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Details of Corn Ethanol Life Cycle GHGs….A Comparison of the U.S. Dept. of 
Energy (Argonne Labs) and the California Air Resources Board Assessments.



Corn Yield                                      and                     Gallons Ethanol per Bu.

Carbon Intensity =  Grams CO2 equivalent GHGs per Mega Joule of Energy

Factors used to determine mega joules of ethanol energy produced from corn

166 bushels of corn makes 478 gallons of ethanol
Each gallon of ethanol has 80.53 mega joules of energy
So, each bu. and each acre of corn make 232 and 38,500 mega joules of energy



Corn Farming Energy Use
(Diesel fuel, gasoline, propane, natural gas and electricity

used to produce corn)

6,924 BTUs/bu. is the 
equivalent of using
8.9 gallons of diesel 
fuel/acre at 166 bu. 
of corn/acre. 

3 grams CO2 eq. GHGs 

Per Mega Joule



Nitrogen Fertilizer Use for Corn
(Nitrogen Fertilizer Manufacture and Transportation GHGs)

383 grams/bushel 
is equivalent to 
140 lbs per acre 
@ 166 bu./acre

6.6 grams CO2 eq. GHGs

Per Mega Joule



P2O5 Fertilizer Use for Corn
(P2O5 Manufacturing and Transportation GHGs)

139 grams/bushel is 
equivalent to .31 lbs
per bushel, and 51 lbs
per acre @ 166 bu/ac.

.9 grams CO2 eq. GHGs

per mega joule



K2O Fertilizer Use for Corn
(K2O Manufacturing and Transportation GHGs)

146 grams K2O per 
bushel of Corn is
equivalent to .32 lbs
per bushel and 53

lbs./acre

.4 grams CO2 eq. GHGs

per mega joule



Lime (CaCO3 ) Use for Corn
(Lime Manufacturing and Transportation GHGs)

1,290 grams per bushel
is equivalent to 2.84 lbs
Lime per bushel and 472

lbs/acre

1.2 grams CO2 eq. GHGs 

per mega joule



Herbicide Use For Corn
(Herbicide Manufacturing and Transportation GHGs)

6 grams of Herbicide
active ingredient per 
bushel is equivalent 
to .013 lbs. per bushel 
and 2.2 lbs. per acre

.3 grams CO2 eq. GHGs

per mega joule



Insecticide Use For Corn
(Insecticide Manufacturing and Transportation GHGs)

.01 grams per bushel
of insecticide active 
Ingredient is equivalent
to .003 lbs. per bushel 

.1 grams CO2 eq. GHGs 

per mega joule



Corn Transportation Energy Use and GHG emissions 

Argonne GREET Modelers assume that the average round trip distance from field
to farm storage is 20 miles and the average round trip distance from farm storage 
to ethanol plant is 80 miles.  Argonne also assumes that the diesel fuel use from field 
to farm storage is 7.3 gallons (2.8 miles/gallon)  and the diesel fuel use from farm 
storage to ethanol plants is 30.7 gallons (2.8 miles/gallon).

1.9 grams CO2 eq. GHGs 

per mega joule

We believe the current farm truck fleet achieves over 
5 miles per gallon and GREET model corn transportation 

GHGs should be reduced to 1.1 grams/mega joule!



GREET Model Direct and Indirect Nitrous Oxide (N2O) Emissions.

Argonne Scientists did a literature review to determine Mid-West

average direct N2O emissions from nitrogen fertilizer, and they follow
Intergovernmental Panel on Climate Change (IPCC) guidance to calculate
indirect N2O from N fertilizer and nitrogen in corn roots and stover.

The Argonne literature review determined that 1.2 % of N fertilizer

converts directly to N2O.  For indirect N2O, the IPCC recommends to
assume that 10% of N fertilizer is lost by volatilization and 1% of that 
volatilized N converts to N2O.  And that 30% of N fertilizer and N in roots 
and stover is lost to leaching, and .75% of the leached N converts to N2O.  

All accounted for, this means 1.525% of N from fertilizer and in roots and 
stover converts to N2O.  Argonne assumes 142 grams of N per bushel (52
lbs. per acre) in roots and stover and as mentioned above 140 lbs N per
acre from fertilizer.  So, 1.525% of 192 lbs of N converts to N2O (2.93 lbs N2O)

13.6 grams CO2 eq. GHGs

per mega joule
N2O has a Global Warming Potential of 264X  CO2!



Critique of N2O Emission Factors used by Argonne and IPCC

Argonne 1.2% direct N2O emission factor –

Since Argonne did their Literature Review (2012), many more studies have been         
conducted on the direct N2O emissions from N fertilizer.  When these additional 
studies are added to Argonne’s 2012 data set, the direct emission factor drops to 
slightly less than 1%

IPCC indirect N2O emission factors –

IPCC indirect N2O emission factors are based on 1980s data when corn producers 
used 1.3 lbs of N per bushel of production.  Since 2005, corn producers have used less 
than 1 lb of N for each bushel of production.  This means higher N fertilizer utilization
and less volatilization and leaching losses.  Many agronomists estimate that 
volatilization and leaching losses have been reduced by 50%. 



