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APPENDICES

Appendix A Components Considered in PRO/II

Table AL List of components considered in PRO/II simulations, the alias used, and
the chemical formula

© *® g ° o1l B~ o~ -

— —
— o

—
~

RN BEBHERBE

~ ~
— o

~
~

DO DD DO DN
o O &~ W

Component name

Cellulose
Hemicellulose
Galactan
Mannan
Arabinan
Lignin

Glucose
Mannose
Galactose
Xylose
Arabinose
Cellobiose
Ethanol

Water

Sulfuric Acid
Furfural
Ammonia
Oxygen

Carbon Dioxide
Glycerol
Succinic Acid
Lactic Acid
Hydroxymethylfurfural
Xylitol

Acetic Acid
Com Steep Liquor

Component alias

CELLULOS
HCELLULO
GALACTAN
MANNAN
ARABINAN
LIGNIN

Cs

G M

GG

G

CoA

Cl12
ETHANOL
WATER
SULFURIC
FURFURAL
NH3

C02
GLYCEROL
SUCCINIC
LACTIC
HMF
XYLITOL
ACETIC
CLS

Chemical formula
CeH,d) 5
chhdod
CaHidOs
C:H,00;
chid
C73H139013
CGHlZOG
COHD6
CoHI2 6
CSHlOOS
CSHlGS
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nh3
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Table Al List of components considered in PRO/II simulations, the alias used, and
the chemical formula (continue)

21
28
29
0
3
32

Component name
Zymomonas Mobilis (bacteria)
Cellulase (enzyme)

Calcium Hydroxide
Calcium Sulphate (Gypsum)
Ash

Nitrogen

Component alias
M
CELLULAC
CAHYDROX
CAS04
ASH
NITROGEN

Chemical formula
CH| 8005Noz
CH,.5MNOS
Ca(OH).

CaS04
CsHloOs

n2



Appendix B Chemical Reactions Implemented in PRO/I

Table B1 List of reactions taking place in the pretreatment reactor (Wooley et al.,
1999)

Table B2 List of reactions taking place in overtiming process (Wooley et al., 1999)

Reaction Conversion ~ Modeled
Sulfuric Acid + Calcium Hydroxide ~ ~ Gypsum

HiS0: + Ca(OHye ——> CaS0:*2H) Sulfuric Acid 1000
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Table B3 List of reactions taking place in SSCF seed fermentation process (Wooley
etal,, 1999)

12

14

16

17

18

19

20

22

23

Saccharification Reaction
Reaction Conversion
Cellulose,, + nWater 5 nGlucose

CsH100s + HY) CeH:0'6

Fermentation Reaction

Reaction Conversion
Glucose A 2Ethanol + 2Carbon Dioxide

Cellulose

CeHid s > 2C:HR +2C0; Clucose
GlucosetL2Ammonia  6Z mobilisé 2.4 Water+0.30xygen
CeHl06 + 1L.2NHs - > 6C, (Hos002 + 24HA +0.30: Clucose
Glucose + 2Water = 2Glycerol + Oxygen
CeH 06+ 2HD ~—> 2CsH0s+Q Olucose
Glucose+2Carbon Dioxide ~ ” 2Succinic Acid+Oxygen
CeHE0s + 2C0z—> 2CeHD ¢+ 0 Olucose
Glucose ™ 3Acetic Acid
CeHu's > 3CHLOOH Clucose
Glucose 2Lactic Acid
QH s —> 2CHLHOHCOOH Clucose
3Xylose ™ SEthanol + 5Carhbon Dioxide
3CsHKOs > 5C:HB +5C0: Kylose
XylosetAmmonia 52 w;0l)/ll.v+2Water+0.250xygen
CSHI05+ NH; ——> 5C, gHojO0: + 2HD +0.2502 Kylose
3Xylose + 5Water ~ => 5Glycerol + 2.50xygen
3CsHid)s + SHD) > 5CaHs0 3 2.502 Kylose
Xylose + Water ~  Xylitol + 0.50xygen
CsHw0s + HY) -~ > CsH,205 + 050, Xylose
3Xylose+5Carbon Dioxide ~ ~ 5Succinic Acid+2.50xygen

Xylose

3C5H,d) 5+ 5C07 ------ > 5CsHs04+ 25 2

Modeled

0.250

Modeled

0.900

0.040

0.004

0.006

0.015

0.002

0.800

0.040

0.003

0.046

0.009
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Table B3 List of reactions taking place in SSCF seed fermentation process
(continue)

Reaction Conversion  Modeled
2 2Xylose ™ BAcetic Acid Xylose "~
2CHIA - > 5CHXOO0H '
BXylose " bLactic Acid
25 Xylose 0.002

3CBHI005 > 5CHLHOHCOOH

Table B4 List of reactions taking place in SSCF fermentation process
(Wooley etal., 1999)

Saccharification Reaction
Reaction Conversion ~ Modeled

Cellulose,, + /2Water > [2Cellobiose

26 Cellulose .
csh 005+ f7HD N NCaHe20u nor

Cellulosen+ nWater ™ nGlucose

21
CoHoOs +HD A CeH|:0e Cellulose 0.900

Cellobiose,, + nWater ~  2nGlucose

28 .
CLHZON + HD > 2CsHLO 6 Cellobiose 1000

Fermentation Reaction
Reaction Conversion ~ Modeled

Glucose 2Ethanol + 2Carbon Dioxide

%
CoHe 6> 2C:HD +2C0; Glucose 0950

Glucose+1.2Ammonia ™ ¢Z Iwoe/7A+2.4Water+0.30xygen

30
CsH 206+ LINHs > 6C, sHosOo2 + 2.4H2 + 030 Glucose 0.020

Glucose + 2Water ™ 2Glycerol + Oxygen

3
CoHi6 + 2HD > 2C:H0 s+ - Glucose 0.004

Glucose+2Carbon Dioxide 25uccinic Acid+Oxygen

32
CsH1206+2C02 =--> 2CsHs 440, Glucose 0.006

Glucose A 3Acetic Acid

33
CsHiz06 > 3CHXOOH Glucose 0.015
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Table B4 List of reactions taking place in SSCF fermentation process (continue)

34

3

36

3

38

39

40

41

Reaction
Glucose A 2Llactic Acid

CeHl:0 6 -----> 2CHIHOHCOOH

3Xylose " 5Ethanol + 5Carbon Dioxide

3CsHs05 - > 5C.H&0 +5C02

XylosetAmmonia ~ ~ 5z. moMA+2Water+0.250xygen
CsH100s + NH3z-—> 5C, sHo%0a2+ 2HA) +0.2502
3Xylose + SWater ~  5Glycerol +2.50xygen

3CsHloOs + SHD -~ > 5CsHs0s +2.502

Xylose + Water ~ ” Xylitol +0.50xygen

CsH,d s + HY - > CsHi:05 +0.502

3Xylose+5Carbon Dioxide ~ ~ 5Succinic Acid+2.50xygen
3CsH100s + 5C0; - > 5C4Hs04+2.502

2Xylose N BAcetic Acid
2 CsH10Qs----> 5CH3COOH
3Xylose bLactic Acid
3CsH100s -----> 5CHICHOHCOOH

Conversion

Glucose

Xylose

Xylose

Xylose

Xylose

Xylose

Xylose

Xylose

Modeled

0.002

0.850

0.019

0.003

0.046

0.009

0.014

0.002

Table B5 List of reactions taking place in SSCF contamination loss (Wooley etal.,

1999

42

43

44

45

Reaction

Glucose ~ ~ 2Lactic Acid

C6Hz 6 -—-—> 2CHHOHCOOH
3Xylose  ” SLactic Acid

3 CsH100s > 5CHICHOHCOOH
3Arabinose bLactic Acid
3CsH100s ----> 5CHCHOHCOOH
Galactose " 2Lactic Acid
CeH,z( 6 > 2CHCHOHCOOH

Conversion

Glucose

Xylose

Arabinose

Galactose

Modeled
1.000

1.000

1,000

1.000
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Table B5 List of reactions taking place in SSCF contamination loss (continue)

Reaction Conversion
Mannose 2Lactic Acid

CBHL 6- — > 2CHLHOHCOOH Mannose

Table B6 List of reactions taking place in combustion process

47

48

49

50

5

52

Reaction Conversion
Cellulose,, + 6nOxygen ™ 5nWiater + 6nCarbon Dioxide

CoH,d) 5+ 602> 5HD +6C02
Hemicellulosent5nOxygen AnWater+5nCarbon

Dioxide Hemicellulose
CH®4+5 2---> 4HD +5C02

Mannan,, + 6nOxygen ™ 5nWater + 6nCarbon Dioxide

Cellulose

O8H @5+ 602> SHD +6C02 Vennar
Galactan, + 6nOxygen ™ 5nWiater + 6nCarbon Dioxide
Galactan
6H10 546 2----> 5HD +6C02
Arabinan,, +5nOxygen " 4nWater+5nCarbon Dioxide _
Arabinan

CoHY 4+ 5 2---> 4HXD +5C02

Lignin,,+10.13nOxygen 6.95nWater+7.30nCarbon

Dioxide Lignin
73 B9 13+10.13 2-—-> 6.95H2D +7.30C02

Modeled

1.000

Modeled

0.800

0.800

0.800

0.800

0.800

0.800



Appendix C Main Process Condition for Base Case Design

Table CI Hydrolysis reactor

List
Agent
Acid concentration ( / )
Residence time
Temperature
Pressure
Solids in the reactor ( / )

Table C2 Blowdown tank

List
Temperature
Pressure

Table C3 Detoxification

List
Type
Alkali

Residence time

Value
Dilute sulfuric acid
1%

1 min
180 °c
10.0 atm
475 %

Value
102 °c
1 afm

Value
Overliming (50 °C)
Calcium hydroxide

 hr for overliming and
4 hr for reacidification



Table C4 SSCF seed fermenter

List
Temperature
Initial solids level ( / )
Residence time
Enzyme
Biocatalyst
Enzyme level ( / )
Corn steep liquor level ( /)
Pressure

Table C5 SSCF fermenter

List
Temperature
Initial solids level ( /)
Residence time
Enzyme
Biocatalyst
Enzyme level
Inoculum level ( /)
Corn steep liquor level ( /)
Pressure

Table Cs Beer distillation

List
Pressure
Stages
Feed stage
Reflux ratio

134

Value
40 °c
21.0 %

24 hr
Cellulase
Zymomonas Mobilis
2 % of cellulose
0.25 %
1am

Value
210 %

7 days
Cellulase
Zymomonas Mobilis
2 % of cellulose
10 % of hydrolyzate
0.25 %

1 atm

Value
1.77 atm
32
4
3.2



Table C7 Rectification column

List
Pressure
Stages
Feed stage
Reflux ratio

135

Value
177 atm
60
50
3.2



Appendix D Bioethanol Conversion Process Flowsheet and Stream Tables Implemented in PRO/II

D.| Process Flowsheet
D.1.1 Base Case

Figure D1 Flowsheet of the bioethanol production process from rice straw for base case design.



D.1.2 Alternative 1. Base Case with Heat Integration
Gypsum Filter

Figure D2 Flowsheet of the bioethanol production process from rice straw for alternative 1design,



D.1.3 Alternative 2: Wastewater Exchange Heat as Utility

i Blowdown Tank - o Fil
s s Hyarolysis Reactor Solid/Liggki Separator ~ Overliming Reamdlflcatl((;)xpélém@&%r

LP S*earv»s>>--—pu?
waletzg—{"
Sulfuric Acid ES*eme A aeee]

HP Steam

Ethanol 93.5%

Rectification Column

I }(hange Heat with E4

Figure D3 Flowsheet of the bioethanol production process from rice straw for alternative 2 design,



D.14 Alternative 3: Wastewater Re%(iver %Double Effect Evaporators

Gypsum Filter

A

s Hydrolysis Reactor® ,,, 0 @lid/Liquid Separator Ovrliming ~ Reacidficatin Gy
Water m | ’

Sulfuric Acid

Water
Waste Water

. . _ , , , Double Effect Evaporator
Figure D4 Flowsheet of the bioethanol production process from rice straw for alternative 3 design.



D.L5 Alternative 4: Wastewater Recover by Membranes



D.1.6 Alternatives: Lignin Combustion

. Blowdown Tank :
Hydrolysis Reactor SONGILIQUID SEPATAIOr . e msann e PO FIIET

Rice Straw
LP Steam
Watei
Sulfuric Acid

HP Steam
Ethanol 99.5%

D

S

€S

=

Do

'S

—

QD

Molecul

Waste Water

Rectification Column

Ammonia

Cellulase

te Water

umn

Water for steam Production

Lignin Cotibustion Beer Distillation Col
Figure D6 Flowsheet of the bioethanol production process from rice straw for alternative 5 design.



D.L.7 Alternative 6: Wastewater Exchange Heat as Utility and Lignin Combustion



D.1.8 Alternative 7. Wastewater Recover by Double Effect Evaporators and Lignin Combustion

Blowdown Tank

Hvrimiv/iic R parfnr? Solid/Liquid Separator
EéceStraw«» Hydrolysis Reactor®-* « .0 A
team*= *

- o Mlter
Overliming  Reagidificatign d f Gypium

ra ED'@U

Double Effect Evaporator

Lionin Combustion

Figure D8 Flowsheet of the hioethanol production process from rice straw for alternative 7 design.



D.1.9 Alternative 8: Wastewater Recover by Membranes and Lignin Combustion

Figure D9 Flowsheet of the hioethanol production process from rice straw for alternative 8 design.



D.1.10 Alternative 9: Wastewater Exchange Heat as Utility with Heat Integration

Overlim|lng Gygpsum Filter



D.L11 Alternative 10: Wastewater Recover by Double Effect Evaporators with Heat Integration

Blowdown Tank i
Solid/Liquid Separator Gypsum Filter

Ri* I *poee® — 7 | Overtiming  Reacidification (=§*GC4um

% A
)
i' 3 Double Effect Evaporator

Figure D1l Flowsheet of the bioethanol production process from rice straw for alternative 10 design.



D.1.12 Alternative 11: Wastewater Recover by Membranes with Heat Integration

Hydrolysis ReactorBlOWdOWn Tank Sol'd/Liquid Separator

_f—ccwssie Gas

Gypsum Filter

Overtiming Reacidification Gypsam

-M

Figure D12 Flowsheet of the bioethanol production process from rice straw for alternative 11 design.

Ethanol S3. *

3l



D.1.13 Alternative 12: Lignin Combustion with Heat Integration

Figure D13 Flowsheet of the hioethanol production process from rice straw for alternative 12 design.



D.1.14 Alternative 13: Wastewater Exchange Heat as Utility and Lignin Combustion with Heat Integration

Figure D14 Flowsheet of the bioethanol production process from rice straw for alternative 13 design.



D.1.15 Alternative 14: Wastewater Recover by Double Effect Evaporators and Lignin Combustion with Heat Integration

Blowdown Tank .. g Gypsum Filter
Solid/Liquid=Separator

Overtiming ~ Reacidification g C Gyp'um

Q I jr=g »lic  »trr
*«o »! «=— ED Double Effect Evaporator

Figure D15 Flowsheet of the hioethanol production process from rice straw for alternative 14 design.



D.1.16 Alternative 15: Wastewater Recover by Membranes and Lignin Combustion with Heat Integration

Hydrolysis Reactor Blowdown Tank Gypsum I-liter
waste Gas S0lid/liquid Separator Overliming  Reacidification Gypsum
Ammopj A—[Smnt"SCF SGGd FGrm&TtQJAVasﬁGa. .
“g: Molecular Sieves

Ethancl S3

Membrane Treatment &B 9% * _ _ _ _
Figure D16 Flowsheet of the hioethanol production process from rice straw for alternative! 5 design.



