
Computable General Equilibrium Analysis of Economic
Policies on the US Biofuels Market ∗

Margaret Loudermilk†, Joshua Elliott‡, and Ian Foster, §

June 2011

Preliminary and Incomplete

Do Not Cite

∗This work was supported in part by MacArthur Foundation, NSF, DOE.
†Computation Institute, University of Chicago and Argonne National Laboratory
‡Computation Institute, University of Chicago and Argonne National Laboratory
§Computation Institute, University of Chicago and Argonne National Laboratory



Abstract

Bioenergy is generating interest as an alternative energy source that is both en-
vironmentally friendly and potentially economically competitive. Corn based ethanol
has shown significant market growth in the last decade, increasing national production
volumes by approximately a factor of 7. Some of this increase may be attributed to
high oil prices but most is likely driven by a collection of economic policies.

A combination of mandates, credits, and subsidies are employed in the US to en-
courage biofuel production and consumption. Currently, there are three primary subsi-
dies for domestic biofuel producers and blenders. The Volumetric Ethanol Excise Tax
Credit (VEETC) is the primary tax incentive for ethanol. It provides blenders of fuel
with a credit of 45 cents per gallon of ethanol blended with their gasoline. In addition,
under the Small Ethanol Producer Tax Credit (SEPTC) small ethanol producers are
allowed a 10 cents per gallon tax credit on up to 15 million gallons of production annu-
ally, capped at $1.5 million per year per producer. The Cellulosic Biofuel Producer Tax
Credit (CBPTC) allows a registered producer to claim a tax credit up to an amount
of $1.01 per gallon of cellulosic biofuel. Consequently, tax incentives have likely been
a major factor behind increased ethanol production, but all three credits are set to
expire soon. The VEETC and SEPTC will expire December 31, 2011 and the CBPTC
expires December 31, 2013.

This paper presents a computable general equilibrium (CGE) model, including a
detailed representation of the biofuels market. Using this model, the effects of current
economic policies are analyzed and counterfactual policy simulations are performed.
In particular, the costs and benefits of extending these credits, past their current
expiration dates are assessed.
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1 Introduction

A combination of mandates, credits, and subsidies are employed in the US to encourage
biofuel production and consumption. The Energy Independence and Security Act (EISA)
of 2007 mandates an increase in domestic biofuel use to 36 billion gallons annually by 2022,
suggesting a production rate nearly three times the roughly 13 billion gallons produced in
2010. EISA also established a federal renewable fuel standard (RFS), which sets mandatory
blend levels for renewable fuels. The RFS is arguably the single largest driver of ethanol de-
mand in the US and has encouraged ethanol use to grow from approximately 5 billion gallons
in 2007 to 13 billion gallons in 2010. In addition to the provisions of EISA, the US federal
government offers tax credits for ethanol production and blending. The Volumetric Ethanol
Excise Tax Credit (VEETC), known as the blender’s credit, is the primary tax incentive for
ethanol. It provides blenders of fuel with a credit of 45 cents per gallon of ethanol blended
with their gasoline. Consequently, VEETC has been another major factor behind increased
ethanol production. Under the Small Ethanol Producer Tax Credit (SEPTC), small ethanol
producers are allowed a 10 cents per gallon tax credit on up to 15 million gallons of pro-
duction annually, capped at $1.5 million per year per producer. In addition, the Cellulosic
Biofuel Producer Tax Credit (CBPTC) allows a registered producer to claim a tax credit
up to $1.01 per gallon of cellulosic biofuel. Further, many states provide additional incen-
tives for biofuel use and production. Currently, 20 states offer various producer incentives.
Another 28 states provide ethanol blend incentives, and 10 states have their own renewable
fuels standards.

The presence of such a collection of economic policies raises many questions about their
impacts. The Community Integrated Model of Economic and Resource Trajectories for
Humankind (CIM-EARTH) is a collaborative, multi-institutional project that is designing a
large-scale, integrated, and open-source computable general equilibrium modeling framework
as a tool for decision makers in climate and energy policy. One component of this project
is constructing a detailed representation of the global biofuels market, with a focus on US
biofuel production, in order to conduct analyses of the economic and environmental impacts
of biofuels production and demand.

