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APPENDICES

Appendix A Chemical Reactions and Conversions

Pretreatment Reactions and Conversions

Reaction

1 Cellulose,, + nWater — --eeeeems } nGlucose
CftHio 5+H2 * C6H,2 6

2 Cellulose, + [2Water ——--eeeme ) nCellobiose
COH, 005 + 14(H)  -ommomome » 'ACLHM™,

3 Hemicellulose + nW ater-—-—--- b nXylose
C5H804+h2 e b CjH1005

4 Hemicellulose - ) nFurfural + 2nWater
C5H804 e b C5H40 2+ 2H20

Overliming Reaction and Conversion

Reaction
5  Sulfuric-acid + Calcium-hydroxide (Lim g)--—- b Gypsum
H2 4+ Ca(OH)2 - ) CaS04*2H2

Ammonia Treating Reaction and Conversion

6 -Ammonia + Sulfuric-acid - b Ammonium sulphate
INH3+ H2S04 oo ) (NH4)2 4

Saccharification Reactions and Conversions

Reaction
7 Cellulose,, + 2Water — -seeeeeem b nCellobiose
QHI0 5+ M(H2) - > CIHZ 1

8  Cellulosen+ nWater — -eeeeeeeee ) nGlucose

Conversion

Cellulose 0.070

Cellulose 0.007

Hemicellulose  0.900

Hemicellulose  0.050

Conversion

Lime 1.000

Ammonia 1.00

Conversion

Cellulose 0.012

Cellulose 0.900



10

1

12

13

14

15

16

17

18

19

20

21

22

C6H,005+H20 - ) ¢ 6h 106
(Cellobiose)n + nWater - b 2nGlucose
C|lH20i] + H2 ) 2C6HL 6

Seed Train Reactions and Conversions

Reaction
Glucose--— ) 2Ethanol + 2Carbon Dioxide
CHL2 6 - ) 2C2H6 +2C02
Glucose + CSL + 0.018DAP ) 6Z mo6i/ij+2.4Water+0.30xygen
C6H206+ CSL + 0.018DAP  -revemme- ) 6C, gH05 0.2 + 2.4H20 + 0.302
Glucose + 2W ater----—- ) 2Glycerol + Oxygen
COH,2 6+ 2H2 - ) 2C3H8&03+ 2
Glucose+2Carbon Dioxide------ b 2Succinic Acid+Oxygen
C6HL2 6+ 2C02 -~ ) 2C4H6 4+ 2
Glucose ) 3Acetic Acid
COHL 6 - ) 3CH3COOH
Glucosg-——- ) 2Lactic Acid
C6HL 6 - ) 2CH3CHOHCOOH
3Xylo§emmemsems ) 5Ethanol + 5Carbon Dioxide
3C5H5 5--—-- 5C2H60 + 5C02
Xylose + 0.83CSL + 0.015DAP ) sz Mobilis + 2Water + 0.250xygen
C5H[005+ 0.83CSL + 0.015DAP ---rrmne ) 5C, 8H05002+ 2H2) +0.2502
3Xylose + 5W ater - b 5Glycerol + 2.50xygen
3C5H1005+ 5H2) --mmeeee > 5C3H8 3+ 2.5 2
Xylose + Water------- ) Xylitol + 0.50xygen
CjHKA + H20 —— ) COHI2N5+05 2
3Xyloset+5Carbon Dioxide---— b 5Succinic Acid+2.50xygen
3C5H1 5+ 5C02 - ) 5C4H6 4+ 2.5 2
2Xylose b 5Acetic Acid
2C5H 100 5= ) 5CH3COOH
3Xylose 4 ) 5Lactic Acid
3C5H10 5 --mmrer ) 5CH3CHOHCOOH

Co-Fermentption Reactions and Conversions

Reaction

138

Cellobiose 1.000
Conversion
Glucose 0.900
Glucose 0.040
Glucose 0.004
Glucose 0.006
Glucose 0.015
Glucose 0.002
Xylose 0.800
Xylose 0.040
Xylose 0.003
Xylose 0.046
Xylose 0.009
Xylose 0.014
Xylose 0.002
Conversion



23

24

25

26

27

28

29

30

3l

32

34

Glucose ->  2Ethanol + 2Carbon-dioxide

CoHiz6 ] 20H80 + 2002

Glucose + CSL+0.018DAP ----1  6Zmobilis + 2.4Water +0.30xygen
OH[26+ CSL+0.018DAP---) 6C|HmE2 + 24HA) + 03 2
Glucose + 2Water —1)  2Glycerol + Oxygen

COH.2 6+ 2H2 b 2CHY0s + 02

Glucose + 2Carbon-dioxide —  2Succinic-Acid + Oxygen
CoHIDG6 + 2C02 - ) 204H6Q4 + 02

Glucose % 3Acetic-acid

06 126 4 3CHXOOH

Glucose 2L actic-acid

GHID 2CHXHOHCOOH

3Xylose 5Ethanol + 5Carbaon-dioxide

G > scHeo +5c02
Xylose+ 083CSL +0.015DAP ------- ) SZmobilis + 2Weter + 0.250xygen
CillioO; +0.83CSL +0.015DAP  ------- ) 5CJ8HIR002+ 2HD) + 0.250;

3Xylose + 5Water ———) 5Glycerol + 2.50xygen

3COH 0 5+ 5H2Q 1 5CHEI+ 2.502

Xylose + Water - b Xylitol + 0.50xygen

CH|005+ H2O e b CHH|D5+0.50;

3Xylose + 5Carbon-dioxide - ) 5Succinic-Acid + 2.50xygen
3CH|P 5+5C02 e ) 5CAHE) 4+ 2.5 2

2Xylose _ 5Acetic-acid

2CHdds  — 1 scHscooH

3Xylose  weeee b 5Lactic-acid

3CeH|db ) 5CHLHOHCOOH

Co-Fermentation Contamination Loss Reactions

Glucose

Glucose

Glucose

Glucose

Glucose

Glucose

Xylose

Xylose

Xylose

Xylose

Xylose

Xylose

Xylose
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0.950

0020

0.004

0.006

0015

0002

0.850

0.019

0.003

0.046

0.009

0014

0002
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Reaction
Glucose  -----mmm- ) 2Lactic-acid
CoH,206 - ) 2CHXHOHCOOH
3Xylose  -eeees ) Slactic-acid

CHIO5 e 5 CHjCHOHCOOH

Conversion

Glucose

Xylose

140

1.000

1.000
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Appendix B Main Process Condition for Process Design

Table B1 Pretreatment reactor conditions

Agent Diluted sulfuric acid
Acid concentration 1.1%

Residence time 2 minutes
Temperature 190 ¢

Pressure 121 atm

Solids in the reactor 30%

Table B2 Blowdown tank conditions

Temperature 100 ¢
Pressure 121 atm

Table B3 Hydrolysate conditioning conditions

Type Overliming and reacidification
Agent Lime and diluted sulfuric acid
Residence time Lhour for overliming

4 hours for reacidification



Table B4 Saccharification conditions

Temperature

Initial saccharification solids level
Residence time

Enzyme

Enzyme level

Table B5 Seed fermenters conditions

Inoculum level

Residence time

Organism

Com steep liguor level
Diammonium phosphate level

Table B6 SSCF fermenters conditions

Temperature

Inoculum level

Residence time

Organism

Enzyme

Enzyme level

Com steep liquor level
Diammonium phosphate level

65 ¢

20%

36 hours
Cellulase

2% of cellulose

10% of hydrolysate

24 hours

Zymomonas mobilis strain
0.5%

0.06%

4 ¢

10% of hydrolysate

36 hours

Zymomonas mobilis strain
Cellulase

2% of cellulose

0.28%

0.06%



Table B7 Distillation column conditions

Beer distillation ~ Rectification distillation

Pressure 1atm 1atm
Trays 32 60
Feed location 4 44

Reflux ratio 3 2.5
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Appendix ¢ Economic Data for Process Design (Base case of one feedstock)

Table CI Raw materials and Product prices

Table CI.I Raw materials and product prices

Raw materials prices
Price from literature Price in USD ($1/30 Baht)

Raw materia Value Unit Value Unit
Cassava rhizome 05 Baht/kg 0.0167 $ikg
Water 29 Bant/mJ 0.001 $lkg
Sulfuric acid (93%) 35.2 Bahtlkg 0.0352 $kg
Lime 110 $iton 011 $ikg
CSL 800 $iton 08 $lkg
DAP 300 $iton 03 $ikg
Cellulase 5 $ikg 5 $ikg

Product price
Price from literature ~ Price in USD ($1/30 Baht)
Product Value Unit Value Unit
Ethanol 2359 Baht/L 0.9966 $ikg
Table C1.2 Raw materials annual cost
_ Quantity Annual cost ~ Cost per ethanol

Raw materia (kg e (Slyear) (Sliter)
Cassava rhizome 153,993,399.318  2,571,689.769 0.0520
Wiater 123862,928802  123:862.929 0.0025
Sulfuric acid (93%) 1,187512.217 41,800.430 0.0008
Lime 769,258.466 84,618.431 0.0017
CSL 790,207.419 632,165.935 0.0128
DAP 213,540,117 64,062.035 0.0013

Cellulase 116,997.628 584,988.142 0.0128
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LP steam (Pretreatment) ~ 7,171,101.155 174,496.795 0.0035
HP steam (Pretreatment) ~ 27,656,893.133 691,422.328 0.0140

Total 4.969,106.794 0.1004
Table ¢.1.3 Product annual revenue
Product Quantity (kg/year) Annual revenue ($fyear)
Ethanol 39,356,225.007 39,222 413.842

Table C2 Utility prices
Table C2.1 Utility prices

Cooling water
_ Price from Price from
Cooling literature calculation Volume per energy
WA value  Unit  Vale  Unit  Valle  Unit
cw 2545 ¢ 2 Baht/m] 0.796 $/GJ 11.94 mJGl

Steam
Price from Price from -
Steam literature calculation Mass per energy

Valug  Unit Value Unit  Value Unit
LP steam 073  Bahtkg 1168 $IG) 48012  kg/G]
HP steam 0.75  Bahtkg 1546 $iG) 61842  kg/G

Hectricity
Price from Price from
Electricity literature calculation Convert factor

Value Unit Value Unit  Value Unit
Electricity 3 BahtkWh 2278 $GI 00036  GJKkWh
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Table C2.2 Annual utility costs
Table C2.2.1 Annual cooling water cost

_ Quantity _ Annual cost ~ Cost per ethanol
Unit i) Price B1GY) - ean (Sliten
El 1,667.30 0.796 10511.19 0.0002
E2 403.2 0.796 2541.90 0000051
E3 218.20 0.796 1,375.60 0.0000
E6 156.20 0.796 084.73 0.0000
E7 4,879.20 0.796 30,760.04 0.0006

Condenser Tl 18.283.10 0.796 11526251 0.0023
Condenser T2 19,250,30 0.7% 77,2981 0.0016

R2 1604 0.796 101121 0000002

R3 97.60 0.79% 615.30 0.00001

Rd 978.90 0.79 6,171.30 0.00012

R6 9,625.80 0.796 60,684.12 000123

R7 %90  ° 07% 241392 0.00005
Total 299,050.44 000612

Table C2.2.2 Annual LP steam cost
_ Quantity , Annual cost ~ Cost per ethanol

Unit (i) Price (G gpven ($litre)

E4 1,990.00 11.68 184,086.14 00037

Eo 5,033.00 11.68 465,580.68 0.0094
Rebailer 1 23692.70 11688 219170743  0.0443
Reboiler 2 11,085.60 1168 100548008  0.0207
R4 1,911.40 11.68 176,815.20 0.0036

Total 4,043,669.53 0.0817
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Table C2.2.3 Annual HP steam cost

, Quantity _ - Cost per ethanol
Unit (M) Price (§/GJ)  Utility cost ($llitre)
Rl 9,311.00 1546 114006864 00230
Tota 1,140,06864  0.0230

Table C2.2.4 Annual electricity cost

_ _ . 5 Cost per ethanol
Unit Quantity (kW)  Price (§/GJ)  Utility cost ($llitre)
Feed Handling 7601 21.18 21861741 OTO0M2
Pump 1 357 21.18 282167 0.00006
s/p Separator 96.02 21.18 76,053.92 0.00154
Hydrocyclone 28,74 2178 2276390 0.00046
Cooling Tower 380,00 21.18 300,984.08 0.00608
Tota 62124698  0.01255

Total annual utility cost and cost per ethanol for the base case design equal to
$6,114,546.81 and 0.1235 $/L respectively.
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Table C3 Equipment Sizing and Purchase Cost for Process Design

Table C3.1 Mixers sizing and purchase cost

Unit Material Capacity (m3 ~ Purchase cost (§)
M Stainless Steel 3.38 27,610.00
M2 Stainless Steel 0.78 12,358.00
M3 Stainless Steel 6.20 38,504.00
M4 Stainless Steel 2.28 22,250.00
M5 Stainless Steel 3.08 26,239.00
M6 Stainless Steel 3.10 26,332.00
M7 Stainless Steel 6.42 39,247.00
M8 Stainless Steel 0.53 9,999.00
M9 Stainless Steel 6.17 38,402.00
M10 Stainless Steel 6.23 38,606.00
Mil Stainless Steel 0.04 8,308.00
M12 Stainless Steel 1212 55,602.00
Total 343.457.00

Table C3.2 Splitter sizing and purchase cost

Unit Material Capacity (mJ) ~ Purchase cost ( )
SP1 Stainless Steel 1.29 42,079.00

