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Ethanol policies in the US
 Government promotion of industry 

 Federal ethanol policies
 Volumetric production subsidy
 Renewable Fuel Standard



Volumetric production subsidy
 The development of fuel ethanol in the U.S. has been 

accompanied by government subsidies

 The launch of the fuel ethanol industry was initiated in part 
by a volumetric production subsidy of 40 cents per gallon 
provided in the Energy Policy Act of 1978.  

 Since then, the level of the subsidy has been modified a 
couple of times 

 The primary ethanol subsidy, the federal volumetric ethanol 
excise tax credit, was reduced from 51 cents per gallon to 
45 cents per gallon in the 2008 Farm Bill and expired on 
December 31, 2011. 



Renewable Fuel Standard
 Implemented in 2005, setting a goal of 7.5 

million gallons of renewable fuel by 2012 
(RFS1)

 Extended in 2008, setting a goal of 15 
billion gallons of corn-based fuel ethanol 
and 16 billion gallons of cellulosic biofuels 
by 2022 (RFS2)



State-level policies
 California’s Low Carbon Fuel Standard 

(LCFS)
 Requires that the average carbon intensity, 

or average carbon emissions per unit, of 
fuel sold in a region be lower than a 
standard set by the regulator



State-level policies
 California’s Low Carbon Fuel Standard 

(LCFS)

 MTBE ban
 Ban came into effect at different times for 

each state
 Made ethanol the primary oxygenate that 

can be blended into gasoline to satisfy the 
oxygenate requirement



State-level policies
 California’s Low Carbon Fuel Standard 

(LCFS)

 MTBE ban

 Tax credit



Focus of talk:
 How should we design biofuel policies?

 What are the effects of biofuel policies?



Agenda
 Introduction
 The Design of Biofuel Policies

 Cost Containment
 Policy Shocks

 The Effects of Biofuel Policies
 On Investment
 On the Ethanol Industry

 Conclusion



Agenda
 Introduction
 The Design of Biofuel Policies

 Cost Containment
 Policy Shocks

 The Effects of Biofuel Policies
 On Investment
 On the Ethanol Industry

 Conclusion



Agenda
 Introduction
 The Design of Biofuel Policies

 Cost Containment
 Policy Shocks

 The Effects of Biofuel Policies
 On Investment
 On the Ethanol Industry

 Conclusion



Mandating green: On the design of 
renewable fuel policies and cost 
containment mechanisms

Gabriel E. Lade
University of California at Davis

C.-Y. Cynthia Lin
University of California at Davis



Mandates
 Policy-makers in US favor renewable share 

mandates and carbon intensity standards 
over carbon tax or cap and trade



Mandates
 Policy-makers in US favor renewable share 

mandates and carbon intensity standards 
over carbon tax or cap and trade
 Renewable Fuel Standard (RFS) –

renewable share mandate
 California’s Low Carbon Fuel Standard 

(LCFS) – carbon intensity standard



This paper
 Develop a model that incorporates both 

the RFS and the LCFS



This paper
 Develop a model that incorporates both 

the RFS and the LCFS

 Study the effects of cost containment 
mechanisms
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 Credit window

 Regulated parties can purchase an 
unlimited number of compliance credits 
from the regulator at a fixed price



Cost containment mechanisms
 Credit window

 Regulated parties can purchase an 
unlimited number of compliance credits 
from the regulator at a fixed price

 Renewable fuel multiplier
 Regulator allows parties to inflate their 

accounting of renewable fuels towards the 
respective standard
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Results
 When the marginal costs of renewable 

fuels is high relative to fossil fuels, cost 
containment mechanisms:
 Constrain compliance costs
 Improves the efficiency of fuel mandates

 Efficiency gains from strategically 
including a credit window with a fuel 
mandate are large

 Efficiency gains from combining a 
renewable fuel multiplier with a mandate 
are small
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This paper
 We examine the effects of 3 policy shocks 

that reduced expected 2014 mandate 
levels and created significant uncertainty 
regarding future compliance obligations 
under the policy



Results
 The policy shocks led to large decreases in 

the value the RFS2 provides to the biofuel 
industry



Results
 The policy shocks led to large decreases in 

the value the RFS2 provides to the biofuel 
industry
 The release of the 2013 Final Rule in which the 

Environmental Protection Agency suggested 
it would likely reduce the 2014 mandate, 
decreased the value of the subsidy (tax) 
provided by the RFS2 to the biofuel (fossil fuel) 
industry by between $7.4 and $8.4 billion for 
the 2013 compliance year alone.
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Research question
 What are the effects of economic factors, 

strategic interactions and government 
policy on the decision to invest in an 
ethanol plant?