This paper presents the computable general equilibrium model developed under CIM-
EARTH, including a detailed representation of the biofuels market. Using this model, the
effects of current economic policies are analyzed and counterfactual policy simulations are
performed. In particular, the costs and benefits of an extension of the VEETC and CBPTC,
passed their current expiration dates are assessed.

1.1 U.S. Biofuel Policies

The EISA of 2007 is an energy policy law designed to increase energy efficiency and the
availability of renewable energy. The national RFS Program was developed to increase
the volume of renewable fuel that is blended into transportation fuels and requires minimum
annual levels of renewables in U.S. transportation fuel. The law sets a new minimum standard
of 9.0 billion gallons of renewable fuel in 2008 and rises to 36 billion gallons by 2022 where
21 billion gallons must to be obtained from cellulosic ethanol and other advanced biofuels.
Beginning in 2010, a certain percentage of the renewable fuel blended into transportation
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fuels must be cellulosic biofuel, biomass-based diesel, and advanced biofuel. Cellulosic biofuel
is defined as any renewable fuel derived from cellulose, hemicellulose, or lignin, and achieves
a 60% greenhouse gas (GHG) emissions reduction. Biomass-based diesel is defined as a
renewable transportation fuel, transportation fuel additive, heating oil, or jet fuel that meets
the definition of either biodiesel or non-ester renewable diesel, and achieves a 50% GHG
emissions reduction. Starting in 2016, all of the increase must be met with advanced biofuels.1

Advanced biofuel is defined as any renewable fuel, other than ethanol derived from corn, and
achieves a 50% GHG emissions reduction.2 Under this definition, sugar cane based ethanol
has recently been deemed by the EPA to be an advanced ethanol. Imports from tropical
countries could thus be an important part of meeting the consumption goals set out in the
RFS but may not be competitive unless significant import tariffs are either lifted or avoided.

Currently, three major tax credits are available to domestic producers and blenders of
biofuel. Ethanol blenders registered with the Internal Revenue Service (IRS) may be eligible
for a tax incentive of $0.45 per gallon of pure ethanol blended with gasoline. This credit is
known as the VEETC or blender’s credit. Only entities that have produced and sold or used
the qualified mixture as a fuel in their trade or business are eligible for the tax credit. The
incentive must first be taken as a credit against the blender’s fuel tax liability and any excess
over this tax liability may be claimed as a direct payment from the IRS. Under current law,
this incentive expires December 31, 2011.3

A small ethanol producer that is registered with the IRS may be eligible for a tax incentive
of $0.10 per gallon of ethanol, called the SEPTC. A small producer is one that has, at all
times during the tax year, not more than 60 million gallons of productive capacity of any
type of alcohol. The incentive applies only to the first 15 million gallons of ethanol produced
in a tax year and is allowed as a credit against the producer’s income tax liability. Under
current law, this incentive expires December 31, 2011.4

Cellulosic biofuel producers registered with the IRS may be eligible for a tax incentive of
up to $1.01 per gallon of cellulosic biofuel, a credit known as the CBPTC. If the cellulosic
biofuel also qualifies for alcohol fuel tax credits, the credit amount is reduced to $ 0.46 per
gallon for biofuel that is ethanol and $0.41 per gallon if the biofuel is not ethanol. Cellulosic
biofuel is defined as liquid fuel produced from any lignocellulosic or hemicellulosic matter
that is available on a renewable basis, and meets U.S. Environmental Protection Agency fuel
and fuel additive registration requirements. The incentive is allowed as a credit against the
producer’s income tax liability.5

U.S. Customs and Border Protection imposes a 2.5% ad valorem tariff on the import
of ethanol for use in fuel which is based on the percent volume of the fuel at the time
of transaction. The 2009 Normal Trade Relations duty rate, formerly known as the Most
Favored Nation Duty, of $0.54 per gallon of ethanol also applies to imports from most
countries to offset the VEETC available from the U.S. IRS. Ethanol imports from countries
that are part of the North Atlantic Free Trade Agreement, Caribbean Basin Initiative, and

