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Table A.2 - Fraction of U.S. emissions for agriculture from beef cattle.

U.S. Agr. 2010 U.S. Beef Cattle in 2010
Gas/Source Tg CO,e Tg CO,e Beef, %

Methane
Total U.S. agricultural 202.2 103.9 51.4%
Enteric Fermentation 141.3 101.1 71.5%
Manure Management 52.0 2.8 5.4%
Rice Cultivation 8.6 - -
Field Burning Ag. Residues 0.2 - -
Nitrous oxide
Total U.S. agricultural 226.2 8.2 3.6%
Agricultural Soils 207.8 - -
Manure Management 18.3 8.2 44.8%
Field Burning of Ag. Residues 0.1 - -
Total U.S. agricultural GHG 428.4 112.1 26.2%

U.S. Total Beef Beef %
Total U.S. total GHG emissions 6,821.8 112.1 1.6%

Source: Adapted from (EPA, 2012), Executive Summary, Table ES-4; Chapter 6, Table 6-1, Table 6-3 and
6-6. http://www.epa.gov/climatechange/Downloads/ghgemissions/US-GHG-Inventory-2012-Main-

Text.pdf

Figure A.1 - Map of the Professional Cattle Consultants (PCC) regions in the central U.S.

Source: http://www.pcc-online.com/
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Table A.3 - Spatial weighting of equation variables in the U.S.

% of Ambient
state in Mandatory Reporting Annual Inventory Avg
PCC Cattle Weighting (kg VS day™ 1000kg™) (kg animal™ year™) temp®
Region® On feed” Factor® Volatile Solids N excreted Volatile Solids N excreted (°c)
Steer Heifer Steer Heifer Steer Heifer Steer Heifer
Montana 63% 42,872 0.007 4.23 4.69 0.36 0.38 643.44 657.92 53.84 52.30 5.97
Wyoming 100% 79,567 0.022 4.17 4.61 0.35 0.37 654.09 671.24 54.83 53.46 5.54
Colorado 77% 1,130,652 0.240 3.97 4.34 0.33 0.35 665.37 685.65 55.87 54.70 7.30
North Dakota 64% 84,331 0.015 3.88 4.22 0.32 0.34 654.09 671.24 54.83 53.46 4.68
South Dakota 66% 17,783 0.093 4.01 4.39 0.34 0.35 656.55 674.32 55.05 53.73 7.30
Nebraska 63% 2,736,201 0.475 3.98 4.35 0.33 0.35 661.76 680.84 55.53 54.30 9.32
Kansas 20% 2,673,400 0.148 3.97 4.35 0.33 0.35 664.60 684.40 55.80 54.61 12.36
North Plains Average - 1 3.98 4.36 0.33 0.35 662.14 681.39 55.57 54.34 8.92
North Dakota 36% 84,331 0.005 3.88 4.22 0.32 0.34 654.09 671.24 54.83 53.46 4.68
South Dakota 34% 517,783 0.030 4.01 4.39 0.34 0.35 656.55 674.32 55.05 53.73 7.30
Nebraska 37% 2,736,201 0.171 3.98 4.35 0.33 0.35 661.76 680.84 55.53 54.30 9.32
Kansas 52% 2,673,400 0.234 3.97 4.35 0.33 0.35 664.60 684.40 55.80 54.61 12.36
Minnesota 100% 610,752 0.103 3.89 4.42 0.33 0.34 669.49 690.51 56.25 55.15 5.09
lowa 100% 1,738,545 0.294 3.93 4.28 0.33 0.34 657.78 675.86 55.17 53.87 8.78
Missouri 100% 83,007 0.014 4.08 4.49 0.34 0.36 662.08 681.24 55.56 54.34 12.47
Wisconsin 100% 277,759 0.047 3.95 431 0.33 0.34 658.08 676.24 55.19 53.90 6.18
Illinois 100% 311,976 0.053 4.15 4.59 0.35 0.37 648.76 664.58 54.33 52.88 10.97
Michigan 100% 179,158 0.030 4.00 4.38 0.34 0.35 656.99 674.88 55.09 53.78 6.89
Indiana 100% 105,264 0.018 3.98 4.35 0.33 0.35 646.10 661.25 54.09 52.59 10.91
Corn Belt Average - 1 3.96 4.35 0.33 0.35 660.58 679.36 55.43 54.17 9.29
Colorado 23% 1,130,652 0.070 3.97 4.34 0.33 0.35 665.37 685.65 55.87 54.70 7.30
Kansas 28% 2,673,400 0.203 3.97 4.35 0.33 0.35 664.60 684.40 55.80 54.61 12.36
New Mexico 13% 154,556 0.006 3.88 4.22 0.32 0.33 651.18 667.61 54.56 53.15 11.91
Texas (3) 80% 3,056,260 0.660 3.95 4.32 0.33 0.34 660.25 678.95 55.40 54.14 18.24
Oklahoma 64% 357,906 0.062 3.98 4.35 0.33 0.35 655.46 672.96 54.95 53.61 13.83
Central Plains Average - 1 3.96 4.33 0.33 0.34 661.14 680.09 55.48 54.24 15.98
Central US Average 13,250,744 - 3.97 4.35 0.33 0.35 661.17 680.12 55.48 54.24 -

