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Preliminary Ethanol Environmental Impact Matrix

a b Total Fuel Cycle Greenhouse Gas Emissions
Feedstock Total Fuel Cycle Net-Energy-Ratio (g CO2eq/MJ) ©
Corn (Coal)
d e
Corn (Natural Gas) 0.78 - 1.3 43 - 96
[1,2,3,6,13] [1,2,5,8,9,11]
Corn (Biomass)
Cellulosic - Mixed Grasses
Cellulosic - Wood Crops 068 - 109 86 - 14
Cellulosic - Wood Wastes [1,2,13] [1.2,58,9,11]
Cellulosic - Stover
NOTES

a - A significant amount of process energy is required to produce ethanol derived from corn. The source of a majority of the required energy is given in
parentheses. Most plants at present use natural gas.

b - "Net-energy-ratio” is the energy content of a fuel divided by the nonrenewable energy required to produce and deliver the fuel. This is sometimes also
called "energy return-on-investment". Note that the net-energy-ratio is not equivalent to petroleum savings, which can differ greatly from net-energy-ratio. Net
energy ratio of conventional gasoline is 0.81 [1].

¢ - This refers to an assessment of greenhouse gas (GHG) emissions during the fuel cycle (from field-to-wheel). This metric is presented as net greenhouse
gas emissions (g CO2-equivalent) per MJ of fuel. The g/MJ metric was chosen since this was the metric reported by the study authors. It can be interpreted as
a full field to wheel result, with the caveat that a MJ of renewable fuel is assumed to be combusted at the same efficiency as a MJ of petroleum based fuel.
The approximate GHG emissions of gasoline is 93 g CO2eq/ MJ [2, 8, 9].

d - This wide range of net energy ratio values obscures the results in at least two ways: first, some older studies which reported values under 1.0 have
generally been superseded by updated parameters, altered co-products handing, and other improvements; secondly, the largest single source of energy use
for the corn-ethanol dry mill pathway is the process energy; and depending upon whether the process fuel assumption is for natural gas (the fuel of choice for
the wide majority of existing and planned plants), coal, or biomass, the results vary considerably. For dry mill, natural gas fired plants, the range of net energy
values would appear to be about 1.2 to 1.4. Upcoming intensive data analysis and study of existing work will deliver more detailed tabulations clarifying these
two fundamental issues.

e - The wide range of greenhouse gas emissions reported occurs at least partially from the significant variation caused by the different process fuels. In very
rough terms, to be clarified via further analysis, one would expect values of about 45, 75, and 95 g CO2eqg/MJ for the process fuels biomass, natural gas, and
coal, respectively [2].
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Preliminary Biodiesel Environmental Impact Matrix

Total Fuel Cycle Greenhouse Gas Emissions

a )
Total Fuel Cycle Net-Energy-Ratio
Feedstock y ay (g CO2eq/MJ) ©

Animal Fats / Used
Cooking Grease

d -
Canola/Soy/Sunflower 0.52 - 3.2 30 - 33
[2, 4, 6] 2,3]°
; : 54 - 10
Palm Oil (Tropical)
(5]
NOTES

a - A significant amount of process energy is required to produce ethanol derived from corn. The source of a majority of the required
energy is given in parentheses. Most plants at present use natural gas.

b - "Net-energy-ratio" is the energy content of a fuel divided by the nonrenewable energy required to produce and deliver the fuel. This
is sometimes also called "energy return-on-investment”. Note that the net-energy-ratio is not equivalent to petroleum savings, which can
differ greatly from net-energy-ratio. Net energy ratio for low-sulfur diesel is 0.83 [4].

c - This refers to an assessment of greenhouse gas (GHG) emissions during the fuel cycle (from field-to-wheel) for B100. This metric is
presented as net greenhouse gas emissions (g CO,-equivalent) per MJ of fuel. The reported values for GHG emissions of petroleum
diesel is 92 g CO2-equivalent) / MJ [3].

d - This wide range of net energy ratio values obscures the results as older studies which reported values under 1.0 have generally
been superseded by updated parameters, altered co-products handing, and other improvements. Upcoming intensive data analysis and
study of existing work will deliver more detailed tabulations clarifying this issue.

e - The reported values are for soy biodiesel (2) and a soy yellow grease mix (3).

