Appendix A: Probability Distribution Functions for Key
Well-to-Tank Input Parameters
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(a) Petroleum Recovery Efficiency

-

83.7% 84.6% 85.5% 86.4% 87.3%

(b) Petroleum Refining Efficiency: 340 ppm S Conventional Gasoline

Figure A1 Probability Distribution Functions for Energy Efficiencies of Petroleum Recovery and
Refining

A-3



82.4% 84.2% 86.0% 87.8% B89.6%

(c ) Petroleum Refining Efficiency: 150 ppm S RFG with MTBE: GBS

80.2% 82.8% 85.5% 88.2% 90.8%

(d) Petroleum Refining Eficiency: 5-30 ppm S RFG with MTBE: GBS

Figure A1 (Cont.)
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80.2% 82.8% 85.5% 88.2% 90.8%

(e) Petroleum Refining Efficiency: 5-30 ppm S RFG with EtOH: GBS

> : ' : : : . - y
79.2% 81.8% 84.5% 87.2% 89.8%

(f) Petroleum Refining Efficiency: 5-30 ppm S RFG with No Oxygenate

Figure A1 (Cont.)
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84 .4% 86.2% 88.0% 89.8% 91.6%

(g) Petroleum Refining Efficiency: 120-350 ppm S Diesel

79.9% 83.4% 87.0% 90.6% 94.1%

(h) Petroleum Refining Efficiency: 5-30 ppm S Diesel

Figure A1 (Cont.)
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-

83.9% 87 4% 91.0% 94 6% 95 .1%

(i) Petroleum Refining Efficiency: 5 ppm S Crude Naphtha

Figure A1 (Cont.)
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95.7% 96.6% 97.5% 98.4% 99.3%

(a) NG Recovery Efficiency: NA NG, NNA NG, NNA FG

4
95.7% 96.6% 97.5% 98.4% 99.3%

(b) NG Processing Efficiency: NA NG, NNA NG, NNA FG

Figure A2 Probability Distribution Functions for Energy Efficiencies of Natural-Gas-Based
Pathway Activities
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85.0% 86.5% 88.0% 89.5% 91.0%

(c ) LNG Production Efficiency: from NG and FG

-

89.4% 91.2% 93.0% 94.8% 96.6%

(d) NG Compression Efficiency: NG Compressor

Figure A2 (Cont.)
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96.0% 96.5% 97.0% 97.5% 98.0%

(e) NG Compression Efficiency: Electric Compressor

63% 66% 70% 4% 7%

(f) MeOH Production Efficiency: with No Steam Production

Figure A2 (Cont.)
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4
59% 62% 66% 70% 73%

(g9) MeOH Production Efficiency: with Steam Production

55,500 69,375 83,250 97,125 111,000

(h) MeOH Production Steam Credit

Figure A2 (Cont.)
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49.0% 95.3% 61.5% 67.7% 74.0%

(i) FT Diesel and Naphtha Production Efficiency: with No Steam Production

46% 49% 53% 57% 60%

(j) FT Diesel and Naphtha Production Efficiency: with Steam Production

Figure A2 (Cont.)
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71,773 160,886 250,000 339,114 428,227

(k) FT Diesel and Naphtha Production Steam Credits

99.0% 65.3% 71.5% 77.7% 84.0%

(I) G.H; Production Efficiency in Central Plants: with No Steam Production

Figure A2 (Cont.)
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57.0% 63.3% 69.5% 75.7% 82.0%

(m) G.H; Production Efficiency in Central Plants: with Steam Production

55,886 100,443 145,000 189,557 234,114

(n) G.H, Production Steam Credits in Central Plants

Figure A2 (Cont.)
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65.0% 68.0% 71.0% 74.0% 77.0%

(0) Hz Liquifaction Efficiency in Central Plants

49% 58% 67% 76% 85%

(p) G.H2 Production Efficiency in Stations

Figure A2 (Cont.)
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87.0% 88.3% 89.5% 90.8% 92.0%

(q) G.H, Compression Efficiency in Stations: NG Compressor

94.0% 94.5% 95.0% 95.5% 96.0%

(r ) G.H, Compression Efficiency in Stations: Electric Compressor

Figure A2 (Cont.)
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46.0% 56.0% 66.0% 76.0% 86.0%

