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APPENDICES

Appendix A Components Considered in PRO/II
Table A1 List of components considered in PRO/II simulations, the alias used, and 
the chemical formula

Compnent name Component alias Chemical Formula
1 Ethanol ETHANOL c 2h 6o
2 Water WATER h 20
3 Glucose C6 c 6h ,2o 6
4 Xylose C5 C5H10O5
5 Arabinose C5A C5H10O5
6 Mannose C6M c 6h 12o 6
7 Cellobiose C12 C i2H22Oil
8 Com Steep Liqior CLS h 20
9 Acetic Acid ACETACID C2H4O2

10 Sulphuric Acid SULFURIC h 2s o 4
11 Furfural FURFURAL C5H4O2
12 Hydroxymethyl Furfural HMF c 6h 6o 3
13 Carbondioxide C02 c o 2
14 Oxygen 02 0 2
15 Ammonia NH3 n h 3
16 Xylitol XYLITOL c 5h 12o 5
17 Lactic Acid LACACID c 3h 6o 3
18 Succinic Acid SUCCNAC C4Hô0 4
19 Glycerol GLYCEROL c 3h 8o 3
20 Cellulose CELLULOS C6H10O5
21 Hemicellulose HCELLULO c 5h 8o 4
22 Arabinan ARABINAN CsH8o 4
23 Mannan MANNAN C6H 10O5
24 Cellulase (enzyme) CELLULAC c h ,.57n o s
25 Zymomonas Mobilis (bacteria) ZM CH1.8O0.5N0.2
26 Lignin LIGNIN C7.3H ]3 9O13
27 Calcium Sulphate CAS04 C aS04
28 Calcium Hydroxide CAHYDROX Ca(OH)2
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Appendix B Chemical Reactions Implemented in PRO/II
Table B1 List of reactions that take place in the process and were implemented in 
PRO/II

Cellulose,, + nW ater๐2แ10 ๐5+ F120 nG lucose
C6H12O6

C ellu losen + nW ater 
C 6H ,qQ5 + 1/2(H20 )

►  nC ellob iose-> V2C12H22O11
H em icellu losen +  nW ater --------- ►  nX yloseC5H8Q4 + H20 --- -» CsHioOj_____
H em icellulose„  C5H804 —- ->  nFurfural + 2nW ater

»  C 5H4Q 2 +  2H 20
Mannan„ + nW ater 

C 6H ,qO s +  น2o  -
— ►  nM annose
-►  C6Fli2Q6

Mannan„ -
CéHjoOs

nHM F + 2nW ater 
CsHj5 ๐3 + 21FO

Arabinann + nW ater 
C ,H sO 4 + H 20  —

-►  nArabinose Ç5H10O5___
Arabinann

๐5แ8๐4
nFurfural + 2nW ater 

C sH4Q 2 +  2H 20
Sulfuric-acid + C alcium -hydroxide  

H 2ร ๐ 4 + C a(O H )2 -
-►  Gypsum

->  C a S 0 4*2H 20
10 3 X ylo se  -  3C5H505

->• 5Ethanol + 5C arbon-dioxide 
— ►  5C 2H60  + 5 C 0 2

11 X y lo se  +  A m m onia  
C5H 10O 5 + N H 3 -

— ►  5Z m obiIis +  2W ater +  0 .25O xygen  
►  5Cj 8Ho50 0,2 +  2H 2Q  +  0 .25O 2

12 3 X y lo se  +  5 W ater - 
3C 5H 10O5 + 5H 20

->  5G lycerol + 2 .5 O xygen  
—►  5dHR0-, + 2.502

13 X y lo se  +  W ater -CsH.oOs + H20
- >  X ylito l +  0.5O xygen  —►  C5FÏ12O5 +  0 .5O 2

14 3 X ylo se  + 5C arbon-dioxide ->  5Succin ic-acid  +  2 .5 0 x y g e n
3C 5H l0O 5 +  5 C 0 2 “ '̂ 5C4Ft60 4 "T 2 .5 0 2