1The EPA is able to temporarily waive part of the mandate under certain circumstances.
2For more details on issues related to the RFS provision, see CRS Report RL34265, Selected Issues

Related to an Expansion of the Renewable Fuel Standard (RFS).
3See IRS Publication 510 and IRS Forms 637, 720, 4136, 6478, and 8849.
4See IRS Publication 510 and IRS Forms 637 and 6478.
5See IRS Publication 510 and IRS Forms 637 and 6478.
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Andean Trade Preference Act may not be subject to the secondary duty provided the ethanol
is produced with feedstocks from those nations.6 Importers of ethanol must follow the same
regulations as domestic producers, including registering with the IRS.

Under the Caribbean Basin Initiative (CBI), up to 7% of the US ethanol market can be
supplied by CBI imports duty free. In 2006, this implied a duty-free cap of about 270 million
gallons, of which only about half was actually imported. While 50% of duty-free ethanol
must come from local feedstocks in the CBI countries, much of the import is from ethanol
that is imported from Brazil a reprocessing plants in the Caribbean, in order to reach the US
duty-free (Yacobucci, 2008). While the wholesale cost of ethanol is thus slightly higher from
CBI countries, the significant reduction in taxes leads to cheaper imports overall, causing
imports from CBI countries to increase rapidly in recent years.

1.2 Literature Review

The economic literature on the impact of biofuels is limited by the relative nascency of the
market. However, in recent years analyses of biofuels and other renewables have increased.
Rajagopal and Zilberman (2007) provide a thorough summary of the economic and envi-
ronmental issues involved in the biofuels market. They also note certain holes in existing
economic analyses. For example, they point out that most economic models do not ade-
quately capture the relationships between the agriculture and energy markets and ignore
the international trade aspects of biofuels. In addition, Rajagopal and Zilberman conjecture
the effects of various biofuel policy drivers. When used in isolation, they conjecture that all
policies except acreage controls and export subsidies will increase the supply of biofuels and
decrease domestic oil demand. However, the effect of these policies used in combination is
generally uncertain.

Gortner and Just (2008) perform a partial equilibrium simulation analysis of the effects
of concurrent ethanol mandates and tax credits. They find a credit alone acts as an ethanol
consumption subsidy and that with either policy alone gasoline consumption declines. How-
ever, with both a tax credit and binding mandate in place, gasoline consumption always
increases. In particular, under a consumption mandate such as in the U.S. the combination
of policies acts as a gasoline consumption subsidy, and market prices and consumption of
ethanol do not change. Other studies by these authors use theoretical models to analyze
market effects of biofuels mandates and credits (Gortner and Just, 2009a; Gortner and Just,
2009b) with similar results.

Banse, et al. (2008) present an analysis of the agricultural market and land supply effects
of the European Union Biofuels Directive using a CGE model, which is a modified version of
the GTAP model. They find that the increased demand for biofuels induced by the directive
has a strong impact on agriculture both within the European Union and globally. Sensitivity
analyses performed demonstrate that while the size of these effects can vary substantially
the qualitative results are robust to the values of trade elasticities and the elasticity of
substitution between fossil fuels and biofuels.

Perhaps the most relevant comparison to this study can be made to a Food and Agricul-
tural Policy Research Institute at the University of Missouri-Columbia report. This presents

6Specific feedstock percentage requirements apply.
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estimates of effects of expiring versus extending mandates, credits, tariffs, and farm policies
related to biofuels. Due to binding EISA mandates on 1st generation biofuels, this report
states that the estimated net impact of allowing the ethanol blender’s credit to expire at
the end of 2010 is moderate. Ethanol production is estimated to decline by 2.6% and prices
paid by ethanol consumers to increase by $0.04 per gallon. The expiration of the credit also
results in modest effects on the prices of corn and other crops. In contrast, when all current
policies are extended indefinitely, the combination of EISA mandates, credits, and tariffs is
estimated to significantly increase US biofuel production and raise prices for a wide range
of agricultural commodities. Ethanol production is estimated to increase by an average of
75%, and wholesale ethanol prices are estimated to increase by 41%. However, this market
impact is less than the sum of the estimated impacts of these policies separately. In addition,
the report finds that the market outcomes can vary significantly with petroleum policies and
prices.

