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Mo=va=ons	  for	  Cellulosic	  Biofuels	  
•  Energy security with large scale displacement of 

fossil fuels 

•  Mitigating food vs fuel competition for land 

•  Reduction in GHG emissions 
    and other environmental 
    benefits 



Energy	  Independence	  and	  Security	  Act,	  2007	  

Annual	  Energy	  Outlook,	  2011	  



Other	  Policies:	  Currently	  Authorized	  =ll	  
2012	  or	  Proposed	  

Volumetric Tax Credits 
o  Reduced tax credit for corn ethanol to 45c/gallon 
o  Provides subsidy of $1.01/gallon for cellulosic ethanol 

National Low Carbon Fuel Standard: 
o   California has an LCFS to reduce the carbon intensity of fuels by 
10% by 2020 relative to 2005 baseline;  
o     Oregon and several North-eastern states are proposing an LCFS 

o  Analyze a national policy to reduce GHG intensity by 15% 
(2015-2030) relative to 2005 



Policies	  differ	  in	  their	  incen=ves	  for	  mix	  of	  biofuels	  and	  
reduc=on	  in	  GHG	  emissions:	  RFS	  

•  RFS creates incentives to blend the least cost mix of biofuels given 
their energy content and requirements of the mandate. 
–  No incentive to reduce gasoline consumption other than due to 

displacement by biofuels 
–  Rebound effect on gasoline consumption by lowering world price 

of fuel 
•  Reduces the energy security benefits of biofuels 
•  Reduction in gasoline consumption is likely to be less than the 

energy equivalent increase in biofuel consumption 
–  Causes an increase in crop prices which leads to indirect land use 

change (ILUC) related GHG emissions 



Volumetric	  Tax	  Credits	  

•  Volumetric tax credits encourage production of biofuels 
using high yielding feedstocks and irrespective of energy 
content of the biofuel. 
– Likely to worsen the rebound effect by further lowering 

fuel prices 
– Net impact on GHG emissions depends on whether the 

displacement effect on GHG emissions is stronger than 
the rebound effect on emissions 

–  Impact on ILUC depends on mix of feedstocks promoted 



A	  Low	  Carbon	  Fuel	  Standard	  

Creates incentives to change the blend of fuels by increasing biofuel consumption and 
by lowering gasoline/diesel consumption 
–  implicitly subsidizes a biofuel based on its carbon intensity relative to the 

standard; Penalizes fossil fuels based on carbon intensity relative to standard 
–  Penalty  is low and subsidy is high if LCFS is not very stringent 

Encourages least cost way to reduce GHG intensity by inducing biofuels with low 
cost per unit of CO2 intensity reduced. 
•  Induces both displacement of fossil fuels and possible reduction in 

consumption 
–  Likely to induce a different mix of biofuels than the RFS 

–  LCFS causes a wedge between consumer and producer price of biofuels 
•  Rebound effect likely to be smaller  
•  ILUC effect depends on mix of feedstocks induced 
•  Impact on GHG emissions is ambiguous 



Objec=ves	  of	  this	  Research	  
•  To examine the effects of alternative policies over the 

2007-2035 period for 
–  Mix of feedstocks and biofuels 
–  Food and fuel prices 
–  Gasoline imports and  
–  GHG emissions  

•  Examine the implications of including an exogenous ILUC 
factor for GHG emissions reduction 

•  Demand Side: Assumed to be the same across policies 
–  Availability of vehicle fleet structure to consume the biofuel mix that is 

produced 
–  Availability of a commercial technology for cellulosic biofuels starting in 

2015 





BEPAM 

Maximizes  consumer and producer surplus in multiple agricultural and fuel 
sector markets subject to technology, production and land constraints 

•  Dynamic: Planning horizon from 2007 to 2035, in annual time steps 
–  10 year rolling horizon for landowners with age specific costs of 

perennials 
–  Decisions based on lagged prices and land availability 
–  Expectations updated based on realized market outcomes annually 

•  Fuel sector: Derived demand for gasoline and biofuels based on demand for 
vehicle kilometers travelled  with 5 types of vehicles based on AEO (2010) 
–  Substitutability between gasoline and biofuels determined by vehicle fleet 
–  Price of gasoline and biofuels determined endogenously in open world markets 
–  First and second generation biofuels (Lignocellulosic ethanol, BTL)  
–  Feedstocks: corn, sugarcane, crop and forest residues, energy crops (switchgrass and 

miscanthus) 
–  Location-specific life-cycle carbon intensity of fuels 



Other Features of the Model 

•  Open agricultural sector with  crop markets, livestock, biomass 
–  Spatial heterogeneity in yields and returns to land (295 regions in 

US) 
–  Econometrically estimated regional cropland acreage elasticities 

and own and cross-price acreage elasticities 
–  Allow land allocations to various crops to be price responsive 
–  Econometrically estimated trend rate of growth in crop yields and 

price responsiveness of yields 
–  Idle cropland and cropland pasture can be converted to 

conventional crops and energy crops 
–  Simulated yields of perennial grasses, Miscanthus and Switchgrass 
–  Commodity prices, price of land and biomass determined 

endogenously. 