® Region areas from Figure A.2 were analyzed with Image J software, ratio of pixels was compared

® USDA, 2013; use of “Quick Stats” database to find number of beef cattle “on feed” per state

“ Texas, Percent of cattle in Central Plains is approximately 80% (based on approximation based on data
from USDA, 2013); Avg temp is for Amarillo,TX to better represent northern region

4 http://www.esrl.noaa.gov/psd/data/usclimate/tmp.state.19712000.climo



Table A.4 - Monte Carlo simulation input distributions using @Risk.

Normal Distributions

A4

Parameter Units Average Std. Dev.
Animal Mass® kg 438.92 26.2
Daily Gain® kg day™ 1.37 0.11
Dry Matter Intake™” kg day™ 8.80 0.51
Discrete Distributions
Methane Conversion Factor® MCF value Frequency
Cool (<14 °C) 0.015 0.2
Temperate (15-25 °C) 0.01 0.8
Weighted Average 0.0114 -
Cropping Intensity®  Grain Yield®  Frequency’
kg CO,e Mg™ grain Mg ha™
Colorado 316 8.72 0.0131
North Dakota 261 7.22 0.016
South Dakota 230 7.53 0.0544
Nebraska 301 9.73 0.1088
Kansas 327 8.47 0.0402
Minnesota 235 10.00 0.0935
lowa 236 10.70 0.1675
Missouri 347 7.97 0.0394
Wisconsin 250 8.66 0.038
Illinois 274 10.20 0.1575
Michigan 290 8.47 0.0271
Indiana 287 9.79 0.076
Texas 426 7.78 0.0236
Ohio 311 9.54 0.0429
Kentucky 360 8.79 0.0155
Weighted Average 273.97 9.56 -

¥See Table A.8

b Dry matter intake determines energy for gain parameter. See Table A.8°

“MCF

4Methane Conversion Factor (MCF), Table A-189, assume aerobic treatment and weighted average over
central U.S. (Table A.5)(EPA, 2010). Frequency determined by state averages, see Table A.3

€ USDA, 2013

" Determined by comparing levels of corn production for various states, average of years 2003-2005

(USDA, 2013)
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Figure A.2 - Probability distributions for input parameters into the Monte Carlo simulation using

@Risk. See Table 2 for references.
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e) Dry Matter Intake, Feedlot
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f) Animal Mass, Feedlot
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Table A.5 - Methane Emissions from Enteric Fermentation on Pasture, IPCC Methodology

Parameter/Emission Type Units
Methane, enteric fermentation
Typical Animal Mass kg 612.7°
Average Daily Gain kg day™ 0°
NE,, (Net energy for maintenance) MJ day™ 31.9°
NE, (Net energy for growth) MJ day™ o°
NE, (Net energy for activity) MJ day™ 17.1¢
NE, (Net energy for lactation)® MJ day™ -
NE, (Net energy for pregnancy)® MJ day™ -
REM (ratio of Nem to DE consumed) - 0.510'
GE (Gross Energy) MJ day™ 198
CH,4 Emissions per cow on pasture kg CO,e hd? yr'  2025.28

Life Cycle Impact of Enteric Emissions on Pasture

Number of cows on pasture per 90

h
head slaughtered in feedlot head 100
Herd meat output kg beef 27081
Life Cycle Impact kgCO,e kg beef ~ 3.53

® Table A-171, assume beef cows and year 2009 (EPA, 2010)

® assume beef cattle who are not gaining

“assume CF; =0.386. Chapter 10. Equation 10.3 and Table 10.4 (IPCC, 2006)

4 assume CF; =0.36 for large grazing areas. Chapter 10. Equation 10.4 and Table 10.5 (IPCC, 2006)
®Though mature female cattle have a lactation energy requirement for 7 months of the year and a
pregnancy requirement for 9 months of the year, data on these energy demands are difficult to model
and not standardized, thus they were not included in this analysis.

