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- U.S. EISA-RFS2 - 2007
* California LCFS - 2007
* British Columbia — 2008

* European Union — 2008

Low Carbon

* United Kingdom
FUEI Markets * Under consideration:

* Oregon
- Washington State
- 11 Northeast and Mid-Atlantic States




EISA-RFS2

- U.S. EPA evaluates Cl of biofuels for GHG

reductions

- Biofuels qualify for several categories

- D3 thru D6
* RINs signify market value

- New ethanol production must meet GHG

reduction standards to receive RINs



California Low
Carbon Fuel

Standard
(LCFS)

Administered by the California Air Resource Board
(CARB)

Goal to reduce Cl by 10% by 2020.

Established a Carbon Trading Market
*incentivizes reductions from fuel producers

LCFS Carbon Credits have traded for $20 to $85 per
metric ton CO2 over the past 12 months.



GREET model (Greenhouse gasses, Regulated Emissions
and Energy use in Transportation)

IFE YCLE * GREET developed at Argonne National Energy Lab
NALYSIS — by a team led by Dr. Michael Wang
o - calculates GHG emissions from all energy used in a
ARBON fuel's production life cycle
NTENSITY"” - reported in grams CO2 equivalent emissions per

mega joule of energy produced
- a.k.a. the “Carbon Intensity” of a fuel




Importance
of Life Cycle

Carbon
Intensity
Analysis

- Growing Low Carbon Fuel Markets present

opportunities:
- Economic —rewards Low Carbon Fuel Producers.
* Political — Old data and ILUC in calculations negatively

impacted political support after 2007, now opportunity
to make positive impact

- New data = significant potential for Cl reductions,

renewed support

* The trend is our friend — Fossil fuel carbon intensity is

going up, and biofuel carbon intensity is going down



Life Cycle Carbon Intensity (Grams CO2 per Mega joule)

LCFS Schedule of Transportation Fuel Carbon Intensity Reductions
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Grams CO2 eq. per Mega Joule
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Low Carbon
Fuels Used In

California for
LCFS
Compliance

2013 Statistics

Ethanol (Corn and Sugar Cane) - 62%
Biodiesel - 27%
*Natural Gas - 9%
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* LCFS credits averaged about $50 per metric ton carbon
dioxide in 2013.

: * @ $50 per tonne, each gram Cl reduction below go
Economic means approximately .4 cent per gallon premium in

Incentives for California

Cl Reductions * Each 1,000 Btu reduction in NG energy use during
ethanol manufacturing results in a 1 gram Cl reduction

- Ethanol with an 8o Cl that can be shipped to California
could get a 4 cpg premium




Grams CO2 eq./Megajoule

Corn Ethanol Fuel Life Cycle GHG Emissions (grams CO2 eq. per mega joule)

Midwest Avg. Dry Mill, Dry DGS, NG
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CA-GREET * Ethanol Manufacturing Energy

1.8b - Thermal Energy 32,300 Btu per gallon

- Electrical Energy 1.08 kWh per gallon

- EtOH Conversion 2.72 gallons per bushel

Assumptions

(Midwest avg. Dry
Mill, Dry DGS, NG)




CA-GREET

Assumptions
Continued...

* Corn Production Energy

Nitrogen 420 Grams/Bu (146 |bs/acre) @ 158 bu
P20g 149 Grams/Bu (52 Ibs/acre)

K20 174 Grams/Bu (61 Ibs/acre)

Lime (CaCO3) 1202 Grams/Bu (418 Ibs/acre)

Diesel/Gas/Propane/Nat Gas 12,635 Btus/Bu
Herbicides 8.1 Grams/Bu (2.82 Ibs a.i./acre)

Insecticides .68 Grams/Bu (.23 Ibs a.i./acre)



CA-GREET

Assumptions
Continued...

* Soil Emissions from Fertilizer and Lime

* N20: 1.325% of applied Nitrogen is converted to N20
* CO2 emissions from CaCO3 and Urea fertilizer decay

* Co-Product Credit (CARB uses "Displacement” Method)

* Assumes 1 |b. DGS displaces 1 |b. corn

* So, the emissions generated from the production of
1 |b. cornis credited back to lifecycle



* About 60 corn/sorghum ethanol plants have made
applications for over 100 new low Cl pathways

* Average Cl: 86
LCFS Low - Low Cl: 60

Carbon - 25 plants below 80
- To date, almost all applications are for
reductions in thermal and electrical energy use

Pathway

Applications for ethanol manufacturing

- Three EtOH companies have received reductions
in Cl for no lime, herbicides, and natural gas use
to produce grain sorghum




Grams Cl per Mega Joule
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CARB
LCFS

Sustainability
Workgroup

- Goal - Incentivize ethanol feedstock

producers to reduce energy use/green
house gas emissions through the LCFS
pathway application process

*CARB is currently developing

verification protocols



Western Corn
Belt Dry Mill

potential for Cl
reductions

* Less Nat Gas & Elec. Consumption — Energy

Efficiency & Less DGS Drying.

