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Table 1. Main reactions considered in this study

Reactor Reaction Yield (%)
R-1%) Hemicellulos + H,O — Xylose 60.2
R-27% Xylose — Furfural + 3 H,O 89.1
R-4***"  |Furfural — Furan + CO 93.1
R-5% Furan +2 H, — THF 100.0
R-6'*®  |THF — 1,3-BD + H,0 65.2
R-7°0 Cellulose — FA+LA 61.0
R9D) LA+H, —» GVL+H,0 99.0
FA — H, + CO, 100.0
R-10% GVL — Butene + CO, 99.0
R-11%Y n x Butene — BO 99.0
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Fig. 1. Conversion pathway of main components
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Fig. 2. Process flow diagram of the proposed process
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Operating cost (MMS$/year)

Annualized capital cost (MM$/year) White birch (feedstock) 92.9
Biomass fractionation 10.4 Hydrogen 5.8
FF production 44 Surfuric acid 53
1,3-BD production 43 NaCl 42
BO production 4.8 Other raw materials 5.8
Wastewater treatment 8.8 Fixed operating cost 11.0
Storage 0.8 Catalyst replacement 0.6
Heat and power generation 13.1 Waste disposal 2.0
Utilities 0.5 Utilities usage 0.8
Total 47.2 Total 128.5
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Table 5. Parameters and equations for the calculation of plant
performance and cost growth

Parameter Probable case |Pessimistic case
Newsteps 5 5
Baleqgs 0 0
Waste 3 4
Solid 0 0
Plant performance (%) 25.0 20.8
Pctnew (%) 23 23
Impurities 4 5
Complexity 9 9
Inclusiveness (%) 100 100
Project definition 8 8
Cost growth 043 0.40

Plant performance=85.77-9.69xNewsteps+0.33xBaleqs-
4.12xWaste-17.91xSolids (Eq. 1).

Cost growth=1.12196-0.00297xPctnew-0.02125xImpurities-
0.01137xComplexity+0.00111xInclusiveness-0.06361x
Project definition (Eq. 2).
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Table 6. Total capital investment and operating cost for the
n"-plant and pioneer plant.

Total capital investment (MM$)

N"_plant 370.9
Probable case 939.2
Pessimistic case 1,032.9
Operating cost (MM$/year)

N"-plant 14.5
Probable case 14.8
Pessimistic case 18.9
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Fig. 5. Cost and revenue of the proposed process: (a) n'-plant,
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Appendix
Appendix Table 1. Major stream information for Fig. 2
1 6 7 12 17 18 23 26 30 32
Temperature (°C) 25.0 159.6 117.0 116.9 219.8 221.9 15.0 60.0 97.0 100.0
Pressure (atm) 1.0 34 20.4 1.0 1.3 34.5 355 5.4 1.0 222
Mass flows 119,047 | 133,444 | 311,343 | 11,622 | 32,112 | 1469 | 11,559 | 725 | 1535 | 7382
(kg/hr)
1,3-BD 0 0 0 0 0 0 0 0 0 0
Acetate 5,000 0 0 0 0 0 0 0 0 0
Acetic acid 0 322 4,678 215 0 0 0 0 12 0
Ash 250 0 0 0 0 0 0 0 0 0
BO 0 0 0 0 0 0 0 0
Butene 0 0 0 0 0 0 0 0
CaSO, 0 607 0 0 0 0 0 0 0 0
Cellulose 37,500 | 30,637 0 0 0 0 0 0 0 0
Cco 0 0 0 0 0 0 3,373 220 0 43
CO, 0 0 0 0 0 0 0 0 0 0
Extract 583 38 546 0 546 0 0 0 0 0
FA 0 22 319 26 0 0 0 0 10 0
FF 0 488 4,032 | 10,996 0 0 0 0 622 0
FFA 0 0 0 0 0 0 0 0 5 0
Formaldehyde 0 0 0 0 0 0 0 0 0
Furan 0 0 0 0 0 7,687 24 8 7,325
Glucose 0 293 4,249 0 1,062 0 0 0 0 0
GVL 0 88,789 | 208,831 0 1,644 458 0 0 0 0
H, 0 0 0 0 0 0 485 481 0 0
H,0 35,714 | 4379 | 51,509 384 0 0 13 0 878 13
HMF 0 26 382 0 382 0 0 0 0 0
HUMIN-C5 0 736 0 0 1,258 0 0 0 0 0
HUMIN-C6 0 1,167 0 0 2,390 0 0 0 0 0
LA 0 358 1,516 0 4 1,011 0 0 0 0
Lignin 18,083 1,165 16,918 0 16,918 0 0 0 0 0
NaCl 0 0 0 0 2,902 0 0 0 0 0
Propene 0 0 0 0 0 0 0 0 0 0
Protein 833 833 0 0 0 0 0 0 0 0
SA 0 335 4,871 0 4,871 0 0 0 0 0
THF 0 0 0 0 0 0 0 0 0 0
Xylan 21,083 2,319 0 0 0 0 0 0 0 0
Xylose 0 929 13,493 0 135 0 0 0 0 0
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Appendix Table 1. Continued