2 X y lo se  —  
2 Ç sH jo05

->  5A cetic-acid  
^  5C2H 40 2

16 3 X ylo se  —  
3C5H10O5

-►  5Lactic-acid  
------ ►  5C 3H 6Q 3

17 3A rabinose
3 C5H 10O 5

- >  5Lactic-acid5C3H603

18 C ellob iosen + n f l20  
C |2H220 |1  +  h 2o

—►  2nG lucose  
- >  2C 6H ,2๐ 6

19 G lucose -
CéHnOé

-> 2Ethanol + 2C arbon-dioxide 
— ►  2C 2H6o  + 2 C 0 2___________

20 G lucose + 1.2A m m onia
C6H |20 6 + 1 .2N H 3

----- ►  6Z m ob ilis
-> 6CigH050o2

+ 2.4W ater + 0 .3O xygen  
' 2.41 FO  +  0 .3๐ 2

21 G lucose +  2W ater  C6H12๐ 6 + 2H 2๐
2G lycerol +  O xygen  
2C 3H 8๐ 3 + ๐ 2______

22 G lucose + 2C arbon-dioxideC6H 12๐6 + 2๐๐2 ---------►  2Succm ic-acid  +  O xygen
2C 4H6๐ 4 + ๐ 2

23 G lucose -
๐6แ 12๐6

->  3A cetic-acid  
— ►  3C 2H4๐ 2

24

25

G lucose -
CeHjzCL

->  2Lactic-acid
— ►  2C 3H 6๐ 3

M annose -
Cf.ll 12๐ 6

- >  2Lactic-acid  
- »  2C 3H 6๐ 3
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Appendix c  Bioethanol Conversion Process Flowsheet Implemented in PRO/II



Figure C 2  Flowsheet of the base case design and Alternative-1 implemented in PRO/IL
oo
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Figure C3 Flowsheet of the Altemative-2 implemented in PRO/II. ๐0๐0
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Figure C4 Flowsheet of the Altemative-3 implemented in PRO/II. oo05
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Figure C5 Flowsheet of the Alternative-4 implemented in PRO/II.
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Appendix D Stream  Summary of The Base Case Design

Table D1 Stream summary of the base case design contemplating the streams 
S-01 until ร -10

Stream N am e S-01 ร -02 S-03 S-04 S-05 S-06 S-07 S-08 S-09 S-10
Phase M ixed Liquid M ixed Liquid Liquid Liquid Vapor M ixed M ixed Vapor
Temperature "C 30 30 30 30 30 30 171 100 160 100
Pressure atm 1 1 1 1 1 1 8 1 5 1
Total Enthalpy GJ/h -4 0 -4 0 0 0 9 5 19 4
Total S p ecific  Enthalpy kJ/kg -797 126 -546 126 42 125 2773 473 1697 2680
Total M ass Rate kg/h 5417 2020 7437 268 3 271 3333 11041 11041 1667
Total M olecular W eight g/m ol 31 .2 18.0 26.0 18.0 98.1 18.2 18.0 22 .7 23 .0 18.0
Total M olar Rate kg-m ol/h 174 112 286 15 0 15 185 486 480 92
C om ponent M (g /m ol) M ass flow  (kg/h )
E TH A N O L 46.1 0 0 0 0 0 0 0 0 0 0
W ATER 18.0 2795 2020 4815 268 0 268 3333 8416 8317 1663
C6 180.2 0 0 0 0 0 0 0 0 84 0
C5 150.1 0 0 0 0 0 0 0 0 713 0
C 5A 150.1 0 0 0 0 0 0 0 0 56 0
C6M 180.2 0 0 0 0 0 0 0 0 8 0
C 12 342 .3 0 0 0 0 0 0 0 0 8 0
CLS 18.0 0 0 0 0 0 0 0 0 0 0
A C E T A C ID 60.1 0 0 0 0 0 0 0 0 0 0
SU L FU R IC 98.1 0 0 0 0 3 3 0 3 3 0
FU R F U R A L 96.1 0 0 0 0 0 0 0 0 5 3
HM F 126.1 0 0 0 0 0 0 0 0 0 0
C 0 2 44 .0 0 0 0 0 0 0 0 0 0 0
0 2 32 .0 0 0 0 0 0 0 0 0 0 0
N H 3 17.0 0 0 0 0 0 0 0 0 0 0
X Y LITO L 152.2 0 0 0 0 0 0 0 0 0 0
L A C A C ID 90.1 0 0 0 0 0 0 0 0 0 0
S U C C N A C 118.1 0 0 0 0 0 0 0 0 0 0
G LY C ER O L 92.1 0 0 0 0 0 0 0 0 0 0
CEL L U L O S 162.1 1159 0 1159 0 0 0 0 1159 1076 0
H C E LLU LO 132.1 697 0 697 0 0 0 0 6 97 63 0
A R A B IN A N 132.1 55 0 55 0 0 0 0 55 5 0
M A N N A N 162.1 8 0 8 0 0 0 0 8 1 0
C EL L U L A C 22.8 0 0 0 0 0 0 0 0 0 0
ZM 24 .6 0 0 0 0 0 0 0 0 0 0
LIG NIN 122.5 703 0 703 0 0 0 0 703 703 0
C A S 0 4 136.1 0 0 0 0 0 0 0 0 0 0
C A H Y D R O X 74.1 0 0 0 0 0 0 0 0 0 0
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Table D2 Stream summary of the base case design contemplating the streams
ร- 1 1  until ร- 2 0

