statistically significant or of the correct sign for 2002 – 2009 and 1994 – 

2009.  

Unlike Luchansky and Monks (2009), who did not find the federal ethanol 

blender’s credit to be statistically significant, this study shows that the blender’s credit is 

statistically significant for all time periods.  However, the federal blender’s credit only 

had the correct positive sign from 1994 to 2001, and had an incorrect negative sign for 

the periods 2002 to 2009 and 1994 to 2009. 

Part of the identification problem occurs because the nominal value of the ethanol 

blender’s credit only changed five times between 1994 and 2009, with all changes being 

in $0.01 per gallon increments except for the $0.06 per gallon decline from $0.51 per 

gallon in 2008 to $0.45 per gallon in 2009.   

Natural gas price was statistically significant and of correct sign for all time 

periods except for 1994 to 2001, when it was not statistically significant.  Policy induced 

market distortions likely caused the natural gas price to have no impact on the ethanol 

plant’s production decisions for this time period.  Soybean meal price is statistically 

significant and positive for 1994-2001 and 2002-2009, but not 1994-2009.  Although it is 

statistically possible for coefficient estimates to be statistically significant and of the 

same sign for two sub-periods and not statistically significant for the entire period, it 
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typically suggests a misspecification error.  Soybean meal prices proxy for byproduct 

value.  Therefore, an increase in soybean meal price reduces an ethanol plant’s net corn 

price.  A soybean meal price increase is equivalent to a decline in corn price from an 

ethanol plant’s decision making perspective.   

 

 
Figure 11. U.S. Ethanol Rack Prices, 1994 – 2009. 
 
 

In the demand equation, vehicle miles driven is statistically significant with the 

correct positive sign for 1994-2009, but not 1994-2001 and 2002-2009.  This suggests 

that when accounting for the 2002 structural break in the demand equation it is ethanol 
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policies and retail gasoline prices, not the direct demand for ethanol’s energy services 

that drive ethanol demand.   

The retail motor gasoline price is positive in sign and both economically and 

statistically significant for all three time periods.  This confirms retail motor gasoline and 

ethanol are substitutes.  Coefficient estimates suggest this substitution effect has 

increased over time.  A one percent increase in retail motor gasoline prices resulted in a 

0.45 and 0.91 percent increase in the quantity of ethanol demanded for the periods 1994 

to 2001 and 2002 to 2009 respectively.  A higher gasoline price causes consumers to 

substitute away from pure gasoline and towards ethanol blended fuels.  The 186 percent 

increase in retail gasoline prices from 2002 to 2009 is a non-marginal change and thus its 

effect on the quantity of ethanol demanded can’t be accurately calculated using the 

estimated coefficient, but it does suggest retail gasoline price increases caused a large 

increase in the quantity of ethanol demanded over this time period (U.S. Energy 

Information Administration, f).   

MTBE price is statistically significant for 1994-2001 and 1994-2009.  Theory 

suggests MTBE and ethanol are substitutes.  This is consistent with the positive 

coefficient on MTBE price for the 1994 to 2001 time period.  However, the negative 

coefficient on the MTBE price coefficient for 2002 -2009 suggests MTBE and ethanol 

are compliments, violating theory.  The traditional relationship between ethanol and 

MTBE is confounded by the introduction of state level MTBE bans starting in 2000.  

Getting the correct sign may still be achievable by accounting for interactions between 

state MTBE bans and MTBE prices.  MTBE prices are not statistically significant for the 
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whole period which is expected because it was statistically significant for both sub 

periods, but changed signs between the two sub periods.  Both the MTBE and WFO 

policy variables are of the correct positive sign and statistically significant.  This result 

demonstrates that environmental policies have increased demand for U.S. ethanol. 

 
Table 15. Estimates of Factors Affecting U.S. Ethanol Supply and Demand, 
1994 – 2009. 

     Years 
 

                    1994 – 2001            2002 – 2009                  1994 - 2009 
                 Coefficient       Coefficient            Coefficient 
                (Std. Error)       (Std. Error)            (Std. Error) 

Supply Equation: Dep. Var. = ln(QS)       
Intercept 2.505  0.271  0.178  
 (0.278)   *** (0.06) *** (0.131)  
ln(ethanol price) 0.052  0.124  0.127  
 (0.0705)    (0.023) *** (0.052) ** 
ln(ethanol production lagged one month) 0.464  .939  0.907  
 (0.049)  *** (0.02) *** (0.024) *** 
ln(corn price lagged one month) -0.463  0.034  -0.004  
 (0.053) *** (0.012) *** (0.024)  
ln(natural gas price) 0.02  -0.092  -0.074  
 (0.058)   (0.03) *** (0.045) * 
ln(soybean meal price) 0.075  0.016  0.014  
 (0.033)  ** (0.008) * (0.017)  
ln(federal ethanol blender’s credit) 0.235  -0.154  -0.455  
 (0.128)  * (0.094) * (0.117) *** 
Adj. R2 0.7847  0.996  0.9868  
Root Mean Squared Error 0.0991  0.032  0.0846  
       
Demand Equation: Dep. Var. = ln(Qd)       
Intercept 3.828  0.162  -1.628  
 (1.066) *** (0.138)  (0.759) ** 
ln(ethanol price) -1.576  -0.822  -0.608  
 (0.184) *** (0.123) *** (0.167) *** 
ln(ethanol consumption lagged one 
month) 

0.169  0.856  0.756  

 (0.0763) * (0.065) *** (0.062) * 
ln(vehicle miles driven) 0.005  0.162  0.504  
 (0.158)  (0.138)  (0.125) *** 
ln(retail motor gasoline price) 0.454  0.911  0.517  
 (0.201)  * (0.135) *** (0.208) ** 
ln(MTBE price) 0.247  -0.297  -0.083  
 (0.072)  *** (0.079) *** (0.077)  
MTBE Policy Variable 11.882  0.558  0.648  
 (1.88)  *** (0.166) *** (0.2268) *** 
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Table 15. Estimates of Factors Affecting U.S. Ethanol Supply and Demand, 
1994 – 2009 (continued). 

     Years 
 

                    1994 – 2001            2002 – 2009                  1994 - 2009 
                 Coefficient       Coefficient            Coefficient 
                (Std. Error)       (Std. Error)            (Std. Error) 

 
RFG Policy Variables -0.212  -0.143  -0.083  
 (0.056)  *** (0.156)  (0.0764) *** 
WFO Policy Variable 1.049  1.106  0.763  
 (0.115)  *** (0.261) *** (0.115) *** 
Adj. R2 0.611  0.944  0.9695  
Root Mean Squared Error 0.144  0.128  0.1353  
 = incorrect sign or not statistically significant  
 
Estimates are significant at the 10 percent (* p<0.1), 5 percent(** p<.05) or 1 percent (*** p<.01) level. 
 
 

Summary 
 
 
 This is the third paper to utilize two-stage least squares to model U.S. ethanol 

supply and demand equations.  Initial work was done by Rask (1998) who used data from 

1984 to 1993, accounting for a structural break at 1988.  This was expanded by 

Luchansky and Monks (2009), who added Newey-West adjustment procedure with 12 

month lags to account for autocorrelation in the error terms.  This paper further controls 

for autocorrelation by lagging the quantity of ethanol produced and consumed in the U.S. 

ethanol supply and demand equations accordingly.  Although this method appears to 

sufficiently control for autocorrelation in the error term, additional work may be needed 

to better model the autocorrelation structure.  Additional work to model the 

autocorrelation may improve model specification.  Results indicate that in both time 

periods, government ethanol policy may have substantially distorted the U.S. ethanol 
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industry, reducing ethanol producer's ability to make decisions based on market forces 

alone.   

 This study suggests a structural break occurred in the U.S. ethanol industry in 

2002 due to a combination of the implementation of state level MTBE bans while the 

RFG and WFO programs were in effect and a 186 percent increase in retail gasoline 

prices from 2002 to 2008 (U.S. Energy Information Administration, f).  Gasoline and 

ethanol are shown to be substitutes.  A large portion of the ethanol demand shock 

occurring from 2002 to 2004 was likely created by the interaction of the RFG program 

and MTBE bans in California and New York.  There was insufficient variation in the 

RFG policy variable to be statistically significant with the correct sign, but both the 

MTBE ban and WFO policy variables were positive and statistically significant for all 

periods.  This suggests the combination of environmental policies and retail gasoline 

price increases stimulated the expansion of the U.S. Ethanol industry from 1993 – 2009.  
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CHAPTER 6 
 
 

EQUILIBRIUM DISPLACEMENT MODEL 
 
 

Introduction and Purpose 
 
 

Functional forms of supply and demand equations for all markets related to U.S. 

ethanol production and consumption are unknown, making direct modeling of the U.S. 

ethanol industry impossible.  This is confirmed by incorrect signs and lack of statistical 

significance on certain variables in the 2SLS model estimated in this study and  

Luchansky and Monks (2009).  Therefore, a model that doesn’t assume a particular 

functional form is needed, with an Equilibrium Displacement Model (EDM)f being the 

model of choice.  Classic EDMs are linear approximations of unknown systems of supply 

and demand equations (Brester et al., 2004).   

EDMSs were first developed by Muth (1964) and have been used extensively to 

assess possible implications of proposed agricultural policies on multiple markets.  For 

example, Atwood and Helmers (1998) assessed the effects of restricting the timing and 

level of nitrogen applications in Nebraska and Brester and Wohlgenant (1997) assessed 

the impacts of the GATT / Uruguay Round Trade Negotiations on U.S. beef and cattle 

prices using EDMs.  However, EDM models have never been used to assess the possible 

effects of proposed ethanol policy changes.  The closest application of an EDM to 

assessing the possible effects of proposed ethanol policy changes is Bhattacharya et al.’s 

(2009) use of an EDM to assess the effects of ethanol production on meat markets.   
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Utilizing EDMs to model proposed agricultural policy changes is appealing 

because of the ease with which they can be modified to capture the structure of various 

agricultural industries.  In addition, the only data typically needed to construct EDMs are 

elasticities that can be taken from the existing literature and three to five periods (i.e. 

years) of data to calibrate an initial equilibrium.  EDM modifications necessary to model 

common agricultural policies, such as subsidies, are detailed in Gardner (1987).   

Multiple simultaneous policy changes affecting the U.S. ethanol industry can be 

modeled with an EDM.  The EDM approximates discrete changes in endogenous 

variables associated with small discrete simultaneous changes in multiple exogenous 

ethanol policy variables.  This approach may provide a better market representation than 

the classic comparative statics model, which only signs the effect of imposing one 

exogenous ethanol policy variable on endogenous variables at a time. 

Using linear approximation techniques, classic EDMs are only accurate within a 

given neighborhood.  The accuracy of the model is determined by both the degree to 

which the underlying system is non-linear and the size of change from equilibrium being 

considered (Brester et al., 2004).  Economic intuition suggests certain equations related to 

U.S. ethanol production are non-linear.  For example, the U.S. corn supply curve would 

be   non-linear if the marginal cost of corn production increased at an increasing rate as 

corn production is increased.  This is likely due to the limited availability of land suitable 

for corn production making the cost of producing each additional bushel of corn more 

expensive than the last.  With corn supply and other curves related to U.S. ethanol 

production likely being non-linear and current ethanol policy changes involving non-
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marginal changes, a linear approximation technique to the underlying system is likely 

inaccurate.  Therefore, the classic EDM is expanded by adding a non-linear 

approximation procedure. 

 
Model Overview 

 
 

Ethanol model equations are constructed to capture the U.S. Ethanol industry’s 

structure as discussed in the Economic Theory section and graphically presented in 

Figure 4.  Following Gardner’s (1987) approach, differentials of the ethanol model 

equations are taken.  Elementary row operations are then performed on the differential 

equations to derive percent change equations.  Shares used in these equations are 

computed from an average of 2008-2010 data, with initial values reported in Table 20.  

Behavioral and equilibrium equations and their equivalent elasticity and share formulas 

are expressed in the model equations section below.  

Gardner’s (1987) work using linear estimation procedures to approximate model 

variable changes is expanded by adding additional approximations to the underlying non-

linear system.  Having more than two non-linear equations in the system makes it 

difficult to obtain a closed form solution.  In the following discussions, a non-linear 

approximation of a log-log specification is used to model the system of supply and 

demand equations for the U.S. ethanol industry.  The resulting linear and non-linear 

models are used to approximate the effects of the four ethanol policy prescriptions:   

1) Eliminate tariffs and subsidy and increase ethanol mandate to 15 billion 
gallons. 
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2) Keep mandate at current level of consumption and eliminate tariffs and 
subsidy. 

 
3) Increase mandate to 15 billion gallons and leave tariffs and subsidy in place. 
 
4) Eliminate all federal ethanol programs  

 
 

Policy Prescriptions 
 

Initial ethanol policy conditions assumed are: 

1) $0.47 per gallon ethanol subsidy 

2) $0.59 Tariff 
 $0.54 is a specific tariff  
 $0.05 is an ad valorem tariff  
 

3) Non-Binding Mandate 
 Three year average of ethanol consumption and mandate quantity was 

11,222.63 and 10.5 billion gallons, respectively. 
 
The four different policy prescriptions listed above and in Table 16 include the main 

policy prescriptions currently being discussed by the U.S. Congress as well as what 

would happen if the U.S. ethanol program remained in its current state with a subsidy and 

import tariff and mandate gradually increasing to 15 billion gallons of ethanol by 2015.  

The table lists the absolute change that each policy prescription has on the tariff, subsidy 

and mandate.  These absolute changes are used to calculate the percent changes in the 

policy prescription variables.  The percent changes are directly entered into the EDM to 

calculate policy outcomes. 

 

 



 

Table 16. Policy Prescriptions Imposed. 

