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Abstract

This paper examines the effects of the Volumetric Ethanol Excise
Tax Credit (VEETC) and the 2005 Renewable Fuels Standard (RFS)
on the domestic ethanol market. Employing a two-stage least squares
regression on ethanol and commodity price data from January 1998 to
November 2007, this paper finds that while the VEETC and RFS were
effective in spurring large domestic capacity growth, the secondary ef-
fects of the policies ultimately facilitated the recent decline of the do-
mestic ethanol industry by driving down the long-term price of ethanol
and consequently reducing the long-term profitability of domestic pro-
duction. By instantaneously increasing demand for ethanol in a capacity-
constrained industry, the policies drastically increased the short-term
price of ethanol in early 2006. Exceedingly high short-term ethanol
prices induced substantial entry into the supply side of the market,
which lowered ethanol prices in the long-term. Combined with an in-
crease in ethanol input prices following a wheat drought in the fall of
2006, this long-term price decrease dramatically decreased producers’
profit margins and has put a number of domestic producers on the brink
of financial insolvency.
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1 INTRODUCTION

1 Introduction

In his “Report on the Subject of Manufactures” Secretary of the Treasury

Alexander Hamilton argued that a critical role of the American Government

was to protect and nourish infant industries. He argued that if the new nation

was to survive and flourish, “the public purse must supply the deficiency of

private resource.”1 Since his report, the United States government has pro-

vided protection and aid to nascent industries that Congress and the President

have deemed in the nation’s interest. From telegraph to telephone, railroad

to trucking, electricity to technology, the US government has funded research,

development, and infrastructure spending in a multiplicity of domestic mar-

kets. Beginning with Thomas Jefferson’s opposition to Hamilton’s report in

1791,2 however, citizens have regularly raised questions as to the appropri-

ateness and efficacy of these government interventions—the answers to which

have usually involved a complex interplay between issues of national security,

the welfare of American citizens and the economic forces of the free market.

One such intervention that has recently roused broad public debate is the US’s

subsidization of domestic energy sources.

Since the OPEC oil crises of the 1970s, few issues have remained at the

forefront of political consideration more steadily than the US’s need for energy

independence. The issue has been both economic—as fluctuations in oil prices

have had a significant impact on the US economy—and one of national security,

as the US imports over a billion barrels of oil each year from hostile regions

1Alexander Hamilton, Report on the Subject of Manufacturers. (Philadelphia: William
Brown, 1827) 80.

2Thomas Jefferson and Andrew Lipscolm et al, eds. The Writings of Thomas Jefferson:
Containing His Autobiography, Notes on Virginia, Parliamentary Manual, Official Papers,
Messages and Addresses, and Other Writings, Official and Private. Volume: 1. (Washing-
ton, DC: Thomas Jefferson Memorial Association, 1904) 291.
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1 INTRODUCTION

in the world. While politicians and entrepreneurs have looked everywhere

from hydrogen to nuclear power for an answer to the US’s quest for energy

independence, the search for a realistic solution became focused at the turn of

the 21st century on domestically produced ethanol. The high-energy liquid,

known in 1930s Kentucky as “moonshine”, was the first fuel used in Ford’s

Model T and has the benefit of being made from renewable plant feedstock—a

resource the US has historically produced in reasonable abundance.

From January 2001 to August 2006 the success of the domestic ethanol

industry was astounding. The monthly quantity of ethanol produced in the

US jumped nearly 290% from 149 million gallons to 430 million gallons, and

domestic producers’ profit margins increased 2.6 times from $0.53 to $1.38

per gallon.3 A surge in ethanol demand boosted the share prices of the US’s

largest ethanol producers to all time highs in the summer of 2006,4 and the US

Government stood firmly in support of the clean-burning fuel. In a speech in

rural South Dakota, President George Bush stated, “[Ethanol is] good public

policy for America. It’s good for your air, it’s good for our economy and it’s

good for our national security.”5

While some have claimed that the success of the ethanol industry over this

time period was due to ethanol’s emergence as the most viable long-term sub-

stitute to foreign oil, much of the economic growth and success of America’s

3Profit calculations are derived from Bloomberg Market and Commodities Data. Accessed
7 Dec. 2007 <http://www.bloomb erg.com/markets/>.A full discussion of measuring prof-
itability is provided in Section 4.1.2. Ethanol quantity data is derived from the Energy
Information Administration.

4Shares of Archer Daniels Midland, the US’s largest ethanol producer, soared to an all-
time high of $46.71 in the summer of 2006. In that same summer, VeraSun Energy Corp.
and Aventine Renewable Energy Inc. went public at well above the price expected by
investors. Lynn Cowan, “VeraSun Shares Surge 30% in IPO.” Wall Street Journal 15 June
2006.

5Mark Steil, “Bush Gives Boost to Ethanol.” Minnesota Public Radio, <http://news.
minnesota.public radio.org/features/200204/24 steilm bushvisit-m/>.
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domestic ethanol industry over this period can be attributed to federal and

state government policies that supported and protected the growth of domes-

tically produced ethanol. Over the past decade Congress has supported a wide

array of pro-ethanol policies, ranging from a 7.5 billion gallon demand man-

date to a $0.51 per gallon tax credit for blended ethanol.6 These two policies

alone have resulted in more than $3 billion a year in government expenditures

and have consumed considerable attention and resources from Congress.7

Despite the immense economic and political capital expended on these

support policies, the success of the domestic ethanol industry has come to

a crashing halt over the past eighteen months. The profitability of domestic

production is at an all time low and a record number of domestic producers are

on the verge of bankruptcy.8 While rising corn prices and a general skepticism

about the use of ethanol as a viable replacement to gasoline have certainly

played a role in the declining profitability of domestic ethanol production, the

failures of the significant political policies and supports to buoy the domestic

ethanol industry call into question the efficacy of these policies. In a country

where oil consumption is expected to increase well above domestic production

for the foreseeable future,9 and at a time when oil prices have skyrocketed to

over $100 a barrel,10 it is important to evaluate Congress’ efforts to alleviate

the US’s dependence on foreign energy sources.

6Environmental Protection Agency, Annual Report on Renewable Fuels. 2007.
7Wallace E. Tyner and Justin Quear, “Comparison of a Fixed and Variable Corn,”

Choices 21 (2006): 202.
8E3 Biofuels Mead LLC, Convergence Ethanol and Bioenergy of America all filed for

Chapter 11 bankruptcy between December 2007 and January 2008; See Section 2.2.2 for
calculation of profitability.

9Energy Information Administration. EIA Annual Energy Review 2005 and Outlook
2006. 2006.

10Jad Mouawad, “President Fails to Budge OPEC on Production.” New York Times 6
Mar. 2008.
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In order to evaluate the US Government’s efforts to promote its own sus-

tainable energy source, this paper examines Congress’ two most significant

support policies for the domestic ethanol industry—the Volumetric Ethanol

Excise Tax Credit (VEETC) and the Renewable Fuels Standard (RFS). It

examines the effects of these policies on demand for ethanol as well as their

impact on the domestic ethanol industry as a whole. As these two policies

have been significant both in their direct cost (over $3 billion a year)11 and

in their opportunity cost (as the US’s decision to put significant financial and

political resources into these policies has prevented it from pursuing other

potentially effective energy initiatives)—it is important to evaluate the suc-

cess of the VEETC and RFS in achieving their desired goal of supporting the

domestic ethanol industry.

Through an econometric analysis of ethanol prices from January 1998 to

November 2007, this paper analyzes the effectiveness of the VEETC and RFS

in supporting the US ethanol market and examines secondary effects that these

policies have had on the domestic ethanol industry. Through an estimation of

domestic supply and demand for ethanol, this paper finds that while the poli-

cies were effective in spurring large domestic capacity growth, the secondary

effects of the VEETC and RFS ultimately facilitated the recent decline of the

domestic ethanol industry by driving down the long-term price of ethanol and

consequently reducing the long-term profitability of domestic production.

The causal mechanism through which the two policies decreased the long-

term profitability of ethanol production can be parsed into four stages. In

the first stage, the policies caused a large short-term price spike by abruptly

increasing demand in a capacity-constrained industry. In the second stage,

11Tyner and Quear, 202.
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1 INTRODUCTION

high short-term ethanol prices induced substantial entry into the domestic

production market. In the third stage, substantial market entry reduced the

long-term price of ethanol by shifting domestic supply outward, and in the

final stage, a macroeconomic shock raised the price of ethanol inputs, leaving

many domestic ethanol producers on the brink of financial insolvency.

The paper begins by providing necessary background information on the

structure of the domestic ethanol market and on the two policies under ex-

amination. Chapter 3 outlines the theory underlying the main arguments of

the paper and Chapter 4 presents the methodology through which these argu-

ments are tested. The key findings of the paper are presented in Chapter 5,

and Chapter 6 discusses the policy-relevant implications of the paper’s findings

and broader issues of the politics of energy policy.

11



2 BACKGROUND

2 Background

In order to fully understand the effects of the VEETC and RFS on the

domestic ethanol industry, it is necessary to have a basic understanding of the

ethanol production process and the structure of the domestic ethanol market.

This chapter provides background information on the US ethanol industry

and examines historical renewable energy legislation that contextualizes the

significance of the two policies under examination.

2.1 Ethanol Production Process

Fuel ethanol, which is used both as a primary fuel and as a fuel additive,

is made from the fermentation of sugar, derived primarily from sugarcane

or corn. In Southern Hemisphere countries such as Brazil, ethanol is made

primarily from sugarcane, which is grown in abundance in the South American

climate. In the United States, where corn is a cheaper and more abundant

factor of production than sugarcane, nearly all ethanol production is based on

the fermentation of corn.

There are two primary methods of ethanol production in the United States—

wet milling and dry milling. In the standard wet milling process, corn is soaked

in water and carbon dioxide for 24-36 hours, at which time the separated corn

starch is fermented and turned into ethanol. The standard wet milling process

converts corn into ethanol, CO2, and “Wet Corn Gluten Feed”—a protein-rich

food source used in pig and cattle feed.12

12Jeffrey Currey and Allison Nathan, Food, Feed and Fuel: an Agriculture, Livestock and
Biofuel Primer, March 2007. Goldman Sachs. 2007: 27.; Rhys T. Dale and Wallace E.
Tyner, “Economic And Technical Analysis Of Ethanol Dry Milling: Model Description,”
Working Papers 06-04, Purdue University, College of Agriculture, Department of Agricul-
tural Economics, revised, 2006: 5.
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Due to the large capital costs of constructing wet milling plants, approx-

imately 75% of ethanol plants currently operating in the United States are

dry milling plants, which cost only $1.50 to $2.00 per gallon of capacity to

produce.13 In the dry milling production process corn is cleaned, liquefied,

cooked, fermented and then distilled into liquid ethanol. As demonstrated in

Figure 1, the typical dry milling ethanol plant uses natural gas, electricity and

diesel to convert one bushel of corn into 2.75 gallons of ethanol, 18 pounds of

CO2 and 18 pounds of “dried distillers grain supplement” (DDGS)—a protein

source used in feedstock.14

Due to the large capital costs of constructing wet milling plants, approximately 

75% of ethanol plants currently operating in the United States are dry milling plants, 

which cost only $1.50 to $2.00 per gallon of capacity to produce.2 In the dry milling 

production process corn is cleaned, liquefied, cooked, fermented and then distilled into 

liquid ethanol. The typical dry milling ethanol plant uses natural gas, electricity and 

diesel to convert one bushel of corn into 2.75 gallons of ethanol, 18 pounds of CO2 and 

18 pounds of “dried distillers grain supplement” (DDGS)—a protein source used in 
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While both DDGS and CO2 are sold in their respective markets, the primary 

source of profitability from the ethanol production process comes from the sale of 

ethanol. Assuming an ethanol price of $2.00 per gallon, DDGS priced at $90 per ton, and 

CO2 priced at $5 per ton, 85% of the revenue from ethanol production comes from the 

sale of ethanol itself, while 14% and 1% are derived from the sale of DDGS and CO2, 

respectively. 

                                                
2 Currey, Jeffrey, and Allison Nathan. Food, Feed and Fuel: an Agriculture, Livestock and Biofuel Primer, March 2007. 
Goldman Sachs. 2007: 27. ; Dale, Rhys T. & Wallace E. Tyner, 2006. "Economic And Technical Analysis Of Ethanol 
Dry Milling: Model Description," Working Papers 06-04, Purdue University, College of Agriculture, Department of 

Agricultural Economics, revised, pg 36.  
3Currey, Jeffrey, and Allison Nathan. Food, Feed and Fuel: an Agriculture, Livestock and Biofuel Primer, March 2007. 
Goldman Sachs. 2007: 27.   
  

Figure 2.1. Ethanol Dry-Milling Production Process 

Figure 1: Ethanol Dry-Milling Production Process

While both DDGS and CO2 are sold in their respective markets, the pri-

mary source of profitability from the ethanol production process comes from

the sale of ethanol. Assuming an ethanol price of $2.00 per gallon, DDGS

priced at $90 per ton and CO2 priced at $5 per ton, 85% of the revenue from

ethanol production comes from the sale of ethanol itself, while 14% and 1%

are derived from the sale of DDGS and CO2, respectively.

13Currey and Nathan, 27.; Dale and Tyner, 36.
14Currey and Nathan, 27.
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Figure 2.1. Ethanol Dry-Milling Production Process 

Figure 2: Ethanol Production Revenue by Output

2.2 Industry Structure and Background

2.2.1 Uses of Ethanol

Fuel-grade ethanol is used in two primary capacities—as a fuel additive to

gasoline and as primary fuel in the form of E-85, an 85% ethanol blend that

can be used in flex-fuel vehicles. As a fuel additive, ethanol is used both as a

“volume extender” and as an octane booster. It is used as a volume extender

because ethanol has historically been cheaper than the crude oil used to make

gasoline. Gasoline blenders accordingly use up to 10% ethanol in their gasoline

blends to increase the profitability of blending.15

Ethanol is used as an octane booster as it has a significantly higher oc-

tane level than petroleum-based gasoline.16 Due to Environmental Protection

Agency regulations in the 1990 Clean Air Amendments and the Energy Policy

Act of 1992, gasoline blenders in areas of the US with high carbon monoxide air

15Blending gasoline with more than 10-15% ethanol can be harmful vehicles that do not
have flex-fuel engines.

