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The search for petroleum alternatives
• Supply volumes
• Supply stability
• Record prices
• Greenhouse gas 

emissions
• Overwhelming 

dependence 
upon oil for 
transportation
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Striving for energy independence
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Biofuels as a green alternative
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Three largest biofuel producers in 2007
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A lengthy debate
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Conversion of energy forms
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Initial studies concluded corn ethanol 
emits less GHG than gasoline

Independent estimates of GHG 

reduction from corn ethanol

• 18% : Farrell et al. (2006)

• 12% : Hill et al. (2006)

• 19% : Wang et al.  (2007)
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Growing concerns over biofuels
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Land use change and GHG emissions

Direct LUC Indirect LUC
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EISA definition of lifecycle GHG emissions



Are biofuels better for society than 
the fossil fuels they displace?
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Full cost accounting
• Need for a common metric = $
• Full cost = direct costs + external costs
• What are the external costs associated with 

producing and using gasoline and ethanol 
from different sources?

• Greenhouse gas (GHG)
• Fine particulate matter (PM2.5)
• Consider a billion gallon increase in ethanol 

or energy equivalent amount of gasoline
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Scenarios
• Gasoline
• Corn ethanol

– Natural Gas
– Natural Gas (Advanced)
– Coal
– Stover

• Cellulosic ethanol
– Corn stover
– Switchgrass
– Diverse prairie
– Miscanthus
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Cellulosic ethanol production...
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External cost of GHG emissions

C = $120 / tonne
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Spatial LCAFarming
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With respect to damage 

costs/benefits, GHG is the 

exception, rather than the rule.
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Air quality impacts (PM2.5)
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External cost of PM2.5 emissions
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Combined GHG and PM2.5 costs
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New biofuels from new feedstocks

From Farrell and Gopal (2008)
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The low-hanging fruit