Policy Prescription Variable to 
Change 

Absolute Variable 
Changes for 1 Step 
Linear Procedure 

Percentage Changes in 
Variables For 1 Step 
Linear Procedure 

Absolute Variable Changes for 
Each Step in 5 Step Non-Linear 
Procedure 

Percentage Changes in 
Variables For Each Step 
of 5 Step Non-Linear 
Procedure 

1) Eliminate Tariffs 
and Subsidy and 
Increase Mandate to 
15 Billion Gallons 

E(S), E(T) 
and E(ER) 

S:    ↓$.47 / gal 
T:    ↓$.59 / gal 
ER:  ↑3.78 Billion Gallons 

E(S):  ↓ 22.8%24 
E(T):  ↓ 28.6%25 
E(ER): ↑33.7%26 

S:  ↓$.094 / gal 
T:  ↓$.12 / gal 
ER: ↑755 Million Gallons 

E(S):  ↓ 4.56% 
E(T):  ↓ 5.73% 
E(ER): ↑6.73% 

2) Keep Mandate at 
Current Level of 
Consumption27 and 
Eliminate Tariffs 
and Subsidy 

E(S) and 
E(T)   

S:    ↓$.47 / gal 
T:    ↓$.59 / gal 
 

E(S):  ↓ 22.8% 
E(T):  ↓ 28.6% 
E(ER):  0% 
 

S:    ↓$.094 / gal 
T:    ↓$.118 / gal 
 

E(S):  ↓ 4.56% 
E(T):  ↓ 5.73% 
E(ER):  0% 
 

3) Increase Mandate to 
15 Billion Gallons 
and Leave Tariffs 
and Subsidy in 
Place 

E(ER) ER:  ↑3.78 Billion Gallons E(ER): ↑33.7% ER:  ↑755 Million Gallons E(ER): ↑6.73%    

4) Eliminate All 
Federal Ethanol 
Programs 

E(S), E(T) 
and E(ER) 

S:   ↓$.47 / gal 
T:   ↓$.59 / gal 
ER: ↓10.5 Billion 
Gallons28 
 

E(S): ↓ 22.8% 
E(T): ↓ 28.6% 
E(ER): Return to free 
market quantity by 
eliminating the θ row 
and column in model. 

S:   ↓$.094 / gal 
T:   ↓$.118 / gal 
ER: ↓755 Million Gallons 
 

E(S): ↓ 4.56% 
E(T): ↓ 5.73% 
E(ER): Return to free 
market quantity by 
eliminating the θ row and 
column in model. 

 
  

                                                 
24 E(S) = 

	 .

.
22.8% 

25 E(T) = 
	 .

.
28.6% 

26 E(ER) = 
, ,

,
33.7% 

27 Three year average of ethanol consumption and mandate quantity was 11,222.63 and 10.5 Billion gallons respectively. 
28 Table 1. shows the total ethanol use mandate has not ever been binding, however the average quantity of mandated ethanol use from 2008 – 2010 was 10.5 
billion gallons. 
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Table 16. Policy Prescriptions Imposed (continued). 
Policy Prescription Variable to 

Change 
Absolute Variable 
Changes for 1 Step 
Linear Procedure 

Percentage Changes in 
Variables For 1 Step 
Linear Procedure 

Absolute Variable Changes for 
Each Step in 5 Step Non-Linear 
Procedure 

Percentage Changes in 
Variables For Each 
Step of 5 Step Non-
Linear Procedure 

5) Keep Mandate at 
Current Level of 
Consumption29 and 
Eliminate Tariffs and 
Subsidy 

E(S) and 
E(T)   

S:    ↓$.47 / gal 
T:    ↓$.59 / gal 
 

E(S):  ↓ 22.8% 
E(T):  ↓ 28.6% 
E(ER):  0% 
 

S:    ↓$.094 / gal 
T:    ↓$.118 / gal 
 

E(S):  ↓ 4.56% 
E(T):  ↓ 5.73% 
E(ER):  0% 
 

6) Increase Mandate to 
15 Billion Gallons 
and Leave Tariffs 
and Subsidy in Place 

E(ER) ER:  ↑3.78 Billion Gallons E(ER): ↑33.7% ER:  ↑755 Million Gallons E(ER): ↑6.73%    

7) Eliminate All Federal 
Ethanol Programs 

E(S), E(T) 
and E(ER) 

S:   ↓$.47 / gal 
T:   ↓$.59 / gal 
ER: ↓10.5 Billion 
Gallons30 
 

E(S): ↓ 22.8% 
E(T): ↓ 28.6% 
E(ER): Return to free 
market quantity by 
eliminating the θ row 
and column in model. 

S:   ↓$.094 / gal 
T:   ↓$.118 / gal 
ER: ↓755 Million Gallons 
 

E(S): ↓ 4.56% 
E(T): ↓ 5.73% 
E(ER): Return to free 
market quantity by 
eliminating the θ row and 
column in model. 

 

                                                 
29 Three year average of ethanol consumption and mandate quantity was 11,222.63 and 10.5 Billion gallons respectively. 
30 Table 1. shows the total ethanol use mandate has not ever been binding, however the average quantity of mandated ethanol use from 2008 – 2010 was 10.5 
billion gallons. 
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Eliminating the ethanol subsidy is equivalent to imposing an ethanol tax of the 

same amount as the subsidy.  Therefore, eliminating the subsidy is modeled by imposing 

a tax of the same amount as the subsidy,	 , where subsidy and tax are expressed as a 

percentage of the ethanol supply price.  Using an average of values for variables over the 

past 3 years from Table 22, a tax of 22.8 percent of U.S. ethanol supply price is imposed 

to eliminate the subsidy.   

Similarly, eliminating an import tariff is equivalent to placing an import subsidy 

of amount  on imported ethanol.  The tariff and import subsidy are expressed as a 

percentage of the ethanol supply price.  Using average values over the past 3 years from 

Table 22, an import subsidy of 28.6 percent of ethanol supply price is imposed to 

eliminate both the specific and ad valorem ethanol tariff.   

The initial ethanol mandate isn’t binding, but increasing the mandate to 15 billion 

gallons as specified by the 2007 RFS requires domestic ethanol consumption increases 

3.78 billion gallons or 33.7 percent from its three year average of 11.2 billion gallons as 

reported in Table 22.  If the current level of ethanol consumption is mandated (i.e. the 

second policy prescription), the model specifies the level of ethanol consumption remains 

at exactly the current level of 11.2 billion gallons.  To completely remove the mandate, 

the ethanol use mandate equation, (equation 15), specified in the Model Equation section 

is completely removed from the model. 
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Linear Approximation Procedure 
 
For each policy prescription, the policy effect on a specific variable is 

approximated using a linear approximation procedure following Gardner (1987).  This is 

visually demonstrated in Figure 12 using corn price as an example.  In the linear 

estimation procedure, a change associated with a policy is approximated using a single 

step by plugging the percentage changes for policy variables listed in the fourth column 

of Table 20 into the model for the given policy prescription.  Figure 12 illustrates the 

policy impact of moving from an initial quantity Bo to an ending quantity B΄.  This linear 

approximation procedure may be problematic because it uses elasticities, which are 

marginal estimates, to estimate non-marginal changes.  For example, increasing the 

quantity of corn used for U.S. ethanol production from 4.3 billion bushels to 5.5 billion 

bushels by increasing the mandate to 15 billion gallons of ethanol is a non-marginal 

change.   

Depending on the model variable, the approximation procedures can be used in 

one of two ways.  It can either be used to move from an initial quantity to an ending 

quantity to approximate price effects resulting from a policy prescription or it can be used 

to move from an initial price to an ending price to approximate quantity effects resulting 

from a policy prescription.  Figure 12 demonstrates a policy induced move from Bo to B΄ 

bushels of corn while Figure 13 demonstrates a policy induced move from a gasoline 

price of PG
o to PG΄.    
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Non-Linear Approximation Procedure 
 

After the linear approximation procedure is completed, the effect of each of the 

four possible policy prescriptions is re-approximated using a non-linear approximation 

procedure.  The non-linear approximation procedure is a numerical approximation 

procedure using a sequence of five small linear steps to move from the initial quantity or 

price level to the policy induced quantity or price level.31  Figure 12 shows quantity 

increases (price decreases in Figure 13) by an equal amount during each step from the 

initial quantity, Bo, to the ending quantity, B΄, resulting from the policy prescription.  

This results from plugging the percentage changes for policy variables listed in the sixth 

column of Table 20 into the model at the start of each step for the given policy 

prescription.  To make the five-step move from A to F, a constant elasticity	  is 

assumed in equation (8).  

(8)          	 ∗    

This allows the implied slope, ( 	 , for a given price ( ) and quantity (  

to be used to re-estimate the tangent hyperplane at the end of each non-linear step.  This 

adjustment procedure is applied to all primary supply and demand curves.  Therefore, X 

in equation (8) can be: blended fuel demand, corn supply, non-corn ethanol production 

input supply, ethanol import supply or gasoline supply. 

 

                                                 
31 More steps were used, but the difference in approximated values using five versus more than five steps is 
trivial. 
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Figure 12. Linear vs. Non-Linear Approximation Procedure for Corn Supplied 
for U.S. Ethanol Production
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Effects of each policy prescription are estimated one thousand times, once for each 

random draw of the elasticity distributions used to test outcomes across a range of 

elasticities.  The model is computed in Excel® and available from the author upon 

request.  Details of the Excel® model are discussed in the appendix.  

 
Model Equations 

 
 

Modeling the U.S. ethanol industry requires the use of behavioral, equilibrium 

and profit equations.  Behavioral equations consist of all primary supply and demand 

curves and linkages between the various markets related to the U.S. ethanol industry.  

Equilibrium equations represent conditions that must be satisfied when the ethanol 

subsidy, tariff and mandate are in place.  Profit equations are used to derive the zero 

profit conditions for fuel blenders and ethanol producers.   

Behavioral and equilibrium equations and their equivalent elasticity and share 

formulas are expressed below.  Elasticity and share formulas are derived in Appendix A.  

Implementing the ethanol use mandate equilibrium equation requires the use of a “policy 

induced wedge,” described at the end of this section.  Profit equations and their resulting 

zero-profit conditions are also presented below.  Variable descriptions and values used to 

calibrate the EDM’s initial equilibrium are discussed in the Variables and Initial Values 

Used section below.  Using ’s to represent demand elasticities, ε to represent supply 

elasticities, E’s as percent change operators and Kij’s to represent cost or revenue shares 

is consistent with Gardner’s (1987) notation.  Share variables specific to this model are  



 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13. Linear vs. Nonlinear Approximation Procedure for U.S. Gasoline Supply. 
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Jij’s representing physical quantity shares, Rij’s representing price shares, and Bij’s 

representing gasoline equivalent fuel shares. 

 
Behavioral Equations 
 

Blended Fuel Demand Function (exogenous equation). 
 

(9) 		 	 		⇒ 				 	  
 
Steps for converting an equation to its equivalent elasticity and share formulas are similar 

regardless of the equation.  The steps for converting the blended fuel demand equation 

are shown below with the steps for the other equations shown in Appendix A. 32 

Step 1: Take total differential 
 	 	 
 

	 	 

 
Step 2: Divide both sides by Fo 

	  

 

Step 3: Multiply RHS by  

	

 

Step 4: Recognize 
	

 =elasticity of blended fuel demand =  

and Percent Changes 

 
 

Figure 4 shows blended fuel demand is the only primary demand curve in the model.  

This follows from the fact that the U.S. vehicle fleet can’t run on pure ethanol.  

                                                 
32 See variables and initial values used section below for detailed variable definitions. 



90 
 
Consequently, consumers purchase a blend of ethanol and gasoline such as E10 or E8533 

not pure ethanol.  The blended fuel market models gasoline equivalent blended fuel 

instead of the physical quantity of blended fuel as explained in the theory section. 

Gasoline Equivalent Blended Fuel Supply Function (Endogenous) 
 

(10) 			 ⇒ 				       34 
 
Quantity of gasoline equivalent blended fuel equals the quantity of gasoline plus the 

quantity of ethanol multiplied by the ethanol to gasoline energy ratio proxy m.  

Multiplying E by m results in the number of gasoline gallons having the same total 

energy content as E ethanol gallons. 

Blended Fuel First Order Condition for Gasoline Factor 
 

(11) 	 			 ⇒ 				 	  
 
See the Policy Induced Wedge Section below for a discussion. 

Blended Fuel First Order Conditions for Ethanol Factor, Zero Profit Condition for 

Fuel Blenders  

(12) 	 	35				 ⇒ 			 	 	  
 
Fuel blending is a competitive industry. Therefore, the price of a gallon of gasoline 

equivalent blended fuel must equal the cost of its gasoline component plus the cost of its 

ethanol component. 

  

                                                 
33 E10 is a mixture of 10 percent ethanol and 90 percent gasoline while E85 is a mixture of 85 percent 
ethanol and 15 percent gasoline. 
34 See Appendix A for step by step conversion of the equation to its equivalent elasticity and share 
formulas.  See variables and initial values used section below for detailed variable definitions. 
35 See fuel blender’s profit equation in equation (25).    
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Gasoline Supply Equation 
 

(13) 				⇒ 				 	  
 

Total Ethanol Supply Equation 
 

(14) 				 ⇒ 				  
 
Total quantity of domestically consumed ethanol must equal the quantity of imported 

ethanol plus the quantity of domestically produced ethanol. 

Imported Ethanol Supply Equation 
 

(15) 		⇒ 			  
 

Domestic Ethanol Production Function 
 

(16) , 			⇒ 			      
 

Quantity of domestically produced ethanol is a function of both corn and non-corn inputs.  

First Order Condition for Corn Factor Used in Domestic Ethanol Production 
 

(17) 	 0		 			⇒ 			 	 	 	  
 

Marginal value product of corn used in U.S. ethanol production must equal the U.S. corn 

price, given the U.S. corn market is competitive.  

First Order Condition for Non-Corn Factor Used in Domestic Ethanol Production 
 

(18) 	 0			 ⇒ 		  
 

Marginal value product of non-corn inputs must equal the non-corn input price, given the 

non-corn input market is competitive. 

Supply Equation for Corn Factor Used in Domestic Ethanol Production 
 

(19) 	⇒ 		  
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Supply Equation for Non-Corn Factor Used in Domestic Ethanol Production 
 

(20) 	⇒ 		  
 

Equilibrium Equations   

 
Ethanol Price Equilibrium Equation 

 

(21) 	 	 ⇒ 	 	 	 
 
Domestic supply price equals the domestic demand price plus the subsidy. 