16Ethanol has an octane level of 115 while petroleum-based gasoline has an octane number
of 87. Michael Wetzstein, Dmitry Vedenov, and Zibin Zhang, “Can the US Ethanol Industry
Compete in the Alternative Fuels Market?” Agricultural Economics 37 (2007): 105.
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counts are required to oxygenate their gasoline blends with high octane addi-

tives in order to lower carbon monoxide emissions.17 While gasoline blenders

have traditionally oxygenated their fuel blends with either methyl tertiary

butyl ether (MTBE) or ethanol, recent findings that MTBE causes groundwa-

ter contamination has led blenders to shift towards the use of ethanol as their

sole oxygenate of choice.18

Fuel-grade ethanol is also sold as a primary fuel in the form of E-85 at gas

pumps around the county. While E-85 can be used in any flex-fuel vehicle, the

so called “green fuel” has yet to gain popularity outside the ethanol-producing

Midwest. As of February 2008, there were only 1348 E-85 stations in the US,

and half of those stations were in the corn-producing states of Indiana, Iowa,

Illinois, Minnesota, and Wisconsin.19 While E-85 is a viable fuel source, the

lack of E-85 stations as well as the small number of flex-fuel vehicles on the

road has kept E-85 use relatively low. In 2005, for example, only 1.05% of

ethanol produced in the US was used in the formulation of E-85.20

2.2.2 Market Structure

As previously noted, domestic ethanol producers use natural gas, gasoline

and other energy sources to convert corn into fuel-grade ethanol. After the

ethanol is produced and stored, producers sell their ethanol either directly to

17Kevin N. Rask, “Clean Air and Renewable Fuels: the Market for Fuel.” Energy Eco-
nomics 20 (1998): 326.

18In early 2006 MTBE was found to cause groundwater contamination and to be highly
carcinogenic. Gasoline requires an oxygenate to achieve required octane levels and 5%
ethanol blends and greater achieves this purpose. As of September 2006 26 states have bans
on MTBE. Currey and Nathan, 20.

19US Department of Energy, <http://www.eere.energy.gov/afdc/fuels/stations counts.html>
20See appendix for calculation. US Department of Energy, <http://www.eere.energy.

gov/afdc/data/index.html>
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2.2 Industry Structure and Background 2 BACKGROUND

gasoline blenders or to marketers who sell the ethanol for a nominal fee.21

Gasoline blenders mix up to 10% ethanol in their gasoline blends to increase

profits and fulfill oxygenate requirements, and then sell the final gasoline prod-

uct to wholesale gasoline distributors or sometimes directly to retail gasoline

outlets where consumers pump the gasoline blends directly into their cars.

While the supply chain from ethanol production to end user appears some-

what lengthy, the important supply and demand dynamics take place between

the ethanol producers and gasoline blenders. Gasoline blenders represent up-

wards of 98% of all domestic demand for ethanol, and most government ethanol

subsidies are directed at either ethanol producers or gasoline blenders.22
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Figure 3: Ethanol Market Structure

The defining characteristic of the domestic ethanol market is that it is

highly geographically focused around the Corn Belt. Eighty-five percent of

21The fee is often around $0.02 per gallon. Hawkeye Renewable Estimates. See appendix
for Hawkeye Renewable Costing Report.

22See appendix for calculation. US Department of Energy, <http://www.eere.energy.
gov/afdc/data/index.html>
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US ethanol is produced in the six largest corn producing states—Iowa, Illinois,

Nebraska, Minnesota, South Dakota and Kansas.23
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Figure 4: Ethanol Production by State, January 2008

The market is highly concentrated in the Midwest because the economics

of ethanol production are highly sensitive to transportation costs. As a result,

ethanol plants are located nearby their main input of production, corn, or on

railway lines where corn can be cheaply shipped. The major downside to the

geographic concentration of the industry is that most ethanol is produced far

from its end-markets. Most gasoline blenders are located in coastal states such

as Texas and California, hundreds of miles away from the Midwest. Further,

ethanol cannot currently be transported through pipelines because the liquid

fuel is corrosive, and it must therefore be shipped by truck, train or barge.24

The lack of an economically sound distribution channel has acted as a bottle-

neck to industry growth and has made it difficult to transport ethanol to its

end-users without making the fuel prohibitively expensive.

23Renewable Fuels Association, <http://www.ethanolrfa.org/>
24Roger Ginder, “Potential Infrastructure Constraints on Current Corn-Based and Future

Biomass Based US Ethanol Production,” Staff General Research Papers 12836, Iowa State
University, Department of Economics, (2007): 12.
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2.3 Legislation 2 BACKGROUND

2.2.3 Market Competition

The domestic ethanol industry is fairly competitive, with the top six pro-

ducers controlling 34% of the domestic ethanol market.25 The largest domestic

producer is Archer Daniels Midland, which produces 14% of US ethanol.
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2.3 Legislation

Before detailing the various ways in which the US Government has sup-

ported the ethanol industry over the past 40 years, it is useful to take a step

back and understand the President and Congress’ justifications for supporting

the domestic ethanol industry. The US Government has decided to subsidize

and support the ethanol industry for three main reasons. First, it is believed

that a mature domestic ethanol industry will increase national security by re-

ducing the US’s dependence on foreign oil. Second, a self-sustaining ethanol

industry is expected to insulate the US from fluctuations in oil prices and de-

crease the cost of goods by generally lowering energy prices. Finally, a robust

25Calculations based on data from the Renewable Fuels Association. See Figure 5 for
details.
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2.3 Legislation 2 BACKGROUND

ethanol industry is expected to decrease pollution and improve environmental

quality, as ethanol is a significantly cleaner burning fuel than petroleum-based

gasoline.26 While the validity of these justifications can be debated, Congress

has made clear that it is in firm support of the domestic ethanol industry.

2.3.1 Historical Ethanol Legislation

The first major push for a robust ethanol industry in the US took place after

the 1970s OPEC oil shocks, which drastically increased the price of domestic

gasoline and emphasized national security concerns over the US’s reliance on

foreign energy sources. Since 1978, US tax policy has mandated a $0.54 per

gallon import duty on fuel-grade ethanol.27 While there is a small exemption

to this duty for countries in the Caribbean Basin, the duty has insulated

US producers from foreign competitors in Brazil who produce ethanol from

sugarcane at significantly lower costs.28

In the 1980s and early 1990s Congress passed a series of bills that provided

gasoline refiners and automakers with incentives to blend ethanol into fuel

gasoline and to produce alternative fuel vehicles. In 1980 Congress passed the

Energy Security Act and the Windfall Profits Tax Act, which each promoted

the development of domestic fuels such as ethanol.29 In 1982 the US passed the

Surface Transportation Assistance Act which increased the gasoline excise tax

26These three justifications are discussed in the President’s speeches to the Ford Motor
Company and to a Minnesota township. President George Bush, “President Bush Discusses
Energy Initiatives in Missouri.” Ford Motor Company Kansas City Assembly Plant, MO.
20 Mar. 2007. <http://www.whitehouse.gov/news/releases/>. Steil, “Bush Gives Boost
to Ethanol.”

27Wetzstein et al., 105.
28Renewable Fuels Association Policy Report, <http://www.ethanolrfa.org/policy/regulat

ions/federal/>
29Ibid.
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2.3 Legislation 2 BACKGROUND

to $0.09 per gallon.30 In 1994 it passed the Tax Reform Act, which increased

the exemption for 10% ethanol blends to $0.06 per gallon.31 In 1988, Congress

enacted the Alternative Motor Vehicles Act, which encouraged the production

of cleaner running vehicles and fuels and mandated the use of cleaner burning

additives, such as ethanol, into fuel.32 This bill was particularly supportive of

E-85 as it provided automakers with a tax credit for producing automobiles

that were capable of running on the 85% ethanol blend.33

2.3.2 Volumetric Ethanol Excise Tax Credit

A number of policies such as the Energy Policy Act of 1992 and the Trans-

portation Efficiency Act of 1998 provided further incentives for consumers and

producers to marginally increase their use of ethanol and other clean fuels, but

it was not until the 108th Congress that the United States implemented seri-

ous production and consumption incentives encouraging the growth of a stout

domestic ethanol industry. In October of 2004 Congress passed the American

Jobs Creation Act of 2004, which created the Volumetric Ethanol Excise Tax

Credit (VEETC). The VEETC provides a $0.51 tax credit to gasoline blenders

for every gallon of ethanol blended with gasoline.34 The policy is notable for

two reasons. First, it provides the largest ever tax credit to support the domes-

tic ethanol industry; the tax credit was an estimated $3 billion in 2007 and is

expected to increase in the future as ethanol demand increases.35 Second, the

effects of the VEETC should be relatively easy to predict. As a tax credit to

30Ibid.
31Ibid.
32Ibid.
33Ibid.
34The VEETC provides a $0.51 tax credit to gasoline refiners for every gallon of ethanol

used in gasoline blends. Section 301 and 6426 of H.R. 4520, <www.thomas.gov>
35Tyner and Quear, 201.
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2.3 Legislation 2 BACKGROUND

the demanders of ethanol, one would expect the VEETC to increase demand

for ethanol and thus increase the equilibrium price of ethanol according to the

size of the tax credit.

2.3.3 Renewable Fuels Standard

Congress continued its efforts to support the domestic ethanol industry

when it passed the Energy Policy Act of 2005. While this law enacted a

number of important policies such as the Cellulosic Biomass Program and the

Small Producer Tax Credit, its most notable achievement was the enactment of

the Renewable Fuels Standard—the first ever bill mandating that a minimum

level of renewable fuel be used each year.36 Phasing in the mandate over

a seven year period beginning in 2006, the RFS mandates that all refiners,

blenders and importers of fuel use a certain percentage of renewable fuel in

their final product.37 According to bill, the US must use at least 4.0 billion

gallons of renewable fuel in 2006 and at least 7.5 billion gallons in 2012,38 as

seen in Figure 6.
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Figure 3.1. Effect of Government Policies on Ethanol 

Market: Four-Stage Flow Chart

Figure 2.6. RFS Yearly Mandates 

Figure 6: RFS Yearly Mandates

36United States. Cong. House. Energy Policy Act of 2005. 109 Cong. H.R. 6. Section
1501.

37Environmental Protection Agency, Regulation of Fuels and Fuel Additives:Renewable
Fuel Standard Program, May (2007) <http://www.epa.gov/otaq/renewablefuels/rfs-finalru
le.pdf>

38Ibid.
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3 THEORY

3 Theory

This chapter details the economic theory underlying the main arguments

of the paper. Specifically, it examines the mechanisms through which the

VEETC and RFS aided in the recent decline of the ethanol industry. The ba-

sic causal mechanism is as follows: the RFS and VEETC drastically increased

the short-term price of ethanol by instantaneously increasing demand in an in-

dustry that was capacity-constrained in the short-run. Historically high prices

in early 2006 induced substantial capacity building in mid to late 2006, which

ultimately drove down long-term ethanol prices. An exogenous macroeco-

nomic shock increased the price of ethanol’s major input in late 2006, and the

combination of low long-term ethanol prices and an increased marginal cost of

production significantly decreased the profitability of ethanol production and

threatened the livelihood of the US ethanol industry.

As this causal mechanism is at first glance somewhat complex, this chapter

breaks down the mechanism into four main stages. The relationship between

these stages can be seen in Figure 7, which elucidates the relationship between

the enactment of the two policies and the current frailty of the domestic ethanol

market.

Michael Sperling Thesis

11/5/2007
Structure of Ethanol Market

High Short-Term 

Ethanol Prices

VEETC

RFS

Substantial Capacity 

Building

Long-Term Price 

Decreases

Low Profitability and 

Declining Market 

Fundamentals
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Corn Prices
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Figure 7: Effect of Government Policies on Ethanol Market: Four-Stage Flow
Chart
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3.1 Stage 1 - Short-Term Price Increases 3 THEORY

3.1 Stage 1 - Short-Term Price Increases

3.1.1 Effect of VEETC and RFS in Shifting Demand

The direct effect of the two government policies is predicted to be a large

increase in demand for ethanol, and a subsequent large increase in the short-

term price of ethanol. The Volumetric Ethanol Excise Tax Credit provides

a $0.51 tax credit to the demanders of ethanol and is accordingly expected

to shift the demand curve for ethanol outward, thus increasing the price of

ethanol at any given quantity demanded. !

!

!

!

!

!!!!!!!!!!!!!!!!!

Figure 3.3. Effect of Blending Ethanol on Gasoline Blenders’ Margins, $/gallon 

Figure 3.2. Effect of VEETC and RFS on Demand Curve 
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Figure 8: Effect of VEETC and RFS on Demand Curve

The direct effect of the VEETC on demand can be seen when considering

a blender’s decision to use ethanol in a gasoline blend. From the vantage point

of a gasoline blender, the benefit of including ethanol in a gasoline blend is

two-fold. First, when ethanol prices are below gasoline prices, it is possible

to increase profitability by blending in the cheaper input. Second, because

the VEETC provides a $0.51 tax credit for every gallon of ethanol blended,

there is a $0.051 per gallon tax advantage to selling a 10% ethanol blend.39

39The $0.051 tax advantage for selling 10% ethanol blends is derived from multiplying the
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3.1 Stage 1 - Short-Term Price Increases 3 THEORY

As demonstrated in Figure 9, blenders could increase their per gallon profit

margin by 200% (from $0.05 per gallon to $0.15 per gallon) by blending 10%

ethanol in their gasoline blends in September 2007. While $0.05 of this margin

increase was due to the fact that ethanol was cheaper than wholesale gasoline,

$0.05 of the margin increase can be attributed to the $0.051 tax advantage of

selling 10% ethanol blends under the VEETC.
($/gallon)

(1) Includes impact of $0.51/gallon tax credit for blending ethanol (i.e. .1 gallon x $0.51 tax credit).
(2) Based on ethanol price of $1.73/gallon (September 2007 monthly average).
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Figure 3.5. Predicting Supply Through Capacity Building, 2002-2006 

Figure 3.4. Domestic Supply and Demand, 2002-2007 

Figure 9: Effect of Blending Ethanol on Gasoline Blenders’ Margins, $ per gallons

Similar to the VEETC, the Renewable Fuels Standard is expected to in-

crease demand for ethanol. The RFS mandates that a minimum level of gaso-

line blended, refined or imported contain renewable fuel, the most popular of

which is ethanol. The percentage of fuel that must be renewable is increased

each year under the RFS, and the policy is thus also expected to increase

demand for ethanol.