* Reduce N20 Emissions from N in Fertilizer &

Biomass with best management practices

- Little or no Lime applications for Corn

Production

- Soil Carbon Sequestration Credit for

Conservation Tillage Corn Production

*ILUC is reduced (March 11 CARB Proposal)



Grams CO2z eq./Megajoule

Corn Ethanol Life Cycle GHG Emissions (Grams CO2 eq. / Megaloule)
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Grams CO2 eq./Megajoule

Corn Ethanol Fuel Life Cycle GHG Emissions (grams CO2 eq. per mega joule)
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Grams CO2 eq./Megajoule

Corn Ethanol Fuel Life Cycle GHG Emissions (grams CO2 eq. per mega joule)
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N-to-N20 Conversion Rate
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N Fertilizer & Corn Yield (lbs./acre & bu./acre)
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South Dakota Soils
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Soil Conditioning Index
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Grams CO2 per Mega joule
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A Surprising Supply of Deep Soil Carbon - USDA ARS, Lincoln, NE
http://www.ars.usda.gov/is/AR/archive/febis/soilo214.htm

For years, many agronomists believed that significant levels of soil carbon only accumulated
near the soil surface. So when four Agricultural Research Service scientists submitted a
research paper claiming that large amounts of soil carbon were sequestered as deeply as 5
feet in the soil profile—and by annual as well as perennial crops—they had some trouble
getting their paper through the review process.

The study was a g9-year project that evaluated the effects of nitrogen fertilizer and harvest
treatments on soil organic carbon sequestration in switchgrass and no-till maize crops managed
for bio feedstock production.

“Soil organic carbon sequestration has a major impact on the long-term sustainability of
bioenergy crop production because it can significantly affect soil fertility and greenhouse
gas emissions,” says ARS geneticist Ken Vogel (retired). “So using accurate sequestration
rates is essential in developing life-cycle analyses that assess the long-term environmental
costs and benefits of biofuel crop production.”

Vogel, soil scientists Ron Follett (retired) and Gary Varvel, and agronomist Rob Mitchell
conducted their study on marginally productive fields similar to the croplands that would be
suitable for commercial switchgrass production. Mitchell and Varvel are with ARS research units
in Lincoln, Nebraska. Follett was with ARS in Fort Collins, Colorado.



The team established large plots that could accommodate field-scale equipment and took baseline soil samples
to a depth of 5 feet before the first crops were cultivated. These baseline samples showed that soil organic
carbon levels varied within the first foot of the subsoil by as much as around 18 tons per acre, while soil carbon
levels 5 feet below the soil surface varied by as much as almost 9o tons per acre.

Soil Carbon Stores: Annual vs. Perennial

To explore this phenomenon, the scientists then planted two switchgrass cultivars and no-till maize and applied
nitrogen fertilizers at three different rates ranging from 54 pounds per acre to around 160 pounds per acre.
Nitrogen fertilizers support biomass production, and the scientists wanted to see if the production of more plant
biomass resulted in sequestration of more carbon in the soil. Some switchgrass plots were also maintained
without any nitrogen amendments.

Postharvest crop residue, or “stover”—which also contributes to soil carbon—was not removed on half of the no-
till maize fields; on other fields, half of the stover was removed. After the crops were established, the researchers
resampled soils in the production fields at 3-year intervals.

What was their biggest surprise? In the no-till maize field, soil organic carbon levels increased over time at
all depths, with all nitrogen treatments, and with either type of postharvest stover management. Maize
grain yields were greatest from fields that had been amended with 107 pounds of nitrogen per acre and
where no stover had been removed, a management strategy that resulted in an average annval increase in
soil carbon that exceeded 0.9 tons per acre.



The researchers were equally surprised that more than 5o percent of the soil organic carbon was found at
depths between 1 foot and 5 feet below the soil surface. This region of the soil profile, which typically has
not been sampled by other researchers investigating carbon sequestration levels, is below the tillage zone
and is therefore more stable over time.

In the switchgrass plots, the researchers also observed impressive increases of soil carbon sequestration
throughout the soil profile. Sequestration rates increased as nitrogen fertilization rates increased, and almost
all increases of soil carbon were statistically significant.

As they observed with the no-till maize plots, more than 5o percent of the soil carbon was found between 1
and 5 feet below the soil surface. The average annual increase of soil organic carbon throughout the first 5 feet
of subsoil also exceeded 0.9 tons per acre per year, which was equivalent to 3.25 tons of carbon dioxide per
acre per year.

“We had not expected to find these stores of deep soil carbon, even though we always knew plant roots
reached this deep, because we didn’t realize how much the activity around roots can affect soil carbon
budgets,” Follett says. “"Most studies only sample soils for carbon to a depth of 18 inches.”

Because of their findings, the team concluded that calculating soil carbon sequestration rates for
bioenergy crops is not a one-size-fits-all proposition. Crop selection, soil differences, environmental
conditions, and management practices affect sequestration rates differently from one region to another.
As a result, bioenergy crop production models will probably need some major adjustments.



“Our work suggests that carbon sequestration rates used in current life-
cycle analysis models for bioenergy crops are probably resulting in
underestimates of how much carbon is being sequestered in the soil,” says
Vogel. "It also highlights how nitrogen amendments and other management
decisions do matter when it comes to corn and carbon sequestration — and
that annual crops can make important contributions to soil carbon.”

The paper was accepted by Bioenergy Research and published in 2012. But
even though its results were so surprising, two other ARS studies had

highlighted similar dynamics.

http://www.ars.usda.gov/is/AR/archive/feb14/soilo214.htm
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*Expanding Low Carbon Fuel Markets
offer Opportunities for Ethanol
Producers and Corn Producers

SUMMARY

*Incentives can be Large — $.05 - $.15 per
gallon

- Corn Ethanol may regain status as a
Low Carbon Fuel