 
Ethanol Import Price Equilibrium Equation 
 

(22) 	 	 ⇒ 		 	  
 

Imported ethanol. like domestically produced ethanol, receives the subsidy.  Therefore, 

imported ethanol receives the domestic supply price and then has to pay a specific and ad 

valorem tariff.  The imported ethanol price therefore equals the U.S. ethanol supply price 

minus the total tariff. 

Ethanol Use Mandate 
 

(23) 	⇒	 	  
 

The ethanol use mandate specifies the quantity of ethanol that must be domestically 

consumed, not the quantity of ethanol that must be domestically produced. 

 
Profit Equations 
 

Fuel Blender’s Profit  
 

A. Equation 
 
(24)  
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B. Zero Profit Condition 
 

(25) 	  
 

There are many fuel blending firms with unrestricted entry and exit, making fuel blending 

a competitive industry. This implies a zero economic profits condition in the fuel 

blending industry in the long-run.  Satisfying the zero profit condition requires that the 

gross revenue received for blended fuel must equal the total cost of the gasoline and 

ethanol used to produce the blended fuel. 

Ethanol Producer’s Profit 
A. Equation 

(26) 	 	 	 
 

B. Zero Profit Condition 

 
(27) 	  

 
There are many ethanol production firms with unrestricted entry and exit, making fuel 

blending a competitive industry.  This means there are zero economic profits in the fuel 

blending industry in the long run.  Satisfying the zero profit condition requires the gross 

revenue received for ethanol must equal the total cost of the corn and non-corn inputs 

used to produce it. 

 
Policy Induced Wedge 
 

Where: 
PGEE  = price of gasoline equivalent gallon of ethanol 
GEE = gallons of gasoline equivalent ethanol 

 
Figure 14 demonstrates the effect of an ethanol use mandate on the price of 

gasoline equivalent blended fuel.  For graphical comparison, physical gallons of ethanol 
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are converted to gallons of gasoline equivalent ethanol gallons.36  Therefore, all ethanol 

prices are expressed as the price of gasoline equivalent gallons of ethanol.  Originally, 

Figure 14 assumes gasoline, ethanol, and gasoline equivalent blended fuel markets are all 

at free market equilibriums.  Figure 14 shows that at a free market equilibrium the price 

of gasoline, gasoline equivalent ethanol and gasoline equivalent blended fuel must equal 

each other because they are strictly valued for their energy content.  Policy prescriptions 

causing ethanol consumption to change from its free market quantity of GEEo cause the 

price of gasoline equivalent ethanol and gasoline equivalent blended fuel to differ from 

the gasoline price.  This suggests that these policy prescriptions cause ethanol and 

blended fuel to be valued for characteristics other than just their energy content. 

Imposing an ethanol use mandate of GEER gallons of ethanol increases the gallons of 

gasoline equivalent ethanol consumed from GEEo to GEER.  This mandate increases the 

price of gasoline equivalent ethanol from PGEE
o to PGEE΄.  This ethanol price increase 

causes the price of gasoline equivalent blended fuel to rise from PF
o to PF΄ because a 

minimum amount of higher priced gasoline equivalent ethanol is mandated to be used in 

gasoline equivalent blended fuel.  A decline in the quantity of gasoline equivalent 

blended fuel consumed from Fo to F΄, while increasing the quantity of gasoline equivalent 

ethanol that must be included in the gasoline equivalent blended fuel decreases the 

quantity of gasoline consumed from Go to G΄.  This causes the gasoline price to decline 

from PG
o to PG΄.  Imposing an ethanol use mandate increases the price of gasoline  

 

                                                 
36 Equivalent in terms of BTUs/gallon.  One gallon of 100 percent ethanol contains 67.7 percent of the 
energy value of conventional gasoline (Oak Ridge National Laboratory, 2010). 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
37, 38 
 

Figure 14. Effect of Ethanol Use Mandate on Gasoline Market. 
 

                                                 
37 Gallons of gasoline equivalent ethanol. EGE =m *E 
38 From equation 3, the identity must hold PF
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equivalent blended fuel, but decreases the gasoline price.  The gasoline market graph in 

Figure 14 shows imposing an ethanol mandate increases the average cost of supplying a 

gallon of gasoline above the marginal cost of gasoline production by θ. This relationship 

is written out in equation 3 as 	 .			This graph shows how an ethanol mandate 

increases the price per unit of energy provided by gasoline equivalent blended fuel. 

 
Variables and Initial Values Used 

 
 

Tables 17 through 20 summarize the variables, elasticities, factor shares, initial 

factor share values and percent changes used in the EDM.  Model variables are organized 

in Table 17 based on whether they are primary variables, a calculated variable computed 

using primary variables, a policy prescription variable or a miscellaneous variable used to 

in the model’s mathematical representation. 

 
Table 17. Variables Used in Policy Simulation Models. 

 Abrev Units Formula 

Primary Variables    

Quantity of Gasoline G Millions of 
Gallons39 

NA 

Gasoline Price  $ /Gallon 

Quantity of Ethanol 
Domestically Consumed 

E Millions of 
Gallons 

NA 

Quantity of Imported Ethanol    Millions of 
Gallons 

NA 

Domestic Ethanol Supply Price   $ / Gallon NA 

Quantity of Ethanol 
Domestically Produced 

D Millions of 
Gallons 

NA 

 
 
                                                 
39 Initial value of G is actually calculated as explained in Table 1, however the physical (not gasoline 
equivalent) quantity of blended fuel isn’t used anywhere in the model besides to compute initial value of G, 
so G is treated as a raw variable. 
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Table 17. Variables Used in Policy Simulation Models (continued). 

 Abrev Units Formula 

Calculated Variables    

Quantity of Corn Used to 
Domestically Produce Ethanol 

C Millions of 
Bushels 

NA 

Domestic Corn Price    $ / Bushel NA 

    

Calculated Variables    

Imported Ethanol Price  $ / Gallon PD – T 

Domestic Ethanol Demand 
Price 

 $ / Gallon PD - S 

Quantity of Gasoline 
Equivalent40 Blended Fuel 

F Millions of 
Gallons 

G + .677E 

Gasoline Equivalent Blended 
Fuel Price 

 $ / Gallon ∗
.677

 

 

Quantity of Non-Corn Inputs 
Used to Domestically Produce 
Ethanol 

N Units of Non-
Corn Inputs 

∗ ∗
 

Non-Corn Input Price  $ / Gallon of 
Ethanol 
Domestically 
Produced 

PE – (Pc /r)
41 

 

Ethanol to Gasoline Energy 
Ratio Proxy 

m  42 

Gallons of Ethanol Produced 
Per Bushel of Corn 

r  
 

    

 
  

                                                 
40 Equivalent in terms of BTUs/gallon.  One gallon of 100% ethanol contains 67.7 percent of the energy 
value of conventional gasoline (Oak Ridge National Laboratory, 2010). 
41 Holfstrand (2011) directly calculates for hypothetical northern Iowa Ethanol plant, but identities don’t 
hold when these values are used. 
42 The actual ethanol energy ratio is .677.  For every unit volume of gasoline producing one BTU of energy, 
that same volume of ethanol would produce .677 BTUs of energy. PE / PG  is used instead as a proxy for the 
gasoline ethanol energy ratio to satisfy the fuel blender’s zero profit condition.  Given initial prices and 
quantities, m is the implied ethanol to gasoline energy ratio satisfying the fuel blender’s zero profit 
condition.  See Equations (2) and (4) in Appendix . 
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Table 17. Variables Used in Policy Simulation Models (continued). 

 Abrev Units Formula 

Calculated Variables    

Policy Prescription Variables    

Ethanol Subsidy S $ / Gallon  

Ethanol Tariff T $ / Gallon specific tariff + ad 
valorem tariff 
= specific tariff + 
.025*  43 
 

Quantity of Ethanol Mandated 
to be Used by RFS Program 

ER Gallons  

    

Miscellaneous Variables    

Policy Induced Wedge  Amount by Which 
Average Price of 
Gallon of Gasoline 
Equivalent Blended 
Fuel Increases 
Above the 
Marginal Cost of 
Gasoline 
Production When 
an Ethanol 
Mandate is 
Imposed. 

 

First Derivative of Domestic 
Ethanol Production Function 
taken w.r.t. corn 

   

First derivative of domestic 
ethanol production function 
taken w.r.t. non-corn factor 

   

  

                                                 
43 Specific Tariff has varied over the course of the ethanol program, but the Ad Valorem Tariff has always 
been 2.5 percent. 
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Table 18 lists the elasticities used to calculate the equilibrium displacement model. 
 
 
Table 18. Elasticities. 
 

Elasticity Abbreviation Formula 
Demand Elasticity for Blended Fuel        NA 
Total Supply Elasticity for U.S. Gasoline         . 36 .64 44 
Supply Elasticity for U.S. Corn   45         NA 
Supply Elasticity for Non-Corn Inputs         NA 
Supply Elasticity for Imported Ethanol          
Supply Elasticity for Domestically Produced Crude 
Oil 

        

Supply Elasticity for Imported Crude Oil          
Elasticity of Substitution in Prod. of Domestic 
Ethanol Between Corn and Non-Corn Inputs 

        

Elasticity of Substitution in Prod. of Domestic 
Ethanol Between Corn and Corn Inputs 

  

Elasticity of Substitution in Prod. of Domestic 
Ethanol Between Non-Corn and Non-Corn Inputs 

        

 

In Table 19, the variable Jij’s  represents physical quantity shares, Rij’s represent 

price shares, Kij’s represent cost or revenue shares and Bij’s represent gasoline equivalent 

fuel shares. 

Factor shares are calculated by taking an average of the variables of interest46 

over the past three years, 2008 to 2010.47  Factor shares are computed using 3 year 

averages to ensure shocks, such as abnormal growing conditions do not substantially 

affect model calibration.  Initial factor share values are presented in Table 20. 

  

                                                 
44 Derived in equation (4) of data section. 
45 From derivation of equation 11 it follows εC is actually long-run elasticity of corn supply used for U.S. 
ethanol production.  However, the long-run elasticity of total U.S. corn supply is used instead since there 
are no estimates for the long-run elasticity of corn supply used for U.S. ethanol production. 
46 A three year average of the variables used to compute the factor shares was taken, but not a three year 
average of the annual factor shares. 
47 Due to the short and recent time period averaged over, nominal prices are used.   
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Table 19. Factor Shares. 

Factor Share Abbreviation Formula 
Corn’s Share of Com. Ethanol Production Costs          48 

Non-Corn Input’s Share of Com. Ethanol 
Production Costs 

     
 

Ethanol’s Physical Share of Gasoline Equivalent 
Gallons of Fuel 

         

Gasoline’s Physical Share of Gasoline Equivalent  
gallons of Fuel 

        

Dom. Produced Ethanol’s Share of Dom. Ethanol 
Cons.      

       

Imported Ethanol’s Share of Dom. Ethanol Cons.               

Gasoline’s Share of Fuel Blender’s Revenue       	  

Ethanol’s Share of Fuel Blender’s Revenue           

Domestic Ethanol Demand Price’s Share of Ethanol 
Supply Price 

         49 

Ethanol Import Price’s Share of Supply Price                50 

Gasoline Price’s Share of Blended Fuel Price        

Ethanol Price’s Share of Blended Fuel Price       
 

Ethanol’s Energy Share of Gasoline 
Equivalent Gallons of Fuel 

       

Gasoline’s Energy Share of Gasoline 
Equivalent Gallons of Fuel 

      

 
 
  

                                                 
48 Knots represent initial values before any new policy prescriptions were induced.  Therefore, shares 
represent conditions before new policy prescriptions are applied to the model. 
49 PD –S = PE

 

50 PI = PE + T +.025 PE – S, where .025 is the 2.5  percent ad-valorem tariff. 
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Table 20. Initial Factor Share Values. 

Category Share Initial 
Value 

Production Costs Corn’s Share of Domestic Ethanol Production Costs (KCD) 0.78 
Non-Corn Input’s Share of Domestic ethanol production 
costs (KND) 

0.22 

Gasoline 
Equivalent Fuel 
Shares 

Ethanol’s Share of Gasoline Equivalent Gallons of Blended 
Fuel (BEF) 

0.06 

Gasoline’s Share of Gasoline Equivalent Gallons of 
Blended Fuel (BGF) 

0.94 

Physical Blended 
Fuel Shares 

Ethanol’s share of gasoline equivalent gallons of fuel (JEF) 0.08 
 

Gasoline’s share of gasoline equivalent gallons of fuel (JGF) 0.94 
Domestic Ethanol 
Consumption 

Domestically produced ethanol’s share of domestic ethanol 
consumption (JDE) 

0.98 

Imported ethanol’s share of domestic ethanol consumption 
(JIE) 

0.02 

Fuel Blender’s 
Revenue 

Gasoline’s share of fuel blender’s revenue (KGF) 0.92 
Ethanol’s share of fuel blender’s revenue (KEF) 0.08 

Blended Fuel 
Price Shares Gasoline demand price’s share of blended fuel price and 

percent changes (RGF) 

1 

Gasoline demand price’s share of blended fuel price and 
percent changes (REF) 

0.74 

Ethanol Demand 
Price Shares 

Domestic ethanol demand price’s share of ethanol supply 
price (RED) 

0.77 

Ethanol import price’s share of ethanol demand price (RID) 0.71 
 

E(٠) is the percent change operator and applied to various variables in the Model 

equations section below.  The interpretation of percentage changes in model variables is 

straightforward.  However, the interpretation of policy prescription variables and the 

policy induced wedge depends on what the policy change is expressed as a percentage of.  

For example, E(S) is not expressed as a percent change in the subsidy itself but as a 

change in the subsidy as a percentage of the ethanol supply price.  Interpretations of 

policy prescription variables and the policy induced wedge are provided in Table 21 

below.  
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Table 21. Percent Changes for Policy Prescription Variables and the 
Policy Induced Wedge. 

Abbreviation Description Formula 

 

Change in amount by which average gasoline equivalent 
blended fuel price is above the marginal cost of gasoline 
production as percentage of the gasoline equivalent blended 
fuel price. 