As domestic suppliers produced nearly 3.9 billion gallons of ethanol in 2005

$0.51 per gallon tax credit by 10%.
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3.1 Stage 1 - Short-Term Price Increases 3 THEORY

and as the RFS mandate for 2006 was set to 4 billion gallons,40 one might

suggest that the RFS would have only a minimal impact on domestic demand.

The phrasing of the RFS, however, is such that after the first year of the

policy’s implementation, “refiners, importers and blenders of gasoline,” will

be individually responsible for using a certain percentage of renewable fuels.41

Consequently, refiners, importers and blenders who did not use any renewable

fuel prior to 2006 may have started using renewable fuel directly after the

policy’s passage so as to ease in the eventual renewable fuel requirements set

for 2007. Due to these complexities, it is difficult to precisely predict the

immediate impact of the RFS on ethanol demand.

3.1.2 Short-Term Capacity Constraint

While the RFS and VEETC were indeed expected to increase the price of

ethanol, this paper argues that prices increased well above expectations due to

the fact that the ethanol industry was capacity-constrained in the short-run.42

Short-term capacity was constrained for two primary reasons. First, it takes

more than sixteen months to build an ethanol plant, and domestic producers

are therefore unable to respond quickly to shocks that instantly increase do-

mestic demand.43 Second, nearly all domestic producers were producing at

their plants’ full capacities when the policies were enacted, and the domestic

market was therefore unable to satisfy the increase in ethanol demand follow-

40Environmental Protection Agency, Regulatory Announcement: EPA Completes Regula-
tions Clarifying the Default Standard for 2006 Under the Renewable Fuel Standard Program,
Dec. (2005). <http://www.epa.gov/otaq/renewablefuels/420f05057.htm

41Environmental Protection Agency, Regulation of Fuels and Fuel Additives:Renewable
Fuel Standard Program, May (2007) <http://www.epa.gov/otaq/renewablefuels/rfs-finalru
le.pdf>

42The industry was constrained by the amount of ethanol that domestic industry could
produce, and not by domestic demand.

43Renewable Fuels Association
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3.1 Stage 1 - Short-Term Price Increases 3 THEORY

ing the passage of the two policies by producing additional ethanol from plants

already in operation.

A number of scholars have noted that the ethanol industry is capacity-

constrained in the short-run. Gardner (2007) found that, “ethanol production

is severely constrained in the short-run by the existing production capacity,”44

and Rask (1998) found that even in the long-run, demand shocks are trans-

mitted significantly more to price than to quantity.45 In addition to the fact

that it takes more than sixteen months to build an ethanol production facil-

ity, there are two pieces of evidence that convincingly prove that the industry

is capacity-constrained. First, as demonstrated in Figure 10, domestic de-

mand has been greater than domestic supply since 2003.46 In combination

($/gallon)
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Figure 3.5. Predicting Supply Through Capacity Building, 2002-2006 

Figure 3.4. Domestic Supply and Demand, 2002-2007 

Figure 10: Domestic Supply and Demand, 2002-2007

with the fact that transportation costs and a $0.54 import tariff make do-

mestically produced ethanol significantly cheaper than foreign imports, the

fact that domestic users of ethanol import any amount of the more expensive

44Bruce Gardner, “Fuel Ethanol Subsidies and Farm Price Support.” Journal of Agricul-
tural & Food Industrial Organization 5 (2007): 10.

45Rask, 339.
46Supply is defined as domestic production in millions of gallons per year. Demand is

defined as the amount of ethanol demanded by gasoline blenders, which includes domestic
production and foreign imports.
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3.1 Stage 1 - Short-Term Price Increases 3 THEORY

foreign ethanol suggests that domestic producers have been producing at full

capacity.

Second, growth in domestic supply can be entirely explained by capacity

building.47 As demonstrated in Figure 11, adding previous year’s capacity

under construction to previous year’s domestic supply yields a near perfect

estimation of the current year’s ethanol supply.48 If the industry were not

capacity-constrained, some portion of growth in supply would have to be ex-

plained by increases in supply from plants already in operation. This, however,

is not the case.
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Figure 3.7. Effect of Demand Shift on Price in Capacity Constrained Industry 

Figure 3.6. Effect of Demand Shift on Price in Capacity Unconstrained Industry 
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Figure 11: Predicting Supply Through Capacity Building, 2002-2006

Due to the fact that the ethanol market was capacity-constrained in the

short-run, one can infer that the short-term domestic supply curve was almost

completely inelastic at the time of the policies’ enactment. Therefore, the

increase in domestic demand following the passage of the two policies increased

the price of ethanol significantly more than if supply had been more elastic.

47Data on domestic production and capacity under construction is taken from the Renew-
able Fuels Association.

48In Figure 11,“Predicted Supply” is derived by adding previous year’s supply to previous
year’s capacity under construction.
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3.1 Stage 1 - Short-Term Price Increases 3 THEORY

As demonstrated in Figure 11 and Figure 12, the price increase (from P to

P*) associated with an outward shift in the demand curve is much greater

in a capacity-constrained industry than in an industry that is not capacity-

constrained.
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Figure 12: Effect of Demand Shift on Price in Capacity Unconstrained Industry
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Figure 3.9. Biorefineries in Production and Under Construction, January  2008 

Figure 3.8. Effect of Capacity Building on Supply 

"#$%&'&(

)*'+,!
-!

-!./&,*!01123!$%4!567

7

)8!

)!

7 $/&,*!,9+,::';,!+$<$+'&(!=#'>4'%?

)88!

"! "88!

"#$%&'&(

)*'+,!
-!

-!./&,* 01123 $%4 567 73$<$+'&(!3@%:&*$'%,4!

)8!

)!

)*'+,!A%+*,$:,!

Figure 13: Effect of Demand Shift on Price in capacity-constrained Industry

The fact that supply was constrained in the short-run also has implications

for the predicted increase in ethanol prices associated with the implementation

of the VEETC. Economic theory states that a tax credit is divided amongst

the suppliers and demanders of a good based on the relative elasticities of
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3.2 Stage II - Substantial Capacity Building 3 THEORY

supply and demand.49 As supply was perfectly inelastic at the time of the

policies’ implementation, theory would suggest that the entire $0.51 provided

in the VEETC would ultimately go to suppliers in the form of a $0.51 price

increase.

It is also important to note that the short-term price increase associated

with the passage of the policies is expected to be so large because the poli-

cies provided instantaneous demand shifts. While other factors that increase

demand for ethanol do so gradually over the course of months or years,50 the

VEETC and RFS increased demand and demand expectations instantaneously.

The VEETC provided an immediate $0.51 tax increase to gasoline blenders,

and the RFS mandated that the fuel standard begin only two months after the

Energy Policy Act of 2005 was signed into law. Because these policies immedi-

ately increased demand in a capacity-constrained industry, they are expected

to increase ethanol prices significantly more than regular market forces could

have.

3.2 Stage II - Substantial Capacity Building

Economic theory further suggests that a large short-term price increase

should induce significant entry into the supply side of the ethanol market.51

As the price of ethanol spiked following the passage of the RFS and VEETC,

one would expect investors to enter the ethanol market to capture the gains

associated with a significant increase in ethanol prices, and thus profitability.

This investment should manifest itself in the form of significant plant building

49N. Gregory Mankiw, Principles of Economics. 3rd ed. (South-Western College Pub:
2003) 106.

50Two examples of situations that increase demand gradually are i) increased concerns
over global warming, and ii) a growing number of flex-fuel vehicles on the road.

51Mankiw, 298.
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3.3 Stage III - Long-Term Price Decreases 3 THEORY

and high short-term capacity growth.

An important distinction to make is that between regular capacity building,

caused by ordinary shifts in the supply and demand for ethanol, and that of

“substantial” capacity building. This paper suggests that capacity building

following the large ethanol price increases in early 2006 was “substantial” in

that it was much greater than the capacity building that would have taken

place had the two government policies not stimulated a short-term price spike.

Because much of this capacity building was induced by non-market forces,

significantly more ethanol capacity was constructed than would have been

had the RFS and VEETC not had such a large effect on short-term prices.

3.3 Stage III - Long-Term Price Decreases

Economic theory also suggests that the main result of the substantial ca-

pacity building described in Stage II should be a long-term decrease in the

equilibrium price of ethanol. As demonstrated in Figure 14, long-term prices

are expected to adjust downward in response to significant entry into the sup-

ply side of the market.
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Figure 3.9. Biorefineries in Production and Under Construction, January  2008 

Figure 3.8. Effect of Capacity Building on Supply 
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Figure 14: Effect of Capacity Building on Supply
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3.4 Stage IV - High Corn Prices and Low Profitability 3 THEORY

From an examination of Figure 14, one might argue that the two gov-

ernment policies were in fact successful in achieving their policy objectives.

The domestic quantity of ethanol demanded increased dramatically from Q

to Q** and the price of ethanol decreased below where it started (from P to

P**), thus leaving the American public with more of the domestically pro-

duced clean-burning fuel at a lower price. The policies’ secondary effect of

decreasing long-term ethanol prices, however, began to raise questions about

the long-term sustainability of domestic ethanol production when an exoge-

nous shock caused the price of ethanol inputs to dramatically increase in the

fall of 2006.

3.4 Stage IV - High Corn Prices and Low Profitability

In the fall of 2006 a wheat drought struck Asia, Australia and the United

States, greatly lowering the supply and increasing the price of the widely used

grain.52 As a result of this wheat drought, demand and price for wheat’s

closest substitute, corn, drastically increased in October of 2006.53 As corn is

the most costly and vital input for domestic ethanol production, the increase in

corn prices raised the marginal cost of ethanol production and greatly reduced

producers’ profit margins.

While the wheat drought was clearly not related to the passage of the gov-

ernment policies under consideration, this paper argues that producers’ profit

margins would not have been squeezed to the point where many domestic pro-

ducers were on the verge of bankruptcy had the VEETC and the RFS not

triggered a long-term decreased in ethanol prices. Further, the substantial ca-

52“Drought in Australia Helps Push Wheat Prices to a 10-Year High.” New York Times
12 Oct. 2006.

53Ibid.
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pacity building spurred by the two policies was still underway when the wheat

drought increased the price of corn. Because it was economically impractical

for firms to stop construction while in the middle of building a plant, capacity

expansion increased through the start of the wheat drought, further lowering

the price of ethanol. Thus, while the first order effect of the policies was to in-

crease ethanol demand, the secondary effects of the policies ultimately reduced

the long-term profitability of ethanol production.

3.5 Physical Infrastructure Constraints

In examining the long-term price decrease caused by the two policies, it

is important to note the role that infrastructure constraints have played in

the declining health of the ethanol industry. In particular, it is important to

note the role that the VEETC and RFS have played in exacerbating these

infrastructure constraints.

The major physical infrastructure constraints facing the domestic ethanol

industry are two-fold. First, the industry is constrained by transportation

difficulties in delivering ethanol to its end markets. As mentioned in Section

2.2.2, domestic ethanol production is highly concentrated in the corn-growing

Midwest. As can be seen from Figure 15, the vast majority of ethanol produc-

ers are located in the US’s six largest corn producing states—Iowa, Illinois,

Nebraska, Minnesota, South Dakota and Kansas.54

With the exception of a few production facilities in California, which pro-

duce only 73 million gallons of ethanol a year,55 there are very few ethanol pro-

54Renewable Fuels Association, Ethanol Biorefinery Locations, Jan. (2008). <http://w
ww.ethanolrfa.org/industry/locations/>. Figure 15 is taken directly from the Renewable
Fuels Association.

55Renewable Fuels Association, RFA 2008 Outlook, <http://www.ethanolrfa.org/objects
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Figure 4.2. Crush Spread: Profit per Gallon of Ethanol Produced, 2004- 2007 

Figure 4.1. Ethanol Price and Marginal Cost, 1998-2007 

Figure 15: Biorefineries in Production and Under Construction, January 2008

duction facilities located near gasoline blenders in Texas, California, Florida

and New York, or near major US cities such as Houston, Phoenix, Boston,

or San Francisco. Consequently, ethanol must be shipped significant distances

from production facilities in the Midwest to its end-users around the US. While

oil and gasoline can be shipped quickly and cost-effectively through pipelines,

the corrosive nature of ethanol has prohibited it from being shipped through

pipelines,56 and the clean-burning fuel must therefore be transported by ei-

ther truck, rail or barge—the most popular of which has been rail. While

ethanol capacity under construction grew 217% from 2005 to 2006,57 growth

of transportation capacity failed to grow at such a high rate because there were

only four major producers of railway tank cars that were capable of construct-

ing cars large enough to cost-effectively ship ethanol.58 Thus, while ethanol

production capacity increased at exponential rates following the passage of

/pdf/outlook/RFA Outlook 2008.pdf>
56Ginder, 12.
57Capacity under construction growth calculations are derived from Renewable Fuels As-

sociation data.
58Ginder, 12.
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the VEETC and RFS, bottlenecks in the transportation and distribution of

ethanol to its end-markets hindered domestic producers from meeting the full

increase in demand caused by the passage of these two policies.

