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Biomass TPES Share of Biomass
OECD | Europe 2,340 71,887 3.30
North America 3,665 105,214 3.50
Pacific 571 33,076 1.70
OECD-total 6,575 210,177 3.10
Non- Africa 9,236 18,673 49.501
OECD | Latin America 3,385 17,752 19.10
Asia(excluding Chinall 14,622 40,235 36.30
China 8,628 45,929 18.801
Former USSR 803 39,021 2.10
Non-OECD-Europe 130 5,108 2.50
Middle East 40 13,230 0.30
Non-OECD-total 36,844 179,907 20.50
World Total 43,419 395,569 11.00

00O Energy Statistics and Balances of Non-OECD Countries 1995-1996" (OECD/IEA,1998)”
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Solid
Total Big::jass Gaﬁl(_):;]uid Municipal | Industria
Anima | Biomes | ‘veste | Waste
Products
OECD | Europe 2,340 1,891 102 215 131
North America 3,665 3,130 126 286 123
Pacific 570 527 6 27 11
total 6,575 5,547 234 529 265
Non- Africa 9,235 9,235 0 0
OECD | Latin America 3,385 3,088 297 0
Asia(excluding Chinall 14,622 14,622 0 0
China 8,628 8,578 50 0
Former USSR 803 738 0 65
Europe 130 118 0 12
Middle East 40 40 0 0
total 36,844 36,421 347 0 76
World 43,419 41,968 581 529 341
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Solid Biomass and Animal Products
Biomass Others
Tod | T oweod | RS SIS e

specified
Africa 9,235 9,235 6,604 237 0 2,395
Latin America 3,385 3,088 2,074 778 107 129
Asia(excluding China) 14,622 14,622 8,816 2,728 0 3,079
China 8,628 8,578 3,879 4,529 0 170
Former USSR 803 738 499 157 83 0
Europe 130 118 110 8 0 0
Middle East 40 40 35 5 0 0
total 36,844 36,421 22,016 8,442 190 5,773

00O Energy Statistics and Balances of Non-OECD Countries 1995-1996" (OECD/I EA,1998)9)
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aooooa
Total 0o 0O 00 ooo

OECD | Europe 2,340 590 475 1,085 190
North America 3,665 1,711 928 928 99

Pacific 570 194 228 97 51

total 6,575 2,494 1,631 2,109 340

Non- Africa 9,235 1,349 829 6,330 727
OECD | Latin America 3,385 640 1,167 1,131 447
Asia(excluding Chinall 14,622 828 1,585 11,640 570

China 8,628 0 0 8,402 0

Former USSR 803 291 72 177 263

Europe 130 11 18 85 15

Middle East 40 11 5 0 24

total 36,844 3,130 3,675 27,992 2,046

World 43,419 5,625 5,306 30,101 2,387

00O Energy Statistics and Balances of Non-OECD Countries 1995-1996” (OECD/IEA,1998)°
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0 4.2-50 Non-OECDO O O Solid Biomass and Animal ProductsO D 00O Q001996 00O

00 0O Plyear
Solid Biomass and Animal Products
Biomass Others and
Total Total Wood Vegetal Black Not-
Waste Liquor -
specified

Africa 9,235 9,235 6,604 237 0 2,395
goooood 1,349 1,349 1,349 0 0 0

ad 829 829 727 101 0 1

00 6,330 6,330 3,928 77 0 2,325
oon 727 727 600 58 0 68
Latin America 3,385 3,088 2,074 778 107 129
oooooono 640 636 515 86 19 16

g 1,167 1,165 334 655 83 94

ad 1,131 1,131 1,114 0 0 17
ooo 447 156 111 37 5 3
Asia(excluding China) 14,622 14,622 8,816 2,728 0 3,079
goooood 828 828 819 9 0 0

00 1,585 1,585 250 1,047 0 287

00 11,640 11,640 7,638 1,671 0 2,331
oong 570 570 109 0 0 461
China 8,628 8,578 3,879 4,529 0 170
goooood 0 0 0 0 0 0

00 0 0 0 0 0 0

00 8,402 8,578 3,879 4,529 0 170
oon 0 0 0 0 0 0
Former USSR 803 738 499 157 83 0
oooooono 291 275 80 113 81 0

00 72 33 24 8 1 0

0o 177 177 166 12 0 0
ooo 263 254 229 25 0 0
Europe 130 118 110 8 0 0
goooood 11 8 4 4 0 0

00 18 13 8 5 0 0

00 85 85 85 0 0 0
oong 15 13 13 0 0 0
Middle East 40 40 35 5 0 0
goooood 11 11 11 0 0 0

00 5 5 0 5 0 0

00 0 0 0 0 0 0
000 24 24 24 0 0 0

total 36,844 36,421 22,016 8,442 190 5,773
oo0oooono 3,130 3,106 2,778 211 101 16