 

 
Change in total tariff (specific and ad valorem) per gallon as 
percentage of .  

 
Change in subsidy (blenders credit) per gallon as percentage 
of .  

 
change in RFS (ethanol use mandate) as percent of Eo  

 

Data 
 
 

Two different types of data were used to calibrate the EDM.  Annual data for 

2008 – 2010 for primary variables were directly entered into the model and used to 

compute values for the “calculated variables.”  In addition, a review of the literature was 

conducted to find estimated elasticities.  When there was consensus surrounding 

elasticity’s appropriate value, a point elasticity was used.  However, when there was 

disagreement over an elasticity’s appropriate value, the elasticity was treated as 

stochastic.  The development of distributions used to model stochastic elasticities is 

explained in the elasticities section below. 

 
Variables and Initial Values Used in 
the Equilibrium Displacement Model 
 

Data on the quantities of domestically produced ethanol were collected from the 

U.S. Energy Information Administration (2010b) and quantities of ethanol imported and 

domestically consumed are from the Renewable Fuels Association (2011b).  Bushels of 
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corn used to produce domestic ethanol and prices received by corn farmers are from the 

USDA’s Economic Research Service (2011a).  Gasoline and ethanol demand prices are 

from the Nebraska Energy Office (2011). Lastly, quantities of non-corn inputs used to 

produce ethanol, price of non corn inputs used per gallon of ethanol produced, quantity of 

gasoline consumed, gasoline equivalent blended fuel price, quantity of gasoline 

equivalent blended fuel consumed, ethanol demand price, imported ethanol price, 

absolute tariff, ethanol to gasoline energy ratio proxy, gallons of ethanol produced per 

bushel of corn, fuel blender’s profit and ethanol producer’s profit are calculated by the 

author using information contained in the other variables.  The amount of the fuel subsidy 

came from Table 1.  The mandate quantity is the amount specified by the 2007 RFS. 

The EDM is calibrated using a three-year average of all variables from 2008 to 

2010 to reduce the impacts of shocks that may have occurred in 2010.  Moreover, a three-

year average was used instead of a five-year average to account for recent large structural 

changes in the U.S. ethanol industry, including the implementation of the 2007 RFS 

program.  Nominal prices are used due to the short time frame.   

Variables used in model calibration include both raw variables taken from data 

and calculated variables.  Quantity of non-corn inputs used to produce ethanol, corn 

price, cost of non-corn inputs used per gallon of ethanol produced, quantity of gasoline 

consumed, gasoline equivalent fuel price, quantity of gasoline equivalent blended-fuel 

consumed, price of ethanol demanded, price of imported ethanol, absolute tariff, gasoline 

to energy ratio proxy and gallons of ethanol produced per bushel of corn, fuel blender’s 

profit and ethanol producer’s profit are all calculated.  All other variables are raw data. 
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The initial values used to calibrate the model are summarized in Table 22 and 

categorized based on the factor share they are used to compute.  Many of the variables 

used to compute factor shares in the EDM are also used in the econometric model.  

However, different data sources are sometimes used for the same variables in the EDM 

versus the econometric model.  This is necessary as the EDM requires data from 2008 to 

2010, while the econometric model requires data from 1994 to 2009.  

 
Table 22. Initial Values Used to Calibrate Equilibrium Displacement Model. 
Category Variable Value  Source 

Ethanol Production 
Cost Share 
Variables 

Quantity of Ethanol 
Domestically Produced (D) 

10,969 Million Gallons U.S. Energy 
Information 
Administration, 
2010b 

Quantity of Non-Corn Input 
Used to Produce Ethanol (N) 
 

10,969 Million Units Calculated 

Bushels of Corn Used to 
Produce Domestic Ethanol (C) 
 

4,292 Million Bushels USDA 
Economic 
Research 
Service, 2011a 

Corn Price (PC )
51    

 
$ 4.12 / Bushel USDA 

Economic 
Research 
Service, 2011a 

Cost of Non-Corn Inputs Used 
Per Gallon of Ethanol 
Produced (PN) 

$0.46 / Gallon of Ethanol 
Produced 

Calculated 

 
 
 
 
 
 
 
 

                                                 
51 Corn price received by farmers. 
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Table 22. Initial Values Used to Calibrate Equilibrium Displacement Model (continued). 

Category Variable Value  Source 

Domestic Ethanol 
Consumption and 
Gasoline 
Equivalent Fuel 
Share Variables 

Quantity of Gasoline 
Consumed (G) 
 

126,763 Million Gallons Calculated: 
Blended Fuel 
Data from: 
U.S. Energy 
Information 
Administration, 
2011g52 

Gasoline Price (PG) 
 

$ 2.17 / Gallon Nebraska 
Energy Office, 
201153 

Gasoline Equivalent Blended 
Fuel Price (PF) 
 

$2.17 / Gallon Calculated 

Quantity of Gasoline 
Equivalent54 Blended Fuel 
Consumed (F) 
 

135,016 Million Gallons Calculated 

Quantity of Ethanol Imported 
(I) 
 

253 Million Gallons Renewable 
Fuels 
Association, 
2011b 

Quantity of Ethanol 
Domestically Consumed (E) 

11,223 
Million Gallons 

Renewable 
Fuels 
Association, 
2011b 

Miscellaneous 
Shares 

Price of Domestic Ethanol 
Supplied (PD) 

 

$ 2.06 / Gallon Nebraska 
Energy Office, 
2011 

Price of  Ethanol Demanded 
(PE) 
 

$ 1.59 / Gallon Calculated 

Price of Imported Ethanol (PI) 
 

$ 1.47 / Gallon Calculated 

                                                 
52 EIA refers to total blended fuel as total finished motor gasoline (U.S. Energy Information 
Administration, 2011i).  Gallons of blended fuel reported by EIA include both gasoline and ethanol and is 
therefore different than gallons of gasoline equivalent blended fuel. (Gallons of Blended Fuel – .33E) = F.  
Similarly, gallons of gasoline consumed can be approximated by subtracting gallons of ethanol consumed 
from gallons of blended fuel consumed.  
53 Omaha, NE used because retail prices are typically for blended fuel. 
54 Equivalent in terms of BTUs/gallon.  One gallon of 100% ethanol contains 67.7% of the energy value of 
conventional gasoline (Oak Ridge National Laboratory, 2010). 
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Table 22. Initial Values Used to Calibrate Equilibrium Displacement Model (continued). 

Category Variable Value  Source 

Policy Prescription 
Variables 

Fuel Subsidy ($/Gallon) 
 

$ 0.47 / Gallon Table 1. 

Absolute Tariff ($/Gallon) $ 0.59 / Gallon Calculated 

Mandate Quantity (Millions of 
Gallons) 

15,000 Million Gallons55  

Ratios Ethanol to Gasoline Energy 
Ratio Proxy (m) 

.74 Calculated 

Gallons of Ethanol Produced 
Per Bushel of Corn (r)  

2.56 Calculated 

Profits Fuel Blender’s Profit (πB) 0 Calculated 

Ethanol Producer’s Profit (πP) 0 Calculated 

 
 
Elasticities: Overview 
 

All elasticities used in the EDM are provided in the existing literature.  Because 

the model assumes a homogenous of degree 1 (HOD1) production function, only long-

run elasticities are used.  Table 25 provides an overview of elasticity values taken from 

the literature.  Details surrounding estimates of each elasticity found in the literature and 

methods used to model stochastic elasticities are presented below. 

Elasticities: U.S. Gasoline Demand 

 
The EDM uses the elasticity of demand for gasoline equivalent blended fuels 

rather than the elasticity of demand for U.S. gasoline, because the quantity of gasoline 

equivalent blended fuels is expressed in gallons of gasoline equivalent fuel.  Both the 

U.S. Energy Information Administration (1995) and Small and Van Dender (2007) 

                                                 
55 Specified by 2007 RFS. 
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estimate the long-run elasticity of U.S. gasoline demand to be -0.38.56  This is the most 

recent estimate, reflecting current policies and better controlling for corporate average 

fuel economy standards, correlation between vehicle age and fuel economy, geographical 

correlation between fuel prices, other variable driving costs, and the declining share of 

gasoline in total driving costs (Parry and Small, 2005). 

 
Elasticities: U.S. Corn Supply 
 

The majority of literature on the effects of ethanol policy on U.S. corn prices uses 

short-run U.S. corn supply elasticities.  This is likely due to two primary reasons: first, 

many studies are concerned with immediate ethanol policy impacts; and, structural 

changes in the U.S. corn industry have posed difficulties in estimating the U.S. corn 

supply elasticity.  Moreover, Meyers (personal communication, July 11, 2011) suggests 

that relevant long-run U.S. corn supply estimates are sparse, because U.S. corn supply 

responses heavily depend on policies and price levels at a given point in time.  Gallagher 

(2003) estimated the U.S. corn supply elasticity to be 0.6, Gardner (2007) assumed it to 

be 0.5, and the Food and Agricultural Policy Research Institute’s (FAPRI) U.S. Crops 

model estimated it to be 0.61 (personal communication, July 11, 2011).  Although the 

estimated and assumed values are consistent, the FAPRI estimate is used because it 

reflects current corn policies and price levels.   

 

                                                 
56 More elastic estimates exist, but these values primarily come from studies conducted before 1990 or with 
data from foreign countries (Congressional Budget Office, 2008).  Long-run gasoline demand elasticities 
before 1990 ranged from -0.5 to -1.1 (Parry and Small, 2005).  This may explain why Gallagher (2003) 
used a value of -.8 based on assumptions and literature review. Cui et al. (2010) and Parry and Small 
(2005) assume values of -0.5 and -.55 respectively based on a literature review and conduct sensitivity 
analysis.  These values are consistent with the assumed value of -0.38 used from the most recent literature  
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Elasticities: Supply for Non-Corn Inputs 

 
Gardner (2007) suggests the long-run supply of non-corn inputs is highly elastic, 

because the supply of labor and natural gas are perfectly elastic to the ethanol industry.  

In addition, constraints imposed by fixed ethanol production capacity and ethanol plant 

construction capacity are relaxed in the long-run.  Therefore, following Gardner (2007), a 

range of 2 to 10 is used as the long-run elasticity for non-corn inputs.  Outcomes are 

evaluated over this range of potential elasticities. 

 
Elasticities: Imported Ethanol 
 

There is debate surrounding an appropriate estimate of a long-run ethanol import 

supply elasticity.  Martinez-Gonzalez et al. (2007) estimates it to be 0.16, which is highly 

contrast to Tokgoz and Elobeid’s (2007) implied elasticity of 2.76 and de Gorter and 

Just’s (2008a) estimated elasticity of 2.69.57 58  However, de Gorter and Just (2008a) 

suggest that Martinez-Gonzalez et al.’s estimate may be correct, because it reflects the 

sudden ethanol demand growth in countries such as Japan and in Europe.  To 

accommodate the discrepancy in the literature, the analysis in this study evaluates 

outcomes over a range of potential long-run ethanol import supply elasticities, between 

0.16 and 2.69. 

 
  

                                                 
57 de Gorter and Just’s  (2008a) long-run U.S. import supply elasticity calculated using stylized supply and 
demand parameters for Brazilian ethanol. 
58 Martinez-Gonzalez et al. (2007) assume the U.S. and Brazil are the only two participants in the world 
ethanol market.  Therefore, the long-run Brazilian export supply elasticity is assumed to be the same as the 
long-run U.S. import supply elasticity. 
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Elasticities: U.S. Gasoline Supply 
 

Elasticity estimates of U.S. gasoline supply are sparse.  Koshal et al. (1991) 

estimated the long-run supply elasticity to be 4.2.  Therefore, I follow Crago and Khanna 

(2011) to calculate the U.S. gasoline supply elasticity as a weighted average of the long-

run elasticity of domestic and imported crude oil.  Crago and Khanna (2011) weight the 

elasticity of U.S. gasoline supply based on the portion of petroleum products, rather than 

domestically produced crude oil.  However, because petroleum products (defined by the 

U.S. Energy Information Administration, 2011c) contain kerosene and asphalt, which are 

not used in the production of gasoline, the U.S. gasoline supply elasticity in this study is 

instead weighted using the imported crude oil’s share of the total U.S. crude oil supply 

between 2001 and 2010.  The formula for the U.S. gasoline supply elasticity is: 

(28) 			  
   

The elasticity of U.S. total gasoline supply (ε ) equals domestically produced 

crude oil’s share of total U.S. crude oil supply (R ) times the elasticity supply for 

domestically produced crude oil (ε ) plus imported crude oil’s share of total U.S. crude 

oil supply (R ) times the elasticity of supply for imported crude oil (ε ). 

The ten-year average of total U.S. crude oil imports is 64 percent annually (U.S. 

Department of Energy, 2011c,d,e), a proportion that has not changed greatly over the past 

ten years as shown in Figure 15.  Therefore, equation (3) can be written as: 

(29) 	 .36 . 64  
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Although a small amount of finished gasoline is imported into the United States, Figure 

16 shows that the average imported amount during the past ten years has only been 4.6 

percent (U.S. Department of Energy 2011a,b).  Because the portion of total U.S. finished 

gasoline imported is trivial, it is assumed that all finished gasoline is produced in the 

United States.   

 

 
Source: U.S. Department of Energy, 2011 a, c, and f. 
 
Figure 15. Percent of Total U.S. Crude Oil Imported, 1984 – 2011. 
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Figure 16. Percent of U.S. Finished Gasoline Imported, 1984 – 2011. 
 
 

Existing literature also provides only few empirical estimates of long-run U.S. 

crude oil supply elasticities, likely due to the difficulty associated with separating the 

Hotelling effect (Huntington, personal communication, July 16, 2011).  That is, higher 

prices encourage more crude oil production but also encourage producers to retain some 

production for future delivery in anticipation of continued price increases.  Gately (2004) 

estimates long-run crude oil supply elasticity for non-OPEC countries to be between 0.15 

and 0.58, conditional on assumptions.  Huntington (1994) assumes a 0.4 long-run 

elasticity of oil supply for non-OPEC countries.  In an earlier study, Huntington (1992) 

summarized estimates of long-run U.S. oil supply elasticities, which are reproduced in 

Table 23.  This range of estimates are consistent with those in Gately (2004). 
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Table 23. Estimates of the Long-Run U.S. Oil Supply Elasticity, 
Huntington (2002). 