The second main infrastructure constraint concerns the availability of E-

85 at gas stations and the number of vehicles on the road that are capable

of using E-85. While ethanol has become a popular gasoline oxygenate, it

has largely failed to become a widely used primary fuel. There are currently

only 1348 E-85 stations in the US, and half of those stations are located in

the Midwestern states of Indiana, Iowa, Illinois, Minnesota, and Wisconsin.59

Further, while the number of vehicles on the road that are capable of using

E-85 jumped 73% from 2005 to 2006, the small absolute number of flex-fuel

vehicles in use has prevented E-85 from gaining widespread popularity.60 Thus,

while ethanol production may have increased dramatically over the past few

years, the relatively small number of E-85 gas stations and flex-fuel vehicles

has limited ethanol’s bid to become a replacement for gasoline as a primary

fuel.

From the theoretical arguments outlined in this chapter, it is clear that

there is much to prove in order to demonstrate the theoretical connection be-

tween the two policies and the recent decline in the health of the domestic

ethanol industry. This paper must demonstrate that the policies did in fact

drastically increase the price of ethanol in the short-run, that this price in-

crease induced substantial entry into domestic ethanol production, and that

59US Department of Energy, E-85 Report, Jan. (2008). <http://www.eere.energy.gov/
afdc/fuels/stations counts.html>

60There were just over 1.2 million flex-fuel vehicles capable of using E-85 in the US in
2006. Flex fuel vehicle calculations derived from USDE data. US Department of Energy,
Alternative Fuel Vehicles Database, Dec. (2007). <http://www.eere.energy.gov/afdc/data/
vehicles.html>
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substantial market entry in turn decreased the long-term price of ethanol. Be-

fore turning to the methodology used to test these arguments, however, it

is important to briefly examine other scholars’ examinations of the effects of

government policies on the domestic ethanol industry.

3.6 Literature

While there is a vast literature on the energy efficiency and sustainability

of ethanol, there have been relatively few papers that model the economics of

the US ethanol industry, and even fewer that explicitly examine the effects of

government policies on the domestic ethanol market using econometric models.

Rask (1998) used a two-stage least squares estimation to model the supply and

demand for ethanol and evaluate the role of government incentives in making

ethanol an appealing replacement to gasoline. He found that state and federal

ethanol incentives were integral in making ethanol an economically viable sub-

stitute for MTBE and gasoline between 1984 and 1993.61 Gonzalez, Sheldon

and Thompson (2007) used a two-stage least squares regression to estimate the

effects of the $0.54 ethanol import tariff on trade distortions with Brazil, and

found that the import tariff has had a negative economic effect on both coun-

tries.62 Westhoff, Meyer and Thompson (2007) examined the $0.51 blenders

tax credit and the $0.54 import tariff and found that while government subsi-

dies have been incredibly expensive for the American taxpayer, they have been

essential to the strength the domestic ethanol industry.63 They estimated that

61Rask, 343.
62Ariadna Martinez-Gonzalez, Ian Sheldon and Stanley Thompson, “Estimating the Wel-

fare Effects of US Distortions in the Ethanol Market Using a Partial Equilibrium Trade
Model,” Journal of Agricultural & Food Industrial Organization 5 (2007).

63Patrick Westhoff, Seth Meyer and Wyatt Thompson, “Economic Impacts of Not Ex-
tending Biofuel Subsidies,” AgBioForum 10 (2007): 103.
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the termination of the VEETC and the import tariff would lead to long-run

decrease in domestic ethanol production by 30%.64

In contrast to the relatively small number of econometric examinations of

government policies, quite a few scholars have inspected the effects of gov-

ernment interventions in the ethanol market using qualitative arguments or

simple spread-sheet models. Tyner and Quear (2006) employed a simple alge-

braic spread-sheet model to estimate the difference between employing a fixed

and variable ethanol tax credit on government expenditures and found that

employing a variable tax credit would be more cost effective for the US govern-

ment than the current fixed $0.51 tax credit.65 Gardner (2007) analyzed the

effects of the VEETC and import tariff on tax payers and ethanol producers

and found that ethanol subsidies have, “generated deadweight losses likely to

be in the billions of dollars annually.”66 Tyner (2007) examined the VEETC

and other ethanol policies in the context of the declining welfare of the ethanol

industry and concluded that current policies have failed to promote ethanol

made from cellulosic feedstocks.67

Other scholars have examined the effects that Congress’ policies have had

on specific aspects of the domestic ethanol market. Ginder (2007) examined

the growth of the ethanol industry and its constraints due to a lack of in-

frastructure in ethanol distribution,68 and Dale and Tyner (2006) outlined

the effect that government incentives have had on the ethanol production and

64Ibid, 103.
65Tyner and Quear, 201.
66Bruce Gardner, “Fuel Ethanol Subsidies and Farm Price Support,” Journal of Agricul-

tural & Food Industrial Organization 5 (2007).
67Wallace E. Tyner, “Policy Alternatives for the Future Biofuels Industry,” Journal of

Agricultural & Food Industrial Organization 5 (2007): 10.
68Ginder, 15.

36



3.6 Literature 3 THEORY

plant construction processes.69

This paper differs from those of previous scholars in two primary aspects.

First, it more accurately represents the industry’s supply curve by method-

ologically accounting for the industry’s short-term supply constraint. This

point will be discussed in greater detail in Chapter 4, but is important to note

as it allows this paper to more accurately determine the demand-shifting ef-

fects of the VEETC and RFS on the domestic ethanol industry. Second, this

paper uses a more reliable and up-to-date dataset than previous examinations

of the US ethanol industry. In examining the unintended consequences of the

VEETC and RFS it is necessary to use a dataset that extends well into 2007

because a number of the secondary effects of these policies have only recently

been realized.

69Dale and Tyner, 36.
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4 DATA AND METHODOLOGY

4 Data and Methodology

4.1 Data

4.1.1 Dependent and Explanatory Variables

In order to estimate the effects of the VEETC and RFS on the domestic

ethanol market, this paper uses monthly pricing, quantity and demand data

from January 1998 to November 2007. Daily ethanol and gasoline prices were

acquired from Bloomberg, which represents the most reliable and commonly

used source of commodity pricing data currently available.70 Monthly averages

are taken from this daily data for comparison with other time series data.

Monthly data on the price of natural gas and the equilibrium quantity

of ethanol and MTBE supplied was collected from the Energy Information

Administration—the office of energy statistics for the US Government.71 Corn

prices were obtained from the US Department of Agriculture’s statistical database,

which presents monthly commodity prices dating back to 1982.72 Data rele-

vant to ethanol production capacity, the number of plants built in a given year

and annual supply and demand estimates were collected from the Renewable

Fuels Association, a trade association for the US ethanol industry and one of

the most widely cited sources of ethanol data.73

70Bloomberg Market and Commodities Data. Accessed 7 Dec. 2007 <http://www.bloomb
erg.com/markets/>.

71Energy Information Administration, <http://tonto.eia.doe.gov/>
72US Department of Agriculture, Statistical Database, <http://www.ers.usda.gov/Data/

feedgrains>
73Renewable Fuels Association
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4.1.2 Other Variables Used

In addition to the commodity price and supply and demand data mentioned

above, the results section relies on two variables created to proxy marginal cost

and profitability.

Marginal Cost: Both Rask (1998) and Wetzstein et al. (2007) used the

price of corn as the sole proxy for the marginal cost of producing ethanol.

While their use of corn as a proxy for marginal cost showed statistically signif-

icant results in both of their analyses, their proxy is not completely accurate as

the cost of corn represents only 85% to 95% of the marginal cost of producing

ethanol, depending the relative prices of corn, natural gas and gasoline.

In order to better estimate the marginal cost of producing a gallon of

ethanol this paper created a marginal cost variable that accurately reflects the

changing costs of ethanol’s major inputs. The formula was backed out from

costing data received by Hawkeye Renewable Energy Corp, one of the six

largest ethanol producers in the US. Hawkeye’s costing estimates imply that

producing one gallon of ethanol requires .357 bushels of corn, .029 MMBTU of

natural gas,74 and the equivalent of .01 gallons of gasoline in freight and energy

costs.75 These input estimates were verified against the production estimates

found in Goldman Sachs’ March 2007 Commodities Report.76

The marginal cost formula was applied to daily corn, natural gas and gaso-

line prices in order to measure changes in marginal cost over time. As seen

in Figure 16, the marginal cost estimate tracks the price of ethanol fairly well

from 1998 to 2007.

74MMBTU is an acronym for Millions of British Thermal Units
75Hawkeye Costing Report. See Appendix for details and calculations.
76Currey and Nathan, 27.
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Figure 4.2. Crush Spread: Profit per Gallon of Ethanol Produced, 2004- 2007 

Figure 4.1. Ethanol Price and Marginal Cost, 1998-2007 

Figure 16: Ethanol Price and Marginal Cost, 1998-2007

Profitability of Production: In order to estimate the profitability of ethanol

production, this paper created a measurement to proxy ethanol’s “crush spread,”

or profit per gallon—the industry’s primary measure of profitability. This vari-

able was created by subtracting the marginal cost of producing ethanol and

a $0.25 fixed cost from ethanol’s market price. The $0.25 per gallon fixed

cost is comprised of general plant operating costs (approximately $0.22-$0.23

per gallon) and a $0.02 marketing fee that most producers pay to have their

ethanol sold for them.77
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Figure 4.3. Demand Equation 

Figure 4.5. Second Stage of TSLS Demand Regression 
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Figure 4.4. First Stage of TSLS Demand Regression 

Figure 17: Crush Spread: Profit per Gallon of Ethanol Produced, 2004-2007

77Hawkeye Renewable Energy Estimates. See appendix for details.
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Seasonal and Yearly Control Variables: In order to properly control for

seasonal variations in ethanol demand, this paper created two seasonal dummy

variables—one for the winter months of November, December, January and

February, and one for the spring months of March, April, May and June.

Ethanol demand tends to be higher in the winter months and lower in the

spring months. Further, it employs yearly dummy variables for 2004, 2005

and 2006 to control for the phase-out of MTBE over this period.

Government Policies: The two Government policies under examination are

entered as binary variables, with “1” representing dates after the policy was

passed by Congress and signed into law by the President, and “0” representing

dates before the bill was signed into law. The VEETC was signed into law on

October 22, 2004, and the RFS was signed into law on August 8, 2005.78

4.2 Methodology

This paper employs a two-stage least squares (TSLS) regression and an

Internal Rate of Return (IRR) Calculation Model to estimate the demand

and supply for domestically produced ethanol and examine the effects of the

RFS and VEETC on the domestic ethanol market. This section outlines the

methodology through which the paper examines the effects of the two policies

on demand, price and supply. It begins by examining demand in the domestic

ethanol market and outlining the two-stage least squares regression through

which demand can be estimated. It then describes the methodology by which

it assesses the long-term response of prices to increases in domestic supply. It

concludes by examining the response of domestic suppliers to the enactment

of the two policies by investigating the investment decision made by suppliers

78Renewable Fuels Association
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and investors in the ethanol industry using an IRR Calculation Model.

4.2.1 Ethanol Demand

Demand for ethanol is primarily a function of its own price (Pethanol), the

price of gasoline (Pgas), and the price of ethanol’s closest substitute as a gaso-

line oxygenate, MTBE (PMTBE). As ethanol is a normal good, one would

expect demand for ethanol to be negatively related to the price of ethanol.

One would further expect demand for ethanol to be positively related to the

price of gasoline and the price of MTBE as the three liquids are substitutes.79

It is important to note, however, that state-wide MTBE bans adopted between

2001 and 2006 have effectively pushed MTBE out of the gasoline oxygenate

market. Due to the fact that MTBE has not been a competitive substitute to

ethanol since April 2006,80 it is most likely the case that the price of MTBE

has not affected demand for ethanol over the past 22 months. Including the

price of MTBE as an explanatory variable is nonetheless important as it affects

the demand for ethanol over the first 85% of the dataset.
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Figure 4.3. Demand Equation 

Figure 4.5. Second Stage of TSLS Demand Regression 
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Figure 4.4. First Stage of TSLS Demand Regression 

Figure 18: Demand Equation

In order to estimate the demand equation seen in Figure 18 and thus de-

termine the effects of the two policies on ethanol demand, this paper employs

a two-stage least squares regression to control for the endogeneity of ethanol

prices in the ethanol market. This methodology was used by Marshak and

79Wetzstein et al., 106.
80From March 2006 to April 2006 the monthly quantity of MTBE produced decreased

from 120 million gallons to 42.4 million gallons. Since May of 2006, the monthly quantity of
MTBE produced has not exceeded 14.4 million gallons. Energy Information Administration.
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Andrews in 1944 to estimate simultaneous supply and demand equations,81

and has been applied to the ethanol market by a number of authors including

Rask (1998) and Martinez-Gonzalez et al (2007).82

While this paper would have ideally employed marginal cost to instrument

for the endogeneity of ethanol prices, the fact that gasoline is a component of

marginal cost negates its ability to act as a valid instrument, as marginal cost’s

gasoline component makes it endogenous to the demand regression. In its

place, this paper uses the two components of marginal cost that are exogenous

to the demand equation: the price of corn (Pcorn) and the price of natural gas

(Pnatural gas).

Both instruments satisfy instrumental validity as they are relevant and

exogenous. The two instruments are relevant in that variations in Pcorn and

Pnatural gas are related to variations in the explanatory variable, Pethanol. In-

strumental relevance is demonstrated in the F-statistic testing the null hy-

pothesis that the coefficients on the instruments are equal to zero in the First

Stage regression. The p-value on the F-statistic is 0.000, suggesting that the

instruments are highly relevant.83

The instruments are exogenous in that they are uncorrelated with the error

term, ε. As demonstrated in Figure 18, demand for ethanol depends on the

price of ethanol, the price of MTBE and the price of gasoline. Economic

theory does not suggest that demand for ethanol, either as a primary fuel or

as a gasoline additive, would in any way depend on the price of corn or the

price of natural gas other than through the effects of these variables on the

81Jacob Marshak and W. C. Andrews, “Random Simultaneous Equations and the theory
of production,” Econometrica 62 (1944): 157-180

82Rask (1998); Martinez-Gonzalez, et al. (2007); Steve Berry, Jim Levinsohn, and Ariel
Pakes, “Automobile Prices in Market Equilibrium,” Econometrica 63 (1995): 841-890.

83See the appendix for the First Stage regression and F-statistic.
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price of ethanol. It is therefore appropriate to assume that both instruments

are exogenous.

