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As grain yields increase crop residue is increasing

Yield of Pioneer Hi-Bred hybrids
by year of introduction
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® Breeders are continuing to increase
crop yield potential
# Residue management is becoming
increasingly expensive
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Corn fixed carbon budget

Estimate of fixed carbon in 200 bu/ac corn crop

Dry weight Carbon CO2 eq
(tons/ac) (tons/ac) (tons/ac)
Grain 4.7 2.1 7.6
Stover 3.8 1.5 5.5
Below ground 4.1 1.7 6.1
Total 12.6 5.2 19.2

Assumptions :

Harvest index (grain/(grain + stover)) = 0.56
- (Monsanto, unpublished 2008)

Root/shoot ratio ((root + exudates))/(grain + stover)) = 0.55
Grain = 44% carbon. Stover and below ground = 40% carbon
- (Johnson et al, 2006)
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Discretionary spending is about 2 tons of CO,

Total fixed CO, 19.2 tons CO, eq/ac
Carbon removed from field

Grain 7.6 tons CO, eq/ac
Carbon left on field

Erosion/SOM maintaince 3.2 tons CO, eq/ac

Below ground 6.1 tons CO, eq/ac
Discretionary carbon 2.3 tons CO, eq/ac (12%)
Assumption:

Corn-bean rotation in lowa, 2.2 dry tons/ac stover needed to control
erosion and maintain soil organic matter.
Deere, ADM, Monsanto corn stover project; USDA (2006)
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Corn stalks used for bedding and power, nutrients recycled

R

Amana, lowa Feb 37 2010
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Alkaline “upgrading” of corn stalks for cattle feed
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On-farm Processing Depot

# Pre-treat and blend fibrous feedstocks with commodities
— Agricultural residues: corn stover, corn cobs, wheat straw
— Processing co-products: DGS, CGF, distillers solubles, steep liquors
& Replace roughage (hay) and corn grain in diets
- Pre-treatment can enhance fiber digestion, improving usable calories 30-50%

- Fully replace corn silage or hay, partially replace grain
& Favorable economics (better cost of gain)

Data courtesy of Mike Cecava, ADM
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Power generation with corn stalks

Cedar Rapids, IA February —June 2009

Delivered GHG content

Corn stover?! 9.9 kg +/- 0.7 CO, eq/mmbtu
Coal? 94 kg CO, eq/mmbtu
Natural gas? 53 kg CO, eq/mmbtu

! Deere, ADM, Monsanto corn stover research project, stover LCA
MONSANTO 2 http://www.epa.gov/climateleaders/documents/resources/industrial boiler protocol.pdf
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http://www.epa.gov/climateleaders/documents/resources/industrial_boiler_protocol.pdf

Final carbon budget depends on accounting methods and use of discretionary carbon

Corn farm
200 bu corn (power generation plus 1.0 tonnes CO, eq savings
soil sequestration)

s B 1.8 tonnes CO, eq avoided
(soil sequestration)

Corn farm 7.9 tons 1.6 tons

(ignore biomass) biomass biomass
+

6.3 tons

1.8 tonnes CO, eq* biomass

1.4 tonnes CO, eq in soils \\

v 1.0 tonnes CO, eq in soils
0.4 tonnes CO, eq
*CA LCFS corn ethanol pathway — 27 Feb 2009
MONSANTO @ 10% humification rate (Wilts et al, 2004) g
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Corn carbon budget: Summary

Corn grain, stover and roots are all a part of the same plant and occur in
the same field, but are often treated individually and differently in Life
Cycle Analysis.

Most (¥90%) of the carbon is “non-discretionary” carbon contained in
the grain, roots or required for soil health

“Discretionary” carbon: Corn stover produced in excess of soil needs
— Increases as crop yields increase
— Has several potential uses including animal feed, power generation
or possibly fuel production
— Can be used to significantly change the GHG balance of the overall
system

While most off field uses of stover will reduce system GHG, displacing
natural gas offers among the lowest GHG savings.

A system in which stover is used to replace coal and the grain is used to
generate fuel (and feed co-product) can be highly productive, reduce
GHG emissions and implemented with technology available today
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