Model / Source Elasticity 
OMS(EIA) 0.34 
Gately 0.577 
ETA-MACRO 0.215 
Penn-BU 0.162 
CERI 0.195 
HOMS 0.522 
FRB-Dallas 0.475 
DFC-CEC 0.5 
HOMS-I 0.662 
       Average 0.4053 
       Standard Deviation 0.1825 
      Coefficient of 
      Variation 

0.45 

Source: Huntington 1992, From Table 14A.3 
 
 

Even less work has been done on the long-run supply elasticity of crude oil 

imports.  Leiby (2008) explains that the U.S. oil import elasticity is determined by both 

the response of oil suppliers and the response of net oil importers in the rest of the world. 

He reports the U.S. import supply elasticity of oil is between 4.3 to 18, with a 90 percent 

confidence interval and a mean of 8.9.  Unlike Crago and Khanna (2011), who use this 

rounded mean to get a value of 9 for the long-run U.S. import supply elasticity of oil, 

sensitivity analysis is conducted to account for the entire range of possible crude oil 

import supply elasticities.   
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Table 24. Calculating the Range of U.S. Gasoline Supply Elasticities 
to Test with Sensitivity Analysis. 

 rTO
D rTO

i εDO
S εIO

S εG
S 

Min εG
s 0.36 0.64 0.1659 4.360 2.8 

Max εg
s 0.36 0.64 0.6661 1862 12.1 

 
 
Table 24 lists values used to calculate the minimum and maximum values for the range of 

the long-run total U.S. gasoline supply elasticity using equation (3).  The minimum value 

is calculated using the minimum value for the elasticity of supply for domestically 

produced crude oil and the minimum value for the elasticity of supply for imported crude 

oil.  A similar procedure using the maximum values is used to calculate the maximum 

value for the U.S. gasoline supply elasticity.  Therefore, outcomes are evaluated over the 

range of potential U.S. gasoline supply elasticities from 2.8 to 12.1. 

 
Elasticities: Substitution between 
Corn and Non-Corn Inputs 
 

No empirical work has been performed to estimate the elasticity of substitution 

between corn and non-corn inputs.  It is assumed the elasticity of substitution between 

corn and non-corn inputs is inelastic and valued at 0.5, because there is a narrow range in 

which corn and non-corn inputs can be substituted for each other. 

  

                                                 
59 Huntington (1991) 
60 Leiby (2008) 
61 Huntington (1991) 
62 Leiby (2008) 
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Table 25. Elasticities of Interest, Values, and Sources. 

Elasticity Initial 
Estimate 
Used in 
Model 

Est. Source Notes 

Elasticity of U.S. 
Gasoline Demand 
(  
 

-0.38 

-0.38 U.S. Energy Information 
Administration, 1995 

Value used by 
Congressional Budget 
Office for several 
studies. 

-0.38 Small, K.  & Van Dender K. (2007).    
-0.5 Cui et al., (2010) Assumed value based 

on Toman, Griffen and 
Lempert (2008) and 
conduct sensitivity 
analysis on range [-.9, 
-.2]. 

-0.55 Parry and Small (2005) Assumed value 
between pre-1990 
estimates and U.S. 
Department of Energy 
(1995). 

-0.8 Gallagher et al., 2003 Long-run estimate 
based on literature and 
own estimations.  
Estimates assume 
technology 
(miles/gallon) is given 
and includes feedback 
from gasoline prices to 
GDP. 

U.S. Corn Supply 
( ) 

0.61 

0.5 Gardner, 2007 Assumed. 
0.6 Gallagher et al., 2003  
0.61 FAPRI U.S Crops Model, Scott 

Gerlt, 2011 
Model includes cross 
price effects (Pat 
Westhoff, 2011).  

Non-Corn Inputs 
Used in Domestic 
Ethanol 
Production(  

Evaluate 
outcomes 
over range of 
2 to 10. 

2 to 10 Gardner, 2007  

Imported Ethanol 
( ) 

Evaluate 
outcomes 
over range of 
0.16 to 2.76. 

2.69 de Gorter and Just, 2008a Calculated using 
stylized supply and 
demand parameters for 
Brazilian ethanol.   

2.76 Tokgoz and Elobeid, 2007 Elasticity is implied. 
0.16 Martinez-Gonzalez et al., 2007  

U.S. Gasoline 
Supply ( ) 

Evaluate 
outcomes 
over range of 
2.8 to 12.1. 

4.2 Koshal et al. (1991)  
 Followed Crago and Khanna, 2011.  

Leave domestic and imported oil 
supply curves separate. 

Proxied for using a 
weighted sum of 
domestic and imported 
crude oil supply 
elasticities. 

Elasticity of 
Substitution 
Between Corn 
and Non-Corn 
Inputs 

0.5 

 No literature available. Assumed. 
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Elasticities: Evaluating Outcomes  
over Range of Potential Elasticities 
 

Table 26 summarizes elasticity estimates used in the EDM.  Point estimates are 

used for the elasticity of demand for gasoline equivalent blended fuel and the elasticity of 

corn supply.  However, outcomes must be evaluated over the range of potential supply 

elasticities for non-corn inputs in ethanol production, ethanol imports and gasoline.  This 

results in a distribution of possible ending values for model prices and quantities. 

 
Table 26. Elasticities Used in Equilibrium Displacement Model. 

Elasticity Point 
Estimate 

Elas. Evaluation Range 
Low High  

Demand Elasticity for Blended Fuel (ηF) -0.38 NA NA 
Supply Elasticity for Corn (εC) .61 NA NA 
Supply Elasticity for Non-Corn Inputs in 
Ethanol Production (εN) 

NA 2 10 

Supply Elasticity for Ethanol Imports (εI) NA 0.16 2.76 
Supply Elasticity for Gasoline (εG) NA 2.8 12.1 
 
 

Evaluating outcomes over the range of possible elasticities by modeling elasticity 

distributions follows Brester et al. (2004).  Unlike Brester et al. (2004), which uses joint 

distributions to conduct sensitivity analysis on correlated elasticities, the three non-point 

elasticities are assumed independent and modeled with independent distributions.  Non-

corn inputs primarily consist of labor, natural gas and capital.  The percentage of total 

natural gas, labor and capital used in U.S. ethanol production is small.  Therefore, even if 

one of the components of non-corn inputs are correlated with the supply elasticity for 

gasoline or the supply of ethanol imports, a change in the quantity of domestically 

produced ethanol will have little effect on the total supply of labor, natural gas and 

capital.  In addition, the supply of ethanol imports is primarily influenced by the world 
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sugar price and ethanol demand in the rest of the world and not U.S. gasoline or U.S. 

non-corn input supply.   

The mean and standard deviation calculated from elasticity estimates determines 

the Beta distribution used to independently model the three distributions.  There are no 

long-run supply elasticity estimates for non-corn inputs used in domestic ethanol 

production, only a range of 2 to 10 assumed by Gardner (2007).  Furthermore, Table 25 

shows there are only three long-run estimates of imported ethanol’s supply elasticity.  

However, the U.S. gasoline supply elasticity is calculated based on the weighted 

elasticities of United States and imported crude oil supply elasticities.  Leiby (2008) 

provides the only recent estimate of the long-run elasticity of imported crude oil, but 

Table 23 shows there are nine estimates of the long-run U.S. crude oil supply elasticity.  

The large number of long-run U.S. crude oil supply elasticity estimates allows its 

standard deviation and mean to determine the Beta distribution used to model the three 

independent distributions.  The average, standard deviation and coefficient of variation 

for the long-run U.S. crude oil supply elasticity estimates are reported in Table 23.  To 

calculate the beta distribution corresponding to a given mean and standard deviation 

define relevant variables as follows: 

K1  =  distribution’s lower bound 
K2  =  distribution’s upper bound 
 θ1  =  number of standard deviations K1 is below the mean  
 θ2  =  number of standard deviations K2 is above the mean 

 
For a standardized Beta distribution K1 = 0 and K2 = 1.  Therefore, the general case 
follows: 
 

	 0
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	 	 1
 

 
Applying values from estimates of the long-run U.S. crude oil supply elasticity results in:  

 
. 4053 0
. 1825

2.22 

 
1 .4053
. 1825

3.26 

 
Therefore: 

 

1
2.22

2.22 3.26
2.22 ∗ 3.26 1 2.52 

 

1
3.26

2.22 3.26
2.22 ∗ 3.26 1 3.71 

 
 

The mean of 0.4053 and standard deviation of 0.1825 suggest a Beta (2.52, 3.71) 

distribution should be used to independently model the three distributions.  One-thousand 

elasticity estimates are randomly drawn from the Beta (2.52, 3.71) distribution for each 

independently distributed elasticity and then combined to get 1,000 randomly generated 

sets of elasticity estimates for the three non-point supply elasticities.  

 
Results 

 
 

Results from the equilibrium displacement model approximated using both linear 

and non-linear approximation procedures are reported in Table 28.  Running the model 

one thousand different times for each policy prescription, while conducting sensitivity 

analysis, requires reporting summary statistics.  The mean, min, max, standard deviation, 

five percent quartile and ninety-fifth percent quartile are reported.   
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Figures 18 through 20 demonstrate minor differences between the distributions of 

simulated results using linear versus non-linear approximation procedures.  Differences 

between variables estimated using linear versus non-linear approximation procedures are 

smaller than expected due to the neighborhoods approximated and offsetting effects 

between supply and demand curves.  Some of the neighborhoods approximated appear to 

be non-marginal approximations but are not sufficiently large to generate large 

differences between results of the linear and non-linear approximation procedures.  Since 

differences in approximations using linear versus non-linear procedures are small, the 

effects of the four policy prescriptions are compared using distributions of outcomes 

generated using the linear approximation procedure.  Unless stated otherwise, the 

discussion refers to the mean of approximated variables. 

Table 27 summarizes the primary effects of each policy prescription.  Variables 

are only included in the table if a policy prescription causes them to change more than 

five percent from their original value.  The effect of a policy prescription on a variable is 

considered small if the policy prescription causes the variable to change less than five 

percent from its original value.   



 

Table 27. Primary Effects of Ethanol Policy Prescriptions. 

Policy Prescription Variables Significantly Effected Initial Value Ending Value Percent 
Change 

Eliminate All Ethanol Programs Quantity of Ethanol Domestically 
Produced (D) 

10,969 Million Gallons 8,877 Million Gallons ↓ 19% 

Quantity of Corn Used to 
Domestically Produce Ethanol (C) 

4,292 Million Bushels 3,575 Million Bushels ↓ 17% 

Quantity of Non-Corn Inputs Used to 
Domestically Produce Ethanol (N) 

10,969 Million Units 7,949 Million Units ↓28% 

Domestic Corn Price (PC) $4.12 / Bushel $2.99 / Bushel ↓27% 
Non-Corn Input Price (PN) $.46 /Gallons of Ethanol 

Produced 
$0.43 / Gallon of Ethanol Produced ↓7% 

Quantity of Imported Ethanol (I) 253 Million Gallons 280 Million Gallons ↑11% 
Quantity of Ethanol Domestically 
Consumed(E) 

11,223 Million Gallons 9,157 Million Gallons ↓18% 

Domestic Ethanol Supply Price (PD) $2.06 / Gallon $1.60 / Gallon ↓22% 
Imported Ethanol Price (PI) $1.47 / Gallon $1.60 / Gallon ↑ 9% 

Keep Mandate at Current Level 
and Eliminate Tariffs and 
Subsidy 

Quantity of Imported Ethanol (I) 253 Million Gallons 372 Million Gallons ↑ 47% 
Domestic Ethanol Demand Price (PE) $1.59 / Gallon $2.04 / Gallon ↑28% 
Imported Ethanol Price (PI) $1.47 / Gallon $2.04 / Gallon ↑ 39% 

Eliminate Tariffs and Subsidy 
and Increase Mandate to 15 
Billion Gallons 

Quantity of Ethanol Domestically 
Produced (D) 

10,969 Million Gallons 14,458 Million Gallons ↑ 32% 

Quantity of Corn Used to 
Domestically Produce Ethanol   (C ) 

4,292 Million Bushels 5,488 Million Bushels ↑ 28% 

Quantity of Non-Corn Inputs Used to 
Domestically Produce Ethanol (N) 

10,969 Units 16,003 Units ↑ 46% 

Gasoline Equivalent Blended Fuel 
Price (PF) 

$2.17/ Gallon $2.29 / Gallon ↑ 6% 

Domestic Corn Price (PC) $4.12 / Bushel $6 / Bushel ↑ 46% 
Non-Corn Input Price (PN) $.46 / Unit $.5 / Unit ↑ 9% 
Quantity of Imported Ethanol (I) 253 Million Gallons 542 Million Gallons ↑ 114% 
Quantity of Ethanol Domestically 
Consumed (E) 

11,223 Million Gallons 15,000 Million Gallons ↑ 25% 

Domestic Ethanol Supply Price (PD) $2.06 / Gallon $2.84 / Gallon ↑ 38% 
Domestic Ethanol Demand Price (PE) $1.59 / Gallon $2.84 / Gallon ↑ 79% 
Imported Ethanol Price (PI) $1.47 / Gallon $ 2.84 / Gallon ↑ 93% 

119



 

 
Table 27. Primary Effects of Ethanol Policy Prescriptions (continued). 