In the first stage of the TSLS regression, illustrated in Figure 19, the

price of ethanol is regressed on the two instruments as well as the exogenous

variables represented in the demand equation in Figure 18 using an ordinary

least squares estimation.
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Figure 4.5. Second Stage of TSLS Demand Regression 
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Figure 4.4. First Stage of TSLS Demand Regression 

Figure 19: First Stage of TSLS Demand Regression

The predicted value of ln(Pethanol) from the First Stage regression, ln(P̂ethanol),

is then used as a regressor against the dependent variable in the second stage

regression, as seen in Figure 20.
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Figure 5.1. TSLS Demand Regression Results 

Figure 20: Second Stage of TSLS Demand Regression

The resulting estimators (β1. . .β3) represent the elasticities of demand with

respect to each explanatory variable. β1, for example, represents the elasticity

of demand with respect to price, where a 1% change in the price of ethanol is
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associated with a β1% increase in the quantity of ethanol demanded. As the

two policy variables (VEETC and RFS) are binary, their coefficients can be

interpreted as the percent change in quantity associated with the implementa-

tion of each policy. Accordingly, one can say that the passage of the VEETC

is associated with 100β4% increase in the quantity of ethanol demanded.

4.2.2 Supply Estimation

Theory would suggest that the supply of ethanol is dependent on three

main factors—the cost of producing ethanol (MCethanol), the price of ethanol

(Pethanol) and the price of ethanol’s co-products (PDDGS). The supply of

ethanol is dependent on the marginal cost of producing ethanol, as the supply

of a good is expected to decrease when the price of its factors of production

increase. Further, as a normal good, one would expect the supply of ethanol

to increase as the equilibrium price of ethanol and its co-products increase.

The defining characteristic of domestic supply, however, is that it is capacity-

constrained in the short-run.84 As such, increases in the domestic supply of

ethanol over the period under examination are due to increases in plant build-

ing and not increases in supply from plants already in operation. Accordingly,

instantaneous demand shocks such as the passage of the RFS and VEETC can

be viewed as shifts in the demand curve along a perfectly inelastic short-run

supply curve.85 Similarly, movements in the short-run supply curve can be

measured by viewing changes in price along the estimated demand equation.86

84See Section 3.1.2 for explanation and evidence.
85See Figure 8
86See Figure 13
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4.2.3 Estimating the Effect of High Ethanol Prices on Capacity
Building

As the short-run supply curve is perfectly inelastic, the only way for do-

mestic supply to increase is through capacity building (i.e. the building of

new ethanol plants). In order to estimate the response of supply to ethanol

prices, one must therefore examine the relationship between ethanol prices and

market entry. One way to examine market entry is to simulate the investment

decision made by firms looking to invest in the ethanol industry. By simu-

lating firms’ decisions to invest in ethanol production, one can investigate the

relationship between higher ethanol prices and increased market entry.

In order to simulate a firm’s decision to invest in an ethanol plant, this

paper builds an Internal Rate of Return (IRR) Calculation Model to calcu-

late the IRR of a five year investment in a 65 million gallon per year ethanol

plant.87 This paper employs an IRR Calculation Model because it is the model

used by private equity firms and other financial investors in their investment

decision processes, and the vast majority of investments in ethanol production

between 2005 and 2007 were made by financial sponsors.88 While the IRR

Calculation Model does not rely on econometrics, it is believed to be the best

method of estimating the price-increasing effects of the VEETC and RFS on

market entry, given the available data and the fact that short-term supply is

perfectly inelastic. Further, it is possible to use the results from the TSLS

demand regression to estimate the isolated impact that each policy had on

firms’ estimated IRR calculations.

87A 65 million gallon per year ethanol plant is an ethanol plant that has the capacity to
produce up to 65 million gallons of ethanol per year.

88Ron Kotrba, “A Return to Rationalism?” Ethanol Producer Magazine Mar. 2007.
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IRR Calculation Model

The IRR Calculation Model uses a “bottom-up” method of calculating

EBITDA and free cash flows from ethanol price, marginal cost and fixed cost

assumptions.89 After building up EBITDA from these price, volume and cost

assumptions, the model calculates the IRR of investing in an ethanol produc-

tion facility by comparing the discounted cash-flows of the five year investment

with the investor’s initial equity contribution. By using the results from the

demand estimation that predict the effect of the two policies on the price of

ethanol, one can test whether the passage of the policies influenced firms’ de-

cisions to enter the market for ethanol production. While an entire list of the

assumptions made in the IRR Calculation Model is available in the Appendix,

this section discusses the most important assumptions of the model and seeks

to establish that the model appropriately and accurately reflects the decision-

making processes of investors at the time of the policies’ implementation.

The major assumptions that need to be incorporated into the model con-

cern plant size, construction cost, initial price of ethanol and initial marginal

cost of producing ethanol. To accurately simulate the decision made by firms

at the time of the policies’ enactment, this paper assumes that the plant size

and acquisition cost were comparable to the average size and acquisition cost

of ethanol plants in early 2006. The average plant built in 2006 was capable

of producing 65 million gallons of ethanol per year, and the average cost of

building such a plant was $81.5 million, comprised of $71,487,000 in construc-

tion costs and approximately $10,000,000 in land and related costs.90 The

initial ethanol price and marginal cost inputs are assumed to be the previ-

89EBITDA, or earnings before interest, taxes, depreciation and amortization, is calculated
by subtracting operating expenses from operating revenue.

90Dale and Tyner, 36.
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ous six month average of each variable. Further, price and marginal cost are

assumed to grow at annual rates of 1.5% and 3.0%, respectively, in order to

conservatively estimate price inflation in the ethanol and corn markets.91

Most investments in the ethanol industry were made with a significant

amount of debt financing, and the model therefore assumes that investors

contributed 30% of the equity upfront and financed the remaining 70% of

the cost of acquisition with bank and higher yield debt that results in an

annual interest expense of 8% of outstanding debt. These assumptions are

in line with the average debt-equity mix and cost of debt used to invest in

the ethanol industry in 2005 and 2006.92 Finally, the model assumes that a

firm will be able to sell its plant for 5.5x EBITDA at the end of the fifth

year of its investment. This exit multiple represents the average exit multiple

of comparable ethanol companies at the time of the implementation of the

government policies.93

The IRR outputs of the model are used in two ways. First, this paper

examines the raw IRRs estimated by potential investors directly before and

after the passage of the two policies. Second, this paper uses the coefficients

of the VEETC and RFS predicted in the TSLS demand regression to estimate

the increase in the IRR of an ethanol plant investment caused solely by the

price-increasing effects of the two policies. In doing so, this paper isolates the

effects that each policy had on investors’ decisions to invest in the domestic

ethanol industry.

91Marginal cost is assumed to grow faster than the price of ethanol to reflect investor’s
conservative assumptions about profitability.

92Zindler, Ethan. US Ethanol Investment Overview. New Energy Finance. Alexandria,
VA: New Energy Finance Limited, 2007: 2.

93Eric Peterson, Thomas Halverson and Christopher Flannery, “2006 Review and 2007
Outlook: Equity and Debt Capital Markets Activity.” Ethanol Producer Magazine Mar. 1,
2007.
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5 Results

This chapter presents the results from the two-stage least squares demand

estimation as well as results from the IRR Calculation Model discussed in the

previous chapter. As noted in Chapter 3, the causal relationships between the

two government policies and the current frailty of the ethanol market can be

broken down into four main stages. This chapter is organized by these four

stages, with results from the demand estimation and IRR Calculation Model

presented in the context of the stages they impact.

The following analysis finds that while the RFS and VEETC were suc-

cessful in spurring capacity growth, the policies unintentionally facilitated the

recent decline in the ethanol industry by initiating a large instantaneous in-

crease in demand for ethanol in a capacity-constrained industry. This large and

instantaneous increase in demand drastically increased the short-term price of

ethanol and induced substantial entry into the ethanol production market in

mid-2006. Substantial market entry in 2006 and early 2007 ultimately led to

low long-term ethanol prices and has reduced the long-term profitability of

ethanol production.

5.1 Stage I - Short-Term Price Increases

Economic theory suggests that the direct effect of the two government poli-

cies should be an outward shift in the demand curve and a subsequent increase

in short-term ethanol prices. The econometric analysis below demonstrates

that the enactment of each policy is in fact associated with a statistically sig-

nificant and substantial increase in ethanol demand, and consequently a large

increase in short-term ethanol prices. Using the TSLS regression described in
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Chapter 4, and controlling for changes in gasoline prices, MTBE prices, and

seasonal and yearly demand variations, this paper finds that the passage of the

VEETC was associated with a 26.6% increase in the quantity of ethanol de-

manded, and the passage of the RFS was associated with a 40.3% increased in

the quantity of ethanol demanded. These policy variables are both statistically

significant at the 99% confidence level.
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Figure 5.1. TSLS Demand Regression Results 

Figure 21: TSLS Demand Regression Results

The TSLS regression further yields statistically significant results in the

predicted direction for the price of ethanol (Pethanol) and the price of gasoline

(Pgas). As illustrated in Figure 21, the price elasticity of demand is estimated

to be -1.14, suggesting that a 1% increase in the price of ethanol is associated
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with a 1.14% decrease in the quantity of ethanol demanded. Further, a 1%

increase in the price of gasoline is found to be associated with a 2.04% in-

crease in the quantity of ethanol demanded, controlling for all other variables

discussed.94

Given that domestic supply was the same directly before and after the

policies were enacted (as would be expected in a capacity-constrained indus-

try), one can estimate the price effects of the two policies by setting equal to

each other a system of demand equations from directly before and after the

enactment of the policies. Setting these demand equations equal to each other

and controlling for MTBE and gasoline prices, one arrives at the association

between the enactment of the policies and the price of ethanol seen in Figure

22 and Figure 23.

!!

!

! !

!

!

"#$#%&#%'!()*+),-#

./0/!12#33+4+#%'5 0%67"8

0%69#':)%2-8 ;<=<>? @@@

6A=BAC8

0%69D.EF8 ;A=?<G @

6A=<<8

0%69H)58 ?=ABI @@@

6A=B?8

(FF.1 A=?CC @@@

6A=AJ8

KL/ A=>AB @@@

6A=AJM8

12%5')%' G=M>B @@@

6A=GI?8

N <<J

K
?

A=JA<

@@@!O!$!P)-Q#!5+R%+3+4)%'!)'!':#!=A<!-#P#-S!@@!O!5+R%+3+4)%'!)'!':#!=AG!-#P#-

()-Q#5!+%!$)*#%':#5+5!)*#!:#'#*25T#&)5'+4+'U;*2,Q5'!5')%&)*&!#**2*5

/##!V$$#%&+W!32*!3Q--!*#R*#55+2%!*#5Q-'5!X+':!'+Y#!&QYY+#5 !

!

!

"#3+%+'+2%5!23!P)*+),-#5Z!7"#':)%2-O!Y2%':-U![Q)%'+'U!23!#':)%2-!&#Y)%&#&S!9#':)%2-O!Y2%':-U!)P#*)R#!$*+4#!23!
#':)%2-S!9D.EFO!Y2%':-U!)P#*)R#!$*+4#!23!D.EFS!9R)5O!Y2%':-U!)P#*)R#!$*+4#!23!R)52-+%#S!(FF.1O!,+%)*U!

P)*+),-#!*#$*#5#%'+%R!':#!(2-QY#'*+4!F':)%2-!FW4+5#!.)W!1*#&+'S!KL/O!,+%)*U!P)*+),-#!*#$*#5#%'+%R!':#!?AAG!

K#%#X),-#!LQ#-5!/')%&)*&S!!!+5!)%!#**2*!'#*Y!

0%67"#':)%2-8!O!!!A!\!!<!0%69"#':)%2-8\!!?!0%69D.EF8!\!!B!0%69R)58!\!!>(FF.1!\!

!GKL/!\!!C.+Y#!"QYY+#5!\!!

Figure 5.2. Estimating the Effect of the VEETC on Price 

!0!\!!1 0%69
A
#':)%2-8!\!!2 0%69

A
D.EF8!\!!3 0%69

A
R)58!!O !0 \!!1 0%69

.
#':)%2-8!\!!2 0%69

.
D.EF8!\!!3 0%69

!.
R)58!\!!4(FF.1

!!!A=?CC!!!!!!!!!O!!!!!!!!;<=<>?!0%69
A
]9
.
8!!

9
.!
!!!!!!!O!!!!!!!!!<=?C9

A

Figure 5.1. TSLS Demand Regression Results 

Figure 22: Estimating the Effect of the VEETC on Price

!! !!!!!!!!!! !

!

!

!!!!!!!!!!! !