D.2 Stream Table of Five Main Ideas
D.2.1 Base Case Design

Table D1 Stream table of the b|oetI21anoI process from rice stra\g for b%se case de3|gn

12

Stream Name Sl S3 } Sl §13 SIS 1
Stream Phase Mixed Vapor Mixed qumd qumd Liquid Vapor Mlxed Mixed Vapor Liquid Solid Mixed Liquid Mixed
Temperature (°C) 30 160 100 30 30 30 268 180 180 101 101 101 101 30 70
Pressure (atm) 1.00 6.00 1.00 1.00 1.00 1.00 13.00 10.00 10.00 1.00 1.00 1.00 1.00 1.00 1.00
Total Std. Lig. Rate (L/day) nla 114,448 nla 683,287 7,430 690,717 398,307 nla nla 313,603 1,292,508 nla fa 1,344,441 nla
Total Mass Rate (kg/day) 1,420,258 114,336 1534593 682,613 13,653 696,266 397,914 2,628,774 2,628,774 313,453 1,448,863 866,458  2,315321 1,343,116 1,966,694
Total Molar Rate (kmol/day) 30,676 6,347 37,023 37,891 139 38,030 22,088 97,140 94,429 17,349 58,641 18,439 77,080 74,554 93,697
Total Solid Mass Rate (kg/day) 1,249,800 nla 1,249,800 nla nla nla nla 1,249,800 866,458 nla nfa 866,458 866,458 nla 3,105
Total Enthalpy (Gl/day) -68.77 13.16 -55.61 3.58 0.02 3.61 46.14 -5.86 21.60 34.99 25.60 -32.99 -1.39 7.05 25.08
Component Mass Flow (kg/day) 0

Cellulose 493,671 493,671 0 493,671 424,526 424,526 424,526 B 2,123
Hemicellulose 287,454 287,454 0 287,454 28,611 D 28,611 28,611 143
Galactan 4,999 4,999 4,999 1,195 1,195 1,195 O 6
Mannan 22,496 22,496 22,496 5377 0 5317 5377 0 20
Arabinan 44,993 44,993 44,993 10,562 0 10,562 10,562

Lignin 161,22 161,22 161,22 161,224 0 161,22 161,224 806
Glucose 73,502 73,502 73,502 51,694
Mannose 18,747 18,747 18,747 13,183
Galactose 4,166 4,166 4,166 2,930
Xylose 292,025 292,025 292,025 205,381
Arabinose 38,346 38,346 38,346 26,965
Cellobiose 3,15 3,15 3,159 2,22
Ethanol 0 D 0 0 0 0
W ater 170,458 114,33 284,794 682,613 682,613 397,91 1,365,321 1,316,631 312,33T) 1,004,296 1,004,296 134311 1,650,935
Sulfuric Acid 13,65 13,65 13, 65 13,653 13,653 13,653 9597
Furfural | H 1,851 1,10 74 740

Ammonia p 0

Oxygen 0

Carbon Dioxide

Glycerol

Succinic Acid | g

Lactic Acid

HMF [ 23 1 22 150
Xylitol

Acetic Acid

Com Steep Liquor

M

Cellulase

Lime - IT

CASO4 0 0

Ash 234.962 234.962 234,962 234,962 234,962 234,962



Table D1 Stream table of the bioethanal process from rice straw for base case design (continue)

Stream Name

Stream Phase
Temperature (°C)
Pressure (atm)
Total Std. Lig. Rate (L/day)
Total Mass Rate (kg/day)
Total Molar Rate (kmol/day)
Total Solid Mass Rate (kg/day)
Total Enthalpy (Gl/day)
Component

Cellulose
Hemicellulose
Galactan

Mannan

Arabinan

Lignin

Glucose

Mannose

Galactose

Xylose

Arabinose

Cellobiose

Ethanol

W ater

Sulfuric Acid

Furfural

Ammonia

Oxygen

Carbon Dioxide
Glycerol

Succinic Acid

Lactic Acid

HMF

Xylitol

Acetic Acid

Com Steep Liquor

M

Cellulase

Lime

CASO,

Ash

S16
Mixed
70
1.00
nla

1,691,743

57,937
863,353
-25.43

422,404
28,468
1,189
5,350
10,562
160,418
21,808
5,564
1,236
86,644
11,381
935

0
696,477
4,056

234,962

S17
Mixed
50

1.00

nla
1,966,694
93,697
3,105
18.92

2,123
143

$18
Liquid
30
1.00
3,736
6,864
70

nla
0.01

—

S19
Mixed
50

1.00

nla
1,973,558
93,767
3,105
18.93

2,123
143

6

21

0

806
51,694
13,183
2,930
205,381

15

oo o oo o

S20
Solid
30
1.00
nla
17,765
240
17,765
-1.98

17,76

OF © OO DO P oo oo oo oo oo

il

Mixed
50

1.00

nla
1,991,323
94,007
20,869
16.96

2,123
143

6

21

0

806
51,694
13,183
2,930
205,381
26,965
2,224

0
1,650,935
16,461

526

15

17,76%

§22 §23 S24
Mixed Liquid Mixed
50 30 50

1.00 1.00 1.00

nla 3,839 nla
1,991,323 7,065 1,998,378
94,174 72 94,246
31,283 fa 31,283
18.31 0.01 18.32

Mass Flow (kg/day)

2,123 0 2,123
143 0 143

6 0 6

2 0 2

0 0 0

806 0 806
51,694 0 51,694
13,183 0 13,183
2,930 0 2,930
205,381 6 205,381
26,965 on 26,965
2,224 2,22

(T 0
1,656,982 1,656,982

0
526

15

7,05

OC’OW’:'I_)
—~
=
5
&

525
Mixed

50

1.00

nla
1,998,378
94,318
35,746
18.90

2,123
143

6

21

0

806
51,694
13,183
2,930
205,381
26,965
2,224

0
1,659,574

52%

159

32,64

OV oococooo

$26 S27
Mixed Mixed
50 50
1.00 1.00
nla nla
35,542 1,962,836
258 94,060
34,940 806
-0.20 19.10
2,123 0
143 0

6 0

21 0

0 0

0 806

103 51,591
26 13,157

6 2,924

411 204,971
54 26,911
2,221b

6 1,659,574

0

521

0

15

b
32,646

528
Mixed

59

1.00

nla
3,654,578
151,997
864,159
-6.33

422,404
28,468
1,189
5,350
10,562
161,224
73,399
18,721
4,160
291,614
38,292

3,159
<

2,356,051
4,056
74

234,962

529
Mixed
59

1.00

nla
365,458
15,200
86,416
-0.63

42,240
2,847
119
535
1,056
16,122
7,340
1,872
416
29,161
3,829

31%
235,605
406

!

%

23,496

2

$30
Mixed
59
1.00

a
3,289,120
136,798
777,743
-5.70

380,163
25,622
1,070
4,815
9,506
145,102
66,059
16,849
3,144
262,453
34,463
2,843
0
2,120,446
3,651

66

20

211,466



Table D1 Stream table of the bioethanal process from rice straw for hase case design (continue)

Stream Name SJl $32 33 34 35 $36 S37 $38 $39 S40 S4l S42 S43 S44 S45
Stream Phase Mixed Mixed Vapor Liquid Mixed Mixed Mixed Vapor Mixed Mixed  Vapor  Liquid Mixed Mixed Mixed
Temperature (°C) 41 42 30 30 30 40 40 40 40 41 30 30 30 40 40
Pressure (atm) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Total Std. Lig. Rate (L/day) nfa nla 269 6,219 42,751 nfa nla 18,687 nla nfa 1,178 9,146 417,432 nfa nfa
Total Mass Rate (kg/day) 365,458 3,289,120 166 6,213 42,991 414,828 414,827 15,334 399,493 3,688,613 726 9,137 419,771 4,118,247 4,106,122
Total Molar Rate (kmol/dav) 15,200 136,798 10 345 2,376 17,931 18,390 354 18,036 154,834 43 507 23,204 178,588 178,510
Total Solid Mass Rate (kg/day) 86,416 177,743 fa nla 845 87,261 77,898 nla 77,898 855,641 fa nla 8,237 863,878 863,878
Total Enthalpy (Gl/day) -1.56 -13.99 0.01 0.03 0.18 -1.33 -0.76 0.13 -0.89 -14.88 0.04 0.05 179 -13.01 -13.19
Component Mass Flow (kg/day)
Cellulose 42,240 380,163 0 0 0 42,240 31,680 0 31,680 411,844 0 0 0 411,844 411,844
Hemicellulose 2,847 25,622 0 0 0 2,847 2,847 0 2,847 28,468 0 0 0 28,468 28,468
Galactan 119 1,070 0 0 0 119 119 0 119 1,189 0 0 0 1,189 1,189
Mannan 535 4,815 0 0 0 535 535 0 535 5,350 0 0 0 5,350 5,350
Arabinan 1,056 9,506 0 0 0 1,056 1,056 0 1,056 10,562 0 0 0 10,562 10,562
Lignin 16,122 145,102 0 0 0 16,122 16,122 0 16,122 161,224 0 0 0 161,224 161,224
Glucose 7,340 66,059 0 0 0 7,340 11,976 0 11,976 78,035 0 0 0 78,035 75,694
Mannose 1872 16,849 0 0 0 1872 1872 0 1,872 18,721 0 0 _ 0l 18,721 18,159
Galactose 416 3,744 0 0 0 416 416 0 416 4,160 0 0 0 4,160 4,035
Xylose 29,161 262,453 0 0 0 29,161 2,508 0 2,508 264,961 0 0 0 264,961 257,012
Arabinose 3,829 34,463 0 0 0 3,829 3,829 0 3,829 38,292 0 0 0 38,292 37,143
Cellobiose 316 2,843 0 0 0 316 316 0 316 3,159 0 0 0 3,159 3,159
Ethanol 0 0 0 0 0 0 15,310 1,148 14,161 14,161 0 0 0 14,161 14,161
W ater 235,605 2,120,446 0 0 42,146 277,151 276,744 138 276,606 2,397,051 0 (F 411534 2,808,586 2,808,586
Sulfuric Acid 406 3,651 0 0 0 406 406 0 406 4,056 0 ol 0 4,056 4,056
Furfural 74 668 0l 0 0 74 74 0 74 742 51 0 0 742 742
Ammonia 0 0 166 0 0 166 0 0 0 0 726 0 0 726 726
Oxygen 0 0 ol 0 0 0 296 296 0 0 0 0 0 ol 0
Carbon Dioxide 0 0 0 0 0 0 14,476 13,752 724 724 0 0 0 724 724
Glycerol 0 0 0 0 0 1 0 119 0 119 119 0 0 0 119 119
Succinic Acid n 0 0 0 0 0 402 0 402 402 0 0 0 402 402
Lactic Acid 0 0 0 0 0 0 73 0 73 73 0 0 0 73 73
HMF 23 203 0 0 0 23 23 0 23 225 0 0 0 225 225
Xylitol 0 0 0 0 0 0 1,359 0 1,359 1,359 0 0 0 1,359 1,359
Acetic Acid 0 0 0 0 0 0 518 0 518 518 0 0 0 518 518
Com Steep Liquor 0 0 0 6,213 0 6,213 6,213 0 6,213 6,213 0 9,137 0 15,350 15,350
M 0" 0 0 0 0 0 1,197 0 1,197 1,197 0 0 0 1,197 1,197
Cellulase 0 0 0 0 845 845 845 0 845 845 0 0 8,237 9.082 9,082
Lime r- 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CASOj 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ash 23,496 211,466 0 0 0 23,496 23,496 0 23,496 234,962 0 0 0 234,962 234,962



Table D1 Stream table of the bioethanol process from rice straw for base case design (continue)
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Table D1 Stream table of the hioethanol process from rice straw for base case design (continue)




D.2.2 Alternative 1 Design

Table D2 Stream table of the bioethanol process from rice straw for alternative 1 design
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Table D2 Stream table of the hioethanol process from rice straw for alternative 1design
Q)




Table D2 Stream table of the bioethanol process from rice straw for alternative 1design (continug)

lll




Table D2 Stream table of the bioethanol process from rice straw for alternative 1 design (continue)
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Table D2 Stream table of the bioethanol process from rice straw for alternative 1design (continug)




D.2.3 Alternative 2 Design

Table D3 Stream table of the bioethanol process from rice straw for alternative 2 design




Table D3 Stream table of the bioethanol process from rice straw for alternative 2 design (continue)
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Table D3 Stream table of the bioethanol process from rice straw for alternative 2 design (continue)




Table D3 Stream table of the bioethanol process from rice straw for alternative 2 design (continue)




Table D3 Stream table of the bioethanol process from rice straw for alternative 2 design (continue)

%?04




D.24 Alternative 3 Design

Table D4 Stream table of the bioethanol process from rice straw for alternative 3 design
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Table D4 Stream table of the hioethanol process from rice straw for alternative 3 design (continue)
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Table D4 Stream table of the bioethanol process from rice straw for alternative 3 design (continue)

Stream Name $31 532 $33 S34 35 $36 37 $38 $39 S40 S4l S42 S43 $44 $45
Stream Phase Mixed Mixed Vapor Liquid Mixed Mixed Mixed Vapor Mixed Mixed Vapor Liquid Mixed Mixed Mixed
Temperature (°C) 42 42 30 30 30 40 40 40 40 41 30 30 30 40 40
Pressure (atm) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Total Std. Lig. Rate (L/day) nla nla 265 5,620 40,319 nla nla 18,549 nla nla 1,163 8,264 392,900 nla nla
Total Mass Rate (kg/day) 329,814 2,968,329 163 5,614 40,545 376,137 376,137 15216 360,921 3,329,250 716 8,256 395,102 3,733,325 3,721,371
Total Molar Rate (kmol/day) 13,392 120,526 10 312 2,241 15,954 16,415 351 16,064 136,590 42 458 21,841 158,931 158,855
Total Solid Mass Rate (kg/day) 81,335 732,019 nla nla 795 82,131 73,375 nla 73,375 805,394 nla nla 7,753 813,146 813,146
Total Enthalpy (Gl/day) -1.55 -13.94 0.01 0.03 0.17 -1.34 -0.82 0.13 -0.95 -14.89 0.04 0.04 1.68 -13.13 -13.31
Component Mass Flow (kg/day
Cellulose 39,757 357,813 0 0 0 39,757 29,818 0 29,818 387,631 0 0 0 387,631 387,631
Hemicellulose 2,679 24,115 0 0 0 2679 2,679 0 2,679 26,795 0 0 0 26,795 26,795
Galactan 112 1,007 0 0 0 112 112 0 112 1,119 0 0 0 1,119 1,119
Mannan 504 4,532 0 0 0 504 504 0 504 5,035 0 0 0 5,035 5,035
Arabinan 994 8,947 0 0 0 994 994 0 994 9,941 0 0 0 9,941 9,941
Lignin 15,175 136,571 0 0 0 15,175 15,175 0 15,175 151,746 0 0 0 151,746 151,746
Glucose 8,572 77,146 0 0 0 8,572 11,327 0 11,327 88,473 0 0 0 88,473 85,819
Mannose 1,838 16,540 0 0 0 1,838 1,838 0 1,838 18,378 0 0 0 18,378 17,827
Galactose 408 3,676 0 0 0 408 408 0 408 4,084 0 0 0 4,084 3,961
Xylose 27,506 247,552 0 0 0 217,506 2,365 0 2,365 249,917 0 0 0 249,917 242,420
Arabinose 3759 33,832 0 0 0 3,759 3,159 0 3,759 37,591 0 0 0 37,591 36,463
Cellobiose 318 2,864 0 0 0 318 318 0 318 3,182 0 0 0 3,182 3,182
Ethanol 179 1,613 0 0 0 179 15,378 1,153 14,225 15,838 0 (p 0 15,838 15,838
W ater 204,352 1,839,168 0 0 39,749 244,101 243,168 122 243,047 2,082,215 0 0 387,349 2,469,564 2,469,564
Sulfuric Acid 308 2,173 0 0 0 308 308 (T 308 3,081 cP 0 0 3,081 3,081
Furfural 172 1,544 0 0 0 172 172 0 172 1,716 0 0 0 1,716 1,716
Ammonia 0 0 163 0 0 163 0 0 0 (p 716 0 0 716 716
Oxygen 0 0 0 0 0 0 286 286 0 0 0 0 0 0 0
Carbon Dioxide 0 0 0 51 0 0 14,374 13,655 719 719 0 0 0 719 719
Glycerol 61 50 0 0 0 6 125 0 125 175 0 0 0 175 175
Succinic Acid A 157 0 0 0 17 409 0 409 567 0 0 0 567 567
Lactic Acid 57 516 0 0 0 57 129 0 129 645 0 0 0 645 645
HMF 23 210 0 0 0 23 23 0 23 234 0 0 0 234 234
Xylitol 56 504 0 0 0 56 1,338 0 1,338 1,842 0 0 0 1,842 1,842
Acetic Acid 397 3,576 0 0 0 397 911 0 911 4,487 0 0 0 4,487 4,487
Com Steep Liquor 510 4,589 0 5,614 0 6,124 6,124 0 6,124 10,713 0 8,256 0 18,970 18,970
M 0 0 0 0 0 0 1,184 0 1,184 1,184 0 0 0 1,184 1,184
Cellulase 0 0 0 0 795 795 795 0 795 795 0 0 7,153 8,548 8,548
Lime 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CASO4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ash 22,115 199,034 0 0 0 22,115 22,115 0 22,115 221,149 0 0 0 221,149 221,149