Table C3.3 Pumping sizing and purchase cost

Unit Type Material ~ Flow rate (mrVs)  Purchase cost ( )
Pl Centrifugal ~ Stainless Steel 0.0068 8,123.00



Table C3.4 Flash drums sizing and purchase cost
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_ _ Flowrate  Height Diameter  Purchase
Unit  Type Material (kgh) () (m) cost( )
FI. Vertical Stainless Steel ~ 27435.947 481 120 53591.00
F2  Vertical Stainless Steel ~ 34654.681  6.27 157 12115500
Total 174,746.00
Table C3.5 Meat exchangers sizing and purchase cost
_ : Value  Area  Purchase
Unit Type Material (kw/m2K) ) cost( )
El Floating shell & tube ~ Stainless Steel 14196 1125 18798,00
E2  Floating shell & tube ~ Stainless Steel 14196 304 1793600
E3  Floating shell &tube ~ Stainless Steel -~ 1419 237 17936.00
E4  Floating shell & tube ~ Stainless Steel 1419 2185 23436.00
ES  Floating shell & tube ~ Stainless Steel 1419 1149 18904.00
E6  Floating shell & tube Stainless Steel 14120 044 17936.00
E7 Floating shell & tube -~ Stainless Steel 22713 2261 23 765.00
Total 138,711.00
Table C3.6 Reactors sizing and purchase cost
_ _ Capacity  Purchase cost ( )
Unit  Type Material (m)

Rl Horizontal ~ Stainless Steel 0.84 78,535.00

R2  Vertical  Stainless Steel 16.28 70,605.00

R3  Vertical  Stainless Steel 16.30 425.433.00

R4 Vertical  Stainless Steel 32.63 1,181,071.00

R5-1  Vertical  Stainless Steel 0.01 17,578.00

R5-2  Vertical  Stainless Steel 0.12 17,578.00



R5-3  Vertical  Stainless Steel 117 31,485.00

R5-4  Vertical  Stainless Steel 11.73 103,050.00

R5-5  Vertical  Stainless Steel 117.33 332,426.00
R6  Horizontal ~ Stainless Steel ~ 1,164.10 1,181,071.00
R7  Horizontal  Stainless Steel 8.72 103,050.00

Total 3.541,882.00

Table C3.7 distillation columns sizing and purchase cost

Unit Detall Specifications
Tower
Material Stainless Steel
Height (m) 2490
Diameter (m) 168
Tl Purchase cost 391,752.00
Tray
Type Valve
Material Stainless Steel
No. of trays RY)
Diameter (mm) 47625
Purchase cost 16,966.00
Vessel
Type Horizontal
Material Stainless Steel
Height (m) 4.38
Diameter (m) 110
1 Purchase cost 21,474.00
Condenser
Type Fixed tube
Material Stainless Steel .

Area (m2) 87.88

150
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Purchase cost 26.444.00
Reboiler
Type Floating shell & tube
Material Stainless Steel
Area (m7) 41.48
Purchase cost 31.830.00
Total purchase cost of-Tl ( ) 488.466.00
Tower
Material Stainless Steel
Height (m) 33.67
Diameter (m) 152
Purchase cost 522,384.00
Tray
12 Type Valve
Material Stainless Steel
No. of trays 60
Diameter (mm) 47,625
Purchase cost 31,810.00
Vessel
Type Horizontal
Material Stainless Steel
Height (m) 4.86
Diameter (m) 121
Purchase cost 37,348.00
Condenser
o Type Fixed tube
Material Stainless Steel
Area (m2) 59.58
Purchase cost *19,449.00
Reboiler

Type Floating shell & tube
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Material Stainless Stegl
Area (m2 17.05
Purchase cost 21,345.00
Total purchase cost of T2 () 632,336.00
Total purchase cost of distillation columns () 1,120,802.00
Table C3.8 Storage tanks sizing and purchase cost
Storage Type Material -  Capacity  Purchase cost
(m3 ()
Cassavarhizome ~ Coneroof — Carbonsteel 1102294  735,695.00
Water Coneroof  Carbon steel 505353 382.133.00
Sulfuric acid ~ Floating roof = Stainless steel — 52.75 329,258.00
DAP Floating roof ~ Stainless steel 1097 29,589.00
CSL Congroof ~ Carbonsteel  65.75 29,589.00
Cellulase Cone roof - Carbon steel 6.36 29,589.00
Lime Coneroof ~ Carbonsteel  26.84 29,589.00
Gypsum Cone roof — Carbon steel 169 29,589.00
Solid waste Congroof — Carbonsteel ~ 761.06 111,171.00
Wiaste water Cone roof  Stainless steel 91145 187.568.00
Ethanol Floating roof ~ Carbon steel 215962 373,190.00
Total 2,266,960.00

Table ¢.3.9 Utility unit sizing and purchase cost

Unit Capacity (m3h)
Cooling tower 452,02

Purchase cost ( )
896,217.00



Table C3.10 Additional units sizing and purchase cost (NREL, 2002)

Unit Purchase cost ( )

Feed handling 1,475,195.00
Solid-liquid separator 5,002,153.00
Seed hold tank 195,274.00
Molecular sieve 3,112,319.00
Lime blower 141,078.00
Hydrocyclone 265,695.00

Total 16,191,714.00

Total equipment cost for base case design equals to $24,724,691.00,
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Table C4 Total Capital Cost Analysis for Process Design

Description Cost ()

|. Manufacturing Fixed-capital Investment (Direct cost)

Purchased Equipment Delivered 27,197,160.10
Purchased Equipment Installation 12,782,665.25
Instrumentation and Controls (installed) 9,790,977.64
Piping (Installed) 18,494,068.87
Electrical Systems (Installed) 2,991,687.61
Buildings (Including Services) 4,895,488.82
Yard Improvement 2,7119,716.01
Service Facilities (Installed) 19,038,012.07
Land Cost 2,000,000.00

Total Direct Cost  97,909,776.36
I1. Non-manufacturing Fixed-capital Investment (Indirect cost)

Engineering and Supervision 8,975,062.83
Construction Expenses 11,150,835.64
Legal Expenses 1,087,886.40
Contractor's Fees 5,983,375.22
Contingency 11,966,750.44
Total Indirect Cost ~ 39,163,910.54
I11. Fixed-capital Investment (FCI) = Direct cost + Indirect cost 137,073,686.90
IVV. Working capital Investments (WC) 543 943,20

V. Total Capital Investment (TCI) = Fixed-capital investment +
Working capital 137,617,630.11
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Table C5 Total Operating Cost Analysis for Process design

Items of Operating Cost ~ Factor Basis Cost, $/year
|. Variable Cost
Raw Material - - 5,174.382.00
Operating Labor 002 Fixed Capital Investment 274147375
Operating Supervision 0015  Operating Labor N12106
Utilities - - 6,114 %4700
Maintenance and Repairs 006  Fixed Capital Investment 8244212
Operating Supplies 05  Maintenance and Supplies 123366315
Laboratory Charges 015  Operating Labor 4122006
Royalties 001  Total Product Cost 4123080
Total Variable Cost 24,723,291.55
|I. Fixed Charges
Property Taxes 002 Fixed Capital Investment 274147374
Insurance 001 Fixed Capital Investment ~~ 1370,73687
Total Fixed Charges 4,112,210.61
[11, Manufacturing Cost
Plant Overhead 06 0ROt g% 26060
Total Manufacturing Cost 28.835,502.16
V. General Expense
Administration 02 Ilv?bor + Supervision + 20754230
alntenance
Distribution & selling 004  Total Product Cost 164944320
Research & Development 004  Total Product Cost L6943
General Expense 5,574,309.60

V. Total Product Cost with Qut Depreciation 41,236,080.00



Appendix D Stream Table of Process Design (Base case of one feedstock)
Table D1 Base case design

Stream Name 1 2 3 4 5 6 1 8
Phase Solid Vapor Liouid Liquid Vapor Mixed Liguid Mixed
Temperature C 30.000 16Q. 25.000 25.000 268.000 99.997 25.000 188.
Présire ATM 100 600 0 160 2000 10 100 1210
Enthalpy” 1 M*KJHR -32.808 2,502 0.507 0.004 9.719 -30.306 0.510 -20.077
Molecul_ar elght 106.530 t 18.015 18.015 98.079 18.015 87.418 18.323 41.370
Vapor Weight Fraction 1.000 1.000 0.% 0,000 . 0.956 ) 0.676
Liquid Weight Fraction 0,000 0.000 1 Lo 0.000 0.044 1,000 0,324
otal Mags Rate KGIDAY 466646.665 21730.610 115717.862 2432.500 83808.767 488377.274 118150.362 690336.403
Total Weight Comp. Rates KGIDAY
b ellulose 139667.347 0.000 0.000 0.000 0.000 139667.347 0.000 139667.347
Hemicellulose 199398 120 0.000 0.000 0.000 0.000 199398.120 0.000 199398.120
Lignin . 109008.661 0.000 0.000 0.000 0.000 109008.661 0.000 109008 661
Glticose 0.000 0.000 0.000 0.000 0.000 0.000 000 000
Xrlo,se 0.000 0.000 0.000 0.000 0.000 0.000 0 0
Cellobiose 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ethanol 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Water 0.000 21730.610 115717.862 0.000 83808.767 21730.610 115717.862 221257,239
Sulfuric Acid 0.000 0.000 0.000 2432.500 0.000 0.000 2432.500 2432.500
Furfural 8.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ammonia 000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Oxygen _ 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000
Carbon Dioxide 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Glycerol . 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000
Succinic Acid 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Lactic Acid 0.000 0.000 0.000 8% 0.000 0.000 8% 0.000
HMVF 0.000 0.000 0.000 . 0.000 0.000 . 0.000
Xylitol 0.000 0.000 0.000 0.000 8.000 0.000 0.000 0.000
Acetic Acid 0.000 0.000 0.000 0.000 0 0.000 0.000 0.000
ComS’[ee,E}I Liquor 0.000 0.000 8% 0.000 0.000 0.000 0.000 0.000
Z 0.000 0.000 . 0.000 0.000 0.000 8.000 8.000
Cellulase 0.000 0.000 0.000 0.000 88% 0.000 0 0
Lime 0.000 88% 0.000 0.000 ) 8% 0.000 0.000
CAS04 0.000 ) 8 0.000 0.000 . 8 0.000
Ash 18572, 0.000 , 0.000 0.000 18572.537 . 18572 537
DAMPHOS 6&% 0.000 0.000 0.000 0.000 0.000 0.000 6 0



Table D1 Base case design (cont’d)

Stream Name
Stream Description
Phase

Temperature
Pressure
Enthalpy .

Molecular Weight
Vapor Weight Fraction
Liquid We ht Fractlon

e
Total Wei ght Comp Rates
ellulose
Hemicellulose
Lignin
Glucose
Xrlose
Cellobiose
Ethanol

\Water
Sulfuric Acid
Furfural
Ammoma
Oxygen
Carbori Dioxide
Glyceral
Succinic Acid
Lactic Acid
HWVIF
Xylitol

“ Acefic Acid
ComSteelsI Liguor

CeIIuIase
CASO4
Ash
DAMPHOS

ATM
M’ KIHR

KGIDAY
KGIDAY

9, :
Mixed
190.000
1

0.614
690336.016
128912.961

18576 &’f)

0 il ?
Vapor Liquid Solid
104, 104, 104
o i M
1,09 6.441 -16.090
18 39 9
65772632 358099319 266464.065

128912 961
9969.906

*
Mixed
y

0.573
624563.384
128912.961

9969.906
109008.661
10863,043
203928.597
103%

135864 252
2332 499

18576&%

14_ 15
lgid M
N
2066 6579

0.997
458734514
644.565
49.850
545,043

8581.804
132%?3,588

257147.593

310479.358
191 675

0.997
458734.514
644 565
49.850
545.043

8581.804
132%?3.588

310479.358
1921675

.




Table D1 Base case design (cont'd)

strea&%em I i B 19 20
Phase Solid Mixed Liquid Mixed *
Temperature C 2 49.952 2 49
ressyre ATM i% 1.000 %.% %if)
W M*KJHR 0 260 4512 0.002 4.730
Molecular Weight 25.250 6% 5.223
Vapor Weight Fractlon 0.008 0.010
Liquid, Weight Fraction | 0.992 1.000 0.990
KGIDAY 2331086 461065.600 1166.022  461065.600
Total KGIDAY
ellulose 644.565 644.565
Hemlcellulose 49.850 49.850
Lignin 545043 1 545,043
Glucose 8581.804 8581.804
C)}rlg_se 132%?3.588 1323?3 588
ellobiose .
Ethanol a&% 6
\Water 310479.358 311186%
Sulturic Acid 1921675 )
Furfural 314 314
Ammonia !
Oxygen . .
Carton Dioxide .
Glycerol )
Succinic Acid
Lactic Acid .
HVIF .
Xylitol .
Acetic Acid .
ComSteep Liquor
M
Cellulase .
Lime 879.386
CAS04 266
Ash .
DAMPHOS )

2 .
Mixed

49.924
1.0
4.732

5211
0.010

0.990
462231.622
644.565
49,850
545,043

8581.804
132553.588

‘i
311185305
1166.022

314%J

WO X IO
- =
- e e =

87
266

|
a

£33

2
Mixed
49
4821
25.254
0.012
0.988
462233,090
644,565
49.850
545.043

8581.804
132553.588

816&6
311616%

1t

3 24
Mixed Mixed
49 7
10 G0}
0.227 -14.161
148.748 53.169
0213 0.627
0.787 0.373
23334,254 422976.462
644.565 128268.396
4 9920,056
108463618
2281.239
71%% %Ji()%
82532.487
510.825
835,580

18576 a%



Table D1 Base case design (cpnt’d)

Stream Name -1, o5
Stream Description | - )
Phase Mixed
Temperature C 49.924
Pressure ATM 1.000
Enthalpy MKIHR 4600
Molecular Weight 24,187
Vapor Weight Fraction 0.00L
Liquid Weight Fraction 0.999
Total Mass Rate KGIDAY 438898.836
Total Weight Comp. Rates KGIDAY
ellulose 0.000
Hemiceilulose 0.000
Lignin :
(Glucose 7466.169
Xrlo,se 115321622
Cellobiose 815.262
Ethanol 0.000
Water 311613.656
Sulfuric Acid 0.00
Furfural 3137.084
Ammonia 0.000
Oxyl Ben_ 0.000
Carbori Dioxide 0.000
Glycerol 0.000
Succinic Acid 0.000
Lactic Acid 0.000
HMVF 0.000
Xylitol 0.000
Acefic Acid 0.000
CornSteep Liquor 0.000
0.000
Cell_ulase 0.000
Lime 0.000
CASO4 0.000
Ash 0.000
DAMPHOS 0.000

0.
861875.298
128268.396

9920.056
109008.661
9747 408
186696.630
1031917

0.000

304146.144
910.825
397(2).663

0.
18572.531
0.000

0.