" Assume DE=64% (Table A-177, Northern Great Plains). Equation 10.14. Chapter 10. (IPCC, 2006)

& assume Y,,=6.5% (Table A-177, Northern Great Plains). DayEmit equation. Chapter 10. Page A-212.
(IPCC, 2006)

" 100 cows on pasture per 90 head slaughtered is the sample herd assumed by Pelletier et al. (Pelletier
et al., 2010), but could vary significantly as this value does not include backgrounded cattle. For
example increasing this value to 135 (i.e. 70 of the 90 calves are backgrounded for % year), would
increase methane emissions from enteric fermentation by 34% from 3.53 to 4.73 kgCO,e kg™ beef
'Assume 75 calves and 15 cull cows slaughtered each year for a sample herd (Pelletier et al.,
2010). Assume slaughter weight of 636 kg

I'Life cycle impact = CH, Emission per cow x Number of cows on pasture for sample herd (i.e. 100) /
Sample herd meat output
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Table A.6 - Carbon Sequestration in Pastures

Parameter/Emission Type Units
Pasture requirement for sample herd Animal Units 159°
Stocking Density AU acre™ 0.35°
Herd pasture requirement® ha 184
Herd meat output kg beef 27081°
Land Intensity per unit beef ha kg™ beef 0.0068

Soil Carbon Sequestration Estimates
High estimate for SOC sequestration®  kgCO,e hayr®  -1102
Low estimate for SOC sequestration’  kgCO,e ha*yr*  -166
Estimate for SOC emission® kgCO,e ha™yr* 367

Life Cycle Impact of SOC Estimates
High estimate for SOC sequestration kgCO,e kg beef  -3.55
Low estimate for SOC sequestration kgCO,e kg'beef  -0.53
Estimate for SOC emission kgCO,e kg™ beef 1.18

® Assume sample herd is 100 cows, 3 bulls, 15 replacement heifers, and 75 calves (Pelletier et al., 2010)
at Animal Unit (AU) equivalents of 1, 1.35, 0.7,and 0.6 respectively. Note: no backgrounded calves are
included.

®(Mu et al., 2012). Modification of this parameter (which has large spatial variability depending on
seasonal fluctuations and weather patterns) would significantly impact output results

° Pasture requirement / Stocking Density

4 Assume 75 calves and 15 cull cows slaughtered each year for a sample herd, as consistent with
(Pelletier et al., 2010). Assume slaughter weight of 636 kg.

® moderately grazed pasture, flux value less enteric fermentation, Mandan, ND (Liebig et al., 2009)
ffertilized crested wheat grass, flux value less enteric fermentation, Mandan, ND (Liebig et al., 2009)
€100 kg C ha'yr' change in soil organic C for nonintensively managed rangelands Table 16.1. (Follett et
al., 2001)
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Table A.7 - Life cycle assessment components of beef cattle feedlot GHG emissions.

Conventional Current Maximum
Parameter/Emission Type Units Corn Diet DDG Use DDG Use
Nitrogen Excretion and Manure
Nexcreted” kg animal™yr* 69.65 82.2 103.8
N,O Emissions (direct + indirect) kgCO,e hd*yr™ 733 887 1107
Corn Feeding Rates
Average Daily Intake® kg hd™ day™ 10.45 10.45 10.45
Average Daily Intake (corn gain)® kg hd™ day™ 9.14 7.05 4.44
Coproduct inclusion level* % dry matter 0% 20% 45%
Daily Coproduct Intake kg hd™ day™ 0 2.09 4.70
Urea Intake® kg hd™ day™ 0.13 - -
Urea Intensity® kgCO,e kg™ urea 1.5 - -
Urea Emissions kgCO,e hd ' day™ 0.195 - -
Alfalfa Intake® kg hd™ day™ 0.78 0.78 0.78
Alfalfa GHG Intensityd kg Cha™ 31.1 311 31.1
Average Yield® short tons acre™ 3.4 3.4 3.4
Alfalfa GHG Intensity kgCO,e kg™ dm 0.015 0.015 0.015
Alfalfa GHG Emissions kgCO,e hd ' day™ 0.012 0.012 0.012
Direct Cropping GHG Emissions
Corn Cropping GHG Intensity’ kgCO,e kg™ grain 0.274 0.274 0.274
Coproduct GHG Intensity' kgCO,e kg™ grain 0.274 0.274 0.274
Feed GHG Emissions kgCO,e hd ' day™ 2.505 2.505 2.505
Land Use Change (LUC) GHG Emissions
LUC Intensity, agricultural land® kgCO, ha™ yr! 1430 1430 1430
Corn Yield" Mg hatyr?! 9.14 9.14 9.14
Corn or DGS Consumed’ kg hd™yr? 3337 3337 3337
Land Intensity of Corn’ ha hd™ 0.349 0.349 0.349
Feed LUC Emission per head* kgCO,e hdtyr™ 499.2 499.2 499.2
Total Cattle™ hd 32,834,801 32,834,801 32,834,801
Pasture Acres attributed to beef” acres 38,801,937 38,801,937 38,801,937
Beef Pasture Density® ha hd™ 0.478 0.478 0.478
Pasture LUC Emission per head" kgCO,e hdtyr™ 683.9 683.9 683.9
On-Farm Energy Use and GHG Emissions
Diesel ton CO,e hd™ 0.047 0.047 0.047
LPG* ton CO,e hd™ 0.015 0.015 0.015
Electricity® ton CO,e hd™ 0.014 0.014 0.014
Total Energy GHG Intensity® ton CO,e hd™ 0.076 0.076 0.076
Cattle on farm in one year' cattle yr' 1.901 2.062 1.973
Fossil Fuel Use GHG Intensity kgCO,e hd*yr™ 144.079 156.289 149.531
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? assume Negeretea increased by 18% (for 15% WDGS scenario) and 49% (for 30% WDGS scenario) which
correlates to current DGS and the maximum DGS scenarios, respectively (Luebbe et al., 2012)