Stream Nam e s-ll ร - 12 ร - 13 ร -] 4 ร - 15 ร - 16 ร - 17 ร - 18 ร - 19 S-20
Phase Liquid Solid M ixed Liquid M ixed M ixed M ixed M ixed M ixed Solid
Temperature •c 100 100 100 30 72 72 72 72 50 30
Pressure atm 1 1 I 1 1 1 1 1 1 1
Total Enthalpy GJ/h 3 -3 0 1 1 -1 2 2 1 0
Total S p ec ific  Enthalpy k j/k g 422 -1665 11 126 51 -198 265 265 181 -2671
Total M ass Rate kg/h 7527 1847 9374 5042 14416 6667 7750 7750 7750 20
Total M olecular W eight g/m ol 20.1 143.3 24.2 18.0 21 .6 23.2 20 .4 20.4 20.4 74.1
Total M olar Rate kg-m ol/h 375 13 388 280 668 288 380 380 380 0
Com ponent M  (g /m o l) M ass flo w  (kg/h )
ETH ANO L 46.1 0 0 0 0 0 0 0 0 0 0
W ATER 18.0 6653 0 6653 5042 11695 4974 6 7 2 2 6722 6722 0
C6 180.2 84 0 84 0 84 1 83 83 83 0
C5 150.1 713 0 713 0 713 7 7 06 706 706 0
C5A 150.1 56 0 56 0 56 17 40 40 40 0
C6M 180.2 8 0 8 0 8 2 6 6 6 0
C12 342 .3 8 0 8 0 8 2 6 6 6 0
CLS 18.0 0 0 0 0 0 0 0 0 0 0
ACETAC1D 60.1 0 0 0 0 0 0 0 0 0 0
SU LFU RIC 98.1 3 0 3 0 3 1 2 2 2 0
FU R FU R A L 96.1 2 0 2 0 2 1 1 1 1 0
HMF 126.1 0 0 0 0 0 0 0 0 0 0
C 0 2 44 .0 0 0 0 0 0 0 0 0 0 0
0 2 3 2 .0 0 0 0 0 0 0 0 0 0 0
N H 3 17.0 0 0 0 0 0 0 0 0 0 0
XYLITO L 152.2 0 0 0 0 0 0 0 0 0 0
L A C A C ID 90.1 0 0 0 0 0 0 0 0 0 0
SU C C N A C 118.1 0 0 0 0 0 0 0 0 0 0
G LYCER OL 92.1 0 0 0 0 0 0 0 0 0 0
CELLU LOS 162.1 0 1076 1076 0 1076 968 108 108 108 0
H CELLULO 132.1 0 63 63 0 63 56 6 6 6 0
A R A B IN A N 132.1 0 5 5 0 5 4 0 0 0 0
M A N N A N 162.1 0 1 1 0 1 1 0 0 0 0
CELLU LAC 22.8 0 0 0 0 0 0 0 0 0 0
ZM 24 .6 0 0 0 0 0 0 0 0 0 0
LIGNIN 122.5 0 703 703 0 703 632 70 70 70 0
C A S 0 4 136.1 0 0 0 0 0 0 0 0 0 0
C A H Y D R O X 74.1 0 0 0 0 0 0 0 0 0 20
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Table D3 Stream summary of the base case design contemplating the streams
ร-21 until ร-30