86167.610
1128.762
992.006
10900.866
13910.243
18669.663
162472



Table D1 Base case design (cont’d)

S

Phase

Temperature C
ressyre ATM
W. MKIPIR
Molecular Weight
Vapor Weight Fraction

L ht%gﬁ KGIDAY
Total J\ﬁﬁm KGIDAY
ellulose
Hemicellulose
Lignin |
Glucose _—
Xrlose
Cellobiose
Ethanol
Water
Sulfuric Acid
Furfural
A(Snmoma
n.
CatiT biice
Glycerol
Suceinic Acid
Lactic Acid
HMVF
Xylitol

Acefic Acid
ComSteep Liquor
M
Cellulase
Lime
CAS04

Ash
DAMPHOS

3
Mixed

41.000
1.000
-0.079
33.802
0.174
0.826
86802.817

1128762
992.006
10900.866
13910.243
18669.663

—— -
22
S

85558

B &

(]
IO O OO OO OO OO
oO— “-lg

RS

-
S¢S

2C
-

H
R

—~N OO
==

o
O -
(2]
o
-~

Rl
Mixed

it

0.
86802.616

1128762
992.006
10900.866
1299,626
3324.776
162472
14041.176
38144.248
01.082
397.266
0.000

38,169
13394660
16,455
50.688
067
0.000
166,606
67.133
410,012
168131
t‘n‘o
1857.254
52.800

3H
Vapor

000
13835.256
0000

E====

LY
[am)
— Ol

O OO OO GO

SSSSSSSSSS

..
A
S GO

S==

w
—
D
©

12724,

2CD

-
C)
-ten

OO OO

g8

36
Mixed

43
ity
-0423
21.006
0.209
0.791
72967.360

1128.762
992.006
10900.866
1299.626
3324.716
162472
12988.088
38125.176
51.082
i
669.733
16.455
50.688
9.267
0.000

166.606

67.133
410.012
168.131
129.162

1857254
52,800

37 HH
Mixed
65.000
1000
1363
33.959
0.173

0.827
775688.491

10158.857
8928.051
98107.795
125192.185
168026.967
1462.24

OO OO OO

SSSSSSSosssecotunes

1671

Y
=~

8

1O

X

Mixed
40.834
1000
-0.698
33.959
0.173
0.827
775688.491
10158.857
8928.051
98107.795
125192.185

168026.967
1462246
000

0

=S

-.-.
SS
COoC D

SSESS

1671

Il
(o]
-~

U1 OO OO OO

=

11287619
9920.056
109008.661
126491811
171350743
1624718
12988,088
381187.143
510,825
3972.
00
660.733
16.455
50.688

9.267
0.000

166.606

67.133
410012
168.131

129.162
0.000

0.000
18572.537
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Table D1 Base case design (cont’d)

o

Phase

Temperature
ressyre

f W
Molecular Weight
Vapor Weight Fraction

Liouidl Weight Fraction
ellulose

Hemicellulose
Lignin
Glucose
XYIo_se
Cellobiose
Ethanol
Water
Sulfuric Acid
Furfural
Ammonia
Oxygen
Carbon Dioxide
Glycerol
Succinic Acid
Lactic Acid
HVIF
Xylitol
Acetic Acid
ComSteep Liguor
M
Cellulase
e
CAS04

Ash
DAMPHOS

Q 8
Liquid Solid’
c % %
ATM 1 i
MAKIHR 0009 0010
W
KGIDAY W60 25376
KGIDAY
1

¢
Liquid

a
18.338
0,083

0.917
2102.130

[

2476.754

44
Mixed

45
Mixed

4
1
-1.115
33091
0.176
0.824
85391359

11287.619
9920.056
109008.661
126491.811
171351743
1624718
12988.068
383663.897
510.825

3976..%

67.133
2374039
168.131
354.538

18572537
644387

iy
Mixed

4
1
-1.249
32815
0.177
0.823
844978.288

11287.619
9920.056
109008.661
122697.057
166211.191
1624718
12988.088
383663.897
510.825

.

660,733
16,455
50,688

L

18572.537
644387

47
Liquid

It

0.135

ki

8935.307

3704.754
514

Mixed

4
1
-2.463
28117
0.323
0.677
844976,208

1115217
9920.056
109008.661
s

151177.439
382439 825
510.825
3976.%
214011
132560.457
118,664
3%252
1303374
488.632
2313.005
i
0.0
18572.531
636.346



Table D1 Base case design (cont’d)

Sreamae iy
Phase Liquid

Temperature C 4
ressyire ATM

M*KIHR 0.035

i

8935.236

Molecular Weight
Vapor Weight Fraction
Liquid Weight Fraction

Rate KGIDAY
Total%| affn‘p Rates KGIDAY
Hemicellulose

ellulose
Lignin
Glucose
Xrlo_se
Cellobiose
Ethanol
Water
Sulfuric Acid
Furfural
Ammonia
Oxygen
Carton Dioxide
Glycerol
Succinic Acid .
Lactic Acid 8935
HVIF |
Xylitol
Acetic Acid
ComSteep Liguor
M

Cellulase
Lime
CAS04
Ash
DAMPHOS

s

Mixed

4
1
-2.428
2831
0.319
0.68L
853011 444

1115217
9920.056
109008.661
6471731

22688.(%
151177439
382139.825

kL

214011
132560457
118.664
e
1303.374
488.632

2313.005
667.944

n

18572537
636346

Vapor

iy

1400
4

132460.320

8994.806

SSia%

21671

oY

|
Mixed

Bl

-3.821

0.
721451124

1115217
9920.056
109008.661
6471.731

22686:%

142182.633
37862043
e,
2340
1322753

118,663
371.252

9006%

1303.374
483423
2301.265
667.944

L

18572.537
636.346

B .
Liquid

i

3875
2

561175824

I :’:‘:
000

6471731

22683,
14218?:@

378620.432
510825

3898.&%
2.340
13222536
118,663
sy
1303.374
483423

i

0,000

iy

41033

1,000
-1.103
b

140275.299

1115217
9920.056

667044
%

18572537
636.346

22688.%
142182633
378620432
ks
2,340
1322253
118663
9883%
1303.374

483423
2301,

Liquid

100519
4.760
9.099

2%

581175.824

00
00
6471731
22686.

142182 633
378620432
510,825
3896.&5
2340
1322253
118663
988%%
1303.374

483423
230



Table D1 Base case design (cont’d)

Stream Name > 57 5
Stream Description . :
Phase Liquid Vapor

Temperature C 100.000 100.000
Pressure ATM 4.760 4.760
Enthal‘;;v M*KIHR 8915 0.184
Molecular Weight 23097 "42.600
Vapor Weight Fraction 0.000 1.000
Liquid Weight Fraction 1,000 0.000

Total Mass Rate KGIDAY 567158323 14017501
Total Wei ght Comp. Rates ~ KG/DAY

ellulose 0.000 0.000
Hemicellulose 0.000 0.000
Lignin 0.000 0.000
Glucose 6471.731 0.000
Xrlo_se 22685.334 0.000
Cellohiose 0.000 0.000
Ethanol 141756.085 426548
Water 378279.674 340.758
Sulfuric Acid 510.825 0.000
Furfural 3869.960 23.150
Ammonia 0.000 0.000
OxyBe,n , 0.000 2.340
Carhon Dioxide 0000 13222536
Glycerol 118,663 0.000
Succinic Acid 371.252 0.000
Lactic Acid 9002.907 0.000
HMVF 0.000 0.000
Xylitol 1303374 0.000
Acefic Acid 483233 0.190
ComSteel& Liquor 2299.281 19719
0.000 0,000

Cellulase 0.000 0.000
Lime 0.000 0.000
CAS04 0.000 0.000
Ash 1 0,000 0.000
DAMPHOS 0,000 0,000

5
Vapor
78.623
1.000
7.383
391.093

o
oSS
SS

0.0
144545917

0.000
0.000
0.000
0.000
0.000

0.
127964.379
16568

60
VLiquid

9%.981
1.000

6.946
20261
0.000

1.000
422612.346

0
13791706
361711.169
010.825

6l
Vapor

11926281 1
7529'008

62
Liquid

8L 781!
1.000
0.206

25.700
0.000

1.000
17754.161

0.
8701.569
9038 500

i
Vapor
100.000
1000
6.160

42170
1.000

0.000
1267|91.816

64:

Vapor

100.000
1.000
5.358

45714
1.000

0,000
119261.288

65
B
Vapor

100.000
1.000
0.802

18.928
1.000

0.000
7530528

314

;
Liquid
40.000
1000
0.479

45114
0.000

1.000
119261.288

S
Solid



Appendix E Results of Sustainability analysis

Table El Sustainability Results of alternative D case

Open Path

LBV
%agawﬁgagw%aswwmgmﬁwmmsaamamﬁwsggggﬁgggggg

Component

Cellulose
Cellulose
Cellulose
Cellulose
Callulose
Callulose
Callulose
Cellulose
Cellulose
Cellulose
Cellulose
Cellulose
Callulose
Cellulose
Cellulose
Cellulose
Cellulose
Cellulose
Hemicellulose
Hemicellulose
Hemicellulose
Hemicellulose
Hemicellulose
Hemicellulose
Hemicellulose
Hemicellulose
Hemicellulose
Lignin
Linin
Lignin
Lignin
Lignin
Lignin
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose

Flow-rate (kg/h)

1968
1812
1781
163189

2085164
190,737
031
320
3)
2063
378762
30647
324
30319
i

386,655
318988
1768
19141

3350 645
0!
8467
1774
13024
"7

74577
1933%

1740012
28149
253338

i
0002

16

Ui
8,865
15930
5200

0017

0.300

MVA

0,268
Non Defined
2400
Non Defined
Non Defined
Non Defined

EWC

0091
0828

Non Defined
000L
Non Defined



Open Path
P43
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Component

Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose

g8

R

CEEEEERRERRERREEER

=X

?40.86

Cellobiose
Cellobiose
Cellobiose
Cellobiose
Cellobiose
Cellobiose
Cellobiose
Cellobiose

Flow-rate (kg/h)
0010
3173
1610
28942
0,945
0,14
2,166
0,090
29206
14824

200423
g
5,487
184
5%, 504
302,760
41 397
i
53050

19
01772
e
07 654
0454
2810
0103
15816
A
145,058
5.1%
6281
30738
145
o
2008253
7108
5
03
2000
S0
301
21373

MVA

Non Defined
Non Defined
0,000
Non Defined
Non Defined
0,000
Non Defined
Non Defined
Non Defined
0,000
Non Defined
Non Defined
0,000
Non Defined
Non Defined
Non Defined
0,000
Non Defined
Non Defined

0,000
Non Defined
Non Defined
Non Defined

0,000
Non Defined
Non Defined

0,000
Non Defined
Non Defined
Non Defined

0.000
Non Defined
Non Defined

0,000
Non Defined
Non Defined
Non Defined

0,000
Non Defined
Non Defined
Non Defined
Non Defined
Non Defined
Non Defined
Non Defined
Non Defined
Non Defined
Non Defined

TVA

Non Defined
Non Defined
013
Non Defined
Non Defined
0013
Non Defined
Non Defined
Non Defined
1191
Non Defined
Non Defined
0177
Non Defined
Non Defined
Non Defined
16,753
Non Defined
Non Defined