Pre-Policy IRR Calculation YR 1 YR 2 YR 3 YR 4 YR 5

Price per Gallon $1.66 $1.68 $1.71 $1.73 $1.76

Volume 65,000,000         65,000,000               65,000,000           65,000,000        65,000,000          

Total Revenue 107,679,008     109,294,193           110,933,606       112,597,610    114,286,574      

MC per Gallon $1.17 $1.21 $1.24 $1.28 $1.32

Volume 65,000,000         65,000,000               65,000,000           65,000,000        65,000,000          

Gross Profit 31,405,562       30,732,544             30,015,107         29,251,556      28,440,139        

Fixed Cost Per Gallon $0.25 $0.25 $0.25 $0.25 $0.25

Volume 65,000,000         65,000,000               65,000,000           65,000,000        65,000,000          

Operating Expenses 16,250,000       16,250,000             16,250,000         16,250,000      16,250,000        

EBITDA $15,155,562.0 $14,482,543.8 $13,765,107.2 $13,001,556.3 $12,190,138.9

EBITDA 15,155,562         14,482,544               13,765,107           13,001,556        12,190,139          

Less: Annual Interest Expense (4,563,272)          (4,335,108)               (4,106,945)            (3,878,781)         (3,650,618)          

Less: D&A (1,399,827)          (1,399,827)               (1,399,827)            (1,399,827)         (1,399,827)          

Pre-Tax Income 9,192,463           8,747,608                 8,258,335             7,722,948          7,139,694            

Less: Corporate Income Tax (3,217,362)          (3,061,663)               (2,890,417)            (2,703,032)         (2,498,893)          

A-T Income 5,975,101           5,685,945                 5,367,918             5,019,916          4,640,801            

Add-Back: D&A 1,399,827           1,399,827                 1,399,827             1,399,827          1,399,827            

Free Cash Flow (before debt paydown) 7,374,928         7,085,772               6,767,745           6,419,743        6,040,628          

Debt before Paydown 57,040,900         54,188,855               51,336,810           48,484,765        45,632,720          

Debt Paydown 2,852,045           2,852,045                 2,852,045             2,852,045          45,632,720          

Interest Paydown 4,563,272           4,335,108                 4,106,945             3,878,781          3,650,618            

Debt after Paydown 54,188,855         51,336,810               48,484,765           45,632,720        -                      

Free Cash Flow (After debt paydown) $4,522,883.0 $4,233,727.5 $3,915,700.1 $3,567,698.3 ($39,592,091.7)

Operating Assumptions Financing & Investment Assumptions Output Table

Plant Size 65,000,000         Plant Cost $71,487,000.0 Sale Price $67,045,763.89

Ethanol Price (per gallon) $1.66 Cost of Land $10,000,000.0 NPV Cashflows $33,417,141.49

MC (per gallon) $1.17 Total Acquisition Cost $81,487,000.0 IRR 6.5%
Fixed Cost (per gallon) $0.25

% Debt Financing 70.0%

Growth Assumptions Equity Contribution $24,446,100.0

Price Growth 2% Debt Financing $57,040,900.0

MC Growth 3%

% Interest Expense 8%

Discount Rate 7%

Tax Rate 35%

Exit Multiple 5.5x !

!!!!!!! !
Figure 5.5. Post-Policy IRR Calculation 

Figure 5.3. Estimating the Effect of the RFS on Price 

Figure 5.4. Pre-Policy IRR Calculation 
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Figure 23: Estimating the Effect of the RFS on Price

The increases in the quantity of ethanol demanded following the passage

of the VEETC and RFS are associated with increases in the price of ethanol

94The coefficient on MTBE does not appear in the predicted direction and it is not
significant at the .05 level. This can likely be explained by the phase-out of MTBE over
recent years to the point where MTBE is produced at only 1.05% the level where it was five
years ago. Bloomberg Market Data.
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by 26.3% and 42.3%, respectively. Assuming a pre-policy price of $1.89 per

gallon,95 the presence of the VEETC and RFS therefore imply an increase in

the short-term price of ethanol by $0.50 and $0.79, respectively.96 The finding

that the VEETC is associated with a $0.50 increase in the short-term price of

ethanol is quite remarkable, as it validates the prediction from Section 3.1.2

that the entire VEETC would go to ethanol producers in the form of a $0.51

price increase. As mentioned in Chapter 3, economic theory suggests that a

tax credit is distributed to the suppliers and demanders of a good relative to

the two parties’ elasticities of supply and demand.97 As short-term supply was

perfectly inelastic, we expected domestic producers to receive the full $0.51 of

the blenders’ tax credit. The data proves this to be the case.

5.2 Stage II - Substantial Capacity Building

In Chapter 3 this paper posited that a large number of financial institu-

tions and energy companies would enter the supply side of the ethanol market

in early 2006 due to the large increase in ethanol prices following the imple-

mentation of the VEETC and the RFS.98

Given that the short-term supply curve is perfectly inelastic, the best way

to examine this theory is to simulate the decision-making process of potential

investors in the ethanol industry. Using the IRR Calculation Model described

in Chapter 4, this paper calculates the predicted IRR of firms looking to

invest in domestic ethanol production before and after the enactment of the

95$1.89 is the monthly average price for October 2004, the month the VEETC was signed
into law.

96These are denoted as short-term effects on price because they are the price effects before
a large number of suppliers enter the industry and consequently reduce longer-term prices.

97Mankiw, 106.
98Ethanol prices increased from $1.80 in August of 2005 to $3.98 in July of 2006.

Bloomberg Market Data.
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two policies.

In the eight months prior to the passage of the VEETC, the average price

and marginal cost of producing a gallon ethanol were $1.66 and $1.17, respec-

tively.99 In the eight months following the passage of the RFS, the average

price of ethanol jumped to $2.35 per gallon while marginal cost fell slightly to

$1.00 per gallon. As demonstrated in Figure 24 and Figure 25, the increase

in the short-term price of ethanol following the passage of the VEETC and

RFS is associated with an increase in a firm’s estimated IRR calculation from

6.5% to 77.0%.100 Given that few firms will make the decision to execute an

investment with an IRR of less than 20%, the large increase in firms’ expected

IRRs following the passage of the VEETC and RFS provides a very convincing

explanation for the massive capacity building beginning in early 2006.

One might argue that the increase in the expected IRR of investing in an

ethanol plant can at least partially be attributed to other factors such as the

decrease in the marginal cost of producing ethanol over this time period. It

is possible, however, to estimate the precise impact that each policy had on

firms’ predicted IRRs by using the coefficients of the two policy variables found

in the TSLS demand regression to isolate the price effects of each policy on

firms’ decisions to invest. Assuming a constant marginal cost of $1.11 per gal-

lon and a pre-policy ethanol price of $1.89 per gallon,101 the enactment of the

VEETC is associated with a 27.4% increase in a firm’s expected IRR calcula-

tion. Further, the enactment of the RFS is associated with a 36.6% increase

in a firm’s expected IRR calculation.102 As one can see from these figures,

99Bloomberg Market Data
100See Appendix for a full list of the model’s assumptions.
101$1.89 is the monthly average price for October 2004, the month the VEETC was signed

into law.
102See appendix for calculations.
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Pre-Policy IRR Calculation YR 1 YR 2 YR 3 YR 4 YR 5

Price per Gallon $1.66 $1.68 $1.71 $1.73 $1.76

Volume 65,000,000         65,000,000               65,000,000           65,000,000        65,000,000          

Total Revenue 107,679,008     109,294,193           110,933,606       112,597,610    114,286,574      

MC per Gallon $1.17 $1.21 $1.24 $1.28 $1.32

Volume 65,000,000         65,000,000               65,000,000           65,000,000        65,000,000          

Gross Profit 31,405,562       30,732,544             30,015,107         29,251,556      28,440,139        

Fixed Cost Per Gallon $0.25 $0.25 $0.25 $0.25 $0.25

Volume 65,000,000         65,000,000               65,000,000           65,000,000        65,000,000          

Operating Expenses 16,250,000       16,250,000             16,250,000         16,250,000      16,250,000        

EBITDA $15,155,562.0 $14,482,543.8 $13,765,107.2 $13,001,556.3 $12,190,138.9

EBITDA 15,155,562         14,482,544               13,765,107           13,001,556        12,190,139          

Less: Annual Interest Expense (4,563,272)          (4,335,108)               (4,106,945)            (3,878,781)         (3,650,618)          

Less: D&A (1,399,827)          (1,399,827)               (1,399,827)            (1,399,827)         (1,399,827)          

Pre-Tax Income 9,192,463           8,747,608                 8,258,335             7,722,948          7,139,694            

Less: Corporate Income Tax (3,217,362)          (3,061,663)               (2,890,417)            (2,703,032)         (2,498,893)          

A-T Income 5,975,101           5,685,945                 5,367,918             5,019,916          4,640,801            

Add-Back: D&A 1,399,827           1,399,827                 1,399,827             1,399,827          1,399,827            

Free Cash Flow (before debt paydown) 7,374,928         7,085,772               6,767,745           6,419,743        6,040,628          

Debt before Paydown 57,040,900         54,188,855               51,336,810           48,484,765        45,632,720          

Debt Paydown 2,852,045           2,852,045                 2,852,045             2,852,045          45,632,720          

Interest Paydown 4,563,272           4,335,108                 4,106,945             3,878,781          3,650,618            

Debt after Paydown 54,188,855         51,336,810               48,484,765           45,632,720        -                      

Free Cash Flow (After debt paydown) $4,522,883.0 $4,233,727.5 $3,915,700.1 $3,567,698.3 ($39,592,091.7)

Operating Assumptions Financing & Investment Assumptions Output Table

Plant Size 65,000,000         Plant Cost $71,487,000.0 Sale Price $67,045,763.89

Ethanol Price (per gallon) $1.66 Cost of Land $10,000,000.0 NPV Cashflows $33,417,141.49

MC (per gallon) $1.17 Total Acquisition Cost $81,487,000.0 IRR 6.5%
Fixed Cost (per gallon) $0.25

% Debt Financing 70.0%

Growth Assumptions Equity Contribution $24,446,100.0

Price Growth 2% Debt Financing $57,040,900.0

MC Growth 3%

% Interest Expense 8%

Discount Rate 7%

Tax Rate 35%

Exit Multiple 5.5x !

!!!!!!! !
Figure 5.5. Post-Policy IRR Calculation 

Figure 5.3. Estimating the Effect of the RFS on Price 

Figure 5.4. Pre-Policy IRR Calculation 
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Figure 24: Pre-Policy IRR Calculation

Post-Policy IRR Calculation YR 1 YR 2 YR 3 YR 4 YR 5

Price per Gallon $2.35 $2.38 $2.42 $2.46 $2.49

Volume 65,000,000         65,000,000               65,000,000           65,000,000        65,000,000          

Total Revenue 152,674,551     154,964,669           157,289,140       159,648,477    162,043,204      

MC per Gallon $1.00 $1.03 $1.06 $1.10 $1.13

Volume 65,000,000         65,000,000               65,000,000           65,000,000        65,000,000          

Gross Profit 87,513,219       87,848,497             88,159,482         88,444,930      88,703,550        

Fixed Cost Per Gallon $0.25 $0.25 $0.25 $0.25 $0.25

Volume 65,000,000         65,000,000               65,000,000           65,000,000        65,000,000          

Operating Expenses 16,250,000       16,250,000             16,250,000         16,250,000      16,250,000        

EBITDA $71,263,219.0 $71,598,497.3 $71,909,482.2 $72,194,929.5 $72,453,550.3

EBITDA 71,263,219         71,598,497               71,909,482           72,194,930        72,453,550          

Less: Annual Interest Expense (4,563,272)          (4,335,108)               (4,106,945)            (3,878,781)         (3,650,618)          

Less: D&A (1,984,769)          (1,984,769)               (1,984,769)            (1,984,769)         (1,984,769)          

Pre-Tax Income 64,715,178         65,278,620               65,817,768           66,331,379        66,818,163          

Less: Corporate Income Tax (22,650,312)        (22,847,517)              (23,036,219)          (23,215,983)       (23,386,357)         

A-T Income 42,064,866         42,431,103               42,781,549           43,115,396        43,431,806          

Add-Back: D&A 1,984,769           1,984,769                 1,984,769             1,984,769          1,984,769            

Free Cash Flow (before debt paydown) 44,049,635       44,415,872             44,766,318         45,100,166      45,416,575        

Debt before Paydown 57,040,900         54,188,855               51,336,810           48,484,765        45,632,720          

Debt Paydown 2,852,045           2,852,045                 2,852,045             2,852,045          45,632,720          

Interest Paydown 4,563,272           4,335,108                 4,106,945             3,878,781          3,650,618            

Debt after Paydown 54,188,855         51,336,810               48,484,765           45,632,720        -                      

Free Cash Flow (After debt paydown) $41,197,589.7 $41,563,827.0 $41,914,273.5 $42,248,120.6 ($216,144.6)

Operating Assumptions Financing & Investment Assumptions Output Table

Plant Size 65,000,000         Plant Cost $71,487,000.0 Sale Price $398,494,526.44

Initial Ethanol Price (per gallon) $2.35 Cost of Land $10,000,000.0 NPV Cashflows $425,218,279.76

Initial MC (per gallon) $1.00 Total Acquisition Cost $81,487,000.0 IRR 77.0%
Fixed Cost (per gallon) $0.25

% Debt Financing 70.0%

Growth Assumptions Equity Contribution $24,446,100.0

Price Growth 2% Debt Financing $57,040,900.0

MC Growth 3%

% Interest Expense 8%

Discount Rate 7%

Tax Rate 35%

Exit Multiple 5.5x !
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Figure 5.7. Ethanol Capacity Under Construction, 1998-2007 

Figure 5.6. Ethanol Plants Under Construction, 1998-2007 Figure 25: Post-Policy IRR Calculation
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the enactments of the VEETC and the RFS appear to have had substantial

impacts on firms’ decisions to invest in domestic ethanol production.