(s) Hz Liquifaction Efficiency in Stations

Figure A2 (Cont.)
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12,600 19,375 26,150 32,925 39,700

(a) Corn Farming Energy Use (Btu/bushel of corn harvested)

i

100.7 287.9 475.0 662.1 849.3

(b) N Fertilizer Use in Corn Farms (g/bushel of corn harvested)

Figure A3 Probability Distribution Functions for Bio-Ethanol Pathway Activities
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1.0% 1.3% 1.5% 1.8% 2.0%

(c ) N2O Emissions in Corn Farms (N in N,O as % of N in N fertilizer)

0 98 195 293 390

(d) Soil CO, Emissions in Corn Farms (g/bushel of corn harvested)

Figure A3 (Cont.)
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2.50 2.98 2.65 2.73 2.80

(e) Ethanol Yield in Corn Ethanol Plants: Dry Mill (gal/bushel of corn)

2.40 2.48 2.55 2.63 2.70

(f) Ethanol Yield in Corn Ethanol Plants: Wet Mil (gal/bushel of corn)

Figure A3 (Cont.)
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-

31,130 35,140 39,150 43,160 47,170

(9) Energy Use in Dry Mill Ethanol Plants (Btu/gal of ethanol)

25,922 31,536 37,150 42,764 48,378

(h) Energy Use in Wet Mill Ethanol Plants (Btu/gal of ethanol)

Figure A3 (Cont.)
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25,567 130,168 234,770 339,372 443,973

(i) Energy Use for Tree Farming (Btu/ton of trees harvested)

23,639 120,435 217,230 314,025 410,821

(i) Energy Use for Grass Farming (Btu/ton of grasses harvested)

Figure A3 (Cont.)
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78.1 393.5 709.0 1024 .5 1339.9

(k) N Fertilizer Use for Tree Farming (g/ton of trees harvested)

1,158 5,896 10,633 15,370 20,108

() N Fertilizer Use for Grass Farming (g/ton of grasses harvested)

Figure A3 (Cont.)
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0.80% 0.98% 1.15% 1.33%

(m) N2O Emissions in Biomass Farms (N in N,O as % of N in N fertilizer)

1.50%

-225,000 -168,750 -112,500 -56,250

(n) Soil CO, Sequestration in Tree Farms (g/ton of trees harvested)

Figure A3 (Cont.)
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-97,000 -72,750 -48,500 -24,250 0

(o) Soil CO, Sequestration in Grass Farms (g/ton of grasses harvested)

48 67 87 107 126

(p) Ethanol Yield in Woody Biomass Ethanol Plants (gal/ton of woody biomass)

Figure A3 (Cont.)
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51 71 92 112 132

(q) Ethanol Yield in Herbaceous Biomass Ethanol Plants (gal/ton of herbaceous biomass)

-1.730 -1.438 -1.145 -0.853 -0.560

(r ) Electricity Credits of Woody Biomass Ethanol Plants (kWh/gal of ethanol)

Figure A3 (Cont.)
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> : : : - : : : y
-0.865 -0.719 -0.573 -0426 -0.280

(s) Electricity Credits of Herbaceous Biomass Ethanol Plants (kWh/gal of ethanol)

Figure A3 (Cont.)
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24.3% 29.7% 35.0% 40.3% 45.7%

(a) Conversion Efficiencies of Oil-Fired Power Plants: Steam Boilers

24.3% 29.7% 35.0% 40.3% 45.7%

(b) Conversion Efficiencies of NG-Fired Power Plants: Steam Boilers

Figure A4 Probability Distribution Functions for Energy Efficiencies of Electric Power Plants
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50.0% 52.5% 55.0% 57.5% 60.0%

(c) Conversion Efficiencies of NG-Fired Power Plants: Combined-Cycle Turbines

26.6% 31.0% 35.5% 40.0% 44 4%

(d) Conversion Efficiencies of Coal-Fired Power Plants: Steam Boilers

Figure A4 (Cont.)
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29.0% 35.3% 41.5% 47.7% 54.0%

(e) Conversion Efficiencies of Coal-Fired Power Plants: Advanced Technologies

Figure A4 (Cont.)
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99.9% 63.5% 71.5% 79.5% 87.9%

Figure A5 Probability Distribution Functions for Energy Efficiencies of Electrolysis H, Production
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