® (PCC, 2010)

€0.784 kg hd™*day™ = 286 kg hd™ yr*, values and scenarios from (Bremer et al., 2010)

4 assume one seedling year, two established years, and one final year(Adler et al., 2007)

¢(USDA, 2013)

Fassume spatial weighting over Central U.S region (Liska et al., 2009)

¢ (Audsley et al., 2009)

h(Bremer et al., 2010) Central U.S. average, see Table A.3

"assume constant 9.14 kg hd™ day™ daily intake of corn or DGS

Tcorn consumed / corn yield

“Land intensity of corn (or pasture) * LUC Intensity of agricultural land

™ (USDA, 2013) sum of state counts for cattle, cows, beef — inventory, 2007 Census of Agriculture
"derived from (USDA, 2013), sum of state counts for pastureland, 2007 Census of Agriculture
(39,941,360 acres). Distribution between sheep and beef production was determined by economic value
where “land attributed to beef” = total pasture acres * (109,900,000 Ib beef slaughtered * $1.91/Ib)/(
109,900,000 Ib beef slaughtered * $1.91/lb + 4,600,000 Ib lamb & mutton slaughtered * $1.34/Ib)

P pasture acres attributed to beef/ total cattle

9assume Minnesota is characteristic of central U.S., Table 3.10, page 101 (Steinfeld et al., 2006)
"inverse of days on feed from Table 1. (Bremer et al., 2010)



Table A.8 - Beef cattle regional performance data from the Professional Cattle Consultants.

In Weight Out Weight Average Days on Avg. Daily Dry Matter Energy for
(kg) (kg) Weight (kg) Feed Gain (kgd™) Intake (kgd™) Gain (MJd™)°

Std Std Std Std Std Std Std

Value Dev Value Dev Value Dev’  Value Dev Value Dev Value Dev Value Dev
Central Heifers 312.69 1094 530.34 12,73 421.52 11.87 164.28 11.55 1.32 0.07 848 036 21.79 2.26
Plains Steers 343.81 15.86 587.45 17.45 465.63 16.68 164.74 11.81 1.48 0.09 9.13 0.45 2584 2381
Average 328.25 20.69 558.90 32.43 44357 27.20 164.51 11.65 140 0.11 8.81 0.52 23.81 3.26
Corn Heifers 333.46 23.86 540.48 21.81 436.97 22.85 159.28 20.20 1.29 0.10 10.18 0.81 32.41 5.09
Belt Steers 356.02 28.23 598.13 26.02 477.08 27.15 162.84 18.68 1.47 011 10.68 0.87 3560 5.47
Average 344.74 2841 569.31 37.53 457.02 33.29 161.06 19.49 1.38 0.14 1043 088 3400 551
North Heifers 34540 24.17 55834 26.05 451.87 25.13 158.89 19.94 134 0.10 931 0.70 26.96 4.40
Plains Steers 364.70 30.57 606.73 28.69 485.71 29.64 161.90 18.86 1.49 0.12 9.93 0.72 30.86 4.53
Average 355.05 29.14 582.54 36.54 468.79 33.05 160.40 19.41 1.41 0.13 9.62 0.77 2891 4.86
National Heifers 308.84 11.16 52832 13.21 418,58 12.23 170.22 10.41 1.29 0.07 851 0.38 2196 2.37
Average Steers 33492 15.77 583.62 18.00 459.27 16.92 172.42 11.16 1.44 0.09 9.08 0.46 25,53 2.89
Average 321.88 1888 555.97 31.88 438.92 26.20 171.32 10.82 1.37 0.11 8.80 0.51 23.75 3.19

® Average Weight Standard Deviation = SQRT((Stdev;,*Stdev;,+Stdev,*Stdev,.:)/2)

® Energy for Gain = Total Dry Matter Intake multiplied by 1.5 Mcal kg™ energy content (Vasconcelos and Galyean, 2007) less energy for
maintenance (7.52 Mcal day ™) (NRC, 2000)

All
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Table A.9 - EPA Annual Inventory of GHG emissions.