Table D4 Stream table of the bioethanol process from rice straw for alternative 3 design (continue)

Stream Name S46
Stream Phase Liguid
Temperature (°C) 40
Pressure (atm) 1.00
Total Std. Lig. Rate (L/day) 7,750
Total Mass Rate (kg/day) 11,953
Total Molar Rate (kmol/day) 76
Total Solid Mass Rate (kg/day) nla
Total Enthalpy (Gl/day) 0.18
Component
Cellulose
Hemicellulose
Galactan
Mannan
Arabinan
Lignin
Glucose 2,654
Mannose 551
Galactose 123
Xylose 7,498
Arabinose 1,128
Cellobiose
Ethanol

W ater

Sulfuric Acid
Furfural
Ammonia

Oxygen

Carbon Dioxide
Glycerol

Succinic Acid
Lactic Acid

HMF

Xylitol

Acetic Acid

Com Steep Liquor
M

Cellulase

Lime

caso,

Ash

coococo

=}

o

OO PO OO OO DO DO OO OO DD

S47
Mixed

40

1.00

nla
3,721,373
161,469
464,812
15.78

34,112
26,795
1,119
5,035
9,941
151,746
391,239
17,827
3,961
13,818
36,463
4910
162,916
2,430,342
3,081
1716

0

2,194
139,905
1,270
4102
1,302
234
13,143
9,168
18,970
6,369
8,548
0

0
221,149

S48
Liguid
40
1.00
9,721
11,953
133

=}
o =
P

11,95

O OO OO OO OO WOO O OO O OO OO OO OO OO OO

S49
Mixed

40

1.00

nla
3,733,326
161,602
464,812
15.83

34,112
26,795
1,119
5,035
9,941
151,746
391,239
17,827
3,961
13,818
36,463
4910
162,916
2,430,342
3,081
1,716

0

2,194
139,905
1,270
4,102
13,255

S50
Vapor
40
1.00
95,992
79,338
1,895
nla
0.69

0
0
0
0
0
0
0
0
0
0

0

51

1,478
2,338
0

6

0
2,015
73,474
0

0

0
0
0
5
1
0
0
0
0
0

SSI
Mixed

40

1.00

nla
3,653,988
159,706
464,812
15.14

34,112
26,795
1,119
5,035
9,941
151,746
391,239
17,827
3,961
13,818
36,463
4,910
161,438
2,428,003
3,081
1,710

0

180
66,431
1,270
4,102
13,255
234
13,143
9,154
18,958
6,369
8,548
0

0
221,149

§52 §53

Liquid Solid

40 40

1.00 1.00

3,069,849 nfa

3,189,176 464,812

143,974 15,733

nfa 464,812

25.20 -10.07
Mass Flow (kg/day)

0 34,112

0 26,795

0 1,119

0 5,035

0 9,941

0 151,746

391,239 0

17,821 0

3,961 0

13,818 0

36,463 01

4,910 0

161,438 0

2,428,003 0

3,081 0

1,710 0

0 0

180 0

66,431 0

1,270 0

4,102 0

13,255 0

234 0

13,143 0

9,154 0

18,958 0

0 6,369

0 8,548

0 0

0 0

0 221,149

S54
Liquid

40

4.76
3,069,849
3,189,176
143,974
nla

25.29

coo oo

0
391,239
17,827
3,961
13,818
36,463
4,910
161,438
2,428,003
3,081
1,710

0

180
66,431
1,270
4102
13,255
234
13,143
9,154
18,958
0

oo oo

S55
Liquid

90

4.76
3,069,849
3,189,176
143,974
nla

49.13

cooc oo

0
391,239
17,827
3,961
13,818
36,463
4,910
161,438
2,428,003
3,081
1,710

0

180
66,431
1,210
4102
13,255
234
13,143
9,154
18,958
0

oo oo

$56
Vapor
100
4.76
84,352

=
©
wo
—
~

1,648

=)
o 3
coocococococoocococo o®

~
=)
>~ o

2,185
10

180
66,431

o

—
CocoOoO o O O o

$57
Liquid
100

4.76
2,985,497
3,119,864
142,326
nla

53.30

co oo o

0
391,239
17,827
3,961
13,818
36,463
4,910
160,954
2,425,818
3,081
1,700

0

0

0

1,270
4,102
13,255
232
13,143
9,150
18,942

o oo

§58
Vapor
94

n
221,448
186,239
4,960
nfa
10.07

0
0
0
0
0
0
0
0
0
0

0

01

159,017
27,166
0

~
o o

—
cCoococ oMo o OO oo

$59
Liquid
118

177
2,758,049
2,933,625
137,365
nla

58.99

co ooo

0
391,239
17,827
3,961
13,818
36,463
4910
1,937
2,398,652
3,081
1,660
0

0

0

1,210
4102
13,255
232
13,143
9,138
18,938
0

oo oo

S60
Liquid
93

1.77
209,406
168,413
4,000
nla

1.81

cCcooc oo o oo o o oo

158,221
10,191

=}

CcCoco oo oo oo o oo o0 oo



Table D4 stream table of the bioethanol process from rice straw for alternative 3 design (continue)

Stream Name S61
Stream Phase Liquid
Temperature (°C) 112
Pressure (atm) n
Total Std. Lig. Rate (L/day) 18,042
Total Mass Rate (kg/day) 17,826
Total Molar Rate (kmol/day) 960
Total Solid Mass Rate (kg/day) nla
Total Enthalpy (Gl/day) 0.34
Component
Cellulose
Hemicellulose
Galactan
Marrnan
Arabinan
Lignin
Glucose
Mannose
Galactose
Xylose
Arabinose
Cellobiose
Ethanol 795
W ater 16,975
Sulfuric Acid
Furfural
Ammonia

Oxygen

Carbon Dioxide
Glycerol

Succinic Acid
Lactic Acid

HMF

Xylitol

Acetic Acid

Com Steep Liquor
M

Cellulase

Lime

CASO4

Ash

Scoococococoocoo

=}

~
o o

—
cCcoococ oM OO oo O OO

$62
Vapor
0o
7
209,406
168,413
4,000
nla

8.20

cooc o oo ococoo oo

158,221
10,191
0

Coocococo oo oo oo oo O

$63
Vapor
i00
1.00
200,000
159,016
3479
nla

7.14

CcCooc o oco oo oo oo

158,221
795

CooC oo o OO OO A OO

S64
Vapor

i

0

1.00
9,406

9,39

6

522
nla
1.05

9,39

OO OO OO OO DO OO OO OO DO OO DD OO © O DD D

S6S
Liquid
40

1.00
200,000
159,016
3,479
nla

0.64

0
0
0
0
0
0
0
0
0
0
0
0

158,221
795

=}

CcCoococ oo oo oo cooo oo

566
Liquid
100

4.76
3,069,849
3,189,176
143,974
nla

54.20

cooco o

0
391,239
17,827
3,961
13,818
36,463
4,910
161,438
2,428,003
3,081
1,710

0

180
66,431
1,210
4102
13,255
234
13,143
9,154
18,958
0

co oo

S67 568 S69

Mixed Mixed Mixed

17 72 72

1.77 0.33 0.33

2,776,091 2,776,091 2,776,001

2,951,451 2951451 2,951,451

138,326 138,326 138,326

a nla fa

59.33 59.33 84.70
Mass Flow (kg/day)

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

391,239 391,239 391,239

17,827 17,827 17,827

3,961 3,961 3,961

13,818 13,818 13,818

36,463 36,463 36,463

4,910 4,910 4,910

2,132 2,132 2,132

2,415,627 2,415,627 2,415,627

3,081 3,081 3,081

1,700 1,700 1,700

0 0 0

0 0 0

0 0 0

1,270 1,270 1,270

4,102 4,102 4,102

13,255 13,255 13,255

232 232 232

13,143 13,143 13,143

9,150 9,150 9,150

18,942 18,942 18,942

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

ST0
Vapor
72

0.33
478,617
477,899
26,315
nfa
52.04

cooc oo oo o o oo

1,993
469,902

950

=}

ool oL oo

2,604
2,437

coo o

S71
Liquid

72

0.33
2,297,474
2,473,552
112,010
nla

32.66

oo oo o

0
391,239
17,827
3,961
13,818
36,463
4,910
739
1,945,725
3,081
749

0

0

0

1,269
4.102
13,250
226
13,143
6,546
16,504
0

co oo

S72
Mixed

61

0.20
2,297,474
2,473,552
112,010
nla

32.66

cooco o

0
391,239
17,827
3,961
13,818
36,463
4910
739
1,945,725
3,081
749

S73
Mixed

61

0.20
2,297,474
2,473,552
112,010
nla

78.81

co oo o

0
391,239
17,827
3,961
13818
36,463
4910
739
1,945,725
3,081
749

0

0

0

1,269
4,102
13,250
226
13,143
6,546
16,504
0

oo oo

S74
Liquid

0.33
478,617
477,899

26,315
nla

5.89

cCooc o co o oo oo

=}

1,993
469,902

950

— o o

o — o =

2,604
2,437
0

co o o

o o oo o

co oo o



Table D4 Stream table of the bioethanol process from rice straw for alternative 3 design (continue)

Stream Name
Stream Phase
Temperature (°C)
Pressure (atm)

Total Std. Lig. Rate (L/day)

Total Mass Rate (kg/day)

Total Molar Rate (kmol/day)
Total Solid Mass Rate (kg/day)

Total Enthalpy (Gl/day)
Component
Cellulose
Hemicellulose
Galactan
Mannan
Arabinan
Lignin
Glucose
Mannose
Galactose
Xylose
Arabinose
Cellobiose
Ethanol

W ater
Sulfuric Acid
Furfural
Ammaonia
Oxygen
Carbon Dioxide
Glycerol
Succinic Acid
Lactic Acid
HMF

Xylitol

Acetic Acid
Com Steep Liquor
M

Cellulase
Lime

CASOj

Ash

S76
Liquid

61

0.20
1,783,669
1,960,213
83,652

la

23.18

cooc oo

0
391,239
17,827
3,961
13,818
36,463
4910
154
1,438,915
3,081
283

0

0

0

1,268
4102
13,245
217
13,143
4,092
13,496

o oo o

Liquid

ST1

61
0.20
90,994
100,000
4,268
nla

1.18

co oo o

=}

19,959
909
202
705

1,860
250

73,406
157

coo o

S78
Liquid

61

0.20
1,692,675
1,860,213
79,385
nla

22.00

co oo o

0
371,280
16,917
3,759
13,113
34,603
4,659
146
1,365,509
2,924
268

0

0

0

1,203
3,893
12,569
206
12,473
3,883
12,807

co oo

S79
Liquid
70

0.31
569,611
577,899
30,583
nla

7.07

co o oo

=}

19,959
909
202
705

1,860
250
2,001
543,308

2,813
3,126

co oo

80
Liquid
70

0.31
475,402
482,320

25,525
nla

5.90

cooc oo

o

16,658
759
169
588

1,553

453,449

2,348
2,609

o oo o

S8l $82
Liquid Liquid
70 70
0.31 1.00
94,209 475,402
95,580 482,320
5,058 25,525
nla nla
1.17 5.90
Mass Flow (kg/day)

0 0

0 0

0 0

0 0

0 0

0 0
3,301 16,658
150 759

33 169

17 588
308 1,553
41 209
331 1,670
89,859 453,449
26 131
160 805

0 0

0 0

0 0

1 55

35 175

113 568

3 15

11 560
465 2,348
517 2,609

0 0

oo oo
oo oo

$83
Vapor
220
1.00
513,805
513,339
28,358
nla
59.59

cCcocoocococ oo oo

=}

586
506,809
0

467

o WO OO oo

2,454
3,009

co oo

S84
Mixed
100

1.00
513,805
513,339
28,358
nla
53.20

cCcCooco oo o oo

=}

586
506,809
0

467

0

o W oo oo

2,454
3,009

oo oo

585
Mixed
100

1.00
513,795
513,329
28,357

29.36

coococ o oo o oo

o

586
506,800
0

467

0

ISR ISy o

2,454
3,008

co oo

586
Mixed
100

1.00
689,139
688,500
38,081
nla
30.27

S oo ocococo o oo

=}

586
681,971
0

466

0

O W oo O o

2,454
3,008

coo o

S87 1
Liquid
44
1.00
1,336,215
1,342,284
73,260
nla
10.42

cooco o

0
16,658
759
169
588
1,553
209
1,670
1,313,414
131
805

0

0

0

55

175
568

560
2,341
2,609

oc oo o



D.25 Alternative 4 Design

Table D5 stream table of the bioethanol process from rice straw

Stream Name

Stream Phase
Temperature (°C)
Pressure (atm)

Total Std. Lig. Rate (L/day)
Total Mass Rate (kg/day)
Total Molar Rate (kmol/day)
Total Solid Mass Rate (kg/day)
Total Enthalpy (Gl/day)
Component

Cellulose
Hemicellulose
Galactan

Mannan

Arabinan

Lignin

Glucose

Mannose

Galactose

Xylose

Arabinose

Cellobiose

Ethanol

W ater

Sulfuric Acid

Furfural

Ammonia

Oxygen

Carbon Dioxide
Glycerol

Succinic Acid

Lactic Acid

HMF

Xylitol

Acetic Acid

Com Steep Liquor

M

Cellulase

Lime

CASO4

Ash

N
Mixed

30

1.00

nla
1.348,792
29,133
1,186,911
-65.31

468,830
272,989
4748
21,364
42,129
153,11

|
é

223,139

2
Vapor
160
6.00
114,448
114,336
6,347
nfa
13.16

E

S3
Mixed
100

1.00

nla
1,463,127
35,479
1,186,911
-52.15

468,830
272,989
4748
21,364
42,129
153,11

a
E

223,139

S4
Liquid
55

1.00
659,721
661,346
36,356
nla

6.38

0
0

;