687
Non Defined
Non Defined
Non Defined
4045
Non Defined
Non Defined
0037
Non Defined
Non Defined
Non Defined
-1859
Non Defined
Non Defined
054
Non Defined
Non Defined
Non Defined
25151
Non Defined
Non Defined
Non Defined
Non Defined
Non Defined
Non Defined
Non Defined
Non Defined
Non Defined
Non Defined
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Open Path Component Flow-rate (kg/h) MVA EWC TVA

oPYlL Etharol U476 000 000 0,000
PP Ethanol 43,200 0000 0000 0,000
oP% Ftharol 421756 WRE X3 B0AW
P Y Etharol 2119 00 010 W
PP Etharol 3097 0100 R N1,
P% Ftharol 49016 0000 4086 4986
Py Ftharol 1516 000 006 006
PR Ethanol 463,064 0000 0000 0,000
OPY Ftharol 55070 BRI BB 3L
OP 100 Ethanol VIRVl 0,000 120 10
OP 101 Etharol 31 p4 000 28402 268412
P 100 Ftharol 525,629 000 46 53466
OP 108 Etharol 1657 0100 R Y S .
OP 104 H20 1094% 0867 16 208
OP 106 H20 0011 000 0000 0,000
OP 106 H20 0390 0008 03 0016
OP 107 H20 0,09 0000 004 D0
OP 108 H20 0601 006 0 009
OP 109 H20 0819 0006 18 A8
CP 110 H20 19873 057 595 60B
OP 111 H20 0,019 0000 0o Q001
P 112 H20 0,148 NonDefied 0006 Non Defined
OP 113 H20 3515 008 06 D1
OP 114 H20 0533 004 005 QM
OP 15 H20 6219 009 03 W
CP 116 H20 IKIE 008 1668 -1662
OP 117 H20 178947 1407 5268 40T
OP 118 H20 0,174 Q00 09 o
QP 119 H20 139 Non Defied 0040 Non Defined
P 10 16008 Non Defined 0419 Non Defined
P11 2 20776 NonDefied 0510 Non Defined
P12 H20 585,150 464 75D 12146
P13 H20 0,09 0100 7211
P 14 H20 2086 007 000 0087
P 1% H20 0317 008 0 006
OP 1%6 H20 3601 200 0B 48
P 177 H20 4376 006 989 998
OP 18 H20 106208 080 dle2
P 19 H20 0103 Q00 006 007
P13 H20 0789 Non Defied 0027 Non Defined
oP 13 H20 1878 019 059 718
P12 H20 2851 0B 0w 4R
P13 H20 B2 0283 190 223
OP 134 H20 0404 032 870 P
P13 H20 956,308 5% /LU0 288984
P 1% H20 099 0001 009 00
P13 - H20 A Non Defined 0215 Non Defined
P13 H20 8548 NonDefied 2239 Non Defined



Open Path

QP 146
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Component

H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
120
H20
H20
H20
H20
H20
H20
H20
H20
H20

Flow-rate (kg/h)

0043
158
0229
2668
3164
777
0075
5
2061
2405
28486
69139
0672
5133
615

MVA

Non Defined
3390
0,000
0012
0002

0001
Non Defined
0002

30

0003
Non Defined
0538
0082
1%
1129
Non Defined
Non Defined
0,086
0,000
0,000
0001
0001
0,016

279

TVA

Non Defined
4781
-0,002
0063
0019
0190
-1159
-23461
0,005

Non Defined
-0519
by
4370

-208914
0041

Non Defined

Non Defined

Non Defined
006
0017
162
1049
-31409
0,004

Non Defined
0,005
0207
i
Bpll

i

Non Defined
1713
-06/0
-6,605

-320,180
-1000,679
0,160
Non Defired
Non Defined

167
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h Component Flow-rate (kg/h) MVA EWC TVA

H20 0055 Non Defined Q001 Non Defined
H20 0,349 008 om0
H20 0083 0,000 004 00
H20 0617 006 008 QM
H20 073l 0006 16 -1
H20 1IF QM 53 B3
H20 0017 000 0mL 000l
H20 0132 Non Defined 0004 Non Defined
H20 158 Non Defined 0043 Non Defineg-
- H20 231 Non Defined 0033 Non Defined
H20 53479 063 0814 -1
H20 0006 0,00 0,000 0,000
H20 0208 000 0007 0009
H20 0022 000 02 0008
H2 0369 008 0 Q07
HU 0437 008 0%7 0%
H20 10614 084 3 3%
H20 0,010 0000 00 Ml
H20 0079 Non Defied 0003 Non Defired
H20 1877 005 0B 0074
H20 0285 00 0m Qw
H20 3 206 0 029
H20 308 008 88 893
H20 %51 0BT B2 -B%
H20 0093 Q0 05 0006
H20 0710 Non Defired 0022 Non Defined
H20 _ 850 Non Defined 0233 Non Defined
H20 1268 NonDefined 0176  Non Defined
H20 1458 036 0% 098
H20 0151 Q000 006 0006
H20 0023 0,000 002 -0
H20 0268 0002 007 009
H20 0318 008 076 0719
H20 7706 Q060 23 233
H20 0,007 0,000 0,00 0,000
H20 0,067 Non Defired 0002 Non Defined
H20 1% 000 03
H20 0207 000 005 0015
H20 2411 009 0147 0166
H20 7859 0083 Ml 66l
H20 69358 0550 04 -2dom
H20 0067 000 00 -00M
H20 0515 NonDefied 0016 Non Defined
H20 6,207 Non Defined 0169 Non Defined
H20 919 NonDefined 0128 Non Defined
H20 1278% 1013 16 267
H20 0013 0,00 0,000 0,000

H20 045 0004 005 0019



Open Path

P2%
P23
P23/
QP 238
P23
QP240
P24
P22
0P 243
QP24
QP24
QP 246
P24/
QP 248
QP 249

QP 260

SIBBRRRBEIR

Ewl\)

%%%%%%%%%%%g%%%%%%%%%%

RBREIIFSS

Component

H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20 |,
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20

Flow-rate (kg/h)
0,069
0,807
0,956
23213
0023
0172
4105
0,623
1,264
8613

209,020
0,203

41,087
097 154
0,99
7404
80202
16642
DI
0,043
15%

WA

005
0615
0001
Non Defined
0,109
0017
0,19
0,28
5536
0,005

2157
6913

001

0,052
0017
0171
A1
0,004
0,019
0418
0,146

1458
64,862
206,79
0,03

0526
016
1650
65,000
21138
0041



Open Path
P28

S
REESEE858888E8BRBEEE BB ERERERBREE

LLIBIBIBIYILLBBIBIBILLLLBIBIBIILBIBIILLBIILLIIBIIIILIIILII

b ISISBSUSIN SIS STHSISI SIS

Component

H20
H20
H20
H20
H20
H20
10
HO
Sulfuric Acid
Sulfuric Acid
Sulfuric Acid
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural

Carbon Dioxide
Carbon Dioxide
Carbon Dioxide
Carton Dioxice
g
[0
Succ?r/ﬁg Acid

Flow-rate (kg/h)
5190
62532
116,66/
0,020
0,035
0,041
1006
0,007
43362
4148
43973
63,100
0,151
0,012
6,348
0,038
132
0,112

191

MVA

Non Defined
Non Defined
Non Defined
0,000
0,000
0,000
0,008
Non Defined
Non Defined
Non Defined
Non Defined

TVA

Non Defined
Non Defined
Non Defined
0,000
0,002
0093
0280
Non Defined
Non Defined
Non Defined
Non Defined
-2634

170
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Component
Succinic Acid
Lactic Acid
Lactic Acid
Lactic Acid
Xylitol

itol
Acefic Acid
Acetic Acid
Acetic Acid
Acetic Acid
Acetic Acid
Acetic Acid
ComSteep Liguor
ComSteep Liquor
ComnSteep Liquor
ComSteep Liquor
ComSteep Liguor
ComSteep Liquor
ComSteep Liquor
ComSteep Liquor
ComSteep Liguor
ComSteep Liquor
ComSteZle\BI Liquor

M
Cellulase
Cellulase

Ash

A

Ash

A
DAVPHOS
DAVPHOS
DAVPHOS
'DAMPHOS
DAVPHOS
AMSULFAT
AVSULFAT

Flow-rate (kg/h)
1218
036
2041

312,79
b1T1
39415
0038
2615
1597
0,006
0,106
0,007

i
028
0I5
11097



Table E2 Sustainability Results of alternative E case

Open Path Comronent Flow-rate (kg/h) MVA EWC TVA
Pl Cellulose 198 0.268 0.084 0301
QP2 Cellulose 1B13 Non Deflned 0.746  Non Defined
oP3 Cellulose 17801 0730 3139
QP4 Cellulose 163189 NOn Deflned 6511 Non Defined
QP5 Cellulose 2085164 Non Defied 82804  Non Defined
OP6 Cellulose 190737 NonDefined 7542 Non Defined
OP7 Cellulose 0361 0049 0.016 0,065
P8 Cellulose 3 Non Defined 0146 Non Defined
P9 Cellulose 30 0438 0.144 0581
P10 Cellulose 29,643 Non Defied 128 Non Defined
P Cellulose 378,762 Non Defied 16306 Non Defined
PR Cellulose 647 NonDefired 1486 Non Defined
PR Cellulose 333 047 0140 0587
OP U4 Cellulose 30309 NonDefied 124 Non Defined
PL Cellulose 29906 -4026 1219 5.246
P Cellulose 212183 Non Defined 10865 Non Defined
P Cellulose 33507 Non Defined 138181 Non Defined
P B Cellulose 318831 NonDefined 1258  Non Defined
PYH Hemicellulose 1768 137663 0.743 139
P2 Hemicellulose 159141 2391 6l 12240
P2 Hemicellulose 339,645 Non Defined 132699 Non Defined
P2 Hemicellulose 0941 1.324 0.043 1281
P23 Hemicellulose 8467 60,916 0374 65.543
P2 Hemicellulose 178741 Non Defined 7656 Non Defined
P5 Hemicellulose 130X 10063 0546 100817
P2 Hemicellulose Avavy 92267 4771 %07.4%
P27 Hemicellulose 2473741 Non Defined 97543 Non Defined
P28 Lignin 1933% 26031 6.64 -32.644
Py Lignin 1740012 QA2 5B 291607
P Lignin 28149 379 1038 4828
P Lignin 253338 -A.109 9.024 43133
P Lignin 2108% -28.38 1L -35.580
0P3 Lignin 1897425 295409 62417 -317.3%
P Gluoose 0092 0.000 0006 0.005
PH Gluoose 164 NonDefined 0043 Non Defined
P Gluoose 0,04 Non Defined 0001 Non Defined
P37 Glucose 1746 Non Defined 0436 Non Defined
P33 Glucose 8865 0.000 0475 0475
P Gluoose 159330 Non Defined 3975 Non Defined
P40 Glucose 0202 NonDefied 0130 Non Defined
oP4l Gluoose 0017 0000 0001 0001
QP42 Glucose 0300 NonDefied 0008 Non Defined
P43 Glucose 0010 Non Defined 0000 Non Defined
P44 Glucose 3173 Non Defined 0086 Non Defined
P& Gluoose 1610 0.000 0.090 0.090
OP46 Glucose 2892 Non Defined ~ 0.782  Non Defined



Open Path Component Flow-rate (kg/h) MVA EWC TVA

P47 Gloose 0945 Non Defined 0026 Non Defined
P4 Gluoose 0.154 0.000 0,008 {0008

PH9 Gluoose 276 Non Defied ~ 0.072  Non Defined
QP5 Gluoose 0.090 Non Defied ~ 0.002  Non Defined
Pl Glucose 29.1% Non Defined 0727 Non Defined
P32 Glucose 14819 0.000 0.7% 0.7%

PR Gluoose 266.333 Non Defined 6634 Non Defined
P4 Gloose 86% Non Defired 0217 Non Defined
PH Glucose 3142 0000 004 0.0%

P% Glucose 56476 Non Defired ~ 0.074  Non Defined
oP5/ Glucose 164 NonDefied 0002 Non Defined
P8 Gloose 506.386 Non Defined 0104 Non Defined
P Glucose 302,700 0.000 8730 873

QP &0 Gloose 540320 Non Defired 0952 Non Defined
OPel Gluoose 177619 Non Defired 0031 Non Defined
oP62 Xylose 8527 0.000 0457 0457

P63 ><y1ose 53950 Non Defined 1408 Non Defined
oP 64 ><y1ose 193 Non Defined 0050 Non Defined
QP >2/Iose 297212 Non Defined 7417~ Non Defined
0P 66 >2/1ose 430,949 0.000 264 262

QP 6/ ><y1ose 2126535 Non Defired 68024 Non Defined
OP68 >2/1ose 97,64 Non Defired 2436 Non Defined
0P 69 >8/1086 0454 0.000 005 005

P ><y1ose 2810 Non Defined ~ 008L ~ Non Defined
QP7L >2/1ose 0103 Non Defined 0003 Non Defined
P72 ><y1ose 15316 Non Defired 0427 Non Defined
P73 ><y1ose 291 0.000 151 151

OP 7 ><y1ose 145068 Non Defined 3% Non Defined
P ><y1ose 51% Non Defired 0140 Non Defined
QP76 >2/Iose 6.279 0.000 0337 03371

T >2/1os,e 39.724 Non Defined 1085 Non Defined
QP78 >8408€ 1423 Non Defined ~ 0.037 ~ Non Defined
P79 >ng8€ 218,884 Non Defired 5452 Non Defined
P& ><on'se 37312 0,000 1666 -16645

oPéL 0se 2007575 Non Defined 50003 Non Definecf*
P& ?Aose 1.9 Non Defined 171 Non Defined
P& Cellobiose 1830 NonDefied 002  Non Defined
P& Cellobiose 16473 NonDefied 0216 Non Defined
P& Cellobiose 0332 Non Defined 0005 Non Defined
QP& Cellobiose 299 NonDefied 0043 Non Defined
QP8 Cellobiose 3059 Non Defined ~ 0.042  Non Defined
oP8s Cellobiose 2153 Non Defined 0361 Non Defined
P& Cellobiose 3041 NonDefired 0002 Non Defined

ano . } .