Increase Mandate to 15 Billion 
Gallons and Leave Tariffs and 
Subsidy in Place 

Quantity of Ethanol Domestically 
Produced (D) 

10,969 Million Gallons 14,577 Million Gallons ↑ 33% 

Quantity of Corn Used to 
Domestically Produce Ethanol   (C ) 

4,292 Million Gallons 5,529 Million Gallons ↑ 29% 

Quantity of Non-Corn Inputs Used to 
Domestically Produce Ethanol (N) 

10,969 Units 16,175 Units ↑ 47% 

Domestic Corn Price (PC) $4.12 / Bushel  $6.06 / Bushel ↑ 47% 
Non-Corn Input Price (PN) $0.46 / Unit $0.5 / Unit ↑ 9% 
Quantity of Imported Ethanol (I) 253 Million Gallons 423 Million Gallons ↑ 67% 
Quantity of Ethanol Domestically 
Consumed (E) 

11,223 Million Gallons 15,000 Million Gallons ↑ 34% 

Domestic Ethanol Supply Price (PD) $2.06 / Gallon $2.87 / Gallon ↑ 39% 
Domestic Ethanol Demand Price (PE) $1.59 / Gallon $2.4 / Gallon ↑ 51% 
Imported Ethanol Price (PI) $1.47 / Gallon $2.28 / Gallon ↑ 55% 

 
Note: Small changes are defined as being less than 5 percent and not included in this table. 
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Maintaining the mandate at the current domestic ethanol consumption level and 

eliminating the subsidy and tariffs would have small effects on all variables associated 

with U.S. ethanol besides: the quantity of ethanol imported, domestic ethanol demand 

price, and imported ethanol price.  The quantity of ethanol imports increase 47 percent 

from 253 to 372 million gallons per year.  Increasing ethanol imports by 119 million 

gallons while having a binding mandate at the current ethanol consumption level of 

11,223 million gallons causes domestic ethanol production to decline by the same amount 

that the quantity of imported ethanol increases.  This results in only a .01 percent decline 

in domestic ethanol production.  The imported ethanol price increases 39 percent from 

$1.47 to $2.04 per gallon; the domestic ethanol demand price increases 28 percent from 

$1.59 per gallon to $2.04 per gallon.  This $.45 per gallon increase is close to $0.47 per 

gallon subsidy eliminated.  The change in all other variables including the domestic 

ethanol supply price is small. 

In the absence of a tariff and subsidy PE =PD = PI.  This suggests in the absence of 

a subsidy and tariff and with ethanol use mandated at the current level, the ethanol 

demand price sufficiently rises to cover the full cost of ethanol production.  Eliminating 

the ethanol tariff and subsidies while leaving the mandate at the current level of ethanol 

consumption has small effects on U.S. corn and ethanol producers.  Foreign ethanol 

producers gain by shipping more ethanol to the United States at a higher price.  Domestic 

consumers lose as they bear the full cost of the ethanol mandate.  With small changes in 

the quantity of ethanol domestically produced, domestic ethanol supply price, quantity of 

all ethanol inputs, and price of all ethanol inputs, no new capital will enter U.S. ethanol 
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production.  U.S. ethanol plants will operate at status quo with new ethanol plants being 

built only to replace aging plants that have become technologically obsolete.   

By completely eliminating ethanol programs, Table 27 shows all variables 

decline in value in a large way, except for the quantity and price of imported ethanol 

which increase in a large way and the gasoline equivalent fuel price, gasoline price, 

quantity of gasoline, quantity of gasoline equivalent blended fuel and domestic ethanol 

demand price which all change in a small way.  The quantity of ethanol domestically 

produced declines 19 percent from 10.97 billion gallons to 8.88 billion gallons and the 

domestic ethanol supply price declines 22 percent from $2.06 per gallon to $1.60 per 

gallon.  In the absence of any government intervention PE =PD = PI. 

The decline in the domestic ethanol supply price is approximately equal to the 

$0.47 per gallon ethanol subsidy removed with only a small change in the ethanol 

demand price.  Figure 5 and its discussion in the economic theory section show this 

result is consistent with theory.   

The imported ethanol price increases 9 percent from $1.47 to $1.60 per gallon. 

This causes an 11 percent increase in ethanol imports from 253 to 280 million gallons. 

Domestic ethanol consumption declines 18 percent from 11.22 to 9.16 billion gallons.  

The quantity of corn used for domestic ethanol production declines 17 percent from 4.29 

to 3.58 billion bushels, while the domestic corn price declines 27 percent from $4.12 to 

$2.99 per bushel.  Similarly, there is a 28 percent decline in the quantity of non-corn 

inputs used in domestic ethanol production.  However, since the supply of non-corn 

inputs such as labor, capital, and natural gas are almost perfectly elastic to the U.S 
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ethanol industry, there is only a 7 percent decline in the price of non-corn inputs from 

$.46 to $.43 per gallon of ethanol produced.   

Imposing the mandate increasing ethanol consumption 34 percent from its current 

level of 11.2 billion gallons to 15 billion gallons results in similar outcomes for the policy 

prescriptions whether the tariff and subsidy are eliminated or left in place.  The only 

major differences between the two policy prescriptions are their effects on domestic 

ethanol demand price, imported ethanol price and quantity of imported ethanol.   

Originally, the ethanol demand price is $1.59 which is the price consumers pay 

for ethanol based on its energy content.  Increasing the mandate to 15 billion gallons 

causes the domestic ethanol demand price to increase 52 percent to $2.4 per gallon while 

the subsidy and tariffs are left in place and 79 percent to $2.84 per gallon when the 

subsidy and tariffs are eliminated.  While increasing the mandate to 15 billion gallons, the 

domestic ethanol demand price is higher by $0.44 per gallon or slightly less than the 

$0.47 per gallon subsidy when eliminating the subsidy and tariffs versus leaving them in 

place.  This outcome is explained in Figure 6’s discussion surrounding the vertical 

distance between PE΄΄ and PE΄.   

Increasing the ethanol mandate to 15 billion gallons increases the ethanol import 

price 55 percent from $1.47 per gallon to $2.28 per gallon when the subsidy and tariffs 

are left in place and 93 percent to $2.84 when the subsidy and tariffs are eliminated.  

Increasing the mandate to 15 billion gallons and removing the subsidy and tariffs causes 

the imported ethanol price, domestic ethanol supply price and domestic ethanol demand 
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price to all equal $2.84 per gallon.  This is consistent with the condition PI΄΄ = PD΄΄ = PE΄΄ 

in Figure 17, where Figure 17 is the same as Figure 6.   

 Responding to a higher price, imports are 119 million gallons or 28 percent higher 

while eliminating the tariff and subsidy versus leaving them in place while increasing the 

ethanol mandate to 15 billion gallons.  Increasing the mandate to 15 billion gallons 

causes the quantity of imported ethanol to increase 67 percent from 253 to 423 million 

gallons with the subsidy and tariffs left in place and 114 percent to 542 million gallons 

with the subsidy and tariffs eliminated. 

Increasing the ethanol mandate to 15 billion gallons causes domestic ethanol 

production to rise 32 to 33 percent from 10.97 billion gallons to 14.5 to 14.6 billion 

gallons regardless of whether the subsidy and tariffs are left in place.  Granted, Figure 17 

shows the quantity of domestically produced ethanol is higher when the initial subsidy 

and tariffs are left in place versus when they are eliminated, but the differences are small.  

Total corn bushels used for ethanol production increase 28 to 29 percent from 4.2 to 5.5 

billion bushels per year while corn price increases approximately 46 to 47 percent from 

$4.12 to $6 to $6.06 per bushel.  The quantity of non-corn inputs used in domestic 

ethanol production increase 46 to 48 percent from 10.97 to 16 to 16.2 billion units.  

Despite this large increase in the quantity of non-corn inputs used, the highly elastic non-

corn input supply, with an assumed range of 2 to 10, causes the price of non-corn inputs 

to only increase 9 percent, from $0.46 to $0.5 per gallon of ethanol produced. 

  



 

                    Imported Ethanol                          U.S. Ethanol Production                                     Total U.S. Ethanol Market   
 

 
 

Figure 17. Effect of Government Policies on U.S. Ethanol Market. 
Where: 
o indicates original condition without policy prescriptions 
΄ indicates variables associated with increasing mandate to 15 billion gallons while leaving tariffs and subsidy in place 
΄ ΄ indicates variables associated with increasing mandate to 15 billion gallons while eliminating tariffs and subsidy 
NT = net tariff = T - S  
FM = free market 
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When increasing the mandate to 15 billion gallons, the domestic ethanol supply 

price increases by 37 to 38 percent from $2.06 per gallon to $2.84 to $2.88 per gallon.  

Figure 17 shows while increasing the mandate to 15 billion gallons, the domestic ethanol 

supply price is slightly higher when the subsidy and tariffs are left in place (PD΄) versus 

when they are removed (PD΄΄).  However, the difference between the domestic ethanol 

supply price when the initial subsidy and tariffs are eliminated versus when they are left 

in place is small.  All results are consistent with theoretical outcomes discussed 

surrounding Figure 6 (same as Figure 17) in the economic theory section. 

In contrast to common belief, ethanol policies have little effect on gasoline 

equivalent blended fuel markets.  All policy prescriptions result in less than a 5 percent 

change in the price and quantity of gasoline equivalent blended fuel, with the exception 

of increasing the ethanol mandate to 15 billion gallons while eliminating the tariff and 

subsidy.  This results in a 6 percent increase in the price of gasoline equivalent blended 

fuel and only a 1.4 percent decline in the quantity of blended fuel consumed.  This 

suggests that even though a gallon of ethanol only has 67.7 percent of the energy content 

of a gallon of gasoline (Oak Ridge National Laboratory, 2010) ethanol policy will have 

minimal impacts on the price and quantity of gasoline equivalent blended fuel. 

While the exact distribution of inputs used in U.S. ethanol production is unknown, 

ethanol production practices suggest non-corn inputs are approximately used in fixed 

proportions, as there is not a high degree of substitutability between inputs, such as 

natural gas and labor.  Assuming inputs are used in fixed proportions enables the percent 

change in units of non-corn inputs used in domestic ethanol production to be used to 
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proxy for the percent change in capital investment in the U.S. ethanol industry resulting 

from a policy prescription.  Keeping the mandate at the current level, while removing the 

subsidy and tariffs, would have a small effect on the quantity of capital in the U.S. 

ethanol industry.  Both policy prescriptions increasing the mandate to 15 billion gallons 

increase the mandate and capital investment in the U.S. ethanol industry by 

approximately 45 percent.  In contrast, eliminating all ethanol programs decreases capital 

investment in the U.S. ethanol industry by 27.5 percent.  This means if all ethanol 

programs were eliminated, the amount of capital in the U.S. ethanol industry would have 

to be written down 27.5 percent.  With some ethanol plants being foreclosed on, this loss 

would be borne by both plant owners and plant financers. 

 

 
Figure 18. Effect of Ethanol Policy Prescriptions on Quantity 
of U.S. Produced Ethanol. 
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Figure 19. Effect of Ethanol Policy Prescriptions on Bushels of Corn 
Used for U.S. Ethanol Production. 
 
 

 
 
Figure 20.  Effect of Ethanol Policy Prescriptions on Quantity of Non-Corn 
Inputs Used for U.S. Ethanol Production. 
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Table 28. Equilibrium Displacement Model Results. 

Variable Policy Prescription Est. Process Mean Min Max Stdev Q5 Q95 

Quantity of Ethanol 
Domestically Produced, D 
(Millions of Gallons) 

Original Value 
 

10,969 

Eliminate Tariffs and Subsidy and 
Increase Mandate to 15 Billion 
Gallons 

    Linear 14,458 14,172 14,705 105 14,282 14,625 
    Non-Linear 14,437 14,125 14,710 116 14,243 14,622 

Keep Mandate at Current Level 
and Eliminate Tariffs and Subsidy 

    Linear 10,850 10,734 10,952 43 10,778 10,919 
    Non-Linear 10,850 10,734 10,952 43 10,778 10,919 

Increase Mandate to 15 Billion 
Gallons and Leave Tariffs and 
Subsidy in Place 

    Linear 14,577 14,402 14,722 62 14,473 14,675 
    Non-Linear 14,567 14,373 14,730 69 14,452 14,677 

Eliminate All Ethanol Programs 
    Linear 8,877 8,790 9,064 52 8,808 8,975 
    Non-Linear 8,844 8,763 9,019 48 8,780 8,935 

Quantity of Corn Used to 
Domestically Produce 
Ethanol, C 
(Millions of Bushels) 

Original Value 4,292 

Eliminate Tariffs and Subsidy and 
Increase Mandate to 15 Billion 
Gallons 

    Linear 5,488 5,380 5,593 37 5,425 5,549 
    Non-Linear 5,464 5,348 5,578 40 5,397 5,530 

Keep Mandate at Current Level 
and Eliminate Tariffs and Subsidy 

    Linear 4,252 4,212 4,286 15 4,227 4,275 
    Non-Linear 4,251 4,212 4,286 15 4,226 4,275 

Increase Mandate to 15 Billion 
Gallons and Leave Tariffs and 
Subsidy in Place 

    Linear 5,529 5,459 5,609 24 5,490 5,568 
    Non-Linear 5,508 5,433 5,595 26 5,466 5,550 

Eliminate All Ethanol Programs 
    Linear 3,575 3,556 3,615 11 3,560 3,597 
    Non-Linear 3,556 3,538 3,594 11 3,542 3,576 
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Table 28. Equilibrium Displacement Model Results (continued). 

 

 
  

Variable Policy Prescription Est. Process Mean Min Max Stdev Q5 Q95 

Quantity of Non-Corn 
Inputs Used to 
Domestically Produce 
Ethanol, N 

 
Original Value 

 
10,969 

Eliminate Tariffs and Subsidy and 
Increase Mandate to 15 Billion 
Gallons 

    Linear 16,003 15,391 16,442 185 15,700 16,307 
    Non-Linear 16,230 15,500 16,766 224 15,866 16,599 

Keep Mandate at Current Level 
and Eliminate Tariffs and Subsidy 

    Linear 10,798 10,620 10,944 63 10,692 10,897 
    Non-Linear 10,798 10,621 10,944 62 10,692 10,897 

Increase Mandate to 15 Billion 
Gallons and Leave Tariffs and 
Subsidy in Place 

    Linear 16,175 15,680 16,490 142 15,937 16,395 
    Non-Linear 16,436 15,837 16,825 174 16,145 16,707 

Eliminate All Ethanol Programs 
    Linear 7,949 7,724 8,440 134 7,771 8,203 
    Non-Linear 8,014 7,822 8,444 116 7,861 8,234 

Gasoline Equivalent 
Blended Fuel Price, PF 
($/Gallon)  

 
Original Value 

 
2.17 

Eliminate Tariffs and Subsidy and 
Increase Mandate to 15 Billion 
Gallons 

    Linear 2.29 2.28 2.31 0.01 2.28 2.30 
    Non-Linear 2.27 2.25 2.28 0.00 2.26 2.27 

Keep Mandate at Current Level 
and Eliminate Tariffs and Subsidy 

    Linear 2.20 2.20 2.20 0.00 2.20 2.20 
    Non-Linear 2.20 2.20 2.20 0.00 2.20 2.20 

Increase Mandate to 15 Billion 
Gallons and Leave Tariffs and 
Subsidy in Place 

    Linear 2.25 2.23 2.26 0.00 2.24 2.25 
    Non-Linear 2.23 2.22 2.24 0.00 2.22 2.23 

Eliminate All Ethanol Programs 
    Linear 2.17 2.17 2.17 0.00 2.17 2.17 
    Non-Linear 2.17 2.17 2.17 0.00 2.17 2.17 
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Table 28. Equilibrium Displacement Model Results (continued). 

