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Overview

The United States has since 1978 promoted biofuels with a variety of subsidies (both state and federal) and now a Renewable Fuel Standard (RFS)(Tyner 2008).  The current RFS calls for 15 billion gallons of conventional biofuels, mainly corn based ethanol, by 2015 and 16 billion gallons ethanol equivalent of cellulosic biofuels by 2022.  There have been many papers evaluating the consequences of US policies (subsidies and mandates) on corn prices, land use change, and other dimensions (Tyner 2008; Tyner and Taheripour 2008; Tyner, Dooley et al. 2010; Tyner, Taheripour et al. 2010).  However, prior research has not evaluated biofuels in the context of other energy options and has not generally quantified the costs of the US biofuels policies.
Methods

This paper evaluates the impacts of alternative renewable fuels policies using a bottom-up energy technology model, MARKAL, enhanced with data generated from a global general equilibrium model, GTAP. MARKAL does not do a good job of handling biofuels because the cost of producing biofuels depends where one is on the land supply curve, and MARKAL contains no land data or parameters. Even though in some versions of MARKAL biomass supply curves are given, land supply is not explicit. Agricultural land data from GTAP using the 2004 database was added to MARKAL by agro-ecological zone (AEZ).  GTAP was then simulated in increments of one billion gallons of corn ethanol up to 20 billion gallons.  The land rent values obtained from these simulations were used to produce land supply curves for MARKAL thereby permitting MARKAL to reliably simulate biofuels development in the context of other energy technologies and economic activities that can interact with biofuel production.

In addition, a second set of changes involved updating the cellulosic ethanol production technologies present in the database using the detailed specifications given in National Academies study (National Academy of Sciences 2009). The third set of changes is the introduction of thermochemical technologies for processing of biomass into the modified US EPA MARKAL(Carol Shay, DeCarolis et al. 2006) model. The version used in this study is cuurently calibrated according to Annual Energy Outlook (2008)  forecasts. It its expected that US EPA MARKAL version calibrated according to AEO (2010) will be used for this analysis.  Detailed technology description and cost analysis has been carried out by Kreutz and colleagues (Kreutz, Larson et al. 2008).
Results

We used this revised MARKAL model to estimate the impacts of five different policy options and technology choice sets:

1.
No government interventions in biofuel markets (no RFS and subsidies)

2.
Biofuels RFS targets are implemented.

3.
Biofuel subsidies only are implemented based on current legislation.  Currently, the corn ethanol subsidy is 45 cents per gallon, and the cellulose biofuel subsidy (regardless of what biofuel) is $1.01/gal. This scenario tests subsidies on a volumetric basis as at present ($/gal.).

4.
The subsidy in this case is based on energy content instead of volume.  Cellulosic ethanol has a subsidy of $0.67, whereas cellulosic bio-gasoline is at $1.01/gal.  Corn ethanol remains at $0.45/gal.

5.
The fifth scenario is a combination of the RFS and the two subsidy approaches. (3 and 4).  
We also evaluated all policy choices with biomass only and coal/biomass feedstocks. 
Conclusions

The results clearly demonstrate that the biofuels industry is driven by government policy.  Some of the major conclusions are as follows:

•
Ethanol blend wall will be the hardest problem in near future to come over reaching the RFS targets. Required subsidies are substantial.
•
Cellulosic ethanol production and corn ethanol production cannot be targeted at the same time due to huge cost related to use E85 due to vehicle and infrastructure requirements.

•
Little cellulosic biofuels would be produced without government incentives.   

•
An energy equivalent subsidy effectively levels the playing field between biochemical and thermochemical conversion, making thermochemical conversion much more attractive.  

•
The subsidy costs vary widely depending on the subsidy used and whether or not the coal/biomass technology is enabled.  

•
Coal combined thermochemical pathway with biomass is cheaper than biomass alone (about $1/gal. gasoline equivalent).

•
The subsidy costs and costs of the RFS also vary depending on what is happening with development of other energy technologies.  Quantification of this effect is possible only with a bottom up energy model like MARKAL.
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