34 37 39 42 48 53 60 65 69 7
Temperature (°C) 632 | 157 | 250 | 250 | 2200 | 1542 | 1700 | 3750 | 1700 | 153.6
Pressure (atm) 1.0 1.0 1.8 1.0 34.5 1.0 158 | 355 | 355 1.0
](\]f;/s}ir;lows 7816 | 2497 | 5309 | 4386 |193,034|159.239 | 1,871 | 27435 | 10943 | 6,048
13-BD 0 456 | 4507 | 4363 0 0 0 0 0 0
Acetate 0 0 0 0 0 0 0 0 0
Acetic acid 0 0 0 322 187 0 0 0 0
Ash 0 0 0 0 0 0 0 0 0
BO 0 0 0 0 0 0 0 0 0 5,996
Butene 0 419 253 13 0 0 0 0 6,063 0
CaSO, 0 0 0 0 0 0 0 0 0 0
Cellulose 0 0 0 0 0 0 0 0 0 0
co 43 0 43 4 0 0 0 0 0 0
O, 0 0 0 0 0 0 0 0 4,760 0
Extract 0 0 0 0 38 38 0 0 0 0
FA 0 0 0 0 5327 0 0 0 0 0
FF 0 0 0 0 1,694 | 1,077 0 89 54 52
FFA 0 0 0 0 0 0 0 0 0
Formaldehyde 0 44 43 4 0 0 0 0 0
Furan 0 0 0 0 0 0 0 0 0
Glucose 0 0 293 293 0 0 0 0
GVL 0 0 |122341] 134071 | 1,337 | 10938 | o0 0
H, 0 0 4 0 0 0 0 0 0 0
H,0 13 9 29 2 | 30403 | 4692 | 534 | 16408 | 66 0
HMF 0 0 0 0 26 26 0 0 0 0
HUMIN-C5 0 0 0 0 1478 | 1478 0 0 0 0
HUMIN-C6 0 0 0 0 14443 | 14443 | 0 0 0 0
LA 0 0 0 0 13742 | o0 0 0 0 0
Lignin 0 0 0 0 1,165 | 1,165 0 0 0 0
NaCl 0 0 0 0 0 0 0 0 0 0
Propene 0 27 61 0 0 0 0 0 0 0
Protein 0 0 0 0 833 833 0 0 0 0
SA 0 0 0 0 0 0 0 0 0
THF 7,759 | 1456 | 367 0 0 0 0 0
Xylan 0 0 0 0 0 0 0
Xylose 0 0 0 0 929 929 0 0 0 0
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Appendix Table 2. Major equipment information for Fig. 2

Section Equipment Total equipment cost Reference
Biomass F-1 4,622,683 3‘”
fractionation F-2 4,531,962 34)
R-1 35,021,485 )
Vol 137,700 Aspen”
T D-1 10,123,200 Aspen”
production D-2 1,359,930 Aspen”
F3 356,652 *
R 543320 Aspen”
R3 78,370 Aspen”
S-1 5,293,047 3‘”
1,3-BD CP-1 1,469,663 3“)
production A-1 1,662,517 0
D-3 236,135 Aspen”
D-4 156,020 Aspen”
D-5 167,627 Aspen”
R4 3,184,636 9
R-5 3,227,650 19
R-6 5,653,082 )
S 44,820 Aspen”
S3 1,066,527 9
S-4 32,400 Aspen”
BO D-6 3,053,040 Aspen”
production D-7 814,320 Aspen”
D8 856,320 Aspen”
F-4 220,276 3‘”
R-10 3,852,386 "
R-11 3,585,279 "
R-7 422,280 Aspen”
R-8 1,061,029 )
R-9 505,580 Aspen”
S-5 4,108,288 3‘”

9 Aspen: aspen process economic analyzer.
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