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Crop residues from agricultural field 
crops represent a potential source of vegeta-
tive (cellulosic) matter to be used in ethanol 
production. Crop residues may be particularly 
attractive if technologies for producing cellu-
losic ethanol become viable before dedicated 
crops, such as switchgrass, are commercially 
available. However, crop residues are not 
“free goods”—they provide soil nutrients and 
organic matter and help control erosion and 
retain moisture on cropland. Thus, the costs 
of shifting from production of corn-based 
ethanol to production of cellulosic ethanol 
from crop residues may offset the benefits.

The Federal renewable fuel standards 
(RFS) call for annual U.S. production of 15 
billion gallons of corn-based ethanol and 3 
billion gallons of cellulosic ethanol in 2015 

(see “Full Throttle U.S. Ethanol Expansion 
Faces Challenges Down the Road,” September 
2009 Amber Waves). ERS estimated the land-
use and resource effects if the U.S. produced 
12 billion gallons of corn-based ethanol and 6 
billion gallons of cellulosic ethanol from crop 
residue rather than the RFS target amounts. 
This scenario is not a projection, but serves to 
illustrate the tradeoffs between corn ethanol 
and cellulosic ethanol that may be faced as 
economically viable cellulosic technologies 
emerge. Under this scenario, total U.S. crop 
acreage would decline as cellulosic ethanol 
production displaces corn-based ethanol 
production. However, the aggregate environ-
mental benefits of the shift may be smaller 
than expected because additional fertilizer 
would be applied to cropland to replace the 

nutrients removed with the harvested resi-
due. The environmental effects of changes 
in planted acreage and crop mix would vary 
by region.

With cellulosic production displacing 
3 billion gallons of corn-based ethanol, 
nitrogen runoff to surface water would be 
reduced, while nitrogen leaching to ground-
water would increase. Total nitrogen use 
would decrease in most regions, although a 
large increase would be expected in the Corn 
Belt due to the additional fertilizer needed to 
offset residue harvest and the small reduc-
tion in corn acres planted relative to that of 
the rest of the country.

The study’s findings suggest, however, 
that crop residue harvest accompanied by 
changes in rotation and tillage management 
regimes could contribute to a net reduction in 
soil erosion. If cellulosic production displaces 
corn ethanol, acres planted to continuous corn 
would likely decline, particularly in the Corn 
Belt, while the use of no-till systems would 
expand. Wider adoption of no-till would be 
driven by the economic value of crop residues, 
as more can be harvested from no-till sys-

tems, which also reduce soil erosion.

Scott Malcolm, smalcolm@ers.usda.gov

Marcel Aillery, maillery@ers.usda.gov

This finding is drawn from . . .

Ethanol and a Changing Agricultural 
Landscape, by Scott Malcolm, Marcel 
Aillery, and Marca Weinberg, ERR-86, 
USDA, Economic Research Service, 
November 2009, available at:  
www.ers.usda.gov/publications/err86/

Crop residue ethanol could reduce nitrogen runoff and leaching to 
groundwater outside of the Corn Belt

Note: Data are based on a hypothetical scenario of 12 billion gallons of corn ethanol and 6 billion 
gallons of cellulosic ethanol for 2015. This scenario is not a projection of a likely future outcome.

Source: USDA, Economic Research Service calculations based on the Regional Environment 
and Agriculture Programming (REAP) Model.

Nitrogen leaching to groundwater (million tons)

Nitrogen runoff to surface water (million tons)
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Cellulosic Ethanol From Crop Residue Is No Free Lunch
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