2 The CIM-EARTH Modeling Framework

CIM-EARTH (or CE) is a completely new framework for efficient numerical simulation
of a class of models including various types of Computable General Equilibrium (CGE)
models and Integrated Assessment Models (IAMs). This meta-framework involves paral-
lel development of several new economic and integrated systems models and components.
CIM-EARTH allows for rapid creation of applications via composition of existing and new
components. Other tools facilitate integration of data from multiple sources. For example,
“meta-applications” can be invoked to quantify model uncertainty.

The primary modeling challenge is estimating the production and utility functions that
characterize the physical and economic processes constraining the supply and demand deci-
sions of industries and consumers. For this purpose, we use constant elasticity of substitution
(CES) production functions with the form

y =

(∑
i

αi (γixi)
σ−1
σ

) σ
σ−1

,

where y is the output, xi are the input factors ranging from labor and capital to seeds and
fertilizer, γi are efficiency units that determine how effectively these factors are used, αi
are share parameters where αi > 0 and

∑
i αi = 1, and σ controls the degree to which the

inputs can be substituted for one another. Key parameters of the CGE model for the current
application include the elasticities of supply for fossil fuels, the substitution across fossil fuels
used in production of energy intensive goods, and the trade elasticities for substitution across
different locations of production.

The available data for general equilibrium models is typically the revenues and expendi-
tures in a base year, rather than the quantities. To use this data, we formulate the general
equilibrium problem using a calibrated form of the CES functions.

y

ȳ
=

(∑
i

θi

(
γi
xi
x̄i

)σ−1
σ

) σ
σ−1

,
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where y
ȳ

is the ratio between the output of the industry in question7 and the base year value
for this quantity from the calibration data set, xi

x̄i
are the ratios of the inputs for commodity

i (e.g., capital, labor, coal, intermediate bundles) with their respective base year values and
θi are the share parameters with θi > 0 and

∑
i θi = 1 now strictly enforced. With σ = 1 we

obtain a special case of the CES function used extensively in economics, the Cobb-Douglas
function.

y

ȳ
=
∏
i

(
γi
xi
x̄i

)θi
.

For ease of analysis and comparison with previous studies, we adopt the Cobb-Douglas
specification throughout the current work.

With this normalization of the production and utility functions, the share parameters,
θi, are just the ratio of the base year industry expenditure on input i, ēi, with the value
of the function output, r̄y: θi = ēi

r̄y
. The share parameters are used to calibrate the model

so that the output is consistent with data from a base year or base period. The functions
incorporating these share parameters are then nested to form representations of the various
industries and consumers in the model.

The nested function structure can be represented by a graph. The production nest for
CE Version 0.1 is shown in Figure 1. Each node of the tree is a CES function with a unique
elasticity parameter that aggregates the inputs coming into it from below. The highest
level node then aggregates the two intermediate bundles into the total industry output. The
industry depicted in this simple example is solving the following profit maximization problem
(ignoring taxes and γ for now)

max
y≥0,xi≥0

py − pmxm − pexe − pKxK − pLxL

s.t. y ≤ (αKL(xKL)ρ + αme(xme)
ρ)

1
ρ

xKL ≤ (αK(xK)ρKL + αL(xL)ρKL)
1

ρKL

xme ≤ (αm(xm)ρme + αe(xe)
ρme)

1
ρme .

The static general equilibrium core is roughly the same as any other static CGE model
( [?,?,?,?]). The model configuration has moderate-scale spatial and sectoral resolutions
with 15 regions and 25 production sectors plus 25 importers per region. Dynamics in the
CIM-EARTH prototype used in this work employ a recursive-myopic strategy in which most
important drivers of economic growth and development (e.g., labor productivity and supply,
energy efficiency, land endowment, and yield and resource availability) are modeled with
exogenous time trends similar to those used in other dynamic CGE models. For more
details, see the CIM-EARTH model documentation (Elliott et al., 2010).