4927
282
63
218
571
7
426
653,791
59

8

S5 S6
Liquid Liquid
30 55
1.00 1.00
6,884 666,614
12,649 674,004
129 36,485
nla nla
0.02 6.40
0

12,64

1 282

218

571

7

426

653,800

12,108
8

(T1 4927
(T
0
0
0
0
0
0

for alternative 4 design

S10
Vapor
102

1.00
294,543
294,326
16,275
nla
32.83

Sl
Liquid
102

1.00
1,210,022
1,360,734
54,519
nla

24.05

ST S8 9
Vapor Mixed Mixed
268 180 180
13.00 10.00 10.00
341,124 nla n/a
340,788 2,477,919 2,477,919
18,917 90,881 88,306
nfa 1,186,911 822,858
39.52 -6.23 25.54
Mass Flow (kg/day)
468,830 403,164
272,989 27,172
4,748 1,135
21,364 5,106
42,129 10,031
153,111 153,111
4,927 74,731
282 18,086
63 4,019
218 271,548
577 36,993
7 3,077
426 426
34078@ 1,270,805 1,224,565
12708 12,708
1,84
° E)
0
b 20
65
209 209
235
208 208
85
24
223,139

223,139

o
0

74,731
18,086

4,019

271,548

36,993

3,077

333 9
292,81 931,746
b 12,708

1,09 744
0

0

0

20

65

209
225
208

27 58
3 20

S12
Solid
102

1.00

nla
822,858
17,511
822,858
-31.33

403,164
21,172
1,135
5,106
10,031
153,111

0
0

223,139

S13
Mixed
102

1.00

nla
2,183,593
72,031
822,858
-7.28

403,164
21,172
1,135
5,106
10,031
153,111
74,131
18,086
4,019
277,548
36,993
3,077
93
931,746
12,108
744

223,139

S14 SIS
Liquid Mixed
55 81
1.00 1.00
1,349,046 nfa
1,352,367 1,911,078
74,343 90,649
nla 2,948
13.05 27.39
2,016

136

2

766

10,075 59,644
577 13,123
128 2,916
445 195,513
1,180 26,843
158 2,218
872 679
1,336, 1,595,566
@ 9,018
174 645

6 0

0

0 0

4 43

132 139
421 447
24 175
425 446
173 163
496 493
0



Table D5 Stream table of the bioethanol process from rice straw for alternative 4 design (continue)

Stream Name S16 S17 SIS S19 20 s21 22 §23 S24 §25 $26 s21 28 §29 " §3»
Stream Phase Mixed Mixed  Liquid Mixed Solid Mixed Mixed  Liquid Mixed Mixed  Mixed Mixed Mixed Mixed Mixed
Temperature (°C) 81 50 30 50 30 50 50 30 50 50 50 50 63 63 63
Pressure (atm) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Total Std. Lig. Rate (L/day) nla nla 3,808 nla nla nla nla 3,752 nla nfa nla nla nla nla nla
Total Mass Rate (kg/day) 1,624,901 1,911,078 6,998 1,918,076 17,308 1935384 1,935,384 6,895 1942278 1,942,279 34,584 1907695 3532595 353,260 3,179,336
Total Molar Rate (kmol/day) 55,725 90,649 n 90,721 234 90,954 91,118 70 91,188 91,258 251 91,007 146,732 14,673 132,059
Total Solid Mass Rate (kg/day) 819,910 2,948 nfa 2,948 17,308 20,256 30,389 nfa 30,389 34751 33,985 766 820,675 82,068 738,608
Total Enthalpy (GJ/day) -21.62 18.43 0.01 18.44 -1.93 16.51 17.83 0.01 17.84 18.40 -0.19 18.60 -3.03 -0.30 -2.13
Component Mass Flow (kg/day) )
Cellulose 401,149 2,016 0 2,016 0 2,016 2,016 0 2,016 2,016 2,016 0 401,149 40,115 361,034
Hemicellulose 27,036 136 0 136 0 136 136 0 136 136 136 0 27,036 2,704 24,332
Galactan 1,129 6 0 6 0 6 6 0 6 6 6 0 1,129 113 1,016
Mannan 5,081 26 0 26 0 26 26 0 26 26 26 0 5,081 508 4,573
Arabinan 10,031 0 0 0 0 0 0 0 0 0 0 0 10,031 1,003 9,028
Lignin 152,346 766 0 766 0 766 766 0 766 766 0 766 153,111 15,311 137,800
Glucose 25,162 59,644 0 59,644 0 59,644 59,644 0 59,644 59,644 119 59,524 84,686 8,469 76,218
Mannose 5,539 13,123 0 13,123 0 13,123 13,123 (T1 13,123 13,123 26 13,097 18,636 1,864 16,773
Galactose 1,231 2,916 0 2,916 0 2,916 2,916 0 2,916 2,916 6 2,910 4141 414 321
Xylose 82,481 195,513 0 195,513 0 195,513 195,513 0 195,513 195,513 391 195,122 271,602 27,760 249,842
Arabinose 11,330 26,843 0 26,843 0 26,843 26,843 0 26,843 26,843 54 26,789 38,119 3,812 34,307
Cellobiose 958 2,278 0 2,278 0 2,278 2,218 0 2,218 2,218 0 2,218 3,235 324 2,912
Ethanol 286 679 0 679 0 679 679 0 679 679 0 679 965 96 868
W ater 673,119 1,595,566 0 1595566 0 1,595,566 1,601,449 0 1,601,449 1603982 0 1603982 2277101 221,710 2,049,391
Sulfuric Acid 3,812 9,018 6,998 16,016 0 16,016 0 6,895 6,895 0 0 01 3,812 381 3,431
Furfural 273 645 0 645 0 645 645 0 645 645 1 644 917 92 825
Ammonia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Oxygen 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Carbon Dioxide 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Glycerol 18 43 0 43 0 43 43 0 43 43 0 43 61 6 55
Succinic Acid 58 139 0 139 0 139 139 0 139 139 0 139 197 20 1
Lactic Acid 188 447 0 447 0 447 447 0 447 447 0 447 636 64 572
HMF 74 175 0 175 0 175 175 0 175 175 0 175 248 25 223
Xylitol 188 446 0 446 0 446 446 0 446 446 0 446 633 63 570
Acetic Acid 69 163 0 163 0 163 163 0 163 163 0 163 231 23 208
Com Steep Liquor 208 493 0 493 0 493 493 0 493 493 1 492 700 70 630
M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cellulase 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lime 0 0 0 0 17,308 17,308 5,208 0 5,208 0 0 0 0 0 0
CASO4 0 0 0 0 0 0 22,232 0 22,232 31,802 31,802 0 0 0 0
Ash 223,139 0 0 0 0 0 0 0 0 0 0 0 223,139 22,314 200,825



Table 05 Stream table of the bioethanol process from rice straw for alternative 4 design (continue)

Stream Name 31 $32 33 34 §35 36 §37 $38 §39 S40 S41 42 S43 S44 §45
Stream Phase Mixed Mixed Vapor Liquid Mixed Mixed Mixed Vapor Mixed Mixed Vapor Liquid Mixed Mixed Mixed
Temperature (°C) 41 42 30 30 30 40 40 40 40 41 30 30 30 40 40
Pressure (atm) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Total Std. Lig. Rate (L/day) nla nla 267 6,024 40,600 nla la 18,622 nla nla 1,169 8,858 396,425 nla nla
Total Mass Rate (kg/day) 353,260 3,179,336 164 6,018 40,828 400,270 400,270 15,278 384,992 3,564,327 720 8,850 398,647 3,972,544 3,960,521
Total Molar Rate (kmol/day) 14,673 132,059 10 334 2,257 17,274 17,736 353 17,383 149,442 42 491 22,037 172,013 171,936
Total Solid Mass Rate (kg/day) 82,068 738,608 nla nfa 802 82,870 74,030 fa 74,030 812,638 nfa a 7,822 820,460 820,460
Total Enthalpy (Gl/day) -1.42 -12.17 0.01 0.03 0.17 -1.21 -0.68 0.13 -0.81 13.58 0.04 0.05 1.70 -11.80 -11.98
Component Mass Flow (kg/day)
Cellulose 40,115 361,034 0 0 0 40,115 30,086 0 30,086 391,120 0 0 0 391,120 391,120
Hemicellulose 2,704 24,332 0 0 0 2,704 2,704 0 2,704 27,036 0 0 0 27,036 27,036
Galactan 113 1,016 0 0 0 113 113 0 113 1,129 0 0 0 1,129 1,129
Mannan 508 4.573 0 0 0 508 508 0 508 5,081 0 0 0 5,081 5,081
Arabinan 1,003 9,028 0 0 0 1,003 1,003 0 1,003 10,031 0 0 0 10,031 10,031
Lignin 15,311 137,800 0 0 0 15.311 15,311 0 15,311 153,111 0 0 0 153,111 153,111
Glucose 8,469 76,218 0 0 0 8,469 11,423 0 11,423 87,640 0 0 0 87.640 85,011
Mannose 1,864 16,773 0 0 0 1,864 1,864 0 1,864 18,636 0 0 0 18,636 18,077
Galactose 414 3,721 0 0 0 414 414 0 414 4,141 0 0 0 4,141 4,017
Xylose 27,760 249,842 0 0 0 27,760 2,387 <p 2,387 252,229 0 0 0 252,229 244,662
Arabinose 3,812 34,307 0 0 0 3,812 3,812 0 3,812 38,119 0 n 0 38,119 36,975
Cellobiose 324 2,912 0 0 0 324 324 0 324 3,235 0 0 51 3,235 3,235
Ethanol 96 868 0 0 0 96 15,352 1,151 14,201 15,069 0 0 n 15,069 15,069
W ater 221,710 2,049,391 0 0 40,026 267,736 266,793 133 266,659 2,316,050 0 0 390824 2,706,875 2,706,875
Sulfuric Acid 381 3,431 _0j 0 0 381 381 0 381 3,812 0 0 0 3,812 3,812
Furfural 92 825 0 0 0 92 92 0 92 917 0 0 0 917 917
Ammonia 0 0 164 0 0 164 0 0 0 0 720 0 0 720 720
Oxygen 0 0 0 0 0 0 288 288 0 0 0 0 0 0 0
Carbon Dioxide 0 0 0 0 0 0 14,421 13,706 721 721 0 0 0 721 721
Glvcerol 6 55 0 0 0 6 126 0 126 180 0 0 0 180 180
Succinic Acid 20 1 0 0 0 20 414 0 414 591 0 0 0 501! 591
Lactic Acid 64 572 0 0 0 64 136 0 136 708 0 0 0 708 708
HMF 25 223 0 0 0 25 25 0 25 248 0 0 0 248 248
Xylitol 63 570 0 0 0 63 1,357 0 1,357 1,927 0 0 0 1,927 1,927
Acetic Acid 23 208 0 0 0 23 539 0 539 747 0 0 0 747 747
Com Steep Liquor 70 630 0 6,018 0 6,088 6,088 0 6,088 6,718 0 8,850 0 15,567 15,567
M 0 0 0 0 0 0 1,189 0 1,189 1,189 0 0 0 1,189 1,189
Cellulase 0 0 0 0 802 802 802 0 802 802 0 0 7,822 8,625 8,625
Lime 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CASO. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ash 22.314 200,825 0 0 0 22,314 22,314 0 22,314 223,139 0 0 0 223,139 223,139



Table D5 stream table of the bioethanol process from rice straw for alternative 4 design (continue)

Stream Name 46
Stream Phase
Temperature (°C) 40
Pressure (atm) 1.00
Total Std. Lig. Rate (L/day)
Total Mass Rate (kg/day) 12,023
Total Molar Rate (kmol/day) 76
Total Solid Mass Rate (kg/day) nla
Total Enthalpy (Gl/day) 0.18
Component
Cellulose 0
Hemicellulose 0
Galactan 0
Mannan 0
Arabinan 0
Lignin 0
Glucose
Mannose 559
Galactose 124
Xylose
Arabinose
Cellobiose 0
Ethanol 0
W ater 0
Sulfuric Acid 0
Furfural 0
Ammonia 0
Oxygen 0
Carbon Dioxide 0
Glycerol 0
Succinic Acid 0
Lactic Acid 0
HMF 0
Xylitol 0
Acetic Acid 0
Com Steep Liguor 0
M 0
Cellulase 0
Lime 0
CASO4 0
Ash 0

3,960,522
174,548 133
468,966 nla

S47 S48
Mixed Liquid
40 40
1.00 1.00
nla 9,778
12,023

17.36 0.05

34,419
217,036
1,129
5,081
10,031

153,111
394,781

18,077
4,017
13,946
36,975
4,954

162,730
2,667,291

0

0

0

0

0

0

0

0

0

0

0

0

0

0

3,812 0
917 0
0 0
2,210 0
0

0

0

3

0

0

0

0

0

0

0

0

0

140,457

1,278
4,146
1,368
248
13,333
5,447
15,567
6,396
8,625
0

0

12,02

223,139

49 $50 SSI
Mixed Vapor Mixed
40 40 40

1.00 1.00 1.00

nla 89,557 nla
3,972,545 74,057 3,898,488
174,681 1,771 172,911
468,966 nla 468,966
1741 0.64 16.76
34,419 0 34,419
27,036 0 217,036
1,129 0 1,129
5,081 0 5,081
10,031 0 10,031
153,111 0 153,111
394,781 51 394,781
18,077 0 18,077
4,017 51 4,017
13,946 0 13,946
36,975 0 36,975
4,954 0 4,954
162,730 1,292 161,438
2,667,291 2,197 2,665,094
3,812 0 3,812
917 3 914

0 0 0

2,210 2,003 207

i 140,457 68,546 71,911
1,278 0 1,278
4,146 0 4,146
13,390 0 13,390
248 0 248
13,333 0 13,333
5,447 8 5,439
15,567 8 15,559
6,396 0 6,396
8,625 0 8,625

0 0 0

0 0 0
223,139 0 223,139

3,309,884
3,429,522

2,665,094

§52 83

Liquid Solid

40 40

1.00 1.00

la

468,966

157,037 15,873

nfa 468,966

26.92 -10.16
Mass Flow (kg/riav)

0 34,419

0 27,036

0 1,129

0 5,081

0 10,031

0 153,111

394,781 0

18,077 0

4,017 0

13,946 0

36,975 0

4,954 0

161,438 0

0

3,812 0

914 0

0 0

207 0

71,911 0

1,278 0

4,146 0

13,390 0

248 0

13,333 0

5,439 0

15,559 0

0 6,396

0 8,625

0 0

0 0

0 223139

SS4
Liquid

40

4.76
3,309,884
3,429,522
157,037
nla

21.02

oo oo o

0
394,781
18,077
4,017
13,946
36,975
4,954
161,438
2,665,094
3,812
914

0

207
71911
1,278
4,146
13,390
248
13,333
5,439
15,559
0

c oo o

SS5
Liquid
100

4.76
3,309,884
3,429,522
157,037
nla

58.40

co oo o

0
394,781
18,077
4,017
13,946
36,975
4,954
161,438
2,665,094
3,812
914

0

207
71911
1,278
4,146
13,390
248
13,333
5,439
15,559
0

coo o

§56
Vapor

4.76
91,293
75,023

1,785
nla

coocococ oo oo oo o

~
oo
~

2,399
0

5

0

207
71911
0

S

—

cCooc oo wre

S57
Liquid
100

4.76
3,218,591
3,354,499
155,252
nla

57.43

co oo o

0
394,781
18,077
4,017
13,946
36,975
4,954
160,954
2,662,696
3,812
908

§S8
Vapor
94

L
228,070
186,858
4,995
nla
10.14

0
0
0
0
0
0
0
0
0
0
0

0
159,016
27,801
0

>
o ©

cCooc oo wWwWmMOoO o OO0 oo O

§59'
Liquid
17
117
2,990,521

$60 1
Liquid
9
177
209,405
168,412
4,000

._\
o =
=g

cCcCooc oo oco oo OO0 o

158,221
10,191
0

Cooc oo oo o000 OO OO



Table 5 Stream table of the bioethanol process from rice straw for alternative 4 design (continue)