SOURCES

[1] - Farrell, A.E., et al. "Ethanol Can Contribute to Energy and Environmental Goals", Science Volume 311: 506-508. 2006.
http://rael.berkeley.edu/EBAMM/

[4] - Hill, J., et al., “Environmental. Economic, and Energetic Costs and Benefits of Biodiesel and Ethanol Biofuels”, Proceedings of the
National Academy of Sciences. Vol. 103: 11206-11210. 2006. www.pnas.org/cgi/doi/10.1073/pnas.0604600103

[3] - U.S. EPA, “Regulatory Impact Analysis: Renewable Fuel Standard Program”, Ch. 6, 2007,
http://nsdi.epa.gov/otag/renewablefuels/420r07004.pdf

[4] - Sheehan, J. "Life Cycle Inventory of Biodiesel and Petroleum Diesel for Use in an Urban Bus." U.S. Department of Energy’s
Office of Fuels Development. NREL/SR-580-24089. May 1998. http://www.nrel.gov/docs/legosti/fy98/24089.pdf

[5] - THE ENERGY BALANCE IN THE PRODUCTION OF PALM OIL BIODIESEL - TWO CASE STUDIES:
BRAZIL AND COLOMBIA. Rosélis Ester da Costa, Electo Eduardo Silva Lora. http://www.svebio.se/attachments/33/295.pdf August
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Preliminary Ethanol Air Emissions

E85 ETHANOL® RELATIVE TO CONVENTIONAL GASOLINE

EMISSIONS PERCENTAGE DIFFERENCE (RANGE) SOURCES
PM -20 1
CO -40 to +31 1,5,9, 10, 12
HC -30 to -15 10, 18
NOx -20 to -10 1,10
TOXICS:
benzene (C6H6) -87 to -50 6, 10, 18, 19
1,3-butadiene (C4H6) -79t0 -13 10, 18,19
peroxyacetyl nitrate (PAN) see b
acetaldehyde +1430 to +2149 6, 10,14, 19
formaldehyde (HCHO) +240 to +254 10, 14, 19
E85 ETHANOL a RELATIVE TO REFORMULATED GASOLINE
EMISSIONS PERCENTAGE DIFFERENCE (RANGE) SOURCES
PM
CO -24 to +62 4,7,11,15
HC -15 to +18 7
NOx -40 to -25 4,7,11,15
TOXICS:
benzene (C6H6) -79 to -62 4,7,11
1,3-butadiene (C4H6) -80 to -68 4,7,11
peroxyacetyl nitrate (PAN) see b
acetaldehyde (CH3CHO) +1949 to +4340 4,7,11,15
formaldehyde (HCHO) +20 to +92 4,7,11,15
E10 ETHANOL RELATIVE TO CONVENTIONAL GASOLINE
EMISSIONS PERCENTAGE DIFFERENCE (RANGE) SOURCES
PM -36 to -30 17
CcO -32t0 -9 2,3,8,13,16, 20,17
HC -19to -5 3,13, 16, 20, 17
NOx -5t0 +7 2,3,8,13,16, 20, 17
TOXICS: 3
benzene (C6H6) -27 3
1,3-butadiene (C4H6) -19 3
peroxyacetyl nitrate (PAN) see b
acetaldehyde (CH3CHO) +89 to +180 2, 3,8,13,16, 20, 17
formaldehyde (HCHO) +6 to +28 2,3,8,13,16, 20,17

NOTES

a. E85 is a blend of ethanol and gasoline ranging from 70% to 85% ethanol by volume. However, ethanol contains 5% gasoline as a denaturant; therefore, E85 does not contain more than
80% ethanol by volume.

b Although the connection between ethanol combustion and acetaldehyde emissions is well established, the relationship between ethanol combustion and PAN formation is harder to
quantify. At this point, a range for PAN has not been presented in the matrix; however, a positive relationship with acetaldehyde emissions may be assumed.
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Preliminary Biodiesel Air Emissions

B20 BIODIESEL RELATIVE TO NO. 2 DIESEL - TRANSPORTATION

EMISSIONS PERCENTAGE DIFFERENCE (RANGE) SOURCES
PM -36 t0 0 1,3,4,5,6,7,09, 10,12, 13
CO -38t0 0 3,4,5,7,9,10, 12,13
HC -36 t0 0 3,4,5,7,9, 10, 12,13
NOx -10 to +14 1,3,4,5,7,9, 10,12, 13
TOXICS:
"Air Toxics" -20to -3 3,11
Mutagenicity -20 3,11

benzene (C6H6) -

1,3-butadiene (C4H6) -

peroxyacetyl nitrate (PAN) -

acetaldehyde (CH3CHO) -7.1
formaldehyde (HCHO) -7.8
Acrolein -1.5

Ethylbenzene -44.9

n-Hexane -48.7

Naphthalene -13.8

Styrene -3.7

Toluene

Wlwlwlwlwlw|w|w]|w

Xylene -12.3

B20 BIODIESEL RELATIVE TO NO. 2 DIESEL - HEATING®

EMISSIONS PERCENTAGE DIFFERENCE (RANGE) SOURCES
PM -13 8
CO -10t0 0 2,14
NOXx -20 to -10 2,14

NOTES

a - Because stack emissions of CO and NOx are reported by the referenced sources as values relative to levels of stack oxygen (0,), the metrics
given here are estimated from charts.
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Preliminary Biofuels Land Use Impacts Matrix