2.1 The CIM-EARTH Biofuels Model

Compared to the original basic framework (CE v0.1), the CIM-EARTH biofuels models
(CE-bio) contains significantly more detail in agriculture and related services as shown in

7Alternatively, this could be an intermediate bundle or aggregator function in a nest structure.
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Figure 1: CIM-EARTH Nesting Structure

Figure 2 and Table 1. The production functions for “crops and forestry” indicate a simplified
treatment of land in the nesting structure. In practice, this has no effect, since the equations
represented by the nesting structure collapse when the elasticities at neighboring nodes are
the same, as they are in Figure 1. That is, if

y1 = (θ1x
ρ1
1 + θ2x

ρ1
2 )1/ρ1 and

x2 = (θ3x
ρ2
3 + θ4x

ρ2
4 )1/ρ2

and ρ1 = ρ2 = ρ, then it follows that

y1 = (θ1x
ρ
1 + θ2(θ3x

ρ
3 + θ4x

ρ
4))ρ ,

which reduces to the usual CES form with a rescaling of θ.
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2.2 Data Preparation and Model Calibration

Data from a large variety of sources is necessary to calibrate the supply and demand func-
tions. However, the primary data source is the Global Trade Analysis Project (GTAP) data
base, specifically the GTAP version 7.1 data base of global expenditure values and GTAP-
BIO8 for ethanol and biodiesel values. The GTAP 7.1 Data Base has a 2004 base year, 57
sectors and 112 regions.

Share parameters were calibrated with the GTAP version 7.1 database of after some
modification in the biofuels sectors. We combine several studies on the production costs
of corn ethanol to obtain the cost shares used in our analysis, namely Tiffany and Eidman
(2003), IEA (2000), and Shapouri and Gallagher (2002). These largely agree on the cost
fraction of feedstock in production with a range of 56.8-60.4% estimated as well as on the
cost fraction of capital with a range of 11.1-12.6%. Other inputs have larger estimated ranges
for share parameters. These include 3.3-6.6% for labor, 9.8-16.0% for energy, and 8.4-14.5%
for “other materials”. Total production costs from the 3 studies range from 1.34-1.50 USD

8based on GTAP version 6
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Table 1: Regions and sectors in the CE-bio model

Regions Sectors
Canada (CAN) Wheat (wht) Coal Extraction (col)
Mexico (MEX) Corn (crn) Gas Extraction (gas)
United States (USA) Soy (soy) Oil Extraction (oil)
Brazil (BRA) Sugar crops (sug) Manufactured goods (man)
Rest of Latin America (LAM) Other crops (xcr) Electricity (elc)
W. Europe (WEU) Forestry (frs) Petroleum Refining (ptl)
Rest of Europe (REU) Livestock (anm) Air Transport (tra)
Mid East and N. Africa (MNA) Corn ethanol (cre) Land Transport (trl)
Rest of Africa (AFR) Sugar cane ethanol (sge) Sea Transport (trs)
China and Mongolia (CHN) Biodiesel (bdl) Government Services (gov)
Oceania (OCN) Cellulosic ethanol (cel) Other Services (ots)
Japan and South Korea (JPK) Blended gasoline (bld)
Former Soviet States (RUS) Processed food (pfd)
South Asia (SOA) Water (wtr)
Southeast Asia (SEA)

per gallon nominal or 1.39-1.63 per gallon when adjusted to 2004 USD. Based on the GTAP-
BIO database, energy costs are almost entirely attributable to electricity in the US, while
materials costs are a majority manufacturing but also include some services and transport
expenditures.