Stream Name 61
Stream Phase Liguid
Temperature (°C) e 112
Pressure (atm) L7
Total Std. Lig. Rate (L/day) 18,665
Total Mass Rate (kg/day) 18,446
Total Molar Rate (kmol/day) 995
Total Solid Mass Rate (kg/day) nla
Total Enthalpy (Gl/day) 0.35
Component
Cellulose
Hemicellulose
Galactan
Mannan
Arabinan
Lignin
Glucose
Mannose
Galactose
Xylose
Arabinose
Cellobiose 0
Ethanol 795
W ater 17,611
Sulfuric Acid 0
Furfural 29
Ammonia 0
Oxygen 0
Carbon Dioxide
Glycerol

Succinic Acid
Lactic Acid

HMF

Xylitol

Acetic Acid

Com Steep Liquor
M

Cellulase

Lime

CASO4

Ash

cCcCooc o oco oo o oo

cCcCoocoOoCcwWwPmo o oo O o

S62
Vapor
i00
177
209,405
168,412
4,000
nla

8.20

cCoocoococoococooo

158,221
10,191
0

0

0

cCoocoococococoocou ©

63
Vapor
100

1.00
200,000
159,016
3,479
nfa

1.14

cCooc oo ocococo oo o

158,221
795
6~1

cCo oo oo oo oo oo © oo

S6

4

Vapor
100
1.00

9,40

5

9,396
522
nla
1.05

9,39

R R e R - R R e e R e R — R —F s R e R R - e e R R R e e

S65
Liquid
40

1.00
200,000
159,016
3,479
nla

0.64

co -~ coocooco o oo

158,221
795

o

CcCooc oo oo o o000 OO

66
Mixed
17
L
3,009,186
3,186,087
151,252
nla
64.15
Mass Flow (kg/dajp

coo oo

0
394,781
18.077
4,017
13,946
36,975
4,954
2,132
2,652,505
3,812
908

0

0

0

1,278
4,146
13,390
247
13,333
5,437
15,546
0

co oo

S67
Liquid

54

177
3,009,195
3,186,097
151,253
nla

32.71

cocococoo

394,783
18,077
4,017
13.946
36,976
4,954
2,132
2,652,513
3,812
910

0

0

0

1,219
4,146
13,390
247
13,333
5437
15,546
0

co oo

68

Liquid

55

21.00
3,009,195
3,186,097
151,253
nla

33.22

S69
Liquid

55

1.00
2,114,491
2,119,698
116,525
nla

20.45

S70
Liguid

55

1.00
894,704
1,066,399
34,728
nla

12.76

12,667
5,166
14,768

oo oo

711
Liquid
55
100
105,725
105,985
5,826

68
104,774
10
14
0
0
0
3
10
33
2
33
14
39
0

co o o



D.2.6 Alternative 5 Design

Table D6 Stream table of the bioethanol process from rice straw for alternative 5 design

Stream Name
Stream Phase
Temperature (°C)
Pressure (atm)

Total Std. Lig. Rate (L/day)
Total Mass Rate (kg/day)
Total Molar Rate (kmol/day)
Total Solid Mass Rate (kg/day)
Total Enthalpy (Gl/day)

Component
Cellulose
Hemicellulose
Galactan
Mannan
Arabinan
Lignin
Glucose
Mannose
Galactose
Xylose
Arabinose
Cellobiose
Ethanol
W ater
Sulfuric Acid
Furfural
Ammonia
Oxygen
Carbon Dioxide
Glycerol
Succinic Acid
Lactic Acid
HMF
Xylitol
Acetic Acid
Com Steep Liquor
M
Cellulase
Lime
CASO<
Ash
Nitrogen

Sl 2 S3
Mixed Vapor Mixed
30 160 100

1.00 6.00 1.00

nla 114,448 nla
1,420,253 114,336 1,534,588
30,676 6,347 37,023
1,249,795 nla 1,249,795
-68.77 13.16 -55.61
493,669 493,669
287,453 287,453
4,999 4,999
22,496 22,496
44,993 44,993
161,224 161,224

=

170,45 114,33 284,79

234,96 234,96

O O OO DO DD DD OO OO PO OO DD
oOF oco oo oo o oo oo oo UTWo o oo o oo

S4
Liquid
30

1.00
683,020
682,346
37,876
nla

3.58

682,34

O 0 O O OO OO O OO OO O DNODUIOODODOD OO OO OO D

S5
Liquid
30
1.00
7,428
13,650
139
nla
0.02

13,65

=R =R R R R R T R R R R e R R e R - R R N N e R - XS

6 ?

Liquid Vapor

30 268

1.00 13.00

690,448 398,219

695,996 397,826

38,015 22,083

nla nla

3.61 46.13

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

51 0

0 0

51 0

0 0

682,346 397,826
13,650

0 <

0 5"

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

S8 59

Mixed Mixed

180 180

10.00 10.00

nfa nla

2,628,410 2,628,410

97,121 94,409

1,249,795 866,455

-5.87 27.58
Mass Flow (kg/day)

493,669 424,525

287,453 28,611

4,999 1,195

22,496 5377

44,993 10,562

161,224 161,224

0 73,502

0 18,747

0 4,166

(p 292,024

0 38,346

(p 3,159

0 0

1,364,965 1,316,276

13,650 13,650

n 0 1,851

"1 0 0

0 0

0 0

0 0

0 0

0 0

0 235

0 0

0 0

0 0

0 0

0 0

0 0

0 0

234,961 234,961

0 0

S10
Vapor
101

1.00
313,546
313,396
17,346
nla
34.98

CcCooco oo oo oo oo o

312,278
0

1,108

0

—

CcCoO o oco oo o oo OO OO

Sl
Liquid
101

1.00
1,292,206
1,448,559
58,624
nla

25.59

co oo o

0

73,502
18,747
4,166
292,024
38,346
3,159

0
1,003,998
13,650
743

Co OO oo OO O UTo OO0 OO0 O

S12
Solid
101

1.00

nla
866,455
18,439
866,455
-32.99

424,525
28,611
1,195
5377
10,562
161,224
0

O O OO OO OO DD OO OO OO0 OO OO

234,96

=}

S13
Mixed
101

1.00

nla
2,315,014
77,063
866,455
-7.40

424,525
28,611
1,195
5377
10,562
161.224
73,502
18,747
4166
292,024
38,346

' 3,159
0
1,003,998
13,650
743

=}

~
~

ocFococococococov oo o oo

234,96

]
Liqui

4
d

1.00
1,344,259

1,342,93
74,54

3
4

nla

1,342,93

OO D OO O OO OO OO OO OO OWOO OO OO OO OO OO0 O

SIS
Mixed

1.00

nla
1,966,352
93,678

25.08

cC co oo oo oo O OO



Table D6 Stream table of the bioethanol process from rice straw for alternative 5 design (continue)

Stream Name S16
Stream Phase Mixed
Temperature (°C) 70
Pressure (atm) 1.00
Total Std. Lig. Rate (L/day) nla
Total Mass Rate (kg/day) 1,691,595
Total Molar Rate (kmol/day) 57,929
Total Solid Mass Rate (kg/day) 863,350
Total Enthalpy (GJ/day) -25.43
Component
Cellulose 422,402
Hemicellulose 28,468
Galactan 1,189
Mannan 5,350
Arabinan 10,562
Lignin 160,417
Glucose 21,808
Mannose 5,564
Galactose 1,236
Xylose 86,644
Arabinose 11,381
Cellobiose 935
Ethanol 0
W ater 696,334
Sulfuric Acid 4,055
Furfural 221
Ammonia 0
Oxygen 0
Carbon Dioxide 0
Glycerol 0
Succinic Acid 0
Lactic Acid 0
HMF 67
Xylitol 0
Acetic Acid 0
Com Steep Liquor 0
M 0
Cellulase 0
Lime 0
CASO4 0
Ash 234,961
Nitrogen 0

S17
Mixed

50

1.00

nla
1,966,352
93,678
3,105
18.92

2,123
143

6

21

0

806
51,694
13,183
2,930
205,381
26,965
2,224

0
1,650,597
9,594
522

=}

Co oo O O OO OO o

SI8
Liquid
30
1.00
3,135
6,864
70

nla

=
=3
—

6,86

ooooooooﬁ:ooooooohoooooooooooooo

S19
Mixed

50

1.00

nla
1,973,216
93,748
3,105
18.93

2,123
143

6

21

0

806
51,694
13,183
2,930
205,381
26,965
2,224

0
1,650,597
16,458
522

0

=

cCcoocoocococ o oo o o

520
Solid
30
1.00
nla
17,762
240
17,762

-1.9

17,76

8

C O ON OO OO OO DD OO O D OO~ OOOD OO OO DO D

S21 22 §23 24

Mixed Mixed Liquid Mixed

50 50 30 50

1.00 1.00 1.00 1.00

nla nla 3,839 nla

1,990,978 1,990,978 7,054 1,998,031

93,988 94,155 72 94,227

20,866 31,278 nla 31,278

16.95 18.30 0.01 18.31
Mass Flow (kg/day)

2,123 2,123 0 2,123

143 143 0 143

6 6 0 6

2 21 0 2

0 0 0 0

806 806 0 806

51,694 51,694 0 51,694

13,183 13,183 0 13,183

2,930 2,930 0 2,930

205,381 205,381 0 205,381

26,965 26,965 0 26,965

2,224 2,224 0 2,224

0 0 0 0

1,650,597 1,656,643 0 1,656,643

16,458 0 7,054 7,054

522 522 0 522

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0

g]. 0 0 0

0 0 0 0

159 159 0 159

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

17,762 5,329 0 5,329

0 22,845 0 22,845

0 0 0 0

0 0 0 0

528
Mixed
50

1.00

nla
1,998,031
94,299
35,741
18.89

2,123
143

6

21

0

806
51,694
13,183
2,930
205,381
26,965
2224

0
1,659,234
0

522

—
o
CcCoPoc oo oo O ®o OO o co

32,63

$26 S27
Mixed Mixed
50 50
1.00 1.00
nla nla
35,536 1,962,495
258 94,041
34,935 806
-0.20 19.09
2,123 0
143 0
6 0

21 0

0 0

0 806

103 51,591
26 13,157

6 2,924
411 204,970
54 26,911

0 2,224

0 0

(1 1659234

0 0

1 521

0 0

0 0

0 0

0 0

0 0

0 0

0 158

0 0

0 0

0 0

0 0

0 0

0 0
32,636 0
0 0

0 0

28

Mixed

59

1.00

nla
3,654,090
151,971
864,156
-6.34

422,402
28,468
1,189
5,350
10,562
161,224
73,399
18,721
4,160
291,613
38,292
3,159

(p
2,355,568

4,055
742

o
~
ocF oo oo oo UTo o0 o OO

234,96

29
Mixed
59

1.00

nla
365,409
15,197
86,416
-0.63

42,240
2,847
119
535
1,056
16,122
7,340
1,872
416
29,161
3,829
316

0
235,557
406

74

0

o

O o OO oo O WO OO OO

23,49

30

Mixed

59

1.00

nla
3,288,681
136,773
777,740
-5.70

380,162
25,621
1,070

2,120,012
3,650
668

=}

>
=3

OV o oo OO0 OO Wo oo oo

211,46



Table D6 Stream table of the bioethanol process from rice straw for alternative 5 design (continue)

Stream Name 31 32 33 34 $3S 36 37 38 $39 S40 41 S42 43 S44 S45 46 1
Stream Phase Mixed Mixed Vapor  Liquid ~ Mixed Mixed Mixed Vapor Mixed Mixed Vapor Liquid Mixed Mixed Mixed Liquid
Temperature (°C) 41 42 30 30 30 40 40 40 40 41 30 30 30 40 40 40
Pressure (atm) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Total Std. Lig. Rate (L/day) nla nla 269 6,218 42,750 nla nfa 18,687 fa nla 1,178 9,145 417,424 nla nla 7,865
Total Mass Rate (kg/day) 365,409 3,288,681 166 6,212 42,990 414777 414,777 15334 399,443 3,688,124 726 9,136 419,764 4,117,748 4,105,623 12,125
Total Molar Rate (kmol/day) 15,197 136,773 10 345 2,376 17,928 18,388 354 18,033 154,807 43 507 23,204 178,560 178,483 71
Total Solid Mass Rate (kg/day) 86,416 777,740 nfa nla 845 87,260 77,898 nla 77,898 855,638 nla nfa 8,237 863,875 863,875 la
Total Enthalpy (GJ/day) -1.56 -13.99 0.01 0.03 0.18 -1.33 -0.76 0.13 -0.89 -14.88 0.04 0.05 179 -13.01 -13.19 0.18
Component Mass Flow (kg/day)
Cellulose 42,240 380,162 0 0 0 42,240 31,680 0 31,680 411,842 0 0 0 411,842 411,842 0
Hemicellulose 2,847 25,621 0 0 0 2,847 2,847 0 2,847 28,468 0 0 0 28,468 28,468 0
Galactan 119 1,070 0 0 0 119 119 0 119 1,189 0 0 0 1,189 1,189 0
Mannan 535 4,815 0 0 0 535 535 0 535 5,350 0 0 0 5,350 5,350 0
Arabinan 1,056 9,506 0 0 0 1,056 1,056 0 1,056 10,562 0 0 0 10,562 10,562 0
Lignin 16,122 145,101 0 0 0 16,122 16,122 0 16,122 161,224 0 0 0 161,224 161,224 0
Glucose 7,340 66,059 0 0 0 7,340 11,976 0 11,976 78,034 0 0 0 78,034 75,693 2,341
Mannose 1,872 16,849 0 0 0 1,872 1,872 0 1,872 18,721 0 0 0 18,721 18,159 562
Galactose 416 3,744 0 0 0 416 416 0 416 4,160 0 0 0 4,160 4,035 125
Xylose 29,161 262,452 0 0 0 29,161 2,508 0 2,508 264,960 0 0 0 264,960 257,011 7,949
Arabinose 3,829 34,463 0 0 0 3,829 3,829 0 3,829 38,292 0 0 0 38,292 37,143 1,149
Cellobiose 316 2,843 0 0 0 316 316 0 316 3,159 0 0 0 3,159 3,159 0
Ethanol 0 0 0 0 0 0 15,310 1,148 14,161 14,161 0 0 0 14,161 14,161 0
W ater 235,557 2,120,012 0 0 42,145 277,702 216,695 138 276,557 2,396,568 0 0 411,527 2,808,095 2,808,095 0
Sulfuric Acid 406 3,650 0 0 0 406 406 0 406 4,055 0 0 4,055 4,055 0
Furfural 74 668 _ 0l 0 0 74 74 0 74 742 0 0 0 742 742 0
Ammaonia 0 0 166 0 0 166 0 0 0 0 726 0 0 726 726 0
Oxvgen 0 0 0 0 0 51 296 296 0 0 0 0 0 0 0 0
Carbon Dioxide 0 0 0 0 0 0 14,475 13,752 724 724 0 0 0 724 724 0
Glycerol 0 0 0 0 0 0 119 0 119 119 0 0 0 119 119 0
Succinic Acid 0 0 0 0 0 0 402 0 402 402 0 0 0 402 402 0
Lactic Acid 0 0 0 0 0 0 73 0 73 73 0 0 0 73 73 0
HMF 23 203 0 0 0 23 23 0 23 225 0 0 0 225 225 0
Xylitol 0 0 0 0 0 0 1,359 0 1,359 1,359 0 0 0 1,359 1,359 0
Acetic Acid 0 0 0 0 0 0 518 0 518 518 0 0 0 518 518 0
Com Steep Liquor 0 0 0 6,212 0 6,212 6,212 0 6,212 6,212 0 9,136 0 15,348 15,348 0
M 0 0 0 0 0 0 1,197 0 1,197 1,197 0 0 0 1,197 1,197 0
Cellulase 0 0 0 0 845 845 845 0 845 845 0 0 8,237 9,082 9,082 0
Lime 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CASO< 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ash 23,496 211,465 0 0 0 23,496 23,496 0 23,496 234,961 0 0 0 234,961 234,961 0
Nitrogen 0 0 0 0 0 0 0 0 0 0 0 0 0 0_ 0 0