Stream N am e ร -21 ร -22 ร -23 ร -24 ร -25 ร -2 6 ร -27 ร -28 ร -29 ร -30
Phase M ixed Liquid M ixed M ixed M ixed Liquid M ixed M ixed M ixed M ixed
Temperature *c 50 30 50 50 50 30 50 50 50 50
Pressure atm 1 5 1 1 1 1 1 1 1 1
Total Enthalpy GJ/h 1 0 1 1 1 0 I 1 1 0
Total Sp ecific  Enthalpy kJ/'kg 173 42 173 175 175 42 175 180 180 -1356
Total M ass Rate kg/h 7770 5 7775 7775 7775 20 7794 7794 7794 153
Total M olecular W eight g/m ol 20.4 98.1 20.4 20.4 20 .4 98.1 20.5 20.5 20 .5 153.5
Total M olar Rate kg-m ol/h ooom 0 380 380 380 0 381 381 381 1
Com ponent M  (g/m ol) M ass flo w  (kg/h )
ETH A N O L 46.1 0 0 0 0 0 0 0 0 0 0
W ATER 18.0 6722 0 6722 6724 6724 0 6724 6731 6731 0
C6 180.2 83 0 83 83 83 0 ■ 83 83 83 0
C5 150.1 706 0 706 706 . 706 0 706 706 706 1
C5A 150.1 40 0 40 40 40 0 40 40 40 0
C6M 180.2 6 0 6 6 6 0 6 6 6 0
C12 342 .3 6 0 6 6 6 0 6 6 6 0
CLS 18.0 0 0 0 0 0 0 0 0 0 0
AC ETAC1D 60.1 0 0 0 0 0 0 0 0 0 0
SU LFU R IC 98.1 2 5 7 0 0 20 20 0 0 0
F U R FU R A L 96.1 1 0 1 1 1 0 1 1 1 0
HMF 126.1 0 0 0 0 0 0 0 0 0 0
C 0 2 44 .0 0 0 0 0 0 0 0 0 0 0
0 2 32 .0 0 0 0 0 0 0 0 0 0 0
N H 3 17.0 0 0 0 0 0 0 0 0 0 0
XY LITO L 152.2 0 0 0 0 0 0 0 0 0 0
LACAC1D 90.1 0 0 0 0 0 0 0 0 0 0
SU C C N A C 118.1 0 0 0 0 0 0 0 0 0 0
G LYCER OL 92.1 0 0 0 0 0 0 0 0 0 0
CELLU LO S 162.1 108 0 108 108 108 0 108 108 108 108
H C ELLULO 132.1 6 0 6 6 6 0 6 6 6 6
A R A B IN A N 132.1 0 0 0 0 0 0 0 0 0 0
M A N N A N 162.1 0 0 0 0 0 0 0 0 0 0
CELLU LAC 22.8 0 0 0 0 0 0 0 0 0 0
ZM 24.6 0 0 0 0 0 0 0 0 0 0
LIGNIN 122.5 70 0 70 70 70 0 70 70 70 0
C A S 0 4 136.1 0 0 0 10 10 0 10 37 37 37
C A H Y D R O X 74.1 20 0 20 15 15 0 15 0 0 0
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Table D4 Stream summary of the base case design contemplating the streams
ร-31 until ร-40