. . o Nitrogen . .
Fuel Feedstock Yield Nitrogen Application Runoff Soil Erosion
(liters/ha) (kg/halyr) (kg/halyr) (tons/halyr)
Corn-ethanol Corn (starch) 2,521 - 4,828 [1] 135-153[2, 5] 79 [2] 22 [2]
Switch grass 2,150 -2,336 [2] 50 [3] 9.5 2] 0.2-2 [2]
Cellulosic Ethanol
Wood crops - - - 2-4 2]
Soy 353 - 544 [1, 6] 5.7-20 [6, 7] 16 [2] -
Canola
Biodiesel (Rapeseed) 1,000-1,300 [3, 4] - - -
Sugar cane 5000 [3] - - -
Palm Qil 5800 [3] - - -
Sources
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[2] — Greene, N. et al, “Growing Energy: How Biofuels Can Help End America's Oil Dependence,” Natural Resources Defense
Council, December 2004.

[3] — Fulton, L., “Biodiesel: Technology Perspectives,” Slide presentation at at Geneve UNCTAD Conference, UNEP Division of
Global Environmental Facility Coordination, 2006.

[4] — Energy Systems Research Unit, University of Stratheclythe, “Biodiesel Production,”
http://www.esru.strath.ac.uk/EandE/Web_sites/02-03/biofuels/quant_biodiesel.htm#limitations, Accessed on 9/07/2007

[5] - Pimentel, D., Patzek, T., “Ethanol Production Using Corn, Switchgrass, and Wood; Biodiesel Production Using Soybean and
Sunflower,” Natural Resources Review, Vol 14, No. 1, March 2005.

[6] - Hill, J., Nelson, E., Tilman, D., Polasky, S., Tiffany, D., “Environmental, economic, and energetic costs and benefits of
biodiesel and ethanol biofuels - Table 2 Farm Energy Inputs into Soybean biodiesel production,” Proceedings National Academy
of Sciences, vol. 103 no. 30, July 25, 2006.

[7] — National Renewable Energy Laboratory, “Life Cycle Inventory of Biodiesel and Petroleum Diesel — Table 49,” NREL/SR/580-
24089. May 1998.
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Ethanol Byproduct Allocation

There are a number of by-products made during tbelyction of ethanol. In
lifecycle analyses, the energy consumed and emisgiy@nerated by an ethanol plant
must be allocated not only to ethanol, but alsedoh of the by-products. There are a
number of methods that can be used to estimatednjupt allocations. These include
methods based on the economic value of each bydptodr on energy usage, based on
engineering analysis of the actual processes tklate each product. The method
preferred by EPA is called the displacement methbas method most accurately
accounts for these by-products by calculating ifieeyicle emissions of the products that
will be displaced by them. In this method the lfele emissions of the displaced product
are calculated and subtracted from the ethanalyitfie. The ethanol receives a credit for
the lifecycle emissions of whatever product is ised, since a quantity of that product
is no longer needed and is displaced by the etHanpftoducts.

For example, the DDGS produced by an ethanol dilyptaint is a replacement
for corn and soybean animal feed. We based the atmoluDDGS produced by an
ethanol dry mill plant on the USDA model used ire tbost analysis work of this
rulemaking. That model predicted 6.21 dry Ib. of ®® per gallon of ethanol produced.
As per the agricultural sector modeling done fas tilemaking, we assumed that this
DDGS displaces 50% corn and 50% soybean meal omass ftasis. So the lifecycle
emissions of producing 3.1 Ib. of corn and 3.1dbsoybean meal were calculated and
subtracted from the lifecycle emissions associatiéal producing a gallon of ethanol.

By-products from the ethanol wet milling processlule corn gluten meal and
corn gluten feed that are assumed to displace maahuction, as well as corn oil that is
assumed to displace soybean oil. Ethanol produced ¢ellulosic feedstock through the
fermentation route is assumed to produce excesfieity as a by-product, from onsite
combustion of lignin. This excess electricity is@ased to displace electricity from the
grid. The fermentation process used to producenetha corn wet and dry milling and
cellulosic ethanol production also produces2@®a by-product. This C@ould be sold
to an organization that specializes in cleaning preksurizing it for use in the food
industry for example to carbonate beverages, toufaature dry ice, and to flash freeze
meat. While C@could potentially displace other sources of2@€duction, this was not
considered in our analysis and no value was adsalcwth this CO2 co-product.

Taken from:
EPA420-R-07-004 April 2007
“Regulatory Impact Analysis: Renewable Fuel Stadd&rogram”
Assessment and Standards Division Office of Trartgon and Air Quality U.S.
U.S. Environmental Protection Agency
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