PR Ethanol 43119 0,000 0,000 0000

PR Etharol 42174 3B WU BITIX

oPH Etharol 2119 0.000 0054 0054
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th Component Flow-rate ékg/h) M
Ethanol 0.9

. 0.000 13145 13145
Etharal 49,017 0.000 2533 2533
Etharal 1516 0.000 0.004 0.004
Etharal 462.387 0.000 0.000 0.000
Eharol 452259 3697203 1564 FHTLAB
Etharol 2100 0.000 0574 0574
Etharol 331632 0.000 140%) 14090
Etharol 5564 0.000 210600 27160
Ethanol 16257 0.000 0.046 0046
HO - 109484 0.867 1406 2213
H20 001 0.000 0000 0.000
H20 0.389 0003 0008 001
H20 0.059 0.000 0.002 0002
H20 0633 0.005 00 .02
H20 1178 -0.009 1419 -1428
H20 19521 0155 320 335
H20 0019 0.000 0.000 0001
H20 0.147 Non Defined 0003 Non Defined
H20 3501 0028 0.060 {088
H20 053% 0.004 0016 0,020
H20 6.239 0.049 0.160 0.209
H20 10612 0.084 278 12817
H20 I/5.173 -1.392 820  -2662
20 0.174 0001 0.004 0,005
H20 1324 Non Defined 0019 Non Defined
H20 1594 Non Defined 0243 Non Defined
H20 9,776 Non Defined 0511 Non Defined
H20 585,092 4634 151 12145
H20 0.059 0.000 0001 0002
H20 2078 0.016 0044 0061
H20 0318 0.003 00U 0013
H20 3103 0.029 0110 0139
H20 6.298 .00 1583 -1633
H20 104320 082 T 18037
H20 0103 000L 0003 0003
H20 0.785 NonDefied 0014  Non Defined
H20 18712 0.148 0 0469
H20 2800 0023 008 0107
H20 R340 0.264 0853 L7
H20 56.709 0.449 006 -084%
H20 939,349 140 15L006 158516
H20 0930 0.007 0019 0027
H20 7073 Non Defined 0099 Non Defined
H20 85.206 Non Defied 1139 Non Defined
H20 212,566 Non Oefined 2729 Non Defined
H20 42911 -3.30 5430 3780
H20 0043 0.000 000L 000L

SESBEEREREBRREEEENBERRRREREREEREERES SRERRREREE 88188

H0 1502 0012 0032 004
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Component
20
H20
H20
H20
H20
H20
H20
10
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H0
H2'
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20

Flow-rate (kg/h)
0230
2677
4553
hAlS
005
0,568
13527
2067
24102
097
679019
062
5113
6L5%
153669
2231
0341
3974

206.738
441
330
25,78
310625
1082
0039
0006
0069
0117
193/
0015
0347
0053
0619

MVA
0002
Q02
-0.036
0597
0001
Non Defined
0107
0016
0191
035
5318
0005
Non Defined
Non Defined
Non Defined
0018
0003
0031
004
0887
0001
Non Defined
0,002

207
Non Defined
Non Defmed

175

TVA
0010
0101
5518
-13039
0002
Non Defined
0339
0078
0807
49517
-1145%
0.019
Non Defined
Non Defined
Non Defined
0025
0,008
0077
-3.070
-17.328
0002
Non Deflned

Non Defined
0836
0258
2511
247051
-533.918
004
Non Defined
Non Defined
0237
0001
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h Component Flow-rate (kg/h) MVA BAC TVA

H20 1063 0008 1264 1273
H20 17439 0138 2824 2962
H20 0017 0000 0,000 0001
H20 0131 NonDefined 0002 Non Defined
H20 158 Non Defined 0023 Non Defined
H20 235 NonDefined 0033 Non Defined
H20 58678 0465 0817 -1.282
H20 0,006 0,000 0,000 0000
H20 0208 0002 0005 -0.006
H20 0032 0,000 0001 0001
H20 0371 0003 0011 0014
H20 0632 0005 0761 -.766
H20 10462 0083 1737 -1820
H20 0010 0.000 0,000 0.000
H20 0079 Non Defied  OD02 ~ Non Defined
H20 187 0015 0034 0049
H20 0287 0002 0,009 Q01
H20 334 002 0,089 116
H20 5687 005 6830 -6.875
H20 9206 0,746 kYAt -15.99
H20 0093 0001 0,002 0.003
H20 0.709 Non Defied 00 Non Defined
H20 8545 NonDefined 0124 Non Defined
H20 12669 Non Defied 0176 Non Defined
H20 454 037 0592 0929
H20 0151 0001 0003 0005
1N 0023 0,000 0001 0001
H20 0.269 0002 0,008 0010
H20 0458 0004 0552 0555
H20 758 -0.060 1260 -1.320
10 0,008 0.000 0000 0000
H20 0057 Non Defined 0001 ~  Non Defined
H20 130 0011 0025 -0.036
H20 0.208 0002 0,006 -0.008
H20 2424 0019 0065 -0.084
H20 4123 0033 4,957 -4.985
H20 68.207 Q1 1108 -11599
H20 0,068 0001 0001 -0.002
1120 0514 NonDefired 0008 Non Defined
H20 6.1% NonDefied 0090 Non Defined
H20 918 Non Defined 0128  Non Defined
H20 135% -1,058 1712 2110
H20 0013 0,000 0,000 0000
H20 0474 004 0010 0014
H20 0073 0001 0002 0003
H20 0845 0007 005 0032
H20 1438 Q01 17 1743

H20 23819 0189 399 -4118
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Component
20
H20
H20
H20
H20
H20
H20
H20
H20
H20
120
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
120
H20
H20
H20
H20
H20
H20

120 -
H20

-H20 ~
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20

Flow-rate (kg/h
i

0.179
4213
0653
1613
12949
214483
0212
1655
194%
36436
609.989
0061
2166
0331
3800
6.560
108.759
0.108
0819
19508
2981
3759
29123
979.320
0.969
1374
66832
166.366
41901
0042
148
029
26/0
4541
.24
0074
0.566
13493
2062
2441
4089
677.350
0671
5.100
61441
115067
0.020

MVA
0,000
Non Deflred

300
Non Defined
Non Defined

Non Defined

4831

0.000

Non Defined
Non Defined
-12649
0002
0063
0014
{) 145

177



o
D
=

%‘c

SEESESEEEEBBERRBBBBEBREY

=

(&%)
H
(e

BB LBLLLLLLLLLLBBIBIBIIBIIBIBBIIIIIIILLIIIILI

LEBESBBRBRACEREREBBERBRREKEE

178

Component Flow-rate (kg/h) MVA EWC TVA

20 00 000 o gt
H20 0060 000 0 4oL
H 0%7 AB 01 ALy
H20 0007 NonDefined 0000  Non Defined

Sulfuric Acid 43302 Non Defined 1504 Non Defined
Sulfuric Acid 4158 NonDefined 0156 Non Defined
Sulfuric Acid 43966 Non Defined 152 Non Defined

Furfural 63.103 0,000 2634 -2634
Furfural 0151 0,000 0,007 0007
Furfural 0103 0,000 0038 0038
Furfural 6.257 0,000 0527 0527
Furfural 0038 0,000 0,002 0002
Furfural 132 0,000 0,059 0059
Furfural 0926 0,000 0339 0339
Furfural 56317 0,000 4,647 4647
Furfural 0.342 0,000 0015 0015
Furfural 3357 0,000 0.152 0152
Furfural 0,008 0000 0,000 0,000
Furfural 0005 0,000 0002 0,002
Furfural 0333 0000 0029 009
Furfural 0072 0,000 0003 0003
Furfural 0.049 0,000 0018 0018
Furfural 29% 0,000 0258 0258
Furfural 0018 0,000 0001 0001
Furfural 46463 0,000 19% 193
Furfural 0111 0,000 0005 0005
Furfural 0.076 0,000 0028 0028
Furfural 4607 0000 0388 0388
Furfural 0028 0.000 0001 0001
Furfural 1003 0,000 004 0,044
Furfural 0682 0,000 0.249 0.249
Furfural 41467 0.000 3419 3419
Furfural 0252 0.000 001 Q01
Ammonia 31765 NonDefined 0000  Non Defined
Oxygen 1412 0092 0002 {
Oxygen 7680 0501 0010 0510
N 0,054 0003 0.000 0004
Carbon Dioxice 37403 0,000 0950 0950
Carbon Dioxide 26438 0,000 0082 0082
Carbon Dioxick 1846 0.000 0,009 0009
Carbon Dioxice 0247408 0,000 7,066 -1,066
Carbon Dioxide 366.409 0000 1043 1043
Glyceral 0,661 0001 0,043 Q04
Glycerol 3993 0005 0.252 0257
Succinic Acid 1% 0000 0074 0074
Succinic Acid 218 0,000 0442 . QM2
Lactic Acid. 0.364 0,000 0019 0019

Lactic Acid 2200 0.000 0109 0109
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Component
Lactchud
Xylitol
itol
Acetic Acid
Acetic Acid
Acetic Acid
Acetic Acid
Acetic Acid
Acetic Acid
Acetic Acid
ComSteep Liguor
ComSteep Liguor
ComSteep Liguor
ComSteep Liquor
ComSteep Liquor
ComSteep Liquor
ComSteep Liquor
ComSteen Licuor
ComSteen Liquor
ComSteep Liquor
ComSteZle\[;I Liquor

M
Cellulase
Callulase

A

Ash

Ash

Ash
DAVMPHOS
DAMPHOS
DAVPHOS
DAMPHOS
DAVPHOS
AVSULFAT
AVSULFAT

Flow?;rate (ka/h)

3290
296458
17,606
158457
172
002
0.106
1931
0283
123%
11091

4001
Non Defined
Non Defined

46072
Non Defined

-20.150

-181.346

Table E3 Sustainability Results of alternative F case

Open Path
1

QP2

23333

Component

Cellulose
Cellulose
Callulose
Cellulose
Cellulose
Callulose
Callulose

Flow-rate (kg/h)

1813
1789
163189
2085.164
10737
0361
3204

MVA

0.268
Non Defined
2409
Non Defined
Non Defined
Non Defined
0.049

EWC

008
0.767
0.7%
6.702
80144
1789
0017

Non Defined
46,093
Non Defined
-20.186
-181514

TVA

0354
Non Defined
-3.164
Non Defined
Non Defined
Non Defined
0065
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Cellulose
Cellulose
Cellulose
Cellulose
Cellulose
Cellulose
Cellulose
Cellulose
Cellulose
Cellulose
Hemicellulose
Hemicellulose
Hemicellulose
Hemicellulose
Hemicellulose
Hemicellulose
Hemicellulose
Hemicellulose
Hemicellulose
Lignin
Lignin
Lignin
Lignin
Lignin
Lignin
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose

Non Defined

Non Defined
Non Defined
Non Defined
0447
Non Deflned

Non Deflned
Non Defined
Non Defined

1238971
Non Defined
1324
05916
Non Defined
100,208
910870
Non Defined
26031
-234.275
-3790
-34.109
-28.342
255078

Non Defired
Non Defined
Non Defined

Non Defined
Non Defined

Non Defired
Non Defined
Non Defined

Non Defined
Non Defined

Non Defined
Non Defined
Non Defined

Non Defined
Non Defined

0000
Non Defined

Non Defined
0504
Non Define
Non Defined
Non Defined
0591
Non Defined
5.219
Non Defined
Non Defined
Non Defined
13%6.8%
1232261
Non Defined
1281

65,536
Non Defined
100644

LI
Non Defined
32812
29363
4848
4338
-3.784
-319.647
0.007
Non Defined
Non Defined
Non Defined
0639
Non Defined
Non Defined
0001
Non Defined
Non Defined
Non Defined
0.119
Non Defined
Non Defined
0011
Non Defined
Non Defined
Non Defined
1,066
Non Defined
Non Defined

0.153
Non Defined
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Glucose 505,852 Non Defined 0003 Non Defined
Glucose 290.332 Non Defired 0108 Non Defined
Gluoose M4 0.000 uor 14397
Gluoose 177460 Non Defined 118 Non Defined
Xylose 8101 Non Defied 0039 Non Defined
><y1ose 53950 18392 05711 153411
0 19 Non Defined 1449 «Non Defined
><yiose 2971.212 NonDefied 0062 Non Defined
>8/103e 409402 Non Defined 7629 Non Defined
>?/Iose 212653 LB B2 7753546
>éliose 97.604 Non Defined 70071 Non Defined
%lose 0431 Non Defined 2510 Non Defined
>?/1039 2810 819 003L 8161
>éﬂose 0.103 NonDefired 0082 Non Defined
>8/1ose 1 15816 Non Defined 0003 Non Defined
>éﬂose 2L781 NonDefined 0433 Non Defined
>é/iose 145,088 414015 156 412469
>éﬂose 51% Non Defired 3976 Non Defined
>éﬂose 596 Non Defined -~ 0142 Non Defined
>?/Iose 39663 1326 0419 112786
>é/iose 121 Non Defined 1064 Non Defined
>éﬂose 218549 Non Defined 0038 Non Defined
>éﬂose 30,985 Non Defined 5603 Non Defined
0se 2004502 oRLLT 083 5100284
?/lo_se L% Non Defined 51463 Non Defined
Cellobiose 180 Non Defined 1843 Non Defined
Cellobiose 16473 Non Defined 0026 Non Defined
Cellobiose 0332 Non Defined 0223 Non Defined
Cellobiose 299 Non Defined 0006 Non Defined
Cellobiose 3055 NonDefined 0043 Non Defined
Cellobiose 21493 Non Defired 0043 Non Defined
Cellobiose 3038 Non Defined 0372 Non Defined
Cellobiose 21343 NonDefined 0002 Non Defined
Ethanol 4443 Non Defined 0003 Non Defined
Ethanol 4295 0.000 0.000 0.000
Ethanol 1517 0.000 0.000 0.000
Ethanol 2118 02 1239 BB
Etharol 1544 0.000 0057 0.057
Ethanal 244% 0.000 1371 1311
Ethanal 1515 0.000 N 179
Etharol 460,741 0.000 0.006 0,006
Etharol 4520.140 0.000 0.000 0.000
Ethanol 2114 3677170 132106 35545685
Ethanol 165.726 0.000 0.606 0,606
Ethanol 262671 0.000 000 -79040
Ethanol 16248 0.000 1922 -19202
H20 163119 0.000 0063