Choice	  of	  Feedstocks	  and	  Biofuels	  





VISION	  Model,	  Argonne	  Na=onal	  Lab,	  2010	  



With	  RFS,	  cellulosic	  biofuel	  mandate	  is	  binding	  at	  minimum	  mandated	  levels	  

An	  LCFS	  for	  15%	  reduc=on	  in	  carbon	  intensity	  requires	  90%	  cellulosic	  biofuels;	  
30%	  share	  of	  BTL	  	  

Tax	  credits	  with	  RFS	  make	  cellulosic	  ethanol	  more	  compe==ve	  with	  corn	  ethanol	  
and	  reduce	  compe==veness	  of	  BTL	  rela=ve	  to	  cellulosic	  ethanol	  

LCFS	  creates	  rela=vely	  greater	  	  incen=ves	  for	  BTL	  given	  higher	  carbon	  intensity	  
of	  	  diesel	  
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RFS	  raises	  corn	  price	  by	  40%	  and	  soybean	  
price	  by	  33%	  compared	  to	  BAU	  

Accompanying	  policies	  mi=gate	  food	  
price	  impact	  

Gasoline	  price	  could	  decline	  
by	  as	  much	  as	  10%	  
and	  diesel	  price	  as	  much	  
as	  14%	  



Rebound Effect of Biofuel Policies 
•  Gasoline reduction is likely to be less than the energy equivalent increase in 

biofuel production, due to the decrease in gasoline price 

•  An LCFS or RFS accompanied by LCFS that raise the price of gasoline 
above the level under the RFS alone, can reduce or offset the rebound effect 

•  But RFS with tax credits worsens the rebound effect 

RFS	  (AEO) LCFS RFS+LCFS RFS+Subsidies 

Domes=c	  Gasoline	  
Rebound	  Effect	   13.7 9.1 10.2 15.9 
Global	  Rebound	  
Effect 51.2 47.8 48.1 51.8 

Domes=c	  Diesel	  
Rebound	  Effect 22.7 17.4 17.4 21.5 

Extent	  to	  which	  Gasoline/Diesel	  Consump=on	  Is	  Above	  the	  
Energy	  Equivalent	  Level	  Displaced	  by	  Biofuels	  (%)	  



ILUC	  Effect	  

We use EPA estimates of the ILUC effect to determine its 
impact on total GHG emissions from transportation and 
crop production in the US 

ILUC effect is policy specific and model specific 

Back of the envelope estimate to determine order of 
magnitude of ILCU effect relative to overall GHG 
emissions form agricultural and transportation sectors in 
US 



Effect	  of	  Policies	  on	  GHG	  Emissions	  

RFS	  (AEO) LCFS RFS+LCFS RFS+Subsidies 
Direct	   4.8 8.2 8.3 7.5 

Direct	  	  and	  Average	  ILUC 4.0 7.4 7.3 6.7 

Direct	  and	  100%	  higher	  ILUC 1.9 6.4 5.9 5.2 

Direct+100%	  higher	  ILUC	  and	  
ROW	  Gasoline	  Emissions -‐0.3 2.1 1.6 1.2 

Biofuel policies achieve a reduction in GHG emissions despite  
market-mediated offsetting effects and despite rising CI of fossil 
fuels 
The contribution of ILUC effects to overall GHG emissions from  
transportation sector is less than 1% 

Percentage Reduction in Emissions Relative to BAU 





Lower	  rate	  of	  growth	  of	  crop	  produc=vity	  significantly	  raises	  the	  nega=ve	  impact	  of	  RFS	  on	  	  
crop	  prices	  and	  on	  biomass	  price	  because	  it	  expands	  use	  of	  biomass;	  raises	  costs	  of	  biofuels	  	  
for	  blenders	  

High	  costs	  of	  energy	  crops	  reduces	  BTL	  rela=ve	  to	  cellulosic	  ethanol	  and	  increases	  sugarcane	  
Ethanol	  imports	  
	  	  	  	  Raises	  price	  of	  biomass	  but	  not	  much	  impact	  on	  crop	  prices	  



Effect	  of	  RFS	  on	  Fossil	  Fuel	  
Consump=on	  (2007-‐2035)	  

Benchmark 
High	  Cost	  of	  Energy	  
Crops 30%	  lower	  BTL	  cost 

Lower	  growth	  in	  annual	  crop	  
produc=vity 

%	  Reduc=on	  in	  
cumula=ve	  
gasoline	  
consumed -‐8.4 -‐8.4 -‐3.4 -‐8.5 
%	  Reduc=on	  in	  
cumula=ve	  
global	  gasoline	  
consump=on -‐2.0 -‐2.0 -‐0.8 -‐2.0 
%	  Reduc=on	  in	  
cumula=ve	  
diesel	  consumed -‐1.2 -‐1.0 -‐13.4 -‐1.0 
Ra=o	  of	  Energy	  
Eq	  Biofuel	  to	  
Gasoline	  
Displaced -‐1.2 -‐1.2 -‐1.2 -‐1.2 



Effect	  on	  GHG	  emissions	  with	  ILUC	  
(Percentage	  Reduc=on	  by	  RFS	  Rela=ve	  to	  BAU)	  

Benchmark 

High Cost of 
Energy 
Crops 

30% lower 
BTL cost 

Lower growth in 
annual crop 
productivity 

% Change in Direct -4.8 -3.3 -4.6 -5.4 
% Change in Direct + 
Average ILUC -3.3 -1.8 -3.1 -4.2 
% Change in Direct 
+100% Higher ILUC -1.9 -0.3 -1.7 -2.9 
% Change in US with 
Av. ILUC and ROW 
gasoline based 
emissions -0.4 0.4 -1.1 -0.8 



Conclusions	  

•  RFS can raise crop prices by over 33% and reduce fuel prices by 
about 10% by 2035 

•  Impact on crop prices mitigated if RFS is accompanied by 
policies that stimulate shift towards cellulosic feedstocks 

•  Effect of RFS on GHG emissions and on reduction in global 
gasoline consumption likely to be modest 

•  Rebound effect has a much larger impact on global GHG 
emissions as compared to  average ILUC effect 