Much less data exists for the production costs of cellulosic ethanol. For now, our primary
approach is to select the price ratio of corn and cellulosic ethanol by varying the CES total
factor productivity parameter in a variety of scenarios representing the relative development
and scaling of cellulosic technologies over the next 2 decades. Our starting point for these
trends is the production cost estimate from Solomon, et al. (2007), which gives a total
cost of $2.15/gallon roughly split as 50% capital, 32% feedstock, 8% labor, and 10% other
materials. By varying the total factor productivity, we construct a range of scenarios that see
these costs reduced linearly by half in a variety of different time scales, ranging from rapid
technological advancement with costs reduced to half by 2015, to relatively slow progress as
characterized by a 50% cost reduction by 2025. By definition, new industries are difficult
to model in a CGE framework, because the rapid growth and technological changes are
primarily driven by transition dynamics. The implications of this for the current analysis
is that the representation of cellulosic ethanol production is significantly more sensitive to
scenario dynamics such as feedstock and capital prices. However, this is not surprising given
the uncertainties in how various advanced biofuels industries will evolve.

Estimates of direct subsidies to US ethanol producers vary somewhat based on method
and source. We currently use an estimate of about $0.10/gallon corn ethanol produced, or
about 7% of production costs, and $0.50/gallon cellulosic ethanol. Several other tax credits
in the US support production or distribution directly, such as the Small Ethanol Producer
Tax Credit and the Cellulosic Biofuel Producer Tax Credit. Instead of modeling each of
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these independently, we consider a bulk direct subsidy to ethanol producers calibrated with
estimates from the literature ((#)).

In 2004, the US imported about 100 million gallons of sugar cane ethanol directly from
Brazil, and another 75 million gallons from CBI countries. With the 54 cent excise tariff and
the 2.5% ad valorem duty, the Brazillian imports paid about 59 cents per gallon imported,
or 59 million USD total. CBI countries are exempt from both these tariffs.9 For transport
costs, we assume roughly the same costs as for the import of refined petroleum from the given
region. This amounts to about 13 cents per gallon of sea transport purchases for ethanol
imports from Brazil in 2004, and about 9 cents per gallon for CBI countries.

3 Policy Scenarios

Corn based ethanol has been a significant market force in the last 9 years, increasing national
production volumes by a factor of about 7. Some of this may be attributed to high oil prices,
but its clear that the biofuels mandates enacted in the 2007 EISA bill as well as credits and
subsidies have also been contributing factors. One of the most lucrative credits, the VEETC,
was set to expire December 31, 2010. However, late in 2010 this credit was extended through
December 31, 2011. In addition, the primary credit for advanced biofuels, the CBPTC, is set
to expire December 31, 2013. This raises the question of what effect removing these credits
may have both on the market for corn ethanol and on the nascent cellulosic ethanol market.
To begin to address this question, we consider the following four scenarios: 1) both credits
are extended indefinitely 2) only the VEETC is allowed to expire on December 31, 2011, 3)
only the CBPTC is allowed to expire on December 31, 2013, and 4) both the VEETC and
CBPTC are allowed to expire .

3.1 Preliminary Results: Extending Credits

Figure 3 shows the US ethanol production trends in the preliminary CE-bio scenarios with
the VEETC and CBPTC extended indefinitely, which serves as our base case. Corn ethanol
production maxes out at the 15 billion gallons established by the 2007 EISA fairly quickly,
with little difference among the scenarios. Cellulosic ethanol production is more sensitive to
scenario dynamics such as feedstock and capital prices so we see significantly more variation
in production volumes of advanced biofuels, which increases significantly with the forecast
horizon. The overall trend for cellulosic ethanol seems plausible though given the advanced
biofuel targets set by the RFS.

3.2 Preliminary Results: VEETC Expires

Figure 4 shows the US ethanol production trends in the preliminary CE-bio scenarios with
the VEETC expiring December 31, 2011. Without the support of the blenders’ credit,

9There are other loopholes that could be used to avoid this tariff as well, such as the manufacturer’s
drawback, which could be used to greatly reduce the effective rates. Some estimates put the amount of the
tax qualifying for the drawback at 75% (Yacobucci, 2008).
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production of both corn and cellulosic ethanol appears to almost immediately decrease dra-
matically, followed by small increases is corn ethanol production and a moderate upward
trend in cellulosic production. The differences in recovery of these markets is likely due to
the provisions of the RFS with increasing amounts of advanced biofuels required to meet its
mandates.