R 888 RE RSB B RIRRRBBRIS I IS IR N ABBARIRRBIIR BB Y]

10.063
H20 51% 1292 2152 -3444
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h Component Flow-rate (kg/h) MVA EWC TVA

H20 0.808 004 00% 0137
H20 9418 0006 0026 0033
H20 58802 0075 0.268 0343
H20 0.260 0466 1315 -135%0
H20 1% 0,002 0.006 0.008
H20 21620 NonDefied 0029 Non Defined
H20 50,189 Non Defined 0299 Non Defined
H20 68,024 NonDefined 0781 Non Defined
H20 2.168 0539 0897 -143%6
H20 0337 0017 0.040 0057
H20 397 0003 0011 0014
H20 24522 Q031 0112 0143
H20 0108 01% h4T73 -5.667"
H20 0819 0001 0003 0003
H20 9016 NonDefired ~ 0.0f2  Non Defined
H20 24,683 Non Defined 0125 Non Defined
H20 -630.190 Non Defined 0326 Non Defined
H20 20081 4991 8313 -13.304
H20 3 0,159 0371 0530
H20 36.38 005 0102 0126
H20 21175 0288 10% -1.324
H20 1006 -1.799 50.706 52505
H20 7538 0.008 0024 0032
H20 83527 Non Defined 0411 Non Defined
H20 228,668 NonDefined 1156 Non Defined
H20 4635 Non Defined 3016 Non Defined
H20 0.720 0037 0018 -0.055
H20 8.397 0006 0013 0019
H20 430 0067 0.116 183
H20 0232 0415 109% 1131
H20 LAl 0,002 002 - 0004
H20 5,603 Non Defined 0000 Non Defined
H20 8806 0449 0.300 0,749
H20 102668 0070 0171 0241
H20 041023 0813 1568 -2.382
H20 28% S0 1461 -13969
H20 2412 002 0029 0.062
H20 235,601 Non Defined 0031~ Non Defined
H20 16,083 NonDefined 0152 Non Defined
H20 0512 Q127 0226 0353
H20 0079 0004 0010 0014
H20 0927 0001 0003 0003
H20 5187 0007 0027 -003%
H20 0026 0,046 1297 1343
H20 0193 0.000 0001 000L
H20 2128 Non Defined 0003 Non Defined
H20 4534 Non Defined 0031 Non Defined

H20 6.766 NonDefied 0,064 Non Defined
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Component

H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20 -
H20

H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20

Flow-rate (kg/h)
0216
0034
0391
2439
001
0081
0897
191
62.866
2003
031
3630
22.662
0100
0.757
8332
177%

193567
25281
3930
45818
286,070
1266
9555
106182
209562
12.8%
2372
0361
4206
26.264
0116
0877
9657
19239
59.3%
188
0294
3429
21412
00%
0.715
1813
1568
0,008
004
0,006
0074

Non Defined
Non Defined
04%
0016
0002
0.029
0179
0001
Non Defined
Non Defined
Non Defined
6.28
0.200
003L
0.363
-2.260
-0.010
Non Defined
Non Defined
Non Defined
0577
0018
0003
0033
0.208
0001
Non Defined
Non Defined
Non Defined
0410
0015
0002
0027
0170
0001
Non Defined
Non Defined
Non Defined
0.000
0.000
0.000

EWC

00%
0004
0001
0011
0.4/
0.000
0001
0013
002/
088
0039
0010
0107
2078
0002
0012
0123 ~
0.0
10457
046/
0128
LU
63.84/
0030
0140
144
2761

0043

0109
020
0000
0000
0000

TVA

0149
0,006
000L
0015
0566
0.000
Non Defined
Non Defined
Non Defined
1383
.05
0013
013
528
0003
Non Defined
Non Defined
Non Defined
-16.742
0,668
0.159
-1.667
06.113
0,040
Non Defined
Non Defined
Non Defined
-1537
006L
0015
0153
6010
0,004
Non Defined
Non Defined
Non Defined
1253
0,050
0012
0.1%
498
0003
Non Defined
Non Defined
Non Defined
0.000
0001
0.000
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Component

H20
H20
Sulfuric Acia
Sulfuric Acid
Sulfuric Acid
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Furfural
Ammonia
1
Oxygen
1
Carbon Dioxide
Carbon Dioxice
Carbon Dioxice
Carbon Dioxice
Carbon Dioxide
oo
0
Succl)rq?g Acid
Succinic Acid
Lactic Acid
Lactic Acid
Lactic Acid
Xvlitol

itol

Flow-rate (kg/h)
0459
0015
43362
4158
44,704
63.246
0.151
0073
4310
0038
1.3/

1156
0.346

2101
353,760
5484

37415

WA

0.001
0,004
Non Defined
Non Defined
Non Defined
Non Defined
0.000
0.000



Open Path Component Flow-rate (kg/h) MVA EWC TVA

QP219 Awtic Acid 0038 0009 4TH 48
PR Awtic Acid 0,010 0000 000 00
PZL  Atic Aoid 2475 0000 003 003
P22 Awtic Adid 0231 000 00 1
PR Awtic Adid 0,09 000 000 00
PH - Atic Adid 1513 000 007 0
- PR Atic Acid 0,006 0000 068 6%
QP26 Combteep Liguor 0105 000 000 000
QP27 ComSteep Liguor 0,020 0668 -0 06689
QP28 ComSteep Liquor 1240 Q24 001 Q1)
CP20 ComSteep Liguor 001 7859 2640 -8L29
P20 ComSteep Liquor 0402 00 000 0
CPAL  ComSteep Liquor 0803 Non Defired 0002 Non Defired
CP22  ComSteep Liquor 0508 Non Defired 0000 Non Defired
CP23  ComSteep Liquor 0,094 3207 00 3209
P® ComSteep Liguor 50,709 056 0B 073
P2 ComSteep Liguor 0054 3833 DB 30767
QP26 ComSteep Liguor 197 033 000 03
CP 267 M 6580 Non Defied 0000 Non Defined
0P 28 M 1915 0000 000 Qo
0P 269 Cellulase 11471 0000 008 08
P20 Cellulase 4319 < S T |
P 271 A 3290 7102 03 -17L0%
OP212 A 206458 445 63/ -108%
P2 A 1757 095 B4 -HAL
P 2iA Adh 158215 2% M8 ST
QP2 DAVPHOS 175 2132 058 8%
DAVPHOS 00% 408 006 4103
DAVPHOS 0.106 Non Defied 0000 Non Defined
DAVPHOS 19421 NonDefined 0000  Non Defined
DAVPHOS 0283 46144 06 46170

AVSULFAT 124% Non Defined 0000 Non Defined
AVSULFAT 1187 20312 0041 -20.353
Cellulose 1812 182809 07 183017

LIS
RBREIINS

Table E4 Sustainability Results of alternative G case

Open Path Component Flow-rate (kg/h) MVA EWC TVA

Pl Cellulose 0.3%8 -1628 0016 -16M
P2 Cellulose 1590 Non Defined ~ 0.064  Non Defined
oP3 Cellulose 1813 Non Defined 0713 Non Defined
P4 Cellulose 3578 14651 0140  -147%
oP5 Cellulose 14313 Non Defined 0562 Non Defined
OP6 Cellulose 163189 Non Defined 6233 Non Defined
OP7 Cellulose 2085.164 Non Defined. 79191 Non Defined
oP8 Cellulose 190737 Non Defined 7206 Non Defined
P9 Cellulose 0072 0.2 0003 029
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QD

th ~ Component  Flow-rate (kyh)  MVA BAC TVA

Cellulose 0289 Non Defined 0014 Non Defined
Cellulose 3204 Non Defined 0154 Non Defined
Cellulose 0650 -2.661 0030 -26%
Cellulose 2600 Non Defined 0122 Non Defined
Cellulose 29643 Non Defined 1356 Non Defined
Cellulose 378,762 Non Defined 17238 Non Defined
Cellulose - BT NonDefired 150 Non Defined
Cellulose 0664 2718 0028 2746
Cellulose 265 NonDefined 0112 Non Defined
Cellulose - 3.216 NonDefined 1250  Non Defined
Cellulose 597 20464 0246 -A4T10
Cellulose 2389 Non Defined 0984 Non Defined
2' Cellulose 212488 Non Defined 10941 Non Defined
Cellulose BLTA Non Defined 139037 Non Defined
Cellulose 318486 NonDefined 12666 Non Defined
Uemicellulose - 353 2845 0143 -28628
Hemicellulose 14146 NonDefied 0570 Non Defined
Hemicellulose 31828 2636 147 57602

Hemicellulose 127313 Non Defired 4990 Non Defined
Hemicellulose 3359.645 Non Defined 126793 Non Defined

Hemicellulose 0188 -1515 0009 -152
Hemicellulose 0.753 Non Defined 0036~ Non Defined
Hemicellulose 163 1369 009 -13718

Hemicellulose 6.773 NonDefined 0316 Non Defined
Hemicellulose 1874 NonDefined 8091  Non Defined
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Hemicellulose 2601 -0%1 010  -2L06L
Hemicellulose 10404 Non Defined 0440 Non Defined
Hemicellulose 23410 18850 093 -189523
Hemicellulose 93.640 Non Defined 3853 Non Defined
Hemicellulose 2471063 NonDefied 98083 Non Defined
Lignin 3,667 U 312709
Lignin 154668 Non Defied 5083 Non Defined
Lignin 8002 2003034 1005 -2814.069
Lignin 1322010 Non Defined 44141 Non Defined
Lignin 563) 35 0209 -5
Lignin 22519 Non Defined . 0876 Non Defined
Lignin 50668 40810 192 41002
Lignin 202610 Non Defined 7648 Non Defined
Lignin 2119 30256 LB -30707
Lignin 163417 Non Defined 5801 Non Defined
Lignin 379,074 53308 L2613 -6
Lignin 1516.297 Non Defined 50453 Non Deflned
Glucose 0088 139 0007
Gluoose 164 NonDefined 0041 Non Deflned
Glucose 0.054 NonDefind 0001 Non Defined
Glucose 17466 Non Defined 0417 Non Defined
Glucose 8511 1487 069 13169

Glucose 159330 Non Defired 3809 Non Defined
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o

ah ~ Component  Flow-rate (kg/h) MVA EWC TVA
Gluoose 5202 Non Defined 0124 Non Defined
Glucose 0016 0254 000L 0253
Glucose 030 Non Defied 0009 Non Defined
Gluoose 0010 Non Defied 0000 Non Defined
Glucose 3173 NonDefined 0091 Non Defined
Glucose 1546 20487 0123 24,364
Glucose 2892 Non Defied 0828 Non Defined
Gluoose 0945 Non Defied 0027 Non Defined
Glucose 0148 2331 00U 235
Glucose 276 Non Defired 0072 Non Defined
Glucose 0090 NonDefined 0002 Non Defined
Glucose 29,165 Non Defired 0732 Non Defined
Glucose Y21 25091 108 24013
Gluoose 266,044 NonDefired 6684 Non Defined
Gluoose 863 NonDefired 0218 Non Defined
Gluoose 305 47753 0158 - 475%
Glucose 56440 NonDefired 0071 Non Defined
Gluoose 1843 NonDefired 0002~ Non Defined
Gluoose 5%6.008 Non Defined 0102 Non Defined
Gluoose 20408 400062 1499 4585153
Gluoose 536810 NonDefied 1114 Non Defined
Gluoose 177507 Non Defined 0036 Non Defined
Xylose 8101 0.000 0569 0569
>8/1039 5390 Non Defied 1346 Non Defined
%Iose 199 Non Defied ~ 0.048  Non Defined
>8/1039 2971.212 Non Defied -~ 7097 Non Defined
>éliose 400402 0000 B3 B34
><ylose 212653 NonDefied 65181 Non Defined
>éliose 97.604 NonDefined 2335 Non Defined
xﬂam 0431 0000 0032 0032
%1086 2810 NonDefired 0085 Non Defined
>2/1ose 0108 Non Defired 0003 Non Defined
%Iose 15816 NonDefied 045 Non Defined
>2/105e 20781 0000 1610 -1610
>2/1059 145,088 NonDefired 4148 Non Defined
Xﬂaﬁ 51% NonDefined 0149 Non Defined
xvlose 5%8 0,000 0426 042
>éﬂose 0681 NonDefied 1039 Non Defined
>2/1059 11 NonDefined 0037 Non Defined
><yiose 218648 Non Defied 5486 Non Defined
>éltose JL120 0.000 AN1 20207
0se 2005402 Non Defired ~ 50.383  Non Defined
?/Io_se 71182 NonDefined 1806 Non Defined
Cellobiose 18 Non Defined ~ 0.024  Non Defined
Cellobiose 16473 Non Defired 0207 Non Defined
Cellobiose 0332 NonDefired 0005 Non Defined
Cellobiose 299 Non Defined ~ 0.045  Non Defined
Cellobiose 3056 Non Defired ~ 0.042  Non Defined
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Component