Methodology
 Structural econometric model of a 

dynamic game

 Generates parameter estimates with 
direct economic interpretations

 Parameter estimates used to simulate 
counterfactual policy scenarios



Why a dynamic model?
 Investment under uncertainty

 Irreversible investments
 There is uncertainty over future rewards 

from investment
 Ethanol firms have leeway over timing of 

investment

 there is an option value to waiting



Why a dynamic game?

 An potential investor’s payoffs are affected 
by the decisions of other potential investors in 
the market



Preliminary results
 RFS2 had a significant positive effect on 

entry decisions and payoffs



Preliminary results
 RFS2 had a significant positive effect on 

entry decisions and payoffs

 MTBE ban also had a significant positive 
effect
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 What are the effects of government 

subsidies and the Renewable Fuel 
Standard on the U.S. fuel ethanol industry?
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 Producer profits
 Consumer surplus
 Net social welfare
 Average plant capacity
 Market capacity
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Research Questions
 What are the effects of government 

subsidies and the Renewable Fuel 
Standard on the U.S. fuel ethanol industry?

 What form of subsidy is the most effective 
and cost-effective?
 volumetric production subsidy
 investment subsidy
 entry subsidy



Research Objective
 Model ethanol firms’ dynamic and strategic 

decisions
 Production 
 Investment 
 Entry
 Exit

 Estimate the entire cost structure of the industry 
including the distributions of fixed entry costs and of 
exit scrap values

 Analyze the effects of government subsidies and the 
Renewable Fuel Standard on the U.S. fuel ethanol 
industry and its cost structure



Methodology
 Structural econometric model of a 

dynamic game

 We use the estimated parameters to 
evaluate 3 different types of subsidy: 
 a volumetric production subsidy
 an investment subsidy
 entry subsidy
each with no RFS, with RFS1 or with RFS2 



Why a dynamic model?
 Investment under uncertainty

 Irreversible investments
 There is uncertainty over future rewards from 

investment
 Ethanol firms have leeway over timing of 

investment

 there is an option value to waiting

 Government policies may have important effects 
on entry, production, investment, and exit costs 
and decisions that a static analysis would overlook



Why a dynamic game?

 An ethanol producer’s payoffs are affected 
by the decisions of other producers in the 
market



Econometric Model
 Step 1: 

 Flexibly estimate the equilibrium policy 
functions for entry, exit and 
investment. 

 Also estimate parameters in the per-period 
production profit function and the transition 
density for the state variables.



Econometric Model
 Step 2: 

 Estimate the structural parameters by find the 
parameters that minimize profitable deviations from the 
optimal policy

 In a Markov Perfect Nash equilibrium, the value each 
player gets from playing its equilibrium strategy must be 
at least as high as its value from any other strategy

 Use forward simulation to estimate the value function 

 Find parameters such that the value from the optimal 
policy is at least as high as the value from alternative 
strategies:

; , , , ; , , ,   ∀ , ,



Preliminary Results

 The RFS is a critically important policy for 
supporting the sustainability of corn-based 
fuel ethanol production

 Investment subsidies and entry subsidies 
are more effective and cost-effective 
than production subsidies 
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Conclusion
 The design of biofuel policies:

 Cost containment mechanisms such as a 
credit window can improve efficiency

 Minimize policy shocks and policy 
uncertainty

 The effects of biofuel policies:
 RFS2 is a critically important policy for 

supporting the sustainability of corn-based 
fuel ethanol production



Thank you