EPA IPCC Industry ASAE
Assumptions Assumptions Assumptions Data
Parameter/Emission Units Steer Heifer Steer Heifer Steer Heifer Avg.
Type
Methane, enteric fermentation
Typical Animal Mass kg 457.7° 4309 457.7° 4309 459.3° 4186  446.0°
Average Daily Gain kg day™ 1.41° 1.41 1.41° 1.41 1.44° 1.29 1.42°
NE,, (N f .
“r"n(ais:;r;rcgg) or MJ day™ 31.9° 305 31.9° 305 315 315  315°
NE, (N f .
s gertoivntir)gy or MJ day™ 30.0° 287  30.0° 287 255" 220 @ 29.7°
GE (Gross Energy) MJ day 165.6 1583  165.6 1583  150.3' 139 163'
CH, Emissions’ kg CO,ehd™yr' 10165 971.5 10165 971.5 922.7  852.3 1001.9
Methane from manure
Volatile solids (VS) kganimal'yr’ 6612 680.1  88.4" 84.5 547.5" 5475 691.8°
CH, Emissions® kg CO,e hd™yr' 395 40.6 5.3 5.1 32.7 32.7 41.3

Nitrous oxide from manure

Nexcreted kg animal™yr'  55.5° 54.2 60.2" 56.6 69.7° 69.7 69.7°
Direct N,O Emissions' kg CO,e hd™ yr'1 519.6 508.0 563.7 529.6 652.3 652.3 652.3
Indirect N,O Emissions® kg CO,e hd™ yr'  64.3 62.9 69.8 65.6 80.8 80.8 80.8

Total GHG emissions kg CO,ehd’yr! 1640.0 1583.0 16553 1571.7 16885 1618.1 1679.9

Total GHG emissions

kg COe hd ™ yr™ 1611.5 1613.5 1653.3
(average)
GHG Emissions for
graphical comparison to kg CO,e kg™ LW 1.49

LCA (see Figure 2,
EPA - Annual)”

Note: the Annual Inventory methodology was developed to comply with international agreements and is
based on IPCC methods (EPA assumptions column); for comparison, parameters such as volatile solids
production rate and nitrogen excretion rate were calculated using the original IPCC equations for
volatiles solids (VS) and Neycreteq Parameters (IPCC assumptions column)

®Table A-171, assume feedlots and year 2009 (EPA, 2010)

® (PCC, 2010)

“ (ASABE, 2010)

d Page A-206, 2.8 to 3.3 Ibs day™ (EPA, 2010)

¢ assume CF; =0.322. Chapter 10. Equation 10.3 and Table 10.4 (IPCC, 2006)

"450kg beef animal requires 7.52 Mcal day™. (31.46 MJ day™* for maintenance) (NRC, 2000)

€ Equation 10.6, assume body weight, castrates, mature body weight of female, and weight gain) (IPCC,
2006)
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" assume NE,, + NE, = total energy intake. Average beef animal consumes 12.75 Mcal day™ (Vasconcelos
and Galyean, 2007). Subtract NE,, to get NE, (Table A.8)

'Page A-212 in Section 3.9 (EPA, 2010)

I DayEmit equation. Page A-212 (EPA, 2010)

“Table A-186 (assume On Feed Beef Steer, Nebraska), cited from Moffroid and Pape, 2010 (EPA, 2010)
™ see equation, Page A-216 (refers to IPCC2006 Tier Il equations), assume UE=.02*GE for feedlot,
assume ash content = .08 (EPA, 2010)

"assume 85% digestibility (“Beef Feed Nutrient Management Planning Economics (BFNMPS), version
2009. University of Nebraska-Lincoln. Lincoln, NE.
http://water.unl.edu/web/manure/softwaretteconomics (accessed Jan 19, 2012),” 2009)

P Equation, Page A-222 (EPA, 2010)

9 Total Kjeldahl N excretion rate, Table A-186 (assume On Feed Beef Steer, averaged over regions), cited
from Moffroid and Pape, 2010 (EPA, 2010)

" Equations, Page A-217 (EPA, 2010), based on IPCC2006, Tier Il equations and constants, assume
percent crude protein = 13.34% (Vasconcelos and Galyean, 2007)

* based on 13.34% crude protein diet and 23 Ib. intake; correlates to 27.48 kg N animal™ for 144 d
feeding period changed to 365 d = 69.65 kg N animal™ yr" (Maximum value is potentially 98.12 based
on 18% CP) (UNL, 2009)

" Equation, Page A-223 (EPA, 2010)

“ Equation, Page A-224 (EPA, 2010)

Y “EPA-Annual” as graphed in Figure 2 uses the steer-heifer average and industry assumptions.
Conversion from kg CO,e hd™ yr* to kg CO,e kg™ LW assumes 192 days on feed, 584 kg slaughter weight.