Cellobiose

Cellobiose

Cellobiose
Ethanol
Ethanol
Ethanol
Ethanol
Ethanol
Ethanol
Ethanol
Ethanol

- Ethanol

Ethanol
Ethanol
Ethanol
Ethanol
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
H20
10
H20
H20
H20
10
H20
H20
H20
H20
H20
H20
H20
H20
H20

Flow-rate (kg/h)
21506
3039
2130
44444
43090

1517
2118
1544
244%
1555

462073

452014
2714
165.726

262672
16248
08,016
218
033
3907
24,244
0.107
0816
8978
24675

MVA

Non Defined
Non Defined
Non Defined
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EWC TVA
0364 Non Defined
0002 Non Defined
0003 Non Defined
0000 0000
0000 0000
19 B
0055 0055
7092 -1092
1879 -1.879
0005 0005
0000 0000
12789  35H0071
0585 0585
76052 -16.052
20146" 20146
0054 004
0842 -400,824
0037 -12.898
0010 -2.008
0104 23301
5640 -150.149
0002 0642
00LL  Non Defined
0116 Non Defined
0303 Non Defined
0016 21179
0012 4,304
0143 50413
um  -3236M
0051 1431
0016  —I10509
0278 Non Defined
0162 Non Defined
1466 Non Defined
14086 479976
0026 -52.6%
0.139 -614.176
hL1%  -3861561
0129 -16.986
0004 Non Defined
0001 128172
001 -1411.059
0567 -41.245
0000 -1.279
0002 0.200
0014 Non Defined
0029  Non Defined
0945 -3.261
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h Component Flow-rate (kg/h) MVA EWC TVA
H20 2308 14313 004 14414
H20 038 0,064 001 0075
H20 4170 0483 0113 0597
H20 25,880 46572 6031 442609
H20 0114 13728 008 13731
H20 0871 Non Defined 0012 Non Defined
H20 9.584 Non Defined 0130 Non Defined
H20 19719 Non Defined 0254 Non Defined
H20 3226.800 213 18% 4018
H20 8.3% 2088 4144 -9002
H20 0.008 AA57T 0000 1428
H20 0041 - 68 0001 0,683
H20 0.006 19233681 0001 -19233683
H20 0074 L5042 0001 4520403
H20 0458 Non Defined 0102 Non Defined
H20 0015 NonDefined 0000 Non Defined
HO 36%.408 Non Defied  0.000 " Non Defined

Sulfuric Acid 43362 Non Defined 1437 Non Defined
Sulfuric Acid 4158 0048 0.165 0214
Sulfuric Acid 43982 02483 2057 230
Furfural 63112 0038 3738 3715
Furfural 0151 0440 0015 0456
Furfural 0072 273 0028 2761
Furfural 4319 Non Defined 0447 Non Defined
Furfural 0038 Non Defined 0002 Non Defined
Furfural 131 Non Defined 0057 Non Defined
Furfural 0.649 20241 053 22032674
Furfural 39415 -1153 3%7 5119
Furfural 0.342 212 00 -R22
Furfural 338 0.000 0.226 0.226
Furfural 0.008 0.000 000L 0001
Furfural 0233 0.000 0026 0.026
Furfural 0072 Non Defied 0004  Non Defined
Furfural 0035 Non Defined 0014 Non Defined
Furfural 2007 Non Defined 0228 Non Defined
Furfural 0018 0.000 0001 0001
Furfural 46420 0.000 1947 L
Furfural 011 0.000 0005 0005
Furfural 0053 0.000 002 002
Furfural 3 0.000 0336 0.336
Furfural 0028 0.000 000L 0001
Furfural 100L 0.000 004 004
Furfural 0417 Non Defined 0187 Non Defined
Furfural 28990 0.000 2971 2911
Furfural 0.252 NonDefied 0012 Non Defined
Ammonia RINKS Non Defined .00 Non Defined
Oxygen 238143 Non Defined 10933 Non Defined

Oxyoen 9507212 Non Defined 43647 Non Defined
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Component Flow-rate (kg/h) MVA EWC TVA
Oxygen 1411 0.000 0.004 0004
Oxygen 1677 0.000 0.040 0.040

N 0054 0.000 0.000 0000

Carbon Dioxice 537.107 0.000 2640 2600

Carbon Dioxice 26423 0.000 0084 0034

Carbon Dioxide 1846 0.000 0,010 0,010

Carbon Dioxide 0422 0.000 1968  -196%

Carbon Dioxide 306.280 0.000 118 -1188

Carbon Dioxide. 961,276 0.000 0.000 0.000
Glycerol 0628 0.000 006L 006
Glycerol 371 0.000 0.366 {.366

Stccinic Acid 183 0.000 0103 0108

Succinic Acid 11568 0.000 4046 -4 (46

Lactic Acid 0.346 0.000 0.026 002
Lactic Acid 2107 0.000 0.15 0.15
Lactic Acid 353840 0.000 419 21419
Xylitol 548 0.000 0.748 0,748
itol 3142 0.000 0714 9714

Acefic Acid 0.038 0,000 0.002 0,002

Acetic Acid 0.010 0000 0003 0003

Acetic Acid 24715 0.000 0123 0123

Acetic Acid 0232 0.000 0063 0063

Acetic Acid 0.059 0,000 0019 0019

Acetic Acid 15140 000 072 0723

Acetic Acid 0.006 Non Defined 0,000 Non Defined

ComSteep Liguor 0.106 -0.004 0001 0,005
ComSteep Liguor 0.020 Non Defined 0026 Non Defined
ComSteep Liouor 12314 0.000 2198 218
ComSteep Liquor 001 0.000 0.000 0.000
ComSteep Liquor 0402 0.000 0.002 0002
ComSteep Liquor 0804 0.000 0.000 0.000
ComSteep Licuor 0.509 0.000 0002 0,002
ComSteep Liguor 0.0%4 004 0.123 0127
ComSteep Liguor 50.58/ 009 13049 -13078
ComSteep Liguor 0.04 0.000 0.000
ComSteep Licuor 1937 Non Defined 0000 Non Defined
6.582 0.000 0024 002
ZM 19159 0.000 0034 004
Cellulase 11475 0.000 0020 000
Cellulase 4311 0,000 0012 0012
Ash 32,940 0.000 5% 593
A 29453 0.000 L5 5L5h
A 17587 0,670 330 391
Ash 158286 0.124 2886  -000

DAVPHOS Nyl -18401 0004 -18406

DAVPHOS 005 0.160 0000 ' 0160

DAVPHOS 0.106 5734 0.000 5734

DAVPHOS 19383 5001 0031 512
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Component

DAVPHOS

AMSULFAT

ANBl\léLFAT
ComSteep Liquor
ComSteep Liquor
ComSteep Liquor
ComSteep Liquor
ComSteep Liquor
ComSteep Liguior
ComSteep Liguor
ComSteep Liquor
ComSteep Liquor
ComSteep Liquor
ComSteep Liguor

M

ZM
Cellulase
Callulase

Ash
Ash
Ash
Ash
DAVPHOS
DAVPHOS
DAVPHOS
DAVPHOS
DAVPHOS
AVSULFAT

AVULFAT
\

Flow-rate (kg/h)
0.283
1238
110%1

39153968
0.106
0.0
12.374
001

002
0.106
19383
0283
12238
110%1
39153.968

MVA

3227
-05%
371542
Q771
0000
0000
454,307
-170.697
Non Defined
Non Defmed

Non Defined
0124
Non Defined
-18401
0.160
320

TVA

320
0633
371731
-158.021
-0.001
0026
-457.155
-170697
Non Defined
Non Defined
4437
-40,038
-15417
21312
Non Defined
1774
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Appendix F Results of Life Cycle Inventor}' of Bioethanol Production

Table FI Life Cycle Inventory of alternative D case
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Table FI.I' Results of the inventory analysis of cassava cultivation per one

kilogram ethanol 99.5% wt. production (Khongsiri, . 2009)

Input
Type

Raw material
Cassava stems
Cassava peel
Chicken
manure.
N-fertilizer
P-fertilizer
K-fertilizer
Alachlor
Paraguat
Glyphosate
ZInc

Fuel

Diesel

Inventory of cassava cultivation
Output

Quantity ~ Unit
17844 piece
59653 kg
133442 kg
00065 kg
00036 kg
0.0069 kg
00005 kg
0.0008 kg
00015 kg
0.0004 kg
00128 kg

Type

Products
Cassava root
Cassava Leaves

Cassava Rhizome
Cassava stems

Air emissions
Carbon dioxide
Nitrogen oxide
Sulfur dioxide
Nitrous oxide
Ammonia
Volatile organic
compound

5.1722
1.2053
1.6695

45101

0.0430
0.0009
0.0001
0.0002
0.0014
0.0003

Quantity  Unit



Table FI.2 Results of the inventory analysis of sugarcane cultivation per

one kilogram ethanol 99.5% wt. production (MTEC, 2012)

Input
Type

Chemical
Fertilizer (N)
Fertilizer Q
Fertilizer (K)

Paraquat

Atrazine
Ametryne
24-D

Fuel/Electricity
Diesel

Inventory of sugarcane cultivation

Quantity  Unit

LER kg
520E03 kg
16E03 kg

BOJE-05 kg

2804 kg
20IE04 kg

BOE-05 kg

T58E-03 kg

Output
Type

Product
Sugarcane

Co-product
Cane trash - 0%
burning

Air emissions
Carbon monoxide

Nitrogen oxide
PM 10

sulfur dioxide
Methane
Nitrogen dioxide
Carbon dioxide

Quantity Unit

62676 kg

L4725 kg

5EE06 kg
BEE06 kg
LOBE-06 kg
210606 kg
2TE08 kg
LEDT g
002482 g
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Table F1.3 Results of the inventory analysis of sugar milling per one
kilogram ethanol 99.5% wt. production (MTEC, 2012)

Type

Raw material
Sugarcane plant

Energy
Steam
Electricity

Chemical

Lime

Sodium chloride
Hydrochloric acid
S102

Biocide
Aluminium sulfate
Caustic soda flake
Flocculants
Miscellaneous

Inventory of sugar milling

Input
Quantity

6.2676

2.8204
0.1089

0.01322
0.00489
0.00000
0.00001
0.00002
0.00002
0.00001
0.00024
0.00004

Unit

Output _
Type uantity  Unit
Product
Rawsugar ~ 0.6867 kg
Co-product
Molasses 02214 kg
Bagasse 18176 kg
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Table F1.4 Results of the inventory analysis of com cultivation per one
kilogram ethanol 99.5% wt. production (MTEC, 2012)

Inventory of corn cultivation

Inpu o Output. .
Tm Quantity  Unit Type Quantity  Unit
Raw material Product
Com seed 00009 kg Com 0257108 kg
Urea 00124 kg
Eehggopxhiggus | 0019 kg Corproduct
otassium oxide 0.0047 kg Com cob 0.00015 kg
Atrazing 00001 kg Com stover 0.18510 kg
Fuel Air emissions
Diesel 00063 kg Ammonia 0.00070 kg
l[\)lgtr,ct)gen oxide 000001 kg
Initrogen
monoxTs 0.00005 kg
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Table F1.5 Results of the inventory data of feedstocks transportation for 1
ton-kilometer (tkm) for 10-wheel truck at full load 16 tons (MTEC, 2012)

Type

Fuel
Diesel

Inventory of feedstocks transportation
Output

Input

Quantity  Unit

1.51E-02

kg

Type
Emission to Air
Carbon dioxide
Carbon monoxide
Nitrogen oxides
Particulate matter
Hydrocarbons

ethane
Benzene
Toluene
Xylene

Non - methane volatile
organic compounds

Sulfur oxides
Nitrous Oxide
Cadmium
Copper
Chromium
Nickel
Selenium
Zinc

Lead
Mercury

Quantity  Unit

8.09E-02
1 02E 02

(e {e{e{ol{ol{o{oll{o/{e/{w] [da»} {el{el{el{ol{ol{e{eoll{e{we]
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Table F1.6 Results ofthe inventory analysis of pretreatment section per
one kilogram ethanol 99.5% wt. production

Input
T)Ppe

Raw material
Cassava Rhizome
Com Stover
SuPrarc_ane Bagasse
Sulfuric acid
Water

Electricity/Heat
Steam

Inventory of pretreatment

. _ Output

Quantity  Unit Type
Products

1665 kg Pretreated Output

0.1851

18176

00184 kg

087%2 ky . .
Alr emissions
Water
Furfural

08024 kg

Quantity  Unit

48537 kg
04820 kg
00221 kg

Table F1.7 Results of the inventory analysis of detoxification section per
one kilogram ethanol 99.5% wt. production

Input
T)Epe

Raw material
Pretreated Output

Ammonia
Water _
Make up cooling
Water

Electricity/Heat
Electricity

Inventory of detoxification
_ _ Output
Quantity  Unit Type

Products

ka  Detoxificated
4.8537 Y Outt
-0.0063 kg
09183 kg
05377 kg
0.0004  kWh

Quantity - Unit

57784 kg -
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Table F1.8 Results of the inventory analysis of SSCF fermentation section
per one kilogram ethanol 99.5% wt. production

Input
Type

Raw material

Detoxificated
Output
Cellulase

DAP
CSL
Waer

Make up coolin
Water i Y

Electricity/Heat
Electricity
Steam

Inventory of SSCF fermentation

Quantity  Unit

Crias kg
00032 kg
00043 kg
0.0160 - kg
00254 kg
27589 kg
0.0198  kWh
0237 kg

Output
Type

Products

SSCF Fermented
Output

Wastes
Solid waste

Air emissions

Water

Ethanol
Carbon dioxide
Oxygen

Acetic acid
Furfural

Lactic acid

CSL

Emissions to soil
Blowaste

Ash

Quantity  Unit

34267 kg

108 kg
00329 kg
01109 kg
11699 kg
00018 kg
00001 kg
00005 kg
00000 kg
00001 kg
09452 kg