00 3,675 3,630 1,342 1,822 84 382

od 27,992 27,941 16,810 6,289 0 4,842
000 2,046 1,744 1,086 120 5 532

00O Energy Statistics and Balances of Non-OECD Countries 1995-1996" (OECD/IEA,1998)”
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Carrots 41
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Rice(rough) 332
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Sorghum(sweet) 44-86
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Wheat 355
Yams 114
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Atmospheric flash Pressurized solvent
pyrolysis liquefaction
Present Potential Present Potential
Parameter 0 $10°0 0 $10°0 0 $10°0 0 $10°0
Fixed capital investment
Primary liquefaction 38.9 20.6 65.8 37.8
Crude upgrading 36.4 26.8 20.9 20.3
Product finishing 11.4 0.5 11.9 0.6
Total: 86.7 47.9 98.6 58.7
Total capital requirement
Primary liquefaction 49.8 26.4 84.2 48.4
Crude upgrading 46.6 34.3 26.8 26.0
Product finishing 145 0.7 15.3 0.7
Total: 111.0 61.3 126.2 75.1
Fixed operating cost
Operating labor 6.68 6.43 5.58 4.73
Maintenance labor 0.86 0.49 0.99 0.59
Overhead 174 0.96 1.98 1.18
Maintenance materials 2.60 1.44 2.96 1.76
Taxes and insurance 174 0.96 1.98 1.18
Others 0.86 0.49 0.99 0.59
Total: 14.48 10.77 14.48 10.03
Variable operating cost
Feedstock 20.00 20.00 20.00 23.30
Electricity 4.89 3.57 9.72 10.14
Catalyst 0.30 0.02 2.36 0.01
Sludge disposal 0.16 0.02 0.04 0.09
Fuel cost 0.39 0.06 132 0.06
Total: 25.74 23.67 33.44 33.60
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Capital charges 12.96 7.17 14.75 8.78
Total cost finished product 53.18 41.61 62.67 52.39
Product cost $/t

Primary ail 150.00 131.90 423.30 298.10

Finished product 673.80 514.50 815.00 584.70
Energy cost,$/GJ

Primary ail 9.32 6.91 13.44 12.27

Finished product 16.24 12.99 19.54 14.77
Product energy value,$/GJ

Primary ail 6.70 6.70 5.20 5.20

Finished product 8.30 8.45 8.15 8.45
Product cost/value

Primary ail 1.39 1.03 2.58 2.36

Finished product 1.96 154 2.40 1.75

“ Adapted from Elliott et al.(1990).The product energy value is the average U.S. spot market price from 1977 to
1987 for comparable petroleum-based liquid fuel. The average price of U.S.crude ail at the wellhead in1987 was
$2.61/GJ($15.40/bbl).

0O O Biomassfor Renewable Energy,Fuels and Chemicals’ (D.L.Klass,1998)™
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04740 0OO00OO0O0O0O0O0OOOOOOOOOO0O
Process devel oper: Wright-Malta Battelle IGT Shell Oil
Wood feedrate,dry t/day 1650 1650 1650 1650
GJh 1439 1383 1315 1315
Methanol production,t/day 1004 705.1 965.9 915.9
GJh 949.2 667.0 913.9 866.3
10° L/day 1269 891 1220 1157
Capital cost,$10°
Installed hardware
Feed preparation 7.4 18.6 16.4 34.6
Gasifiers 64.0 7.23 29.0 29.0
Oxygen plant 0 0 417 59.6
Reformer feed compressor 0 11.0 0 0
Reformer 16.7 155 16.7 0
Shift reactors 9.40 9.40 9.40 9.40
Union Carbide Selexol treatment 13.7 145 194 27.4
Methanol synthesis-purification 48.5 45.1 38.0 43.7
Utilities/auxiliaries 49.9 30.3 42.6 50.9
Subtotal: 200 152 213 254
Contingencies plus: 77 52 71 84
Total working requirement 277 204 284 338
Working capital 20.0 15.2 21.3 25.4
Land 2.30 2.30 2.30 2.30
Operating costs,$10°/yr
Variable costs
Biomass feedstock 22.7 21.8 20.7 20.7
Catalysts & chemicals 1.92 2.88 192 1.92
Purchased energy 7.13 0.65 3.08 5.28
Subtota: 317 25.3 25.7 279
Fixed costs
Labor 0.99 1.18 0.99 0.99
Maintenance 5.99 4.55 6.39 7.63
General & direct overhead 4.99 4.25 5.25 6.05
Subtotal: 12.0 9.98 12.6 14.7
Total operating costs 43.7 35.3 384 42.6
Levelized costs,$/GJ
Capital 5.64 461 8.33 8.01
Biomass 3.02 3.09 3.82 3.09
Labor & maintenance 1.85 1.82 2.68 247
Purchased energy 0.95 0.09 0.57 0.79
Product methanol 11.46 9.61 15.40 14.36
Product methanol ,$/L 0.20 0.17 0.27 0.25

“ Adapted from Larson and Katofsky(1992).All costs are in 1991 U.S.dollars.Capacity factor,90%.
0O Biomassfor Renewable Energy,Fuels and Chemicals’ (D.L.Klass,1998)™
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