Assumptions
Y (fraction of GE converted to CH,) = 0.039, Table A-177, year 2009, steer/heifer feedlot (EPA, 2010)
Milk production, milk fat, and pregnancy all assumed to be 0
REM (ratio of NE,, to DE consumed) = 0.555, Equation 10.14 (IPCC, 2006)
REG (ratio of NE; and DE consumed) = 0.375 Equation 10.15 (IPCC, 2006)
Standard Ref. Weight (mature female) = 500 kg
Net Energy for Activity (feedlot) =0 MJ day'1 see page A-211, footnote #54 (EPA, 2010)
DE (% GE intake digestible) Table A-177, year 2009, steer/heifer feedlot (EPA, 2010)

Table A-187, assume dry lot

CH, production potential (B,) = 0.33 m> CH, kg™ VS (EPA, 2010). Table A-184 (assume Feedlot steers/heifers),
cited from Hashimoto 1981 (EPA, 2010)

Methane Conversion Factor (MCF)=0.11, Table A-189, assume aerobic treatment and weighted average over
central U.S. (Table A.3) (EPA, 2010)

Fraction of manure managed = 1, assume all manure is managed in feed lot
Direct N,O emission factor (EFyus) = 0.02 kg N,O kg'1 Kjeldahl N. Table A-191, assume dry lot (EPA, 2010)

EFoiitalization = -010 kg N,O-N/kg N. Indirect N,O emission factor for volatilization, page A-224 (EPA, 2010)

EF unoff/leach = 0.008 kg N,0-N/kg Indirect N,O emission factor for runoff and leaching, page A-224 (EPA, 2010)
Fracg,s = 23.0%. Fraction of N loss from volatilization of ammonia and NOy, Table A-192, assume beef cattle on
dry lot (EPA, 2010)

Fracrynoff/ieach = 2.35%. Fraction of N loss from runoff and leaching, Table A-192, assume beef cattle on dry lot and
spatial average over central U.S. (EPA, 2010)



Table A.10 - EPA Mandatory Reporting of GHG emissions, includes manure only.
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EPA Industry ASAE
Assumptions Assumptions Data
Parameter/Emission Units Steer Heifer Steers Heifers Avg.
Methane
TAM kg head™ 420° 420 459.3° 4186 446°
MCFpmsc d decimal 1.14% 1.14% 1.14% 1.14% 1.14%
VSar® kg VS day™ 1000kg™ 3.97° 4.35 1.58" 1.58 4.25°
Total CH, emissions® kg CO,e hd* year™ 36.3 39.9 15.8 14.4 41.3
Nitrous oxide
Nar kg VS day™ 1000kg™ 0.33° 0.35 0.19' 0.19 0.37
Total Direct N,O kg CO,e hd* year™ 473.8  502.5 298.3 2719 558.6
emissions”
Total GHG emissions kg CO5e hd* year™ 510.1 542.4 314.1  286.3 599.9
.. -1 -1
2’:\;2:;:)6 emissions kg CO,e hd™ year 5263 300.2
GHG Emissions for
graphical comparison to kg CO,e kg'l LW 0.27

LCA (see Figure 2,
EPA - Mandatory)'

®TAM = typical animal mass, Table JJ-2 (EPA, 2009)

®(PCC, 2010)
©(ASABE, 2010)

4 MCF = methane conversion factor (average), Table JJ-5, assume dry lots and average of 1.0% (cool
ambient temp = <14 C°) and 0.5% (temperate ambient temp = 15-25 C°), weighted by number of cows in

region. (EPA, 2009)

€ VS = volatile solid excretion rate, N = nitrogen excreted per animal mass, Table JJ-2, assuming feedlot
steers and spatial weighting of three-region average (EPA, 2009)
f0.19is average value, 0.269 is maximum value, (UNL, 2009)
€ Equations JJ-2 and JJ-3. (EPA, 2009)

"Equations JJ-13 and JJ-14. (EPA, 2009)

'“EPA-Mandatory” as graphed in Figure 2 uses the steer-heifer average and industry assumptions.
Conversion from kg CO,e hd™ yr*to kg CO,e kg™ LW assumes 192 days on feed, 584 kg slaughter weight.