01017 kg
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Table F1.9 Results of the inventory analysis of distillation section per one

kilogram ethanol 99.5% wt. production

Inventory of distillation

Input . _
Type Quantity  Unit
Raw material
SSCF Fermented TILEN kg
Qutput _
Make up cooling water ~ 72.8046  kg-
Electricity/Heat
Electricity 00493  kWh
Steam 36760 kg

Output
Type

Products
Distillated
Output

Wastes
Waste water

Alr emissions
Water

Ethanol
Carbon dioxide
Oxygen
Fufural

Water
emissions
Water
Ethanol
Fufural
Glycerol
Succinic acid
Lactic acid
Xylitol
Acetic acid
CSL
Blowaste

Quantity  Unit

1.0631

2.2844

0.0016
0.0036
0.0739
0.0000
0.0001

1.7405
0.1886
0.0229
0.0009
0.0028
0.0755
0.0091
0.0037
0.0153
0.2250

kg



200

Table F1.10 Results of the inventory analysis of dehydration section per
one kilogram ethanol 99.5% wt. production

Inventory of dehydration

Input Output _ _

Type Quantity ~ Unit Type Quantity  Unit
Raw material Products
Distillated Output | 063lkg Ethanol 995%wt. 100000 kg
Make up cooling water — [1. 7233 kg
Electricity/Heat Air emissions
Electricity 00078  KWh  Water 006314 kg
Steam 0015 kg

Table F2 Life Cycle Inventory of alternative E case

Table F2.1 Results of the inventory analysis of pretreatment section per
one kilogram ethanol 99.5% wt. production

Inventory of pretreatment

Input Output | |
Type Quantity  Unit Type Quantity ~ Unit
Raw material Products

Cassava Rhizome 16655 kg Pretreated Output 48642 kg
Com Stover 0.1851
arcane Bagasse 18162

unc acid 00186 kg
Wa ter 08839 kg . . .

Alr emissions

Water 04845 kg
Electricity/Heat Furfural 00228 kg

Steam 08024 kg
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Table F2.2 Results of the inventory analysis of detoxification section per
one kilogram ethanol 99.5% wt. production

Inventory of detoxification

Input Output
Type Quantity ~ Unit Type Quantity  Unit
Raw material Products
Pretreated Output 18647 kg Bettoxitficated 51964 kg
' utpu
Ammonia 00064 kg :
Water 09257 kg

Make up coolin
waterIO ’ 04039

Electricity/Heat
Electricity 0.0004  KWh
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Table F2.3 Results ofthe inventory analysis of SSCF fermentation section
per one kilogram ethanol 99.5% wt. production

Inventory of SSCF fermentation

Input _ _ Output _ _
Type Quantity Unit Type Quantity  Unit
Raw material Products
Detoxificated | kg SSCF Fermented 3401 kg
Out'out . 1y04 Output
Cellulase 00032 kg
DAP 00043 kg  Westes
CSL 00161 kg  Solidwaste 1B kg
\l\/>|/a eeru coolin 0024 Air emissi
s | 238598 kg -
Water 32902 kg
) Ethanol =~ L10E-01 kg
Electricity/Heat Carbon dioxide _ LITE+00 kg
Electricit 00262 kWh Oxygen . 183E-03 kg
Steam 00000 ~ kg  Acgtic acid 4105 kg
Furfural DA3E-04 kg
Lactic acid JATET kg
CSL L23E04 kg
Emission to soil
Blowaste 0.9449 kg

Ash 01017 kg
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Table F2.4 Results of the inventory analysis of distillation section per one
kilogram ethanol 99.5% wt. production

Inventory of distillation

put _ _ Output _ _
\e Quantity  Unit Type Quantity ~ Unit
geg\(/:vFrT&atenaltd k Igmtdlllmtt Sd 10632k
ermente istillate .
Qutput , 3431 J Output J
Make up cooling water -~ 40.6998 kg
Waste
Waste water 23033 ky
Alr emissions
N Water 164E-03 kg
Electricity/Heat Ethanol = 358E-03 kg
Electricity 00454 KWh Carbon dioxide ~ 744E-02 kg
Steam 21132 kg Oxtygen 10BE-05 ko
Fufural L371E-04 kg
Water emissions
Water L76E+00 kg
Ethanol 18901 kg
Fufural 2.09E-02 kg
Glycerol 9.36E-04 &k
succinic acid 2.84E-03
Lactic acid [D9E-02 &k
Xylitol 9.09E-03 ko
Acetic acid JIOE03  k
CSL 103E-02 Kk
Biowaste 2.05E-(1 <8
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Table F2.5 Results of the inventory analysis of dehydration section per one
kilogram ethanol 99.5% wt. production

Inventory of dehydration
Lilput _ _ Output _ _
V€ Quantity ~ Unit Type Quantity  Unit

Raw material Products
Distillated Output 10632 kg \%’t[hanol 995% 10000 kg

Make up cooling 1783 kg

Wwater

Electricity/Heat Air emissions

Electricity 0.0052 , kWh Water 00632 kg
Steam 00098 kg

Table F3 Life Cycle Inventory of alternative F case

Table F3.1 Results ofthe inventory analysis of pretreatment section per
one kilogram ethanol 99.5% wt. production

Inventory of pretreatment
Input _ _ Output | |
Type Quantity ~ Unit Type Quantity  Unit

Raw materjal Products
CassavaRhizome 16653 kg Pretreated Output  4.8636 kg
Com Stover 0.1850
Sugarcane Bagasse  1.8139
Sufturic acid 00186 kg
Water - kg
Alr emissions

. Water 04842 kg

Electricity/Heat Furfural 00228 kg

Steam 08019 kg
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Table F3.2 Results of the inventory analysis of detoxification section per
one kilogram ethanol 99.5% wt. production

Inventory of detoxification

Input Output
Type Quantity  Unit Type Quantity  Unit
Raw ma&erial Produ%ts ;
Pretreated Output ko  Detoxificate 5193l k
S 4863 9 it g
Ammonia 00064 kg
\l\//lValt(er I' 030% kg
ake up coolin
A
Electricity/Heat

Electricity 00004 ~ KWh
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Table F3.3 Results of the inventory analysis of SSCF fermentation section
per one kilogram ethanol 99.5% wt. production

Inventory of SSCF fermentation

Input _ _ Output . .
Type Quantity - Unit Type Quantity Unit
Ba%/v r_?atetng l k gg%dFul%tS ted 34448 k
etoxificate ermente .
Quiput Ik :
Cellulase 00032 kg
DAP 00043 ky Wastes
CSL 00161 kg  Solid waste 108 kg
\l\/>|/at%ru coolin . Air emissi
ir emission
Water oo 238521 - kg =
Water 320E-02 kg
N Ethanol = LI0E-01 kg
Electricity/Heat Carbon dioxide LITE400 kg
Electricity 0.0247 ~ kWh  Oxygen . 133E-03 kg
Steam 00000 ~ ky Acefic acid 541E-05 kg
Furfural DA3E-04 kg
Lactic acid JATE-0T kg
CSL 123604 kg
Wastes
Blowaste 0.9447 kg
Ash 01017 kg
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Table F3.4 Results of the inventory analysis of distillation section per one
kilogram ethanol 99.5% t. production

Inventory of distillation
Input Output

Type Quantity  Unit Type Quantity  Unit
Raanllaterialt d k Bmtdltljcttsd 10114 k
ermente istillate .
Output , 34ug Output J
Make up cooling water ~ 40.6674 kg -
Co-products
Waste water 22936 kg
Air emissions ]

N Water 164E-03 kg
Electricity/Heat Ethanol ~ 357E03 kg
Electricity - 0.0430  kWh Carbon dioxide ~ 7.44E-02 kg
Steam 21158 kg Oxygen L0BE-05 kg

Fuftral L3IE-04 kg

Table F3.5 Results of the inventory analysis of dehydration section per one
kilogram ethanol 99.5% t production

Inventory of dehydration
Input Output
Type Quantity ~ Unit Type Quantity  Unit
Raw material Products

Distillated Output L0714 kg Ethanol 95%wt 10000 kg
Make up cooling water 48008 kg

Electricity/Heat Air emissions
Electricity 00050  kWh  water 00714 kg
Steam 0.0099 kg



Table F3.6 Results ofthe inventory analysis of membrane treatment

section per one kilogram ethanol 99.5% wt. production

Input
Type

Raw material
Waste water

Make up cooling
water

Electricity/Heat
Electricity

Inventory of membrane

Quantity  Unit

2.2936
3.9594

0.0077

g
kg

KWh

Output
Type

Products
\Water recycle

Wastes
Waste water

Water
emissions

Water
Ethanol
Fufural
Glycerol
Succinic acid
Lactic acid
Xylitol
Atetic acid
CSL
Biowaste .

208

Quantity  Unit

1.4997

0.7939

368E-01
0.42E-02
1.60E-02
8.89E-04
2.70E-03
717602
8 63E-03
356E-03
1 45E-02
2 14E-01

kg
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Table F4 Life Cycle Inventory of alternative G case

Table F4.1 Results of the inventory analysis of pretreatment section per
one kilogram ethanol 99.5% wt. production

Inventory of pretreatment

Input Output _ _

Type Quantity  Unit Type Quantity  Unit
Raw material Products
Cassava Rhizome 16653 kg Pretreated Output 48509 kg
om Stover 01850 kg

arcane Bagasse 1 8147 kg

urlc acid 0184 kg

ater 077K NN

Alr emissions

N Water 04819 kg
Electricity/Heat Furfural 00227 kg
Steam 00245 kg

Table F4.2 Results of the inventory analysis of detoxificationsection per
one kilogram ethanol 99.5% wt. production

Inventory of cetoxification
Input Output

_ Type Quantity ~ Unit Type Quantity  Unit
Stened O o Diodficaed 579k
utpu : etoxIficate .

h a9 9 gh g
Ammonia 0.0064 kg
\I</Ivgtkeeru coolin 03160 Eg
water Y 04063
Electricity/Heat

Electricity - 0.0004  kwh
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Table F4.3 Results of the inventory analysis of SSCF fermentation section
per one kilogram ethanol 99.5% t. production

Input
Type

Raw material

Detoxificated
Out'out
Cellulase

DAP
CSL
Water

Make up coolin
Water d J

Electricity/Heat
Electricity
Steam

Inventory of SSCF fermentation

Quantity  Unit

57819 K9
00032 kg
00043 kg
00160 kg
00254 kg
238417 kg
00248  kWh
00000 kg

Output
Type

Products

SSCF Fermented
Qutput

By-Products
Solid waste

Air emissions

Water

Ethanol
Carbon dioxide
Oxygen

Acetic acid
Furfural

Lactic acid

CSL

Quantity

34321

108

3.29E-02
111E01

LI7E+00

1.83E-03
5.42E-05
5.44E-04
3.49E-07
1.24E-04

Unit
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Table F4.4 Results of the inventory analysis of distillation section per one
kilogram ethanol 99.5% wt. production

Inventory of distillation

Input tput
T)Ppe Quantity  Unit QME Quantity  Unit
S e o DolbE  riome g
e .
Output _ 34321 ! Qutput !
Make up cooling water 406600 kg .
Co-products
Waste water 22819 kg
Air emissions
. Water L63E-03 kg
Electricity/Heat Ethanol 307E-03 kg
Electricity 00428~ kWh Carbon dioxide ~ 7.41E-02 kg
Steam 21141 kg Oxfygen 10BE05  k
Fufural 1.37E-04 kg

Table F4.5 Results of the inventory analysis of dehydration section per one
kilogram ethanol 99.5% wt. production

Inventoryof dehydration

Input Output

Type Quantity ~ Unit Type Quantity  Unit
Raw material Products
Distillated Qutput 10714 kg Ethanol 995%wt. 10000 kg
Make up coolin k
water p : 4.8009 !
Electricity/Heat Air emissions
Electricity 00050  kWh  water 00724 kg

Steam 0.0099 kg



Table F4.6 Results of the inventory analysis of membrane treatment

section per one kilogram ethanol 99.5% wt. production

Input
Type

Raw material
Waste water

Make up cooling
water

Electricity/Heat
Electricity

Inventory of membrane

Quantity

2.2819
3.9337

0.0076

Unit

kg
kg

KWh

Output
Type

Products
Water recycle

Wastes
\Waste water

Water emissions

Water
Ethanol
Fufural
Glycerol
Succinic acid
Lactic acid
Xylitol
Acetic acid
CSL
Biowaste

Quantity

14904

0.7915

3.65E-01
9.42E-02
1.60E-02
8.89E-04
2.10E-03
1.17E-02
8.63E-03
3.96E-03
1.45E-02
2.14E-01

212

Unit
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Table F4.7 Results of the inventory analysis of solid combustion
treatment section per one kilogram ethanol 99.5% wt. production

Inventory of so id combustion

LFpUt _ _ Output _ _

ype Quantity  Unit Type Quantity  Unit

Raw material Products

Solid waste 10835 kg  Steam 080187 kg

N Air emissions

Electricity/Heat \Water = 0.74315 kg

Electricity 00952  kWh Carbondioxide 192381 kg
Oxygen 047917 kg
Nitrogen 187811 _ kg
Waste

Biowaste 0.18889 kg
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