Critique of N2O Emission Factors used by Argonne and IPCC  - Continued

IPCC indirect N2O emission factor of N in corn roots and stover –

IPCC and Argonne assume that as much N (1%) in corn root and stover converts to N2O 
as N fertilizer.  New Science indicates this is not true.  N2O emissions from N in crop
roots and stover are greatly influenced by the Carbon to Nitrogen ratio of the residue.
Crop residues that have high C:N ratios have greatly reduced N to N2O conversions. 
It has been determined that only .2% of N in high C:N ratio residues like corn, convert to N2O!

If the Argonne GREET Model N2O emission factors were updated with the latest
science, N2O Emissions from Corn Production would be approximately …..

7 grams CO2 eq. GHGs

per mega joule



Urea Fertilizer CO2 Emissions

Argonne GREET Modelers assume that a portion of Nitrogen fertilizer is applied
in the UREA form.  Urea (CO(NH2)2) fertilizer reacts with soil microbes and emits CO2. 

1.5 grams CO2 eq. GHGs

per mega joule



Corn Ethanol C0-Product GHG Emission Credits

Accounting for C0-Products in Life Cycle GHG accounting is a controversial 
issue.  Argonne GREET modelers provide users no less than 6 options to 
account for co-product credits: 

1. Process Level Energy Value-Based Allocation Method – 24.1 grams/mega joule
2. BTU Based Allocation Method – 20.7 grams/mega joule
3. Displacement Method – 12.2 grams/mega joule
4. Hybrid Allocation Method – 11.6 grams/mega joule
5. Marginal Method – 11.5 grams/mega joule
6. Market Value Based Allocation Method – 8.3 grams/mega joule

The GREET “Default” method used by Argonne and the 
California LCFS is the “Displacement” Method

-12.2 grams CO2 eq. GHGs

per mega joule

Each Co-Product GHG Emission Allocation Method has strengths and weaknesses….
We believe Argonne and CARB should use an average of all methods  -14.7 grams/mega joule



Dry Mill Corn Ethanol Plant Energy Use

25 grams/mega joule

Christianson & Associates Benchmarking Data



Electrical Energy Use at Ethanol Plants – kWh/gallon 

Argonne GREET Modelers do not record Historical Electrical Energy Use

Christianson & Associates Benchmarking Data

GREET “Default” is .75 kWh/gallon

4 grams/mega joule



Ethanol Transportation Energy use and GHGs

Transportation of Ethanol from Plant to Blender and Blender to Retail

1.2 grams/mega joule



Land Use Change Soil Carbon & Nitrous Oxide Emissions

To a large degree,
Land Use Change 
GHG Emissions are
no longer theoretical.
Land use changes from
the demand for Biofuels
have been much less 
than predicted. Corn 
production practices 
have intensified, 
resulting in higher yields.
This has limited the need 
for more cropland.  

8.5 grams/mega joule

CARB assumes 19.8 grams/mega joule!



Is this why it took so long
to adopt seat belt laws?



Biofuel Life Cycle GHG Accounting Gaps - Feedstock Crop Effects on Soil Carbon

Small changes in the organic carbon content of soil have 
a very large impact on the Carbon Intensity of Biofuels!

Trends in SOM from
Major Soil Testing
Laboratories:

On average over 4 
states, SOM has been
increasing at the rate of
745 lbs of SOM per 
acre per year.  
Assuming 2.8 gallons 
per bushel and 166 bu.
per acre, this soil carbon 
sequestration results in a 
CI credit of:  

19 grams/mega joule



Primary factors governing soil organic matter change:

1.  Soil Organic Matter decomposition kinetics
Influenced by - Tillage induced oxidation (more tillage = more oxidation)

Temperature (higher temps, longer seasons = more decomposition activity)
Moisture (more moisture = more decomposition activity)
Current SOM content – SOM reaches equilibrium after management change

2. Plant photosynthesis derived atmospheric carbon inputs to soil
Mass of carbon rich root and un-harvested residue (45% C) remaining in fields after harvest 
High residue biofuel crops are the key (Corn is King)

Even with zero tillage, if root and un-harvested residue are not adequate, 
SOC may not be maintained.   And if large amounts of root and residue 
carbon are produced, some tillage can still be done and still build SOC



Corn is King!



It’s obvious which 
of these two crops 
provide the most 
root and residue
carbon to soil! 

How about Sugar 
Cane, where almost 
all of the residue is 
removed and
combusted at cane 
mills to produce heat 
and electricity?



Isn’t crop residue a waste product?  How can “trash” help maintain/build SOC?



The effect of reduced till long term continuous 
Corn on Soil Organic Matter (SOM is 58% Carbon)



Summary of 4 Peer Reviewed Studies on the Effect of Retaining or Removing Stover on Soil 
Carbon Stocks, and the Effect that Change in Soil Carbon Stocks has on Life Cycle GHG Emissions 
of Corn Grain Ethanol and Corn Stover Cellulosic Ethanol produced from those study fields



Western Corn Belt Corn Ethanol Carbon Intensity –
(with Soil Carbon Credit and Updated Emission Factors)



Summarizing….

Corn grain ethanol Carbon Intensity has been reduced significantly 
over the past 2 decades.  Higher than petroleum gasoline in 
1990…now about 50% of gasoline.

Carbon Intensity reductions are expected to continue (real 
reductions and up-to-date emission factors and science).

Biofuel Carbon Intensity analysis must include Soil Carbon 
accounting if goals of GHG reduction programs are to be achieved.
If it does, Corn Ethanol could be close to Zero Carbon!



Christianson



Thank You…….Questions?

I invite you to learn more about
our Farm’s low carbon practices

www.carbonharmony.org
