Additional assumptions:

VSss (VS removal by solids separation) = 0 (no solid separation)

B, (Maximum CH, conversion factor) = 0.33. Table JJ-2 (assume feedlot steers). (EPA, 2009)
VSuwsc (fraction manure in system) = 1 (assume all manure is in dry lot feedlot)

EFmmsc = 0.02 kgN,O-N/kgN,0. Table JJ-7 (assume drylot)



Al15

Comment on number of cattle to meet EPA threshold. To identify individual facilities for
reporting GHG emissions, the EPA suggests that feedlots with a capacity of over 29,300 head
would emit GHG emissions above the policy threshold of 25,000 Mg CO, yr* for Mandatory
Reporting. Yet emissions for the 30,000 head feedlot discussed here total to 16,100 Mg CO,e
yr'l, well under the emissions threshold. However, if maximum assumptions are used for
volatile solids (5.25 kg VS day'1 1000kg'1 animal mass), nitrogen excretion rate (0.42 kg VS day'1
1000 kg'1 animal mass), and methane conversion factor (5%, solid manure storage), the
threshold is nearly met (24,000 Mg CO,e yr'l). Deep bedding systems can also significantly
increase emissions by utilizing a methane conversion factor (MCF) of 30% to 80%; for
comparison, the drylot MCF used here is 1.5%. To minimize underreporting, it appears that the
EPA’s suggested reporting threshold of 29,000 head feedlot capacity that assumes the highest

level of emissions per head.
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Figure A.3 - EPA methodologies for quantification of cattle greenhouse gas emissions: a)
Mandatory Reporting, b) Annual Inventory. From data in Tables A4 and A7, and additional

calculations not shown.
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Equation A.1 - Annual Inventory Equations (EPA, 2010)

Methane from Enteric Fermentation:

kg CH, ) _ GE XYm
55.65

CH4EmiSSi0nSEnteric Fermentation (headxday

REM REG

Where GE = Gross Energy = DET

100

(NEm+NEa+NEl+NEwork+NEp)+(NEg)

1.22
e(Year—1980)

Where Y,,, = Fraction of GE converted to CH, = Ym(1990) X ———

e(1990—1980)

Methane from Manure Management:

.. kg CHy\ _ 0.662 kg CH,
CH,EMisSSioNSyanure Management (W) = VSexcretea X Bo X MCF X 3
Nitrous Oxide from Manure Management:
Direct N,O Emissions = Nexcretea X EFwms X 55
Indirect N,0 Emissions
Frac 44
— gasWMS
- ( Nexcreted X 100 X EFvolatilization X 2_8)
Fracrunoff,leach WMS 44
+ ( Nexcreted X 100 x EFrunoff,leach X 28

Where (EPA default method): Noycretea = Population X WMS X Ng,
Where (IPCC default method):

P {WG x [268 — Z03XNEg
GE Tt ) B 1000

Nexcretea = Nconsumed_(NQTOWth-l_Nmilk) - (18 45  6.25 6.25
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Equation A.2 - Mandatory Reporting Equations (EPA, 2009)

Methane from Manure Management:

. P metric tons
Equatlon]] —-2= CH4EmLSSlonSManure Management Systems ( year )

365days _ 0.33m3CH,
1 year kg VS added

0.662 kg CH, _, 1metric ton]

= > [ AVSar % VSumsc X (1= VSs5) X X MCFyysc) x 222 L

Where TVS,r = Total Volatile SolidS animai type (o) = Population x 222X % v, /1000

m head
Where VSyusc = Fraction of total manure managed in the manure system

Where VSs¢ = Volatile solids removed through solid separation

Direct Nitrous Oxide from Manure Management:

metric tans)
year

Equation J]] — 13 = Direct N,0 Emissions (

365 days ) 44 N,0 1 metric ton]

= O | Newr % NVSeupusc X (1= N) X EFusc x 220025y HaN0 o Ametric .

420kg , NAT

Where N,y 4r = Total Nitrogren Excreted snimai rype (z%) = Population x 220K To00

day

Total Emissions from Mandatory Reporting Methodology:

metric tons CO, e)
year

= [(CH,emissionsyys + CHyemissions,p) X 21] + [Direct N,0 emissions x 310]

Equation J] — 15 = Total Emissions(



A19

References

Adler, P.R., Del Grosso, S.J., Parton, W.J., 2007. Life-cycle assessment of net greenhouse-gas flux for
bioenergy cropping systems. Ecological applications : a publication of the Ecological Society of
America 17, 675-91.