Table D6 Stream table of the bioethanol process from rice straw for alternative 5 design (continue)

Stream Name
Stream Phase
Temperature (°C)
Pressure (atm)

Total Std. Lig. Rate (L/day)
Total Mass Rate (kg/day)
Total Molar Rate (kmol/day)
Total Solid Mass Rate (kg/day)
Total Enthalpy (GJ/day)

Component
Cellulose
Hemicellulose
Galactan
Mannan
Arabinan
Lignin
Glucose
Mannose
Galactose
Xylose
Arabinose
Cellobiose
Ethanol
W ater
Sulfuric Acid
Furfural
Ammonia
Oxygen
Carbon Dioxide
Glycerol
Succinic Acid
Lactic Acid
HMF
Xylitol
Acetic Acid
Com Steep Liquor
M
Cellulase
Lime
CASO.1
Ash
Nitrogen

S47
Mixed

40

1.00

nla
4,105,624
180,993
493,522
17.84

36,242
28,468
1,189
5,350
10,562
161,224
415,395
18,159
4,035
14,650
37,143
5,217
162,663
2,166,373
4,055
742
o
2,283
141,236
1,217
4,030
738

225
13,341
5,252
15,348
6,444
9,082

0

0
234,961
0

S48
Liquid
40
1.00
9,861
12,125
135
nla
0.05

12,12

O OO OO OO OO OOV O OO OO DD OO D OO OO OO DD

4,117,749

2,166,373

S49 50
Mixed Vapor
40 40
1.00 1.00
nfa 87,578
72,451
181,128 1,733
493,522 nfa
17.89 0.63

36,242
28,468
1,189
5,350
10,562
161,224
415,395
18,159
4,035
14,650
37,143
5217
162,663 1,226
2,153
4,055 0
742 2

0 0

2,283 2,058
141,236 66,996
1,217
4,030
12,863
225
13,341
5,252
15,348
6,444
9,082

0

0
234,961
0

cCooc oo oo o oo oo

=}

cCooco OO m Vo oo o

SSI
Mixed

40

1.00

nla
4,045,299
179,395
493,522
17.21

36,242
28,468
1,189
5,350
10,562
161,224
415,395
18,159
4,035
14,650
37,143
5217
161,437
2,164,221
4,055
740

0

225
74,240
1,217
4,030
12,863
225
13,341
5,245
15,340
6,444
9,082

0

0
234,961
0

§S2
Liquid

40

1.00

nla
3,551,777
162,692
nla

27.95

$S3
Solid

40

1.00

nla
493,522
16,702
493,522
-10.68

36,242
28,468
1,189
5,350
10,562
161,224

234,961
0

§54 §55

Liquid Liquid

40 100

4.76 4.76

nfa nla

3,551,777 3,551,777

162,692 162,692

nla nla

28.05 60.54
Mass Flow (kg/day)

0 0

0 0

0 0

0 0

0 0

0 0

415,395 415,395

18,159 18,159

4,035 4,035

14,650 14,650

37,143 37,143

5217 5217

161,437 161,437

2,764,221 2,764,221

4,055 4,055

740 740

0 0

225 225

74,240 74,240

1,217 1,217

4,030 4,030

12,863 12,863

225 225

13,341 13,341

5,245 5,245

15,340 15,340

0 0

0

0 0

0 0

0 0

0 0

S56
Vapor
100
4.76
94,249
77,457
1,843
nfa
1.01

cCoococ oo oo oo oo

484
2,488
0

4

0

225
74,240
0

—
CoO o OO0 WN O OO

$57
Liquid
100

4.76

nla
3,474,320
160,849
nla

59.53

coococoo

415,395
18,159
4,035
14,650
37,143
5217
160,953
2,161,733
4,055
735

0

0

0

1,217
4,030
12,863
224
13,341
5,243
15,327
0

co oo o

S58
Vapor
94

.77
228,415
187,203
5,015
nla
10.18

0
0
0
0
0
0
0
0
0
0
0

0
159,016
28,149
0

21

=}

Co oo OowWPMOO OO OO D

SS9
Liguid
17

177
3,102,314
3,287,117
155,834
nla

66.22

- —

o oo o

0
415,395
18,159
4,035
14,650
37,143
52117
1,937
2,133,584
4,055
709

0

0

0

1,217
4,030
12,863

13,341
5,235
15,324

co o oo

S60
Liquid
923

177
209,415
168,422
4,001
nla

181

cCcCoocoococ oo o0 oo

158,221
10,201

CoO oo oo oo oo 00O 00O

S61
Liquid
112
n
19,000
18,781
1,014
la

=]
w
cooc oo oo oo oo =3

o

795
17,948
0

2

7
0
0
0
0
0
0
0
0
8
3
0
0
0
0
0
0

62
Vapor
100

17
209,415
168,422
4,001
nla

8.20

cooco oo oo ocoo o

158,221
10,201
0

CcCooc o oo oo oo o000 OO O



Table D6 Stream table of the bioethanal process from rice straw for alternative 5 design (continue)

Stream Name 63 S64 S65 66 S67 68 S69 S70 S71 §72 ST3 S74 S75 76 71
Stream Phase Vapor  Vapor Liquid Vapor Liquid Vapor Liquid Mixed Mixed Vapor Mixed Vapor Vapor Vapor Vapor
Temperature (°C) 100 100 40 30 30 47 35 45 650 600 43 268 268 268 160
Pressure (atm) 1.00 1.00 1.00 1.00 1.00 1.10 100.00 1.00 1.00 100.00 1.00 13.00 13.00 13.00 5.23
Total Std. Lig. Rate (L/day) 200,000 9,415 200,000 2,596,510 1749325 2,596,510 1,749,325 nla nfa 1,749,325 nfa 1,749,325 413,243 1,336,082 1,336,082
Total Mass Rate (kg/day) 159,017 9,405 159,017 2,251,222 1,747,600 2,251,222 1,747,600 2,744,744  2,744740 1,747,600 2,744,740 1,747,600 412,836 1334764 1,334,764
Total Molar Rate (kmol/day) 3,479 522 3,479 78,031 97,007 78,031 97,007 94,733 99,577 97,007 99,577 97,007 22,916 74,091 74,091
Total Solid Mass Rate (kg/day) nla nla nla nla nla nla nfa 493,522 299,094 nla 299,004 / nla nfa nfa
Total Enthalpy (GJ/day) 7.15 1.05 0.64 3.78 9.17 6.86 10.64 -3.82 206.88 193.03 24.49 202.66 47.87 154.78 153.68
Component Mass Flow (kg/day)
Cellulose 0 0 0 0 0 0 0 36,242 7,248 0 7,248 0 0 0 0
Hemicellulose 0 0 0 0 0 0 0 28,468 5,694 0 5,694 0 0 0 0
Galactan 0 0 0 0 0 0 0 1,189 238 0 238 0 0 0 0
Mannan 0 0 0 0 0 0 0 5,350 1,070 0 1,070 0 0 0 0
Arabinan 0 0 0 0 0 0 0 10,562 2,112 0 2,112 0 0 0 0
Lignin 0 0 0 0 0 0 0 161,224 32,245 0 32,245 0 0 0 0
Glucose 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mannose 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Galactose 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Xylose 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Arabinose 0 0 0 CM 0 0 0 0 0 0 0 0 0 n 0
Cellobiose 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ethanol 158,221 0 158,221 0 0 0 0 0 0 0 0 0 0 0 0
Water 796 9,405 796 0 1,747,600 0 1,747,600 0 167,879 1,747,600 167,879 1,747,600 412,83 1,334,764 1,334,764
Sulfuric Acid 0 0~1 0 0 0 0 0 0 0 0 0 Qj 0! 0
Furfural 0 0 0 0 0 0 0 0 0 0 0 — =0 0 0
Ammonia 0 0 0 0 0 0 S 0 0 0 0 0 0 0 0
Oxygen <I' 0 0 524,348 (M 524,348 ]. 524,348 104,868 0 104,868 CM 0 0 0
Carbon Dioxide 0 0 0 0 0 0 0 0 446,025 0 446,025 0 0 0 0
Glycerol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Succinic Acid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lactic Acid 0 0 0 0 0 0 0! 0 0 0 0 0 0 0 0
HMF 0 0 0 0 0 0 0! 0 0 01 0 0 0 0 0
Xylitol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acetic Acid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Com Steep Liquor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M 0 0 0 0 0 0 0 6,444 6,444 0 6,444 0 0 0 0
Cellulase 0 0 0 0 0 0 0 9,082 9,082 0 9,082 0 0 0 0
Lime 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CASO, 0 0 0 0 0 0 0 0 ]. 0 0 0 0 0 0
Ash 0 0 0 0 0 0 0 234,961 234,961 0 234,961 0 0 0 tp
Nitrogen 0 0 0 1,726,874 0 1726874 0 1,726,874 1726874 0 1726874 0 0 0 0



Appendix E Economic Evaluation for Base Case Design
E.l' Price

E. 11 Exchange Rate
1 Dollar US was equal to approximate 30 Baht (2011-2012).

E.|.2 Raw Material. Product and Utility Prices
Table EE2.1 Raw material and product prices

Raw Material Price

: Price from Literature Price from Cal culation

Raw Material /a0 Unit Value Unit
Rice straw 3 Baht/ton 0.001 kg
Water 1 235 Baht/n? 0.000783 kg
Sulfuric acid |J 18 Baht/kg 0.6 kg
Lime I3 12 Baht/kg 04 %/kg
Ammonia 565 %/ton 0.565 k(
CLS 800 /ton 0.8 %/k
Cellulase 5 $lkg 5 /kg

~ Product Price _ _

Product Price from Literature Price from Calculation

Value Unit Value Unit

Ethanol Iy 21.11 Baht/L 114 $ikg

References: [1] Niracharopas, 2011 [4] www.icis.com
[2] Provincial Waterworks Authority (PWA) [5] www.alibaba.com

[3] www.clickchemical.com [6] EPPO

Table E1.22 Utility price

Cooling Water

Coolin Price from Price from Volume per
Wator? Literature Calculation Energy
Value Unit Value Unit ~ Value Unit

CW 30-45 - - 2 Baht/ms 1 /G 1597  m3G)

CW 30-40 - ,  Bahtms  1e G) 2400 m3Gl
CW 30-39 ¢ , Bahtms 178 §G) 2667 " qT
CWios~ 5 Baims 2 c w0 mid


http://www.icis.com
http://www.alibaba.com
http://www.clickchemical.com

Table E1.2.2 Utility price (continue)

184

Steam
Price from Price from Mass per
Steam Literature Calculation EnergtfJ _
Value Unit Value Unit  Value nit
LP steam 0.73  Bahtkg 11,68 G 48000 ko/G)
HP steam 0.75  Bantkg 1477 /G] 59060 ko/G]
orice Electrlmtz_ f
rice from rice from
Electricity Literature Caloulation ~ Convert Factor
- Value Unit Value Unit  Value  Unit
Electricity” 17 BahtkwWh 1583 $GJ  0.0036 GIkWh

* Assume that cooling water recycle 12 times in cooling tower.

** Temperature of cooling water (inlet - outlet) from heat exchanger.

*** Average value from EPPO

E.2 Raw Materials and Products Annual Price

Table E2.1 Raw materials annual price

 Raw Materil ;g?fetétré Annual Price  ynanongiL)

Rice Straw 413,419,251 $473,419 0.0071
Sulfuric Acid 9,190,757 $5,514,454 0.0827
Lime 5,921,578 $2,368,631 0.0355
Ammonia 297,078 $167,849 0.0025
Com Steep Liquor 5,116,615 $4,093,292 0.0614
Cellulase 3,027,252 $15,136,261 0.2270
Wiater 826,469,722 $647,126 0.0097
LP steam iPrehydroI sis{ 38,111,864 $926,118 0.0139
HP steam (Prehydrolysis 132,638,022 $3,315,951 0.0497
Total $29,897,785 0.4896

Table E2.2 Products annual price
Product Quantity (kg/year) Annual Price
Ethanol 53,005,280 $60,426,019

Total

$60,426,019
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E3 Annual Utility Cost for Base Case Design
Table E3.1 Annual cooling water cost for the base case design

: uantit Price " Cost per Ethanol

El 6,163 1 $48 811 0.0007

E2 926 1 $7.334 0.0001

E3 8,291 1 $65,665 0.0010

Es 6,506 1 $51,528 0.0008

R2 1437 16 $18,210 0.0003

R3 616 16 $7.802 0.0001

R4 597 1.78 $8,407 0.0001

R5 5407 2 $85,647 0.0013
Condenser T1 26,051 1 $206,324 0.0031
Condenser T2 26,549 1 $210,268 0.0032
Total $709,995 0.0106

Table E3.2 Annual LP steam cost for the base case design

- uantit Price " Cost per Ethanol
Unit i /hry siGy Uity Cost p($/L
E4 32,499 11.68 $3,006,340 0.0451
E5 6,386 11.68 $590,741 0.0089
Reboiler T1 42 917 11.68 $3,970,063 0.0596
Reboiler T2 18541 11.68 $1.715,146 0.0257
Total $9,282.290 0.1392

Table E3.3 Annual HP steam cost for the base case design

Unit VA Price (81G3) - Utility Cost Cost p(%ﬂfthano'

Rl 5,0% 14.77 $654,494 0.0038
Total $654,494 0.0098
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Table E3.4 Annual electricity cost for the base case design

Unit

ik

Feed Handling 210

PI

28

Cooling Tower 380

Total

Utility Cost~ ©0St p(e$r“_E)thanoI

$121,863 0.0018
$12.787 0.0002
$171,511 0.0026
$306,161 0.0046

Therefore, total annual utility cost for the base case design was $10,952,940
and cost per ethanol production for the base case design was 0.1642 $/L

E.4 Equipment Sizing and Purchase Cost for Base Case Design

Table E4.1 Mixer sizing and purchase cost for the base case design

Unit

M
M2
M3
M4
M5
Mg
M7
Ms
M9

CS

SS
SS
SS
SS
SS
N
SS

SS

M10 s

Mil

SS

Total

Material

Capacity ( '3  Purchase Cost
2.04 $16,307
4,82 $38,150
10.73 $59,160
1.56 $48,827
11.84 $62,440
11.84 $62,440
11.85 $62,469
169 $75,889
2.02 $23,684
17.22 $76,674
20 18 $83,639

$609,679

Table E4.2 Pump sizing and purchase cost for the base case design

Unit

Type  Material Efficiency

Pl Centrifugal

Total

Flow Rate AP Purchase
(m3h)  (atm) Cost
133.86 3.76 $21,237

$21,237
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Table E4.3 Flash sizing and purchase cost for the base case design

Unit  Type  Material Li%%ate Height ~ Diameter Purchase

. (m On?) Cost
FI -~ Vertical 316 < 63.5 600 15 $162,230
Total $162.230

Table E4.4 Heat exchanger sizing and purchase cost for the base case design

- - Value ~ Area  Purchase
Unit Type Material (kW/mZK) (mz) Cost
El  Floating shell &tube  304SS 14196 5316  $41,753
E2  Floatingshell & tube  304SS  1419%6 1436  $22938
E3  Floating shell &tube  304SS 14196 12814  $75,150
E4  Floating shell &tube  304SS 14196 7378 $51313
E5  Floating shell & tube 1419 19.75 $8,540
Es  Floating shell & tue < 22113 3014 $10241
Total $209,935

Table E4.5 Reactors sizing and purchase cost for the base case design

Unit Type  Material Capacity Height ;) (m) Pu(r:%r;?se

1

Rl Plug Flow  SS gS@ %()06 081  $2219716

R2 Vertical  316SS 7146 10.00 3.02 $331,996

R3  Horizontal 316SS 28638  10.00 6.04 $716,021
Ré-1 Vertical 316 SS 0.12 1.20 0.35 $19.994
R4-2  Vertical  316SS 0.94 2.80 0.65 $48416
R4-3 Vertical 316 SS 154 5.00 1.39 $115518
R4-4  Horizontal 316 SS 60.31 5.00 3.92 $19,994
R4-5  Horizontal 316SS 48246  10.00 7.84 $102.455

RS (17 - 198488 1400 1344
vess(els) Horizontal - 31685 “gaeh”  (each)  (each)  SLO046%

Total $5,238,809
* SSCF Seed Fermenter (R4) has 5 vessels. It is more precisely for economic analysis if we calculate them individual.
*SSCF Fermenter (R5 and R6) has 17 vessels which separate to three continuous trains. The table shows sizing of each of
vessel. So, the total capacity of SSCF fermenter is 33,743 m5



Table E4.6 Tower unit sizing and purchase cost for the base case design

Unit

11

12

Detall
Tower
Material
Height (m)
Diameter (m)
Purchase Cost
Tray

Type

!\/Yaaerial

No. of Trays

Diameter gmm)

Purchase Cost

Vessel

Type.