This impact is not only seen in the theoretical model presented above, but

it is clearly seen in the dramatic increase in capacity under construction in

late 2005 and early 2006. As seen in Figure 26, the number of plants under

construction increased from an average of 10 plants per year from 1998 to 2004

to 31 plants in 2005, 76 plants in 2006 and 77 plants in 2007.103

Post-Policy IRR Calculation YR 1 YR 2 YR 3 YR 4 YR 5

Price per Gallon $2.35 $2.38 $2.42 $2.46 $2.49

Volume 65,000,000         65,000,000               65,000,000           65,000,000        65,000,000          

Total Revenue 152,674,551     154,964,669           157,289,140       159,648,477    162,043,204      

MC per Gallon $1.00 $1.03 $1.06 $1.10 $1.13

Volume 65,000,000         65,000,000               65,000,000           65,000,000        65,000,000          

Gross Profit 87,513,219       87,848,497             88,159,482         88,444,930      88,703,550        

Fixed Cost Per Gallon $0.25 $0.25 $0.25 $0.25 $0.25

Volume 65,000,000         65,000,000               65,000,000           65,000,000        65,000,000          

Operating Expenses 16,250,000       16,250,000             16,250,000         16,250,000      16,250,000        

EBITDA $71,263,219.0 $71,598,497.3 $71,909,482.2 $72,194,929.5 $72,453,550.3

EBITDA 71,263,219         71,598,497               71,909,482           72,194,930        72,453,550          

Less: Annual Interest Expense (4,563,272)          (4,335,108)               (4,106,945)            (3,878,781)         (3,650,618)          

Less: D&A (1,984,769)          (1,984,769)               (1,984,769)            (1,984,769)         (1,984,769)          

Pre-Tax Income 64,715,178         65,278,620               65,817,768           66,331,379        66,818,163          

Less: Corporate Income Tax (22,650,312)        (22,847,517)              (23,036,219)          (23,215,983)       (23,386,357)         

A-T Income 42,064,866         42,431,103               42,781,549           43,115,396        43,431,806          

Add-Back: D&A 1,984,769           1,984,769                 1,984,769             1,984,769          1,984,769            

Free Cash Flow (before debt paydown) 44,049,635       44,415,872             44,766,318         45,100,166      45,416,575        

Debt before Paydown 57,040,900         54,188,855               51,336,810           48,484,765        45,632,720          

Debt Paydown 2,852,045           2,852,045                 2,852,045             2,852,045          45,632,720          

Interest Paydown 4,563,272           4,335,108                 4,106,945             3,878,781          3,650,618            

Debt after Paydown 54,188,855         51,336,810               48,484,765           45,632,720        -                      

Free Cash Flow (After debt paydown) $41,197,589.7 $41,563,827.0 $41,914,273.5 $42,248,120.6 ($216,144.6)

Operating Assumptions Financing & Investment Assumptions Output Table

Plant Size 65,000,000         Plant Cost $71,487,000.0 Sale Price $398,494,526.44

Initial Ethanol Price (per gallon) $2.35 Cost of Land $10,000,000.0 NPV Cashflows $425,218,279.76

Initial MC (per gallon) $1.00 Total Acquisition Cost $81,487,000.0 IRR 77.0%
Fixed Cost (per gallon) $0.25

% Debt Financing 70.0%

Growth Assumptions Equity Contribution $24,446,100.0

Price Growth 2% Debt Financing $57,040,900.0

MC Growth 3%

% Interest Expense 8%

Discount Rate 7%

Tax Rate 35%

Exit Multiple 5.5x !
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Figure 5.7. Ethanol Capacity Under Construction, 1998-2007 

Figure 5.6. Ethanol Plants Under Construction, 1998-2007 

Figure 26: Ethanol Plants Under Construction, 1998-2007

Further, gallons of capacity under construction increased 217% from 2005

to 2006, representing record capacity under construction growth considering

that average year-over-year capacity under construction growth from 2002 to

2004 was a mere 24.5%.104

103Renewable Fuels Association, Industry Statistics, Jan. (2008). <http://www.ethanolrfa
.org/industry/statistics/>

104Ibid.

55



5.3 Stage III - Long-Term Price Decreases 5 RESULTS

!!!

Ethanol Capacity Under Construction" 1998-2007

0

1000

2000

3000

4000

5000

6000

7000

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

M
il

li
o

n
s
 o

f 
G

a
ll

o
n

s

 

!!!!! !

!!!!!! !

! !!!!!!! !
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Figure 5.8. Effect of Capacity Building on Supply 
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Figure 27: Ethanol Capacity Under Construction, 1998-2007

5.3 Stage III - Long-Term Price Decreases

As demonstrated in Section 5.2, the large short-term increase in ethanol

prices beginning in late 2005 induced historically unprecedented plant building

and capacity growth in 2006 and early 2007. This paper finds that the primary

result of this substantial capacity growth was a long-term decrease in the price

of ethanol.
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Figure 5.8. Effect of Capacity Building on Supply 
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Figure 28: Effect of Capacity Building on Supply

Given that supply is capacity-constrained in the short-run, one can esti-
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mate the association between capacity growth and equilibrium prices in the

ethanol industry by estimating increases in quantity as shifts in short-run sup-

ply along the estimated demand curve, as illustrated in Figure 28.

By subtracting the demand equation for a given quantity at time T (QT
ethanol)

from the demand equation for a given quantity at time T+1 (QT+1
ethanol), one can

solve the system of equations for the effect of the increase in quantity on the

price of ethanol (Pethanol), thus solving for the difference in price between P ∗

and P ∗∗. Solving the system of equations in Figure 29 and holding constant

the price of MTBE and gasoline, this paper arrives at the following:105

!
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Figure 5.11. Production Profitability: Crush Spread, 2004-2007 

Figure 5.10. Effect of Wheat Drought on Corn Prices 

"#$%&'()*#+,-!!!!!!!!.!!!!!!0!/!!1 "#$0
&
'()*#+,-!/!!2 "#$0

&
1&23-!/!!3 "#$0

&
4*5-!/!!4633&7!/!!589:!

"#$%&/;'()*#+,-!!!!!.!!!!!!0!/!!1 "#$0
!&/;

'()*#+,-!/!!2 "#$0
&/;

1&23-!/!!3 "#$0
&/;

4*5-!/!!4633&7!/!!589:

!!!<=>?;! !!!!!.!!!!!!!!@;=;A!"#$0!&/;B0!&-!!

0!&/;!!! !!.!!!!!!!!!<=CCD0!&!

Figure 29: Effect of Capacity Building on Ethanol Price

Given that the price of ethanol in July 2006 was $3.16 per gallon,106 this

analysis implies that the increase in domestic capacity from 411 million gallons

in July 2006 to 548 million gallons per month in July 2007 is associated with

a $0.71 decrease in the price of ethanol.107 As the actual price of ethanol

dropped $0.96 over this time period, one can infer that the nearly 75% of the

decrease in the price of ethanol from July 2006 to July 2007 can be attributed

to market entry in the form of plant and capacity building.108

105This paper assumes that QT
ethanol is in July 2006 at the height of capacity building, and

that QT+1
ethanol is exactly one year later, after capacity building has begun to decrease the

long-term price of ethanol.
106Bloomberg Market Data.
107The nominal increase was from $3.16 to $2.45 per gallon. Bloomber Market Data.
108Actual prices decreased from $3.16 in July 2006 to $2.20 in July 2007. Bloomberg
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5.4 Stage IV - High Corn Prices, Infrastructure Con-
straints and Low Profitability

While low ethanol prices by themselves are not a poison pill for the ethanol

industry, a macroeconomic shock to the wheat and corn markets increased the

price of ethanol inputs nearly two-fold from August 2006 to February 2007,109

stifling the profits of ethanol producers and putting many companies on the

verge of bankruptcy. In particular, a wheat drought in Australia, Asia and the

United States in mid-2006 significantly increased the demand for corn, wheat’s

closest substitute.110
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Figure 30: Effect of Wheat Drought on Corn Prices

As a result of this dramatic increase in corn prices, the marginal cost of

producing ethanol increased 66.3% from August 2006 to February 2007.111 As

one might expect, the profitability of ethanol production decreased as input

prices rose and ethanol prices fell. The crush spread, a proxy for producers’

Market Data.
109Input cost calculations are derived from Bloomberg Market Data.
110“Drought in Australia Helps Push Wheat Prices to a 10-Year High.” New York Times

12 Oct. 2006.
111Marginal cost calculations are derived from Bloomberg Market Data.
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profitability, did in fact decrease substantially from $2.55 to $0.00 per gallon

from July 2006 to February 2007, as seen in Figure 31.112 Further, actual

producers’ profits were even lower than the crush spread indicates due to the

fact that producers had to use their ethanol production profits to pay down the

debt and interest payments used to finance the construction of their plants.113
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Figure 31: Production Profitability: Crush Spread, 2004-2007

While Figure 31 illustrates that the profitability of production decreased

significantly from the middle of 2006 to the present, one might ask whether

profitability would have decreased if corn prices had not increased so substan-

tially in mid-2006. Figure 32 illustrates the crush spread under the counter-

factual scenario that corn prices remained stagnant at $3.00 per bushel after

October 2006.114 As one can see from Figure 31, while the decrease in prof-

itability would not have been as sizable if corn prices had not skyrocketed in

112As previously noted, the crush spread was created by subtracting the marginal cost of
producing ethanol and a $0.25 fixed cost from the spot price of ethanol. Bloomberg Market
Data.

113Refer to Section 4.2.3 for discussion of debt interest payments and see Figure 24 for
calculation of annual “debt paydown” and annual “interest paydown”. The annual debt
interest payment and debt paydown for a 65 million gallon plant were calculated to be $4.6
million and $2.8 million for the first year of production.

114Bloomberg Market Data
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mid-2006, there is still a significant decrease in the profitability of production

under the counterfactual scenario. In October 2007, for example, a domestic

producer would have been unable to meet his annual debt and debt interest

obligations even if corn prices were stuck at $3.00 per bushel.115
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Figure 32: Production Profitability Counterfactual, 2004-2007

As further corroboration of the industry’s declining profitability over this

time period, one can look to the stock prices of the three largest publicly traded

ethanol producers. The stock prices of Archer Daniels Midland, VeraSun En-

ergy Corp and Aventine Renewable Energy all decreased significantly from

August 2006 to February 2007. Shares of Archer Daniels Midland fell 21.2%,

shares of Aventine Renewable Energy fell 57.7%, and shares of VeraSun fell

33.2% over this time period.116 Further, a number of US producers declared

for bankruptcy as a result of the industry’s declining profitability. E3 Biofuels

115Pre-debt profit is $7.14 million, which is calculated by multiplying the crush spread
of $.1098 per gallon by 65 million gallons. Annual debt and debt interest payments are
calculated to be a combined $7.4 million, assuming 70% debt financing and annual interest
payments of 8% of total outstanding debt. See Section 4.3.2 for full discussion of debt
assumptions.

116Wall Street Journal Stock Charting, <http://online.wsj.com>
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Mead LLC, an ethanol producer in Nebraska, filed for Chapter 11 bankruptcy

in December 2007 due to low profitability.117 Similarly, Convergence Ethanol

declared bankruptcy in Debember, 2007 and Bioenergy of America filed for

Chapter 11 in early January, 2008.118

While bankruptcies alone do not necessarily signify industry decline as

they may simply indicate market consolidation, the ethanol industry has seen

broad stagnation from small and large producers alike. Carghill International

recently abandoned its plans to build a $200 million ethanol plant in Kansas,

and a Credit Suisse analyst recently estimated that plans to build as many as

50 ethanol plants have been abandoned or put on hold in recent months.119 As

demonstrated by these figures, it is clear that the long-term decrease in ethanol

prices and subsequent decline in producers’ profitability have significantly re-

tarded industry growth. The combination of historically low profitability120

and the ensuing skepticism about the economics of ethanol production has left

serious questions about the long-term sustainability of domestically produced

ethanol as a viable energy source.

While the primary finding of this chapter is that the policies unintentionally

initiated a long-term decrease in the price of ethanol such that industry growth

has come to a relative stand-still, it is important to keep in mind the role, or

lack thereof, that the policies have played in easing ethanol infrastructure

constraints. As mentioned in Section 3.5, growth in the ethanol industry has

117Shirek, Michael, and Craig A. Johnson. “E3 Biofuels Mead Suspends Operations, Files
for Bankruptcy.” Ethanol Producer Magazine Dec. 2007.

118SEC Report for Convergence Ethanol, Inc. 8-K. Securities and Exchange Commission.
2007.; “Biodiesel Company Files for Bankruptcy.” Wisconsin Ag Connection. 10 Jan.
2007. 1 Mar. 2008 <http://www.wisconsinagconnection.com/story-national.php?Id=71&yr
=2008>.

119Birger, Jon. “The Ethanol Bust.” Fortune 28 Feb. 2008.
120Average production profitability was negative throughout September 2007, the last

month in the dataset. Bloomberg Market Data.
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been limited by a variety of physical infrastructure constraints. The RFS

and VEETC not only failed to alleviate these constraints, but they actually

exacerbated domestic infrastructure problems by significantly increasing the

quantity of ethanol supplied while providing no supports to ease the flow

of ethanol to its end-markets. While the VEETC provides some financial

support for the Highway Trust Fund—a broad fund which provides support

for interstate highways—it provides no incentives for infrastructure building in

the ethanol industry.121 Further, the 2005 Renewable Fuels Standard provides

no incentives or support for building any type of ethanol infrastructure.122

Accordingly, while the major unintentional consequence of the two policies

was to reduce the long-term price of ethanol, one cannot discount the negative

effects that the policies have had on the ethanol industry by exacerbating

existing infrastructure constraints.

5.5 Summary of Results

The results demonstrate that the causal effects of the VEETC and RFS on

the ethanol market appear to be as predicted in Chapter 3. This paper finds

that the direct effect of the policies was a large outward shift in ethanol de-

mand and a resultingly significant increase in short-term ethanol prices. The

significant increase in short-term ethanol prices was due to both the instanta-

neous nature of the demand shift and the fact that the industry was capacity-

constrained in the short-run. This paper further finds that the second-order

effect of the policies was to induce substantial entry into the supply side of the

market, which in turn lowered long-term ethanol prices. Combined with the

121United States. Cong. House. American Jobs Creation Act of 2004. 108 Cong. H.R.
4520.

122United States. Cong. House. Energy Policy Act of 2005. 109 Cong. H.R. 6
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increase in corn prices following the mid-2006 wheat drought, this long-term

price decrease dramatically reduced producers’ profit margins and has created

doubts about the long-term sustainability of domestic ethanol production.
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6 Implications

The analysis in Chapter 5 demonstrates that the while the RFS and VEETC

were successful in spurring capacity growth, their secondary effect on the long-

term price of ethanol played a significant role in facilitating the declining health

of the ethanol industry. While this finding is notable in that it explains unin-

tended consequences of Congress’ support policies, it is particularly pertinent

to the US’s pursuit of energy independence in what it implies about the gov-

ernment’s role in finding a viable replacement for foreign energy sources. This

chapter considers three implications of the paper’s findings, and draws from

these implications conclusions about the future of Congress’ role in finding a

viable domestic replacement for foreign energy sources.

6.1 Demand Supports vs. Infrastructure Building

The first implication of this paper’s findings is that policies directed toward

infrastructure building may be more effective than policies directed toward de-

mand supports when dealing with nascent domestic energy industries. While

the case of ethanol is somewhat unique in that the industry is particularly

prone to infrastructure bottlenecks, any viable fuel source that wishes to com-

pete with gasoline must have healthy distribution channels so that the fuel

can be cost-effectively transported throughout the US.