ASABE, 2010. Manure Production and Characteristics; ASAE D384.2; American Society of Agricultural and
Biological Engineers; <http://elibrary.asabe.org/azdez.asp?JID=2&AID=32018&CID=s2000&T=2>
[June 2013]

Audsley, E., Brander, M., Chatterton, J., Murphy-Bokern, D., Webster, C., and Williams, A, 2009. How low
can we go? An assessment of greenhouse gas emissions from the UK food system and the scope to
reduce them by 2050. WWF-UK.

Bremer, V.R., Liska, A.J., Klopfenstein, Terry J., Erickson, Galen E., Yang, H.S., Walters, D.T., Cassman,
K.G., 2010. Emissions savings in the corn-ethanol life cycle from feeding coproducts to livestock.
Journal of Environmental Quality 39, 472-82.

EPA, 2009. Mandatory Reporting of Greenhouse Gases; Federal Register. Vol.74, No.209. U.S.
Environmental Protection Agency; <http://www.epa.gov/ghgreporting/documents/pdf/2009/GHG-
MRR-FinalRule.pdf> [June 2013]

EPA, 2010. Annex 3 Methodological Descriptions for Additional Source or Sink Categories; Inventory of
U.S. Greenhouse Gas Emissions and Sinks: 1990-2009; U.S. Environmental Protection Agency;
<http://www.epa.gov/climatechange/Downloads/ghgemissions/US-GHG-Inventory-2013-Annex-3-
Additional-Source-or-Sink-Categories.pdf> [June 2013]

EPA, 2012. Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2010. U.S. Environmental
Protection Agency; <http://www.epa.gov/climatechange/Downloads/ghgemissions/US-GHG-
Inventory-2012-Main-Text.pdf> [June 2013]

Follett, R.F., Kimble, J.M., Lal, R., 2001. The Potential of U.S. Grazing Lands to Sequester Carbon and
Mitigate the Greenhouse Effect. CRC Press LLC, Boca Raton, FL.

IPCC, 2006. IPCC Guidelines for National Greenhouse Gas Inventories. Eggleston, H.S.; Buendia, L.; Miwa,
K.; Ngara, T.; Tanabe, K., Eds. Intergovernmental Panel on Climate Change; <http://www.ipcc-
nggip.iges.or.jp/public/2006g|/index.html> [June 2013]

Liebig, M.A., Gross, J.R., Kronberg, S.L., Phillips, R.L., Hanson, J.D., 2009. Grazing management
contributions to net global warming potential: a long-term evaluation in the Northern Great Plains.
Journal of Environmental Quality 39, 799-809.

Liska, A.J., Yang, H.S., Bremer, V.R., Klopfenstein, Terry J., Walters, D.T., Erickson, Galen E., Cassman,
K.G., 2009. Improvements in Life Cycle Energy Efficiency and Greenhouse Gas Emissions of Corn-
Ethanol. Journal of Industrial Ecology 13, 58-74.



A20

Luebbe, M.K., Erickson, G E, Klopfenstein, T J, Greenquist, M.A., 2012. Nutrient mass balance and
performance of feedlot cattle fed corn wet distillers grains plus solubles. Journal of Animal Science
90, 296-306.

Mu, J.E., McCarl, B.A., Wein, A.M., 2012. Adaptation to climate change: changes in farmland use and
stocking rate in the U.S. Mitigation and Adaptation Strategies for Global Change.

NRC, 2000. Nutrient Requirements for Beef Cattle: Seventh Revised Edition; National Research Council;
National Academy Press 2000.

Pelletier, N., Pirog, R., Rasmussen, R., 2010. Comparative life cycle environmental impacts of three beef
production strategies in the Upper Midwestern United States. Agricultural Systems 103, 380—389.

PCC, 2010. Professional Cattle Consultants Newsletter. Feedlot Management Database. 2003-2010.
<http://www.pcc-online.com>

Steinfeld, H., Gerber, P., Wassenaar, T., Castel, V., De Haan, C., 2006. Livestock’s Long Shadow:
Environmental Issues and Options, Organization. Food and Agriculture Organization of the United
Nations.

UNL, 2009. Beef Feed Nutrient Management Planning Economics (BFNMPS), version 2009. University of
Nebraska-Lincoln. Lincoln, NE. http://water.unl.edu/web/manure/software#feconomics [January
2012).

USDA, 2013. U.S. Department of Agriculture National Agricultural Statistics Service;
<http://www.nass.usda.gov/.>

Vasconcelos, J.T., Galyean, M.L., 2007. Nutritional recommendations of feedlot consulting nutritionists:
the 2007 Texas Tech University survey. Journal of Animal Science 85, 2772-81.


http://water.unl.edu/web/manure/software#economics
http://www.nass.usda.gov/