Material

Length (m

Diameter (m

Purchase Cost

Condenser

Type

Material

Area (m2)

Purchase Cost

Reboiler

Type.

Material

Area (m2

Purchase Cost

Total Purchase Cost of T1
Tower
Material
Height (m)
Diameter ém)
Purchase Cost

Quantity

316 s
249
183

$437.706

Valve
SS
2

47,63

$40,930

Horizontal
316 SS
4.69
117
$53,315

Fixed tube
316 SS
88.91
$30411

Floating shell & tube
316 SS
11251
$68,493
$630,855

316 8§
41.97

1.68
$424,449
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Table E4.6 Tower unit sizing and purchase cost for the base case design
(continue)

Unit

T2

Detail Quantity'
Tray
Type Valve
Material SS
No. of Trays 60
Diameter gmm) 47,63
Purchase Cost $76,744
Vessel
Type Horizontal
Material 316 SS
Length (m 471
Diameter (m) 118
Purchase Cost $53,845
Condenser
Type Fixed tube
Material 316 SS
Area (m2) 93.66
Purchase Cost $31,707
Reboiler
Type Floating shell & tube
Material 316 SS
Area (m2) 39.04
Purchase Cost $35,034
Total Purchase Cost of T2 $621,779
Total Tower Cost $1,252,634

Table E4.7 Additional unit purchase cost for the base case design (Wooley et ai,

1999)

Unit
sCl
SC2

SC3
SCs

Equipment Purchase Cost
Feed Handling Unit $856,000
Solid/Liquid Filter $320,000

Gypsum Filter $30,120
Seed Hold Tank $33,000
Molecular Sieve $475,000

Total $1,714.120
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Table E4.8 utility unit sizing and purchase cost for the base case design

E(wipment Capacity' (m3h) Purchase Cost
Cooling Tower 14169 $1,019,412
Total $1,019,412

Table E4.9 Storage unit sizing and purchase cost for the hase case design

Equipment Type Mat Cag)a’\é:)ﬂy He|ght I()|% Pu&t;?se

HISOISOragE  pooran ¢ L1815 364 $66,03
NHsStorage — pogran ¢ 1260 635 150 950485
CLSSIOMAgE  pogfrank c¢ 19455 1465 366 707

tanol Storage ICANG .. 287047 3885 971 $497.173
Total $658,468

Therefore, Total Purchase Equipment Cost for the hase case design was $10,886,524
E.5 Capital Cost Analysis for Base Case Design

Table E5.1 Breakdown of capital cost for the base case design

Description % Result

|. Direct costs (65-85 % of Fixed-capital investment)

Purchased Equipment Delivered (15-40 % of fixed-capital investment) 19.8 $11,975,176
Purchased Equipment Installation (6-14 % of fixed-capital investment) 9.3 $5,628,333
Instrumentation and Controls (installed) (2-12 % of fixed-capital investment) 71 $4,311,063
Piping (Installed) (4-17 % of fixed-capital investment) 135 $8,143,120
Electrical Systems (Installed) (2-10 % of fixed-capital investment) 2.2 $1,317,269
Buildings (Including Services) (2-18 % of fixed-capital investment) 3.6 $2,155,532
Yard Improvement (2-5 % of fixed-capital investment) 2.0 $1,197,518
Service Facilities (Installed) (8-30 % of fixed-capital investment) 13.9 $8,382,623
Land Cost (1-2 % of fixed-capital investment) 1.0 $603,549

Total Direct Cost $43,714,182
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Table E5.1 Breakdown of capital cost for the base case design (continue)

Description

Il. Indirect costs (15-35 % of Fixed-capital investment)

Engineering and Supervision (4-20 % of fixed-capital

I investment)

Construction Expenses (4-17 % of fixed-capital investment)

Legal Expenses (0.5-3 % of fixed-capital investment)

Contractor's Fees (2-6 % of fixed-capital investment)

Contingency (5-15 % of fixed-capital investment)

Total Indirect Cost

I11. Fixed-capital Investment (FCI) = Direct cost + Indirect cost

IV. Working capital Investments (WC) (5-20 % of Total capital

%

6.5
8.1
0.8
4.4
8.7

investment)

5.0

V. Total Capital Investment (TCI) = Fixed-capital investment + Working capital

E.6 Operating Cost Analysis for Base Case

Table E6.1 Breakdown of operating cost for the base case design

ltems of Operating Cost % of Basis
|. Variable Cost
Raw Material
Utilities
Waste Treatment -
Operating Labor 20%
Operating Supervision 40.0 %
Maintenance and Repairs 1.0%
Operating Supplies 0.75 %
Laboratory Charges 15.0%
Royalties 1.0%
II. Fixed Charges
Property Taxes 1.0%
Insurance 0.75%

Basis

Fixed Capital Investment
Operating Labor
Fixed Capital Investment
Fixed Capital Investment
Operating Labor
Total Product Cost

Total Variable Cost

Fixed Capital Investment
Fixed Capital Investment
Total Fixed Charges

Result

$3,951,808
$4,909,822
$479,007
$2,634,539
$5,269,077
$22,450,409
$60,354,887

$3,179,409

$63,534,296

Cost, s/year

$32,643,101
$10,952,939
$6,506,293
$1,207,098
$482,839
$603,549
$452,662
$181,065
$619,552
$53,649,098

$603,549
$452,662
$1,056,211
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Table E6.1 Breakdown of operating cost for the base case design (continue)

ltems of Operating Cost % of Basis Basis Cost, $lyear
1. Manufacturing Cost
Plant Overhead 60.0 % Labor + Supervision + Maintenance ~ $1,376,091

Total Manufacturing Cost ~ $56,081,400
IV. General Expense

Administration 40.0 % Labor + Supervision + Maintenance ~ $917,394
Distribution & selling 4.0 % Total Product Cost $2,478,208
Research & Development 4.0% Total Product Cost $2,478,208

General Expense  $5,873,811
V. Total Product Cost with Out Depreciation $61,955,212



Appendix F System Boundary and Environmental Impact Results of New
Design Alternatives

F.I Alternative 1

Utilities Energy Chemicals

Emission or Fertilizer 1 99-5%wt. |

Figure FI.I System boundary of alternative 1 design.

Table FI.I' Environmental impact of bioethanol conversion process from rice straw
per one kilogram ethanol 99.5 wt% of the alternative 1design

Impact category Unit Total
Abiotic depletion kg Sheg 2.65E-02
Global warming (GWP100) kg C02¢q 6.42E-01
Ozone layer depletion (ODP) kg CFC-11 eq 4.66E-07
Human toxicity kg 14-DB eg 1.50E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eg 1.24E+00
Marine a(iuatic ecotoxicity kg 1,4-DB eg 2.85E+03
Terrestrial ecotoxicity kg 14-DB eg 4.33E-02
Photochemical oxidation (g C2Hs 8.34E-03
Acidification kg S02eq 2.31E-02

Eutrophication kg P04eg 1.25E-02
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Impact categories

Abiotic depletion | . "|T. 1
Global wanning (GWP100) 1 ] , I n 1 WEKEmMM
Ozone layer depletion (ODP) | 1 1B 1
Human toxicity | ' am E E m ... "L JZZ:

Fresh water aquatic ecotox.
Marine aquatic ecotoxicity |
Terrestrial ecotoxicity |
Photochemical oxidation
Acidification |
Eutrophication |

-60% -40% -20% 0% 20% 40% 60% 80% 100%
T Plantation 1 Transportation ~ PretreaUnent  HDetoxification ~ SSCF Fermentation ~ EDistillation  IDDehydration !

Figure FI1.2 Distribution of environmental impacts classified stage by stage of
alternative 1design.

F.2 Alternative 2

Utilities Energy Chemicals

Emission or Fertilizer il 99.5 %wt. jI

Figure F2.1 System boundary of alternative 2 design.
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Table F2.1 Environmental impact of bioethanol conversion process from rice straw
perone kilogram ethanol 99.5 wt% of the alternative 2 design

Impact category Unit Total
Abiotic depletion kg Sh eq 2.38E-02
Global warming (GWP100) kg CO2eq 3.10E-01
Ozone layer depletion (ODP) kg CFC-11 eq 4.25E-07
Human toxicity kg 1,4-DB eg 1.41E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.24E+00
Marine a(1uatic ecotoxicity kg 1,4-DB eq 2.719E+03
Terrestrial ecotoxicity kg 1,4-DB eq 4.15E-02
Photochemical oxidation kg CaHs 8.30E-03
Acidification kg S02¢6q 2.29E-02
Eutrophication kg P04 eq 1.28E-02

Impact categories
Abiotic depletion

Global warming (GWP100)
Ozone layer depletion (ODP)
Human toxicity

Fresh water aquatic ecotox.
Marine aquatic ecotoxicity
Terrestrial ecotoxicity
Photochemical oxidation

Acidification
Eutrophication

-60% -40% -20% 0% 20% 40% 60% S0% 100%

1 Plantation  BTransportation 1 Pretreatment  Detoxification ~ HSSCF Fermentation ~ BDistillation ~ HDehydration T

Figure F2.2 Distribution of environmental impacts classified stage by stage of
alternative 2 design.
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F.3 Alternative 3

Utilities Energy Chemicals

Emission or Fertilizer I %5 %owt. J

Figure F3.1 System boundary of alternative 3 design.

Table F3.L Environmental impact of bioethanol conversion process from rice straw
per one kilogram ethanol 99.5 wt% of the alternative 3 design

Impact category Unit Total
Abiotic depletion kg Sheg 2.49E-02
Global warming (GWP100) kg C02eq 5.10E-01
Ozone layer depletion (ODP) kgCFC-11 eq 4.01E-07
Human toxicity kg 1,4-DB eq 1.31E+00
Fresh water aquatic ecotoxicity ky 1,4-DB eq 1.16E+00
Marine a(1uat|c ecotoxicity kg 1,4-DB eq 2.54E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.85E-02
Photochemical oxidation kg CoHs 9.37E-03
Acidification kg S02€9 2.18E-02

Eutrophication kg P04 eq 1.22E-02



Inpect catagones
Abiotic depletion

Global warming (GWP100)
Ozone layer depletion (ODP)
Human toxicity’

Fresh water aquatic ecotox.
Marine aquatic ecotoxicily
Terrestrial ecotoxicity
Photochemical oxidation
Acidification
Eutrophication

-60% 40% X 2% 4% 60% 80%
[ Plantation MTransportation HPretreatment I Detoxification ~ SCF Fermentation 1 Distillation “Evaporation 1 Dehydration

Figure F3.2 Distribution of environmental impacts classified stage by stage of
alternative 3 design.

F4 Alternative 4

Utilities Energy Chemicals

Emission or Fertilizer } 99.5 % wt. J

Figure F4.1 System boundary of alternative 4 design.
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Table F4.1 Environmental impact of bioethanol conversion process from rice straw
per one kilogram ethanol 99.5 wt% of the alternative 4 design

Impact category Unit Total
Abiotic depletion kg Sh eq 2.23E-02
Global warming (GWP100) kg C026q 2.40E-01
Ozone layer depletion (ODP) kg CFC-11 eq 4,05E-07
Human toxicity kg 1,4-DB eq 1.34E+00
Fresh water aguatic ecotoxicity kg 1,4-DB eq L17E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.69E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.89E-02
Photochemical oxidation kg CoHa 8.46E-03
Acidification kg S026q 2.18E-02
Eutrophication kg PO4eq 1.23E-02
Impact categories
Abiotic depletion

Global warming (GWP100)
0zone layer depletion (ODP)
Human toxicity

Fresh water aquatic ecotox.
Marine aquatic ecotoxicity
Terrestrial ecotoxicity
Phatochemical oxidation

Acidification
Eutrophication

-60% -40% -20% 0% 20% 40% 60% S0% 100%

[ Plantation ~ Transportation KPretreatment E3Detoxification HSSCFFermentation @Distillation oMembrane "Dehydration ' 'T

Figure F4.2 Distribution of environmental impacts classified stage by stage of
alternative 4 design.
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F5 Alternative 5

utilities Energy Chemical

Emission or Fertilizer I 995 %wt. |

Figure F5.1 System boundary of alternative 5 design.

Table F5.1 Environmental impact of bioethanol conversion process from rice Straw
per one kilogram ethanol 99.5 wt% of the alternative 5 design

Impact category Unit Total
Abiotic depletion kg Sbeg 2.61E-02
Global warming (GWP 100) kg C02eq 5.91E-01
Ozone layer depletion (ODP) kg CFC-11 eq 4.85E-07
Human toxicity kg 1,4-DB eq 1.42E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.21E+00
Marine aquatic ecatoxicity kg 1,4-DB eq 2.86E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.12E-02
Photochemical oxidation kg CHa 8.30E-03
Acidification kg S026q 2.31E-02

Eutrophication kg P04eq 1.06E-02
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Ineect categonies

Abiotic depletion 1 PUMT, - S E S T
Global warming (GWP100) semle |
Qzone layer depletion (ODP) O B SUTOON PO
Human toxicity [1Hji] ijpl.. L1 Lo MM
Fresh water aquatic ecotox. ™o 1110 m &
Maring aquatic ecotoxicity mmmmmmmmm u
Terrestrial ecotoxicity’ 1
Photochemical oxidation . ~ZUD
Acidification
Eutrophication L M SIM - e -L- 1
-60% -40% -20% 0% 20% o 40% 60% 80% 100%
0 Plantation BTransportation HPretreatment  Detoxification HSSCFFermentation “Distillation 1 Dehydration I 1 Combustion

Figure F5.2 Distribution of environmental impacts classified stage by stage of
alternative 5 design.