Variable Policy Prescription Est. Process Mean Min Max Stdev Q5 Q95 

Gasoline Price, PG  
($ / Gallon) 

 
Original Value 

 
2.17 

Eliminate Tariffs and Subsidy and 
Increase Mandate to 15 Billion 
Gallons 

    Linear 2.15 2.14 2.16 0.00 2.14 2.16 

    Non-Linear 2.15 2.14 2.16 0.00 2.15 2.16 

Keep Mandate at Current Level 
and Eliminate Tariffs and Subsidy 

    Linear 2.16 2.16 2.17 0.00 2.16 2.17 

    Non-Linear 2.16 2.16 2.17 0.00 2.16 2.17 
Increase Mandate to 15 Billion 
Gallons and Leave Tariffs and 
Subsidy in Place 

    Linear 2.15 2.14 2.16 0.00 2.15 2.16 

    Non-Linear 2.16 2.15 2.16 0.00 2.15 2.16 

Eliminate All Ethanol Programs 
    Linear 2.17 2.17 2.17 0.00 2.17 2.17 

    Non-Linear 2.17 2.17 2.17 0.00 2.17 2.17 

Domestic Corn Price, PC 

($ /Bushel) 

 
Original Value 

 
4.12 

Eliminate Tariffs and Subsidy and 
Increase Mandate to 15 Billion 
Gallons 

    Linear 6.00 5.83 6.16 0.06 5.90 6.10 

    Non-Linear 6.08 5.88 6.28 0.07 5.96 6.20 

Keep Mandate at Current Level 
and Eliminate Tariffs and Subsidy 

    Linear 4.05 3.99 4.11 0.02 4.02 4.09 

    Non-Linear 4.05 3.99 4.11 0.02 4.02 4.09 
Increase Mandate to 15 Billion 
Gallons and Leave Tariffs and 
Subsidy in Place 

    Linear 6.06 5.95 6.19 0.04 6.00 6.12 

    Non-Linear 6.16 6.03 6.32 0.05 6.09 6.23 

Eliminate All Ethanol Programs 
    Linear 2.99 2.96 3.05 0.02 2.97 3.02 

    Non-Linear 3.01 2.99 3.07 0.02 2.99 3.04 
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Table 28. Equilibrium Displacement Model Results (continued). 

Variable Policy Prescription Est. Process Mean Min Max Stdev Q5 Q95 

Non-Corn Input Price, PN 
($/ Gallon of Ethanol 
Domestically Produced)  

Original Value 0.46 

Eliminate Tariffs and Subsidy and 
Increase Mandate to 15 Billion 
Gallons 

    Linear 0.50 0.47 0.55 0.01 0.48 0.52 
    Non-Linear 0.49 0.47 0.55 0.01 0.48 0.52 

Keep Mandate at Current Level 
and Eliminate Tariffs and Subsidy 

    Linear 0.45 0.45 0.45 0.00 0.45 0.45 
    Non-Linear 0.45 0.45 0.45 0.00 0.45 0.45 

Increase Mandate to 15 Billion 
Gallons and Leave Tariffs and 
Subsidy in Place 

    Linear 0.50 0.48 0.55 0.01 0.48 0.52 
    Non-Linear 0.49 0.47 0.55 0.01 0.48 0.52 

Eliminate All Ethanol Programs 
    Linear 0.43 0.40 0.44 0.01 0.41 0.43 
    Non-Linear 0.42 0.40 0.44 0.01 0.41 0.43 

Quantity of Gasoline, G  
(Millions of Gallons)  

Original Value 126,763 

Eliminate Tariffs and Subsidy and 
Increase Mandate to 15 Billion 
Gallons 

    Linear 120,974 120,603 121,360 120 120,792 121,187 
    Non-Linear 122,043 121,780 122,345 91 121,908 122,205 

Keep Mandate at Current Level 
and Eliminate Tariffs and Subsidy 

    Linear 125,936 125,878 126,010 22 125,899 125,973 
    Non-Linear 125,936 125,882 126,008 21 125,902 125,971 

Increase Mandate to 15 Billion 
Gallons and Leave Tariffs and 
Subsidy in Place 

    Linear 122,117 121,802 122,428 95 121,973 122,283 
    Non-Linear 122,894 122,652 123,146 76 122,779 123,029 

Eliminate All Ethanol Programs 
    Linear 128,188 128,029 128,294 46 128,111 128,254 
    Non-Linear 128,345 128,168 128,465 51 128,259 128,420 
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Table 28. Equilibrium Displacement Model Results (continued). 

Variable Policy Prescription Est. Process Mean Min Max Stdev Q5 Q95 

Quantity of Gasoline 
Equivalent Blended Fuel, F 
(Millions of Gallons) 

Original Value 135,016 

Eliminate Tariffs and Subsidy 
and Increase Mandate to 15 
Billion Gallons 

    Linear 132,005 131,633 132,391 120 131,823 132,218 
    Non-Linear 132,706 132,439 133,012 93 132,569 132,870 

Keep Mandate at Current Level 
and Eliminate Tariffs and 
Subsidy 

    Linear 134,189 134,131 134,263 22 134,152 134,226 
    Non-Linear 134,189 134,135 134,260 21 134,154 134,223 

Increase Mandate to 15 Billion 
Gallons and Leave Tariffs and 
Subsidy in Place 

    Linear 133,148 132,833 133,459 95 133,003 133,314 
    Non-Linear 133,570 133,325 133,827 77 133,453 133,708 

Eliminate All Ethanol Programs 
    Linear 134,922 134,837 134,966 25 134,875 134,953 
    Non-Linear 134,912 134,819 134,961 27 134,860 134,947 

Quantity of Imported 
Ethanol, I 
(Millions of Gallons)   

Original Value 253 

Eliminate Tariffs and Subsidy 
and Increase Mandate to 15 
Billion Gallons 

    Linear 542 295 828 105 375 718 
    Non-Linear 657 292 1,365 201 380 1,033 

Keep Mandate at Current Level 
and Eliminate Tariffs and 
Subsidy 

    Linear 372 271 488 43 304 444 
    Non-Linear 402 271 598 64 308 514 

Increase Mandate to 15 Billion 
Gallons and Leave Tariffs and 
Subsidy in Place 

    Linear 423 278 598 62 325 527 
    Non-Linear 451 276 747 88 324 608 

Eliminate All Ethanol Programs 
    Linear 280 257 308 10 264 297 
    Non-Linear 284 257 319 12 265 305 
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Table 28. Equilibrium Displacement Model Results (continued). 

Variable Policy Prescription Est. Process Mean Min Max Stdev Q5 Q95 

Quantity of Ethanol 
Domestically Consumed, E 
(Millions of Gallons)  

Original Value 11,223 

Eliminate Tariffs and Subsidy 
and Increase Mandate to 15 
Billion Gallons 

    Linear 15,000 15,000 15,000 0 15,000 15,000 
    Non-Linear 15,000 15,000 15,000 0 15,000 15,000 

Keep Mandate at Current Level 
and Eliminate Tariffs and 
Subsidy 

    Linear 11,223 11,223 11,223 0 11,223 11,223 
    Non-Linear 11,223 11,223 11,223 0 11,223 11,223 

Increase Mandate to 15 Billion 
Gallons and Leave Tariffs and 
Subsidy in Place 

    Linear 15,000 15,000 15,000 0 15,000 15,000 
    Non-Linear 15,000 15,000 15,000 0 15,000 15,000 

Eliminate All Ethanol Programs 
    Linear 9,157 9,055 9,337 52 9,086 9,255 
    Non-Linear 9,118 9,022 9,288 49 9,052 9,210 

Domestic Ethanol Supply 
Price, PD  

($ / Gallon) 

Original Value 2.06 

Eliminate Tariffs and Subsidy 
and Increase Mandate to 15 
Billion Gallons 

    Linear 2.84 2.75 2.96 0.03 2.79 2.89 
    Non-Linear 2.85 2.75 2.99 0.03 2.80 2.91 

Keep Mandate at Current Level 
and Eliminate Tariffs and 
Subsidy 

    Linear 2.04 2.01 2.06 0.01 2.02 2.05 
    Non-Linear 2.04 2.01 2.06 0.01 2.02 2.05 

Increase Mandate to 15 Billion 
Gallons and Leave Tariffs and 
Subsidy in Place 

    Linear 2.87 2.81 2.97 0.02 2.84 2.91 
    Non-Linear 2.88 2.81 3.01 0.03 2.85 2.94 

Eliminate All Ethanol Programs 
    Linear 1.60 1.59 1.60 0.00 1.60 1.60 
    Non-Linear 1.60 1.59 1.60 0.00 1.60 1.60 

 
  

134



 

 

Table 28. Equilibrium Displacement Model Results (continued). 

Variable Policy Prescription Est. Process Mean Min Max Stdev Q5 Q95 

Domestic Ethanol Demand 
Price, PE 
($ / Gallon) 

Original Value 1.59 

Eliminate Tariffs and Subsidy 
and Increase Mandate to 15 
Billion Gallons 

    Linear 2.84 2.75 2.96 0.03 2.79 2.89 
    Non-Linear 3.05 2.93 3.22 0.04 2.98 3.12 

Keep Mandate at Current Level 
and Eliminate Tariffs and 
Subsidy 

    Linear 2.04 2.01 2.06 0.01 2.02 2.05 
    Non-Linear 2.09 2.06 2.12 0.01 2.07 2.11 

Increase Mandate to 15 Billion 
Gallons and Leave Tariffs and 
Subsidy in Place 

    Linear 2.40 2.34 2.50 0.02 2.37 2.44 
    Non-Linear 2.45 2.37 2.58 0.03 2.41 2.50 

Eliminate All Ethanol Programs 
    Linear 1.60 1.59 1.60 0.00 1.60 1.60 
    Non-Linear 1.60 1.60 1.60 0.00 1.60 1.60 

Imported Ethanol Price, PI 
( $ / Gallon)  

Original Value 1.47 

Eliminate Tariffs and Subsidy 
and Increase Mandate to 15 
Billion Gallons 

    Linear 2.84 2.75 2.96 0.03 2.79 2.89 
    Non-Linear 3.15 3.02 3.33 0.04 3.08 3.23 

Keep Mandate at Current Level 
and Eliminate Tariffs and 
Subsidy 

    Linear 2.04 2.01 2.06 0.01 2.02 2.05 
    Non-Linear 2.13 2.10 2.16 0.01 2.11 2.15 

Increase Mandate to 15 Billion 
Gallons and Leave Tariffs and 
Subsidy in Place 

    Linear 2.28 2.21 2.38 0.02 2.24 2.32 
    Non-Linear 2.34 2.26 2.48 0.03 2.30 2.40 

Eliminate All Ethanol Programs 
    Linear 1.60 1.59 1.60 0.00 1.60 1.60 
    Non-Linear 1.61 1.61 1.62 0.00 1.61 1.62 
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Summary 
 
 

Using a linear versus a non-linear approximation procedure fails to demonstrate 

significant differences in policy prescription outcomes.  This suggests the log-log 

approximation procedure may not adequately model the underlying non-linear system for 

the neighborhood being estimated.  The purpose of using the non-linear log-log 

approximation procedure is to demonstrate differences in policy prescription outcomes 

when assuming the underlying system is non-linear versus linear.  In future research 

efforts, the effect of a nonlinear corn supply function could be better shown by modeling 

elasticities as decreasing at an increasing rate during each step of the non-linear 

approximation procedure instead of holding it constant.  This would facilitate the 

modeling of supply and demand curves with steeper slopes than if a constant elasticity 

were assumed.  Using this modeling procedure will be useful for approximating changes 

in corn prices associated with a policy induced change in the quantity of corn used for 

ethanol production.  Increasing the quantity of corn used for ethanol production increases 

the slope of the corn supply curve due to the increased cost of inputs such as land and 

fertilizer used to produce the marginal unit of corn.  With a finite land base and initially 

using a large quantity of corn for ethanol production, even small increases in the quantity 

of corn used for ethanol production results in large corn price increases.  The non-linear 

approximation procedure needs to reflect this. 

Simulation results suggest outcomes of policy prescriptions currently being 

considered by Congress for U.S. ethanol producers and corn producers are determined by 

what happens to the ethanol mandate.  In contrast, policy prescription outcomes for 
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ethanol consumers and foreign ethanol producers are jointly determined by the mandate, 

subsidy and tariff.  While outcomes for ethanol producers, ethanol consumers and corn 

producers vary considerably amongst the four main policy prescriptions being considered 

by Congress, the quantity and price of imported ethanol is increased by all four policy 

prescriptions.  The quantity of imported ethanol increases 11 to 114 percent depending on 

the policy prescription, but never accounts for more than four percent of total domestic 

ethanol consumption.  This alleviates the concern that policy changes will cause imported 

ethanol to become a large portion of the total quantity of ethanol consumed in the U.S. 

Under all policy prescriptions where the subsidy and tariff are removed, the 

domestic ethanol demand price sufficiently rises to cover the cost of ethanol production. 

When the subsidy and tariffs are removed with the mandate left in place, consumers bare 

the full costs of domestic ethanol policy.  However, all ethanol policy prescriptions being 

considered by congress result in small changes in the price and quantity consumed of 

gasoline equivalent blended fuel.  This suggests ethanol policy has little effect on the 

quantity of energy services demanded by blended fuel consumers and the price paid for 

those energy services.   