Stream N am e ร -31 ร -32 ร -33 S-34 ร -35 ร -36 ร -37 ร -3 8 ร -39 ร -40
Phase M ixed M ixed M ixed M ixed M ixed M ixed M ixed M ixed Vapor M ixed
Temperature -C 50 50 60 60 60 60 30 60 30 30
Pressure atm 1 1 1 I 1 1 1 1 1 1
Total Enthalpy GJ/h 2 2 0 0 0 0 0 0 0 0
Total S p ec ific  Enthalpy kj/kg 210 210 20 20 20 20 -88 20 1283 107
Total M ass Rate kg/h 7641 7641 14308 14308 14308 1431 1431 12877 0 117
Total M olecular W eight g/m ol 20.1 20.1 21 .4 21.4 21 .4 21.4 21.4 21 .4 17.0 18.1
Total M olar Rate kg-m ol/h 380 380 668 668 668 67 67 601 0 6
Com ponent M  (g/m ol) M ass flo w  (kg/h)
E TH A N O L 46.1 0 0 0 0 0 0 0 0 0 0
W ATER 18.0 6731 6731 11705 11705 11705 1171 1171 10535 0 116
C 6 180.2 83 83 84 84 84 8 8 75 0 0
C5 150.1 705 705 712 712 712 71 71 641 0 0
C 5A 150.1 40 40 56 56 56 6 6 51 0 0
C 6M 180.2 6 6 8 8 8 1 1 7 0 0
C 12 342.3 6 6 8 8 8 1 1 7 0 0
CLS 18.0 0 0 0 0 0 0 0 0 0 0
ACETACID' 60.1 0 0 0 0 0 0 0 0 0 0
SU LFU R IC 98.1 0 0 1 1 1 0 0 1 •0 0
F U R FU R A L 96.1 1 1 2 2 2 0 0 2 .0 0
H M F 126.1 0 0 0 0 0 0 0 0 0 0
C 0 2 4 4 .0 0 0 0 0 0 0 0 0 0 0
0 2 32 .0 0 0 0 0 0 0 0 0 0 0
N H 3 17.0 0 0 0 0 0 0 0 0 0 0
X Y LITO L 152.2 0 0 0 0 0 0 0 0 0 0
LAC AC1D 90.1 0 0 0 0 0 0 0 0 0 0
SU C C N A C 118.1 0 0 0 0 0 0 0 0 0 0
G LY CER O L 92.1 0 0 0 0 0 0 0 0 0 0
CELLU LO S 162.1 0 0 96 8 968 968 97 97 871 0 0
H CELLULO 132.1 0 0 56 56 56 6 6 51 0 0
A R A B IN A N 132.1 0 0 4 4 4 0 0 4 0 0
M A N N A N 162.1 0 0 1 1 1 0 0 1 0 0
C ELLU LA C 22.8 0 0 0 0 0 0 0 0 0 2
ZM 24.6 0 0 0 0 0 0 0 0 0 0
LIG NIN 122.5 70 70 703 703 703 70 70 632 0 0
C A S 0 4 136.1 0 0 0 0 0 0 0 0 0 0
C A H Y D R O X 74.1 0 0 0 0 0 0 0 0 0 0
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Table D5 Stream summary of the base case design contemplating the streams
ร-41 until ร-50