F.6 Alternative 6

Utilities Energy Chemicals

Emission or Fertilizer 1 99.5 %wt. J|

Figure F6.1 System boundary of alternative 6 design.
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Table F6.1 Environmental impact of biogthanol conversion process from rice straw
per one kilogram ethanol 99.5 wt% of the alternative 6 design

Impact category Unit Total
Abiotic depletion kg S eq 2.22E-02
Global warming (GWP100) kg C02eq 6.78E-02
Ozone layer depletion (ODP) kg CFC-11 eq 4.17E-07
Human toxicity kg 1,4-DB eq 1.28E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.20E+00
Marine aguatic ecotoxicity kg 1,4-DB eq 2 T6E+03
Terrestrial ecotoxicity kg 1,4-DB eq 342E-02
Photochemical oxidation kg CoHa 8.23E-03
Acidification kg S02¢q 2.20E-02
Eutrophication kg PO4eq 1.05E-02
Impact categories
Abiotic depletion
Global wanning (GWP100)
Ozone layer depletion (ODP)
Human toxicity

Fresh water aquatic ecotox.
Marine aquatic ecotoxicity
Terrestrial ecotoxicity
Photochemical oxidation
Acidification
Eutrophication |
-60%
1 Plantation 7 Transportation HPre-treatment 0 Detoxification HSSCF Fennentation 0 Distillation IDDehycration OYWWAT 7 Combustion

Figure F6.2 Distribution of environmental impacts classified stage by stage of
alternative 6 design.
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F.7 Alternative 7

Utilities Energy Chemicals

All kind of Waste to Landfill | Ethanol |
Emission or Fertilizer 1 995 %wt. |

Figure F7.1 System boundary of alternative 7 design.

Table F7.1 Environmental impact of biogthanol conversion process from rice straw
per one kilogram ethanol 99.5 wt% of the alternative 7 design

Impact category Unit Total
Abiotic depletion kg Sbeg 2.33E-02
Global warming (GWP100) kg CO26q 2.13E-01
Ozone layer depletion (ODP) kg CFC-11 eq 3.93E-07
Human toxicity kg 1,4-DB eq 1.18E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.12E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.51E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.16E-02
Photochemical oxidation kg CHa 9.31E-03
Acidification kg S026q 2.09E-02

Eutrophication kg PO4eq 1.00E-02



203

Ipect categonies
Abiotic depletion
Global wanning (GWP100)
Ozone layer depletion (ODP)
Human toxicity
Fresh water aquatic ecotox.
Marine aquatic ecotoxicity
Terrestrial ecotoxicity
Photochemical oxidation
Acidification
Eiitrophication

-80% -60% -40% -20% 0% 20% 40% 60% 80% 100%
[ Plantation a Transportation HPretreatment 0 Detoxification BSSCF Fermentation [ Distillation IDEvaporation o Dehydration OWWT

Figure F7.2 Distribution of environmental impacts classified stage by stage of
alternative 7 design.

F.8 Alternative 8

Utilities Energy Chemicals

Ethanol Conversion Process

Electricity | —

Lignin
Combustion
COiUptake Steam <Jr
Solid Waste
Rice Plantation Transportation Pretreatment Detoxification SSCF

Fermentation
-Recycled Water T

W astewater

Membrane Distillation
Treatment
Wastewater
Treated W ater Dehydration
Ail kind of W aste to Landfill | Ethanol 1
Emission or Fertilizer 1995 %wt. |

Figure F8.1 System boundary of alternative 8 design.
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Table F8.1 Environmental impact of biogthanol conversion process from rice straw
per one kilogram ethanol 99.5 wt% of the alternative 8 design

Impact category Unit Total
Abiotic depletion kg Sbeg 2.08E-02
Global warming (GWP 100) kg C02eq 1.35E-03
Ozone layer depletion (ODP) kg CFC-11 eq 3.97E-07
Human toxicity kg 14-DB eq 1.21E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.14E+00
Marine aquatic ecotoxicity kg 1,4-DB €q 2.66E+03
Terrestrial ecotoxicity kg 1,4-DB €q 3.20E-02
Photochemical oxidation kg CzHa 8.40E-03
Acidification kg S02¢q 2.10E-02
Eutrophication kg PO4eq 1.01E-02
Impact categories
Abiotic depletion
Global warming (GWP100) :

Ozone layer depletion (ODP) :
Human toxicity |

Fresh water aquatic ecotox. |
Marine aquatic ecotoxicity |
Terrestrial ecotoxicity |
Photochemical oxidation ;
Acidification
Eutrophication |

-80% -60% -A0% -20% 0% 2% 4% 60% 80% 100%
[ Planation 0 Transportation [ Pretreatment  Detoxification  BSSCF Fermentation  Distillation  BMembrane 0 Dehydration  HWWT

Figure F8.2 Distribution of environmental impacts classified stage by stage of
alternative 8 design.
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F9 Alternative 9

Utilities Energy Chemicals

Emission or Fertilizer J 995 %wt |

Figure F9.1 System boundary of alternative 9 design.

Table F9.1 Environmental impact of bioethanol conversion process from rice straw
per one kilogram ethanol 99.5 wt% of the alternative 9 design

Impact category Unit Total
Abiotic depletion kg Sheg 2.38E-02
Global warming (GWP 100) kg Co2€( 3.06E-01
Ozone layer depletion (ODP) kgCFC-11 eq 4.24E-07
Human toxicity kg 1,4-DB eq 1L41E+00
Fresh water aguatic ecotoxicity kg 1,4-DB eq 1.24E+00
Marine aquatic ecotoxicity kg 1,4-DB ¢q 2.719E+03
Terrestrial ecotoxicity kg 1,4-DB eq 4.15E-02
Photochemical oxidation kg CoHa 8.30E-03
Acidification kg S02¢q 2.29E-02

Eutrophication kg PO4eq 1.24E-02
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InToect categonies
Abiotic depletion 1
Global warming (GWP100)
Ozone layer depletion (ODP)
Human toxicity
Fresh water aguatic ecotox.
Marine aquatic ecotoxicity

Terrestrial ecotoxicity :

Photochemical oxidation
Acidification :
Eutrophication 1

-60% -40% -20% 0% 20% 40% 60% 80% 100%
7 Plantation o Transportation ~ HPretreatment ~ HDetoxification ~ BSSCF Fennentation 0 Distillation 1 Dehydration T

Figure F9.2 Distribution of environmental impacts classified stage by stage of
alternative 9 design.

F.10 Alternative 10

Utilities Energy Chemicals

Emission or Fertilizer 1 99.5 % wt. il

Figure FI0.1 System boundary of alternative 10 design.
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Table FI10.1 Environmental impact of bioethanol conversion process from rice
straw per one kilogram ethanol 99.5 wt% of the alternative 10 design

Impact category Unit Total
Abiotic depletion kg Sh eq 2.37E-02
Global warming (GWP100) kg CO26q 3.63E-01
Ozone layer depletion (ODP) kg CFC-11 eqg 3.83E-07
Human toxicity kg 1,4-DB eq 1.27E+00
Fresh water aguatic ecotoxicity kg 1,4-DB eq 1 16E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.52E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.77E-02
Photochemical oxidation kg C2Ha 9.35E-03
Acidification kg S02€q 2.14E-02
Eutrophication kg PO4eq 1.19E-02

Impact categories
Abiotic depletion |
Global wanning (GWP100) :
Ozone layer depletion (ODP) |
Human toxicity

Fresh water aquatic ecotox.
Maring aquatic ecotoxicity ;
Terrestrial ecotoxicity |
Photochemical oxidation |
Acidification |

Eutropliication

S

[ Plantation  Transportation QPretreatment Detoxification SSSCFFennentation 0 Distillation (Evaporation *Dehydration !

Figure FI10.2 Distribution of environmental impacts classified stage by stage of
alternative 10 design.
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F.11 Alternative 11

Utilities Energy Chemicals

Emission or Fertilizer } 99.5 % wt. JI

Figure FI 1.1 System boundary of alternative 11 design.

Table FIL1 Environmental impact of bioethanol conversion process from rice
straw per one kilogram ethanol 99.5 wt% of the alternative 11 design

Impact category’ Unit Total
Abiotic depletion kg Sbeq 2.19E-02
Global wanning (GWP100) kg C02eq 1.87E-01
Ozone layer depletion (ODP) kg CFC-11eq 3.98E-07
Human toxicity kg 1,4-DB eq 1.32E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.17E+00
Marine aquatic ecotoxicity kg 14-DB eq 2.68E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.87E-02
Photochemical oxidation kg CoHa 8.42E-03
Acidification kg S02eq 2.17E-02

Eutrophication kg P04eq 1.22E-02
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Ioect categpries
Abiotic depletion
Global wanning (GWP100)
Ozone layer depletion (ODP)
Human toxicity

Fresh water aquatic ecotox.
Maring aquatic ecotoxicity
Terrestrial ecotoxicity

Photochemical oxidation
Acidification
Eutrophication

-60% -40% -20% 0% 2% 40% 60% 80% 100%
T Plantation  Transportation ~ QPretreatment 0 Defoxification ~ BSSCF Fermentation 0 Distillation ~ Membrane T Dehydration T

Figure FI 1.2 Distribution of environmental impacts classified stage by stage of
alternative 11 design.

F.12 Alternative 12

Utilities Energy’ Chemicals

Ethanol Conversion Process

Electricity <J _
Lignin
CO? Uptake Steam <Jz Combustion
Solid Waste
Rice Plantation Transportation Pretreatment Detoxification SSCF

Fermentation

Wastewater W astewater

Treatment Distillation

Treated Water Dehyc ration
All kind of W aste to Landfill I Ethanol 1
Emission or Fertilizer J 995 %t 1

Figure F12.1 System boundary of alternative 12 design.
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Table F12.1 Environmental impact of bioethanol conversion process from rice
straw per one kilogram ethanol 99.5 wt% of the alternative 12 design

Impact category Unit Total
Abiotic depletion kg Sheg 2.46E-02
Global warming (GWP100) kg C026q 3.99E-01
Ozone layer depletion (ODP) kg CFC-11 eqg 4. 5TE-07
Human toxicity kg 1,4-DB eq 1.36E+00
Fresh water aguatic ecotoxicity kg 1,4-DB €q 120E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2 82E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.60E-02
Photochemical oxidation kg CoHa 8.27E-03
Acidification kg o26q 2.27E-02
Eutrophication kg POaeq 1.02E-02
Impact categories
Abiotic depletion

Global warming (GWP100)
Ozone layer depletion (OOP)
Human toxicity

Fresh water aquatic ecotox.
Marine aquatic ecotoxicity
Terrestrial ecotoxicity
Photochemical oxidation
Acidification

Eutrophication

-60% -40% -20% 0% 20% 40% 60% 80% 100%

1 Plantation ! Transportation I Pretreatment I Detoxification BSSCF Fermentation I Distillation 7 Dehydration BWWT ~Combustion

Figure F12.2 Distribution of environmental impacts classified stage by stage of
alternative 12 design.
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F.13 Alternative 13

Utilities Energy Chemical

Emission or Fertilizer I 99.5 %\vt. |

Figure F13.1 System boundary of alternative 13 design.

Table F13.1 Environmental impact of bioethanol conversion process from rice
straw per one kilogram ethanol 99.5 wt% of the alternative 13 design

Impact category Unit Total
Abiotic depletion kg Sheg 2.22E-02
Global warming (GWP100) kg C02eq 6.51E-02
Ozone layer depletion (ODP) kg CFC-11 eq 4.16E-07
Human toxicity kg 1,4-DB eqg 1.27E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.20E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.76E+03
Terrestrial ecotoxicity kg 1,4-DB eq 342E-02
Photochemical oxidation kg C2H4 8.23E-03
Acidification kg S02¢q 2.20E-02

Eutrophication kg PO4eq 1.01E-02
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Impact categories
Abiotic depletion

Global wanning (GWP100)
0Ozone layer depletion (ODP)
Human toxicity

Fresh water aquatic ecotox.
Marine aquatic ecotoxicity
Terrestrial ecotoxicity
Photochemical oxidation
Acidification

Eutrophication

o

1 Plantation B Transportation B Pretreatment 0 Detoxification HSSCF Femientation 0 Distillation  Dehydration ' 'T CICombustion

Figure F13.2 Distribution of environmental impacts classified stage by stage of
alternative 13 design.

F.14 Alternative 14

Utilities Energy Chemical

Ethanol Conversion Process

Electricity o
Lignin
Combustion
CO, Uptake Steam J
Solid Waste
. . . [P SSCF
Rice Plantation Transportation Pretreatment Detoxification ) .
Femientation
Recycled Water T
astewater Evaporation Distillation
Treatment
Wastewater
T tw “ Dehydration
All kind of Waste to Landfill | Ethanol I
Emission or Fertilizer |I 99.5 %wt. 1|

Figure F14.1 System boundary of alternative 14 design.
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Table FI41 Environmental impact of bioethanol conversion process from rice
straw per one kilogram ethanol 99.5 wt% of the alternative 14 design

Impact category’

Abiotic depletion

Global warming (GWP100)

Ozone layer depletion (ODP)

Human toxicity

Fresh water aquatic ecotoxicity

Marine aquatic ecotoxicity

Terrestrial ecotoxicity
Photochemical oxidation

Acidification
Eutrophication

Impact categories

Abiotic depletion

Global warming (GWP100)

0Ozone layer depletion (ODP)
Human toxicity !

Fresh water aquatic ecotox.
Marine aquatic ecotoxicitv 1
TerTestTial ecotoxicity :
Photochemical oxidation ;
Acidification |

Eutrophication |

i

1 Plantation BTransportation [ Pretreatment 1 Detoxification BSSCFFennentation "Distillation n Evaporation QDehvdration

@

Do

Unit

kg Sheg

kg C02eq

kg CFC-11eqg
kg 14-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg CaHs

kg S02¢q

kg POs e

D 0 D

B

o

Total
2.23E-02
2.T7E-01
3.75E-07
1.15E+00
1.12E+00
2.49E+03
3.08E-02
9.29E-03
2.06E-02

9.77€-03

o

WT

Figure F14.2 Distribution of environmental impacts classified stage by stage of

alternative 14 design.

(0
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F.15 Alternative 15

Utilities Energy Chemicals

Ethanol Conversion Process
HAGtT<E”

Steam <£—

Lignin
Combustion
C'O; Uptake

Solid Waste

SSCF

Rice Plantation Transportation Pretreatment Detoxification )
Fermen tation

_Re c*ded.vg_ate rj

Membrane Distillation

Dehydration

All kind of Waste to Landfill I Ethanol 1
Emission or Fertilizer I 99.5 %\vt. |

Figure F15.1 System boundary of alternative 15 design.

Table F15.1 Environmental impact of bioethanol conversion process from rice
straw per one kilogram ethanol 99.5 wt% of the alternative 15 design

Impact category Unit Total
Abiotic depletion kg Sb eg 2.05E-02
Global warming (GWP100) kg C02eq 9.35E-03
Ozone layer depletion (ODP) kg CFC-11 eq 3.90E-07
Human toxicity kg 1,4-DB eq 1.19E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.13E+00
Marine aquatic ecotoxicity kg 1,4-DB eg 2.66E+03
Terrestrial ecotoxicity kg 1,4-DB eg 3.17E-02
Photochemical oxidation kgC2H4 8.35E-03
Acidification kg S02eq 2.09E-02

Eutrophication kg P04eq 1.00E-02
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Figure F15.2 Distribution of environmental impacts classified stage by stage of
alternative 15 design,
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