Policies that focus on infrastructure building rather than demand supports

are preferable for two main reasons. First, infrastructure building allows for

increases in genuine demand for a good, whereas demand that is spurred by

government funded tax credits or demand mandates can have a wide range of

adverse consequences, as seen in the case of the VEETC and RFS. Second,
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investments in infrastructure only cost taxpayers a one-time fee, whereas de-

mand supports can act as a drain on government revenues for as long as the

government supports are in effect.123

One might reasonably ask why Congress neglected to incentivize infrastruc-

ture building in favor of providing two major demand supports. One possible

answer is that Congress’ incentives tend to favor policies that produce imme-

diate benefits to well-organized groups of constituents despite the fact that

other policies may provide more effective long-term solutions.124 In the case

of the VEETC and RFS, for example, one could argue that Congress chose to

favor a tax credit to gasoline blenders because it provided a direct benefit to

relatively influential groups of blenders and producers. In contrast, supporting

infrastructure building would have had a more delayed and less direct effect

on the welfare of these groups. Acemoglu and Robinson (2002) cite a similar

example in Congress’ decision to provide quantity controls and price supports

for the US farming industry despite the fact that economists largely believe

that these policies are inefficient.125

6.2 Considering the Full Effects of Government Inter-
ventions in Energy Markets

The second implication of this paper’s findings is that the secondary effects

of a government policy or intervention can be extremely important in deter-

123The VEETC alone cost the US government over $3 billion in 2007, and will increase in
size if the amount of ethanol used in gasoline blends increases.

124This argument is based on an argument posed by Mancur Olsen– Mancur Olsen, The
Logic of Collective Action: Public Goods and the Theory of Groups. (Cambridge: Harvard
UP: 1971) 1-190.

125Daron Acemoglu and James A. Robinson, “Inefficient Redistribution,” The American
Political Science Review 95 (2001): 658.
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mining the full range of a policy’s consequences. As seen in the example of the

VEETC and RFS, while the immediate impact of the policies was to increase

demand for ethanol and thus the quantity of ethanol supplied, the secondary

impact of substantial capacity building and the subsequent decrease in the

long-term price of ethanol played a significant role in the declining health of

the domestic ethanol industry.

It is therefore important for policymakers to examine the full range of a

policy’s consequences before enacting any potentially influential energy pol-

icy. It is not enough to say that a tax credit will increase demand; one must

also examine the effect of that demand increase on supply and the effect of

that supply change on the price of the good and the health of the industry

as a whole. As policymakers are often too tied up in the everyday politics of

Washington to examine the full range of consequences associated with a given

policy, it can be difficult for Congress to enact energy policies that have the

appropriate secondary and tertiary effects on energy markets. It is nonethe-

less important in the US’s search for a viable domestic energy source that

Congress considers the full range of a policy’s consequences before intervening

in domestic energy markets.

This implication raises important questions about Congress’ incentives to

pass optimal energy policies for the American public. In particular, it raises

questions of how to keep personal political incentives and even a lack of eco-

nomic understanding from distorting optimal policy choices. One possible

solution to this age-old dilemma is to make specific and well-designed energy

initiative a major component of party platforms. Because individual Con-

gressmen rely heavily on party support for re-election,126 making thoughtful

126John Aldrich, Why Parties?: the Origin and Transformation of Political Parties in
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energy solutions a component of party platforms provides strong incentives for

individual Congressmen to support well-planned policies.

Making energy initiatives a major component of party platforms serves the

secondary purpose of keeping Congress’ interests tied to those of the greater

American public. While Congress appears to have been heavily concerned

with energy initiatives over the past ten years, many of these initiatives have

been driven by the executive office. In his 2004 State of the Union Address,

President Bush told Congress, “I urge you to pass legislation to. . . make Amer-

ica less dependent on foreign sources of energy.”127 In his 2005 State of the

Union Address, President Bush reiterated, “Four years of debate is enough:

I urge Congress to pass legislation that makes America more secure and less

dependent on foreign energy.”128 The executive office has a greater incentive

to promote energy policies than Congress because energy policies tend to be

focused on longer-term solutions that affect a broader range of constituents.

Including well-designed energy initiatives as a component of party platforms

may therefore keep the interests of Congress aligned with the broader energy

interests of the American public.

6.3 The Efficacy of Government Interventions

The final implication of this paper’s findings is that Government interven-

tions can have a significant and substantial impact on the economic welfare

of domestic industries. While this implication seems relatively apparent, it is

important to note because adversaries of government interventions often cite

America. (Chicago: University of Chicago P: 1995) 3-12.
127President George Bush, “2004 State of the Union Address.” Chamber of the United

States House of Representatives, Washington D.C. 20 Jan. 2004.
128President George Bush, “2005 State of the Union Address.” Chamber of the United

States House of Representatives, Washington D.C. 2 Feb. 2005.
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the lack of effectiveness of interventions as a key reason for opposing them.

As seen in the examples of the VEETC and RFS, government policies had

an extensive and substantial impact on demand, price and the welfare of a

domestic industry as a whole.

Given that the Government can have a substantive impact on domestic

energy markets, one can infer that Congress has some deal of discretion in

choosing the best renewable fuel source to reduce America’s dependence on

foreign energy.129 While some may view this as alarming as it allows lobbyists

and other political forces influence in choosing a domestic energy source, it

does suggest that Congress will be able to reduce the US’s dependence on

foreign oil if it enacts effective and well-designed energy policies.

129This is true with the caveat that Congress must choose between the small number of
domestic energy sources that are actually effective and viable energy solutions.
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7 Conclusions

In his 2004 State of the Union Address, President George Bush spoke to

Congress about the need for energy independence, saying: “Consumers and

businesses need reliable supplies of energy to make our economy run so I

urge you to pass legislation to. . . promote conservation, and make America

less dependent on foreign sources of energy.”130 In response to the President’s

request and to growing sentiments amongst the American public that the US

needed to establish a domestic source of sustainable energy, Congress passed

significant ethanol support policies in October 2004 and August 2005.

While Congress has spent more than $8.5 billion on these policies since Jan-

uary 2005,131 nearly three years have elapsed since the enactment of the RFS

and it appears that Congress’ supports have done little to stymie America’s

growing dependence on foreign energy. On March 6, 2008, oil prices hit an all

time high of $104.25 per barrel, largely driven by increased demand for oil,132

and in his 2008 State of the Union Address, the President was more vocal

than ever in stating that, “Our security, our prosperity, and our environment

all require reducing our dependence on oil.”133

In order to evaluate Congress’ efforts to reduce the US’s dependence on

foreign energy sources through the subsidization of domestically produced

ethanol, this paper examined the full range of consequences associated with

the implementation of the VEETC and RFS. Through an analysis of ethanol

130President George Bush, “2008 State of the Union Address.” Chamber of the United
States House of Representatives, Washington D.C. Jan. 2004

131This figure was calculated by multiplying the amount of ethanol used in gasoline blends
from 2005 to 2007 by the $0.51 tax credit.

132Jad Mouawad, “President Fails to Budge OPEC on Production,” New York Times 6
Mar. 2008.

133President George Bush, “2008 State of the Union Address.” Chamber of the United
States House of Representatives, Washington D.C. 28 Jan. 2008.
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prices from January 1998 to November 2007, this paper found that the direct

effect of the VEETC and RFS was a large outward shift in ethanol demand

and a subsequently significant increase in the short-term price of ethanol. It

found that the enactments of the VEETC and RFS were associated with in-

creases in the price of ethanol by $0.50 and $0.79, respectively. The increase

in the price of ethanol was particularly sizable due to the instantaneous nature

of the demand shifts and the fact that the industry was capacity-constrained

in the short-run.

Further, this paper found that the secondary effect of the policies was to

induce substantial entry into the supply side of the domestic ethanol market.

Through its IRR Calculation Model analysis, this paper estimated that the

enactments of the VEETC and RFS were associated with increases in the

IRR of an ethanol plant investment by 27.4% and 36.6%, respectively. Un-

precedented capacity building beginning in early 2006 shifted the supply of

domestically produced ethanol outward and subsequently lowered the long-

term price of ethanol. Combined with the increase in corn prices following the

mid-2006 wheat drought, this long-term price decrease dramatically reduced

producers’ profit margins and put a number of domestic producers on the

brink of financial insolvency. These results suggest that while Congress was

successful in its efforts to increase the use of domestically produced ethanol,

the secondary effects of the VEETC and RFS have negatively impacted the

long-term economic viability of domestic ethanol production.
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Calculation of Output as a Percentage of Production Revenue

Appendix 
 
 
2.1. Calculation of Output as a Percentage of Production Revenue 
 

2.5 gallons of ethanol x $2.00/gallon =         $5.00 85.4%

18 lb CO2 x 1 ton / 2000 lb x $5 / ton =        $0.045 0.8%

18 lb DDGS x 1 ton / 2000 lb x $90 / ton =   $0.81 13.8%

Total $5.855 100%
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TSLS Regression Results

Variable Mean Std. Dev. Min Max Observations

QD 239.69 125.06 99.96 565.24 119

Pethanol 1.56 0.52 0.97 3.62 119

PMTBE 445.82 204.81 165.35 1083.48 119

PGas 1.79 0.57 1.01 3.18 119

PCorn 2.34 0.51 1.61 3.96 119

PNatural Gas 5.71 2.21 2.77 12.16 119

MC 1.02 0.21 0.72 1.68 119

PDDGS 89.10 17.24 46.00 131.00 119  
 

 

5.2. IRR Calculation 

 

In order to isolate the individual effects on the VEETC and RFS on firm’s IRR 

calculations, this paper estimates two separate IRR calculations for each policy—one 

assuming the individual policy was never enacted, and one assuming the policy was 

enacted. The model then calculates the difference between these two predicted IRRs to 

estimate individual effect of the given policy on a firm’s IRR calculation. 

 

VEETC: 

 

Figure 34: Summary Statistics, January 1998- November 2007
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Dependent Variable

TSLS Coefficients Ln(Pethanol)

Ln(PMTBE) -0.029

(0.083)

Ln(PGas) 0.536 ***

(0.203)

VEETC -0.038

(0.051)

RFS 0.184 **

(0.074)

Time Dummy2006 -0.173 ***

(0.049)

Time Dummy2005 0.049

(0.043)

Time Dummy2004 -0.099 **

(0.049)

Time DummySeason1 0.020

(0.036)

Time DummySeason2 -0.007

(0.033)

Ln(PCorn) -0.167 **

(0.087)

Ln(Pnatural Gas) 0.268 ***

(0.09)

Constant -0.036

(0.436)

F- Statistic 9.60

0.000

N 119

R
2

0.838

*** = p value significant at the .01 level; ** = significant at the .05 level; * = significant at the .10 level

Values in parenthesis are heteroskedasticity-robust standard errors

The row labeled F-Statistic presents the first-stage F-statistic testing the hypothesis that the
coefficients on the instruments are zero in the first-stage regression. Its p-value is italicized.  
 

 

4.2.3. IRR Calculation Model Assumptions 

1) Initial ethanol price is the average of ethanol prices for the previous six months. 

2) Ethanol price growth is assumed to be 1.5% per annum. 

3) Initial marginal cost is the average of marginal cost for the previous six months. 

4) Marginal cost growth is assumed to be 3.0% per annum. 

5) Fixed costs are assumed to be constant over the five year period. 

Figure 35: First Stage of TSLS Demand Regression
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Dependent Variable

TSLS Coefficients Ln(QD)

Ln(Pethanol) -1.142 ***

(0.306)

Ln(PMTBE) -0.215 *

(0.11)

Ln(PGas) 2.038 ***

(0.32)

VEETC 0.266 ***

(0.09)

RFS 0.403 ***

(0.097)

Time Dummy2006 -0.110 *

(0.063)

Time Dummy2005 0.405 ***

(0.055)

Time Dummy2004 0.263 ***

(0.064)

Time DummySeason1 0.128 ***

(0.05)

Time DummySeason2 -0.039

(0.036)

Constant 5.743 ***

(0.582)

N 119

R
2

0.901

*** = p value significant at the .01 level

Values in parenthesis are heteroskedasticity-robust standard errors  
 

 

5.1. Summary Statistics, January 1998- November 2007 

 

Figure 36: TSLS Demand Regression Full Results
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IRR Calculation Model

IRR Calculation Model Assumptions

 

1) Initial ethanol price is the average of ethanol prices for the previous six months. 
2) Ethanol price growth is assumed to be 1.5% per annum. 
3) Initial marginal cost is the average of marginal cost for the previous six months. 
4) Marginal cost growth is assumed to be 3.0% per annum. 
5) Fixed costs are assumed to be constant over the five year period. 
6) Plant capacity is assumed to be 65 million gallons per year. 
7) Acquisition cost is the cost of building a 65 million gallon plant ($71.5 million) 

plus $10 million dollars in land and miscellaneous fees.  
8) Discount rate is 7% 
9) Equity Contribution is 30% of the initial acquisition cost.  
10) Annual interest expense is assumed to be 8% of outstanding debt 
11) 10% of the total debt is paid in each of the first four years while the remaining 

60% is paid in the fifth year. 
12) Corporate tax rate is assumed to by 35%. 
13) The plant is sold at the end of five years at a price of 5.5x EBITDA. 

 
 

5.1. TSLS Demand Regression- Full Results 

IRR Calculation: Isolated Effects of VEETC and RFS

In order to isolate the individual effects on the VEETC and RFS on firm’s

IRR calculations, this paper estimates two separate IRR calculations for each

policy–one assuming the individual policy was never enacted and one assum-

ing the policy was enacted. The model then calculates the difference between

these two predicted IRRs to estimate the individual effect of the given policy

on a firm’s IRR calculation. Figure 37 and Figure 38 show the IRR calculation

after the enactment of each policy and demonstrate the isolated effect of each

policy on firms’ IRR calculations.
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Figure 37: Isolated Effect of VEETC on IRR Calculation
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Figure 38: Isolated Effect of RFS on IRR Calculation
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