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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) 
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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 

Generates parameter estimates with 
direct economic interpretations 

 Parameter estimates used to simulate 
counterfactual policy scenarios 



Methodology 
 We construct a dynamic model to recover 

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

 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 



Model 
 Each year, ethanol producers make 

decisions about: 
 Entry 
 Exit 
 Capacity investment 
 Production 



Econometric Model 
 Step 1: 
 Flexibly estimate the equilibrium policy 

functions ߪሺݏሻ 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: 

ܸሺߪ ;ݏ ሺݏሻ, ߪ ି , ,ߠ ߝ  ሻ  ܸሺߪ ;ݏ ሺݏሻ, ߪ ି , ,ߠ ߝ  ሻ ∀  ݅, ,ݏ  ሻݏሺߪ



Structural parameters 
 Distribution of fixed costs and the variable 

costs for investing in ethanol plant capacity 

 Distribution of scrap values a plant would 
receive if it exited the market 

 Distribution of entry costs and the variable 
costs for either constructing a new plant or 
buying a shut-down plant 



Simulations 
 Use the structural parameters to simulate the effects 

of 3 different types of subsidies, each with no RFS, 
with RFS1 or with RFS2 , from 2012 to 2022: 

 Production subsidy 
 range from $0.00-0.51 per gallon 

 Investment subsidy per million gallon of capacity 
investment 
 vary from $0.1-14 million per million gallon 

 Entry subsidy if new plant exceeds 5 million gallons in 
capacity 
 vary from $1-260 million 



Analyze effects of policies on: 
 Producer profits 
Consumer surplus 
 Net social welfare 
 Average plant capacity 
Market capacity 



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 



Thank you 