However, these results, as well as those which follow, should be viewed with extreme
caution. The dramatic change observed is likely being driven by the assumption of perfectly
mobile capital in the current framework. In the presence of some rigidities or adjustment
costs, the direction of the effects should be the same but their magnitude and timing will
almost certainly differ.

Figure 5 shows the corn and petroleum price trends in the preliminary CE-bio scenarios
with the VEETC expiring December 31, 2011. The effect on prices is as expected given
the production response with a significant initial spike in prices of both corn and cellulosic
ethanol. The price of corn then decreases over time, mirroring the subsequent increase in
production.

3.3 Preliminary Results: CBPTC Expires

Figure 6 shows the US ethanol production trends in the preliminary CE-bio scenarios with
the CBPTC expiring December 31, 2013.

Figure 7 shows the corn and petroleum price trends in the preliminary CE-bio scenarios
with the CBPTC expiring December 31, 2013. The movement of prices is consistent with
the removal of the cellulosic ethanol credit. Corn ethanol prices increase gradually over time
with a somewhat more rapid increase after the removal of the credit. In contrast, cellulosic
ethanol prices, which had been dropping steadily, jump dramatically after the expiration of
the credit.

3.4 Preliminary Results: VEETC & CBPTC Expire

Figure 8 shows the US ethanol production trends in the preliminary CE-bio scenarios with
the VEETC and CBPTC expiring on December 31 in 2011 and 2013, respectively.

Figure 9 shows the corn and petroleum price trends in the preliminary CE-bio scenarios
with the VEETC and CBPTC expiring on December 31 in 2011 and 2013, respectively.

3.5 Parameter Uncertainties

The CIM-EARTH framework is designed to be amenable to large scale sensitivity analysis
with Monte Carlo simulations. We have explored basic model sensitivities in the past (Elliott,
et al., forthcoming) to a huge number of parameters that define the static part of the model,
where each time-slice is a static model linked by dynamic parameters and models. One of the
primary lessons learned from this analysis is that the key parameters for uncertainty analysis
depend strongly on the quantities of interest in a particular study. Options for systematic
uncertainty analysis in this application include key substitution elasticities, cost shares in
various ethanol production function, population growth rates, etc.
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4 Conclusion

This paper presents a computable general equilibrium model, including a detailed repre-
sentation of the biofuels market. Using this model, the effects of current economic policies
are analyzed and counterfactual policy simulations are performed. In particular, the costs
and benefits of extending the VEETC and CBPTC, past their current expiration dates are
assessed.

Interpretation of these preliminary results must be undertaken with extreme caution. In
addition to the usual concerns of counterfactual and CGE analysis, a major limitation of these
scenarios is the assumption of a perfectly mobile capital stock. This leads to much more rapid
and severe responses to changes in the ethanol tax credits than seems likely. However, with
these caveats in mind our results suggest that in the absence of such substantial tax credits
neither corn nor cellulosic ethanol remain cost competitive with large decreases in production
and increases in prices. In addition, we conjecture that imports of sugarcane ethanol, which
become relatively cheaper, may be used to satisfy advanced biofuels mandates.

There are a number of other planned improvements and extensions to the current study.
First, a sensitivity analysis with respect to key parameter uncertainties is being undertaken.
As previously stated, it is believed that for the quantities of interest here that changes in the
ethanol production cost shares and elasticities of substitution will cause the greatest changes
in results. In addition, other studies (e.g., FAPRI) have found that petroleum prices and
policies can also have substantial quantitative effects on estimated ethanol production and
prices. Similarly, crop prices and farm policies could be influential. Sensitivity analyses to
both petroleum and farm policies are also planned. A second planned improvement is in
the treatment of ethanol production costs and technologies with the addition of data from
several recent studies. In addition, improvement of the CIM-EARTH framework is currently
being undertaken. These changes will allow for the inclusion of more dynamics and different
types of expectation formation. Finally, the interaction of tax credit policies with the RFS
mandates (binding and non-binding) and ethanol trade policies is an area of interest for
future work.
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