Contrary to a common belief that domestic ethanol production would collapse in 

the absence of government policies, results suggest ethanol plants with higher cost curves 

such as small plants with older technology would exit the domestic ethanol industry if all 

government policies were removed but eliminating all ethanol programs would only 

reduce the quantity of ethanol domestically produced by 19 percent.  Assuming a fixed 
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proportion of inputs, this would cause 19 percent of capital in the U.S. ethanol industry to 

be written down.   

With domestic ethanol production being a competitive industry, any profits 

resulting from ethanol policy prescriptions are competed away.  Any profits are bid into 

the price of ethanol inputs.  The ethanol industry faces nearly perfectly elastic supply 

curves for non-corn inputs because its use of non-corn inputs such as labor, capital and 

natural gas is a small portion of the input’s aggregate demand.  The largest change in 

non-corn input prices resulting from an ethanol policy prescription is 9 percent.   

In contrast, 38 percent of U.S. corn production is used for ethanol production 

(USDA Economic Research Service, 2011a).  Therefore, most profits resulting from 

ethanol production are bid into the corn price.  Ultimately, increased corn profits 

resulting from ethanol policy are bid into corn production inputs including the price of 

cropland.   
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CHAPTER 7 
 
 

CONCLUSION 
 
 
 Using both empirical and simulation models, this study quantitatively assesses 

historic and future implications of U.S. ethanol policies. 

When econometrically assessing historical implications of U.S. ethanol 

production, there is insufficient evidence to accurately identify the impacts of ethanol 

policy due to market distortions caused by complex interactions of multiple policies.  

This study shows that when isolating periods in which minimal market distortions 

occurred, the blender’s credit had the expected effect of increasing the quantity of ethanol 

supplied.  Properly identifying the effects of U.S. ethanol policies is difficult because 

there is insufficient variation in some ethanol policy variables, such as the blender’s 

credit and the percentage of the population living in RFG program areas.  However, when 

sufficient variation exists in the percentage of the U.S. population effected by a given 

environmental policy, the results concluded that the environmental policy increased the 

quantity of ethanol demanded.  This suggests that environmental policies encouraging 

oxygenate use or banning MTBE have historically increased ethanol demand.  In 

addition, there was a strong substitution effect between ethanol and gasoline. 

These results suggest a large part of historic ethanol industry growth is 

attributable to the interaction of Clean Air Act programs and state level MTBE bans as 

well as the 186 percent increase in retail gasoline prices from 2002 to 2008 (U.S. Energy 

Information Administration, 2011f).  Whether using state or national level data, 
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estimating the effects of ethanol programs is difficult due to data availability and 

limitations.  Some ethanol data is available back to the early 1980s, while the remainder 

is only available since the early to the mid 1990s. In addition, large structural changes, 

extensive multicollinearity, and autocorrelation require further work to accurately specify 

U.S. ethanol supply and demand equations.   

The other difficulty in estimating the historical effects of ethanol production 

occurs because of technological and policy induced structural changes that have occurred.  

Empirical models must account for these changes to achieve accurate parameter 

estimates. 

After evaluating historical implications of ethanol policies, possible outcomes of 

policy prescriptions currently being considered by congress were evaluated using an 

EDM.  It was found that most large changes resulting from implementing proposed 

ethanol policies are driven by the mandate, not the tariff or subsidy.  Future work is 

needed to estimate welfare implications of proposed ethanol policies.  This study finds 

that given the current policy environment, tariffs and subsidies primarily affect 

consumers by decreasing the ethanol demand price and thus increasing consumer surplus.  

Interpretation of results requires the understanding that this EDM is a long-run model.  

Short-run market rigidities could create results that are inconsistent with long-run 

predictions. 

Extending the classical EDM to include non-linear approximations yielded results 

that were not economically different than those produced by the linear approximation 

techniques.  The outcomes from using the two different approximation techniques do not 



141 
 

 

diverge substantially because the non-linear approximation technique assumes the 

elasticity to be constant and the neighborhoods in which changes occurred may not be 

sufficiently large to produce economically significant differences.  Further research is 

needed to modify the non-linear approximation procedure to model the corn supply 

elasticity as decreasing at an increasing rate during each step of the non-linear 

approximation procedure instead of holding it constant.  This will allow for the modeling 

of a corn supply curve with steeper slopes than if a constant slope were assumed. 

This was the first study to use EDM versus other simulation techniques to assess 

possible outcomes of proposed ethanol policies.  This is also the first simulation study to 

model the demand for energy services instead of the demand for the physical quantity of 

ethanol.  Directly modeling the physical quantity of ethanol demanded instead of the 

quantity of energy services demanded may overestimate the demand for ethanol because 

ethanol contains 67.7 percent of the energy that gasoline does per unit volume (Oak 

Ridge National Laboratory, 2010).  Study outcomes provide insight into how various 

parties were historically affected by ethanol policies and how proposed policy 

prescriptions may affect stakeholders from ethanol plant financers to corn farmers. 
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APPENDIX A 

 
 

DERIVING PERCENTAGE CHANGE EQUATIONS 
 

FOR BEHAVIORAL EQUATIONS 
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Deriving Percentage Change Equations for Behavioral Equations 
 

 
(30) Blended Fuel Demand Function (exogenous equation) 

	 
 
Step 5: Take total differential 

 	 	 
 

	 	 

 
Step 6: Divide both sides by Fo 

	  

 

Step 7: Multiply RHS by  

	

 

Step 8: Recognize 
	

 =elasticity of blended fuel demand =  

and Percent Changes 

 
 

(31) Blended Fuel Production Function (endogenous) 
 

						 
 
Step 1: Take total differential 

						 
 

Step 2: Divide both sides by Fo 

						 

 

Step 3: Multiply RHS by  and  
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Step 4: Recognize blender shares and percent changes 

		    
 

Step 5: Check Identities 
 	 	  
 

             And 
 

         	 1 
 

Step 6: Mathematically Justify Use of m As a Proxy for Gasoline 
to Ethanol Energy Ratio 
 
From the fuel blender’s zero profit condition it follows: 
 

 
 
Divide both sides by PF 

 

 

 
Initially PG = PF 
 

 

 
Note that m=PE / PG 

 

F = G + mE 
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(32) Blended Fuel First Order Condition for Gasoline Factor 
	 					 

												 
Step 1: Take total differential 

	 					 
 

Step 2: Divide both sides by  and multiply RHS by  

	 					 

 
Step 3: Recognize Gasoline Demand Price’s Share of Blended Fuel 

Price and Percent Changes 

	   
 

Step 4: Check Identities 
	  

 
 

(33) Blended Fuel First Order Conditions for Ethanol Factor, Zero Profit 
Condition  

 
  

 
Step 1: Take total differential 

				 
 

Step 2: Divide both sides by  

 

 

Step 3: Multiply RHS by  and  

 

 
Step 4: Recognize Shares 
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Step 5: Recognize blender’s revenue shares and percent changes 

	 	 ) 
 

Step 6: Check identities 
 

 
(34) Gasoline Supply Equation 

																 
 
Step 1: Take total differential  

	 													 

 
Step 2: Divide both sides by Go 

	 													 

 

Step 3: Multiply RHS by  

	 													 

 
Step 4: Recognize elasticity of gasoline and percent changes 

	 									 

 
(35) Total Ethanol Supply Equation 

																 
 

Step 1: Take total differential 
																			 

 
Step 2: Divide both sides by Eo 

																			 

 

Step 3: Multiply RHS by  and  
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Step 4: Recognize shares and percent changes 

																	 
 

Step 5: Check identities 
	 	    

 
 

(36) Imported Ethanol Supply Equation 
	 

 
Similar to (5) 
 

	  
 
 

(37) Domestic Ethanol Production Function 

, 			⇒ 			   
 
Check identities: 

	  

and 
 

	 1 
 
Gardner’s (1987) procedure for this equation was incorrect.  For 
correct procedure see Atwood and Helmers (1998) for derivation from 
primal side and Mullen et al. (1988) for equivalent result derived from 
dual side.  
 
 

(38) First Order Condition for Corn Factor Used in Domestic Ethanol 
Production 

	 0			 			⇒ 		 				 	
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E(D) represents the outputs effects while the remainder of the equation 
to the right represents input effects.  Math derived in Atwood (1998) 
and Mullen et al.(1988). 

 
 Check Identities: 
 ∑ , 0 
 
              for j = C and N 

 
 

(39) First Order Condition for Non-Corn Factor Used in Domestic Ethanol 
Production 

0			 ⇒ 		
 

 
Math derived in Atwood (1998) and Mullen et al.(1988) 

 
       Check identities: 
 ∑ , 0 
 
                       for j = C and N 

     
 

(40) Supply Equation for Corn Factor Used in Domestic Ethanol 
Production 

 
 
Similar to (5) 
 

 
 

 

(41) Supply Equation for Non-Corn Factor Used in Domestic Ethanol 
Production 

 
 
Similar to (5) 
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Deriving Percentage Change Equations for Equilibrium Equations 

 

(42) Domestic Ethanol Price Equilibrium Equation 
																 

 
Step 1: State initial conditions 

⇐ 	 	 	 	 	 	  

0						 ⇐ 			 	 	 	 			 
 

Step 2: Take total differential 

									 
 

Step 3: Divide both sides by  

		 

 

Step 4: Multiply RHS by   

		 

 
Step 5: Recognize percent changes  

		 

 
Step 6: Isolate E(S) 

	 	 	 

 
Step 7: Identify shares 

	 	 
 

Step 8: Check identity 
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(43) Imported Ethanol Price Equilibrium Equation 
																 

 
Rearrange to isolate  
 

	  
 
Step 1: State initial conditions 

0	 ← 	 		 	 	 	  
 

Step 2: Take total differential  

 
								 

Step 3: Divide both sides by PD
o 

 

 

Step 4: Multiply RHS by  

 

 
Step 5: Recognize percent changes  

 

 
Step 6: Recognize share and Isolate E(T) 

 
 

	  

 
Step 7: Check identity 
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(44) Ethanol Use Mandate 
	 																																						        

                       
Step 1: Take total differential  

	 	 			 
 

Step 2: Divide both sides by Eo 

	 		 

 
Step 3: Recognize Percent Changes 
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APPENDIX B 
 
 

ORDER OF PROCEDURES IN EXCEL® MODEL 
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Order of Procedures in Excel® Model 
 
 

A. Main Model 
 

Phase 1. Reset Model 
Step 1: Set iteration number currently on, iteration starting on, 

step currently on and step length to 1. 
Step 2: Delete data for iteration currently looping on and storage 

data frame.  
Step 3: Copy variables, ratios, profits and elasticities from 

“Initialization Values” column and paste special to 
“Beginning of Step Values” Column. 

Step 4: Calculate “End of Step Values” (See Calculating End of 
Step Values below). 

Step 5: Iterate on physical fuel shares five times (See description 
of Physical Fuel Share Iteration process below). 

Step 6: Copy “End of Step Values” and paste special to current 
iteration data frame for linear estimates. 

Iterate on Phases 2 to 5 1,000 times to repeat process for each random 
elasticity draw   

 
Phase 2. Initialize Iteration 

 Set value of iteration number currently On 
 

Phase 3. Linear Estimation Procedure 
Step 1: Set step length to 1 
Step 2: Copy variables, ratios, profits and elasticities from 

“Initialization Values” column and paste special to 
“Beginning of Step Values” column. 

Step 3: Calculate “End of Step Values” (See Calculating End of 
Step Values below). 

Step 4:  Iterate five times on physical fuel shares (See description 
of Physical Fuel Share Iteration process below). 

Step 5: Copy variables, ratios and profits from “End of Step 
Values” column and paste special transpose to current 
iteration data frame for non-linear estimates. 
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Phase 4. Non-Linear Estimation Procedure 
Step 1: Set step length to 5 
Step 2: Iterate five times on physical fuel shares 
Step 3: Loop on Number of Steps Minus One63 
Step 4: Copy variables, ratios and profits from “End of Step 

Values” column from previous iteration and paste special 
in “Beginning of Step Values” column. 

Step 5: Iterate five times on physical fuel shares (See description 
of Physical Fuel Share Iteration process below). 

Step 6: Copy variables, ratios and profits from final step (Step 5) 
and paste special transpose in current iteration data frame 
for non-linear estimates. 

 
Phase 5. Save Data from Current Iteration in Storage Data Frame 

 Copy data from the current iteration data frames for linear 
and non-linear estimates and paste in storage data frames. 

 
B. Physical Fuel Share Iteration 

Step 1: Set “Beginning of Iteration Value” in Physical Fuel Share 
Iteration Module equal to physical fuel shares (JEF and JGF) in 
“Beginning of Step Values” column. 

Step 2: Loop Five times 

 Set “Beginning of Iteration Values” equal to “End of 
Iteration Value” in physical fuel shares iteration module 
during each loop. 

Note: From rearranged zero profits equation 	   shown 
in equation (4) where G and F are endogenously determined by the model.  
Iterate on physical fuel shares to more accurately approximate them.  
Want the non – linear64 fuel blender’s zero profit condition to hold at the 
end, not just the beginning of each step of the estimation procedure. 

 
C. Calculating End of Step Values 

Step 1:  After special pasting new values to the “Beginning of Step 
Values” column from either the “Initialization Values” or “End 

                                                 
63 If using five steps only need to copy and paste “End of Step Values” to “Beginning of Step Values” four 
times because values aren’t copy and pasted on last step. 
64 Fuel blender’s zero profit condition is non-linear because PF, G, F, PG and PE are all endogenously 
determined. 
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of Step Values” column then calculate factor shares in the 
“Beginning of Step Values” column. 

Step 2: Feed factor shares from Calculation Spreadsheet to Matrix 
Model 

 Implement one policy prescription at a time. 
Step 3: Feed percent changes from Matrix Model back to “Percent 

Change” column in Calculation Spreadsheet. 
Step 4: Multiply “Beginning of Step Values” column by (1 + “Percent 

Change” column) to get “End of Step Values” column. 
 

 