Stream N am e ร -41 ร -42 ร -43 ร -44 ร -45 ร -46 ร -47 ร -48 ร -49 ร -50
Phase Liquid M ixed M ixed M ixed M ixed M ixed M ixed M ixed M ixed M ixed
Temperature "C 30 30 30 30 30 30 2 9 29 29 29
Pressure atm 1 1 1 1 1 1 1 1 1 1
Total Enthalpy GJ/h 0 0 0 0 0 0 0 0 0 0
Total S p ec ific  Enthalpy kJ/kg 126 110 -71 -71 -58 -58 215 -65 -65 -65
Total M ass Rate kg/h 19 136 1567 1567 1567 1567 39 1528 1528 1528
Total M olecular W eight g/m ol 18.0 .' 18.1 21.1 21.1 20.8 20 .8 4 3 .0 20.5 20 .5 20.5
Total M olar Rate kg-m ol/h I - 8 74 74 76 76 1 75 75 75
Com ponent M (g /m ol) M ass flo w  (kg/h)
E TH A N O L 46.1 0 0 0 0 42 42 0 42 42 42
W ATER 18.0 0 116 1286 1286 1284 1284 1 1283 1283 1283
C6 180.2 0 : 0 8 8 4 4 0 4 4 4
C5 150.1 0 - - 0 71 71 13 13 0 13 13 13
C5A 150.1 0 - 0 6 6 6 6 0 6 6 6
C6M 180.2 0 ' 0 1 1 1 1 0 1 1 1
C12 342 .3 0 0 1 1 1 1 0 ! 1 1
CLS 18.0 19 ■ 19 19 19 19 19 0 19 19 19
A C E T A C ID 60.1 0 0 0 0 0 0 0 0 0 0
SU LFU R IC 98.1 0 - 0 0 0 0 0 0 0 0 0
FU R FU R A L 96.1 0 0 0 0 0 0 0 0 0 0
HMF 126.1 0 0 0 0 0 0 0 0 0 0
C 0 2 4 4 .0 0 0 0 0 40 40 38 2 2 2
0 2 3 2 .0 0 0 0 0 0 0 0 0 0 0
NH 3 17.0 0 0 0 0 0 0 0 0 0 0
X Y L 1T 0L 152.2 0 0 0 0 0 0 0 0 0 0
L A C A C ID 90.1 0 0 0 0 0 0 0 0 0 0
SU C C N A C 118.1 0 0 0 0 0 0 0 0 0 0
G LY CER O L 92.1 0 0 0 0 0 0 0 0 0 0
CELLU LO S 162.1 0 0 97 97 77 77 0 77 77 77
H CELLULO 132.1 0 0 6 6 6 6 0 6 6 6
A R A B IN A N 132.1 0 0 0 0 0 0 0 0 0 0
M A N N A N 162.1 0 0 0 0 0 0 0 0 0 0
C ELLU LA C 22 .8 0 2 2 2 2 2 0 2 2 2
ZM 24 .6 0 0 0 0 0 0 0 0 0 0
LIGNIN 122.5 0 0 70 70 70 70 0 70 70 70
C A S 0 4 136.1 0 0 0 0 0 0 0 0 0 0
C A H Y D R O X 74.1 0 0 0 0 0 0 0 0 0 0
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Table D6  Stream summary of the base case design contemplating the streams
ร-51 until S-60

Stream N am e ร -51 ร -52 ร -53 ร -54 ร -55 ร -56 ร -57 ร-รร ร -59 S-60
Phase M ixed M ixed Vapor Liquid M ixed M ixed M ixed M ixed Liquid M ixed
Temperature "C 30 30 30 30 30 30 30 30 30 30
Pressure atm 1 1 1 1 1 1 1 1 1 1
Total Enthalpy GJ/h -1 -1 0 0 0 0 -1 -1 0 -1
Total Sp ecific  Enthalpy kJ/kg -88 -86 1283 126 102 103 -74 -75 349 -75
Total M ass Rate kg/'h 12877 14405 0 30 975 1005 15410 15354 56 15354
Total M olecular W eight g/m ol 2 1 .4 21.3 17.0 18.0 18.1 .18.1 21.1 2 1 .0 152.9 21 .0
Total M olar Rate kg-m ol/h 601 675 0 2 54 56 731 731 0 731
Com ponent M  (g /m ol) M ass flo w  (Jcg/h)
ETH ANO L 46.1 0 42 0 0 0 0 42 42 0 42
W ATER 18.0 10535 11818 0 0 955 955 12773 12773 0 12773
C6 180.2 75 79 0 0 0 . 0 79 74 6 74
C5 150.1 641 654 0 0 0 - - 0 654 608 46 608
C 5A 150.1 51 56 0 0 0 . 0 56 52 4 52
C6M 180.2 7 8 0 0 0 '0 8 7 1 7
C 12 342.3 7 8 0 0 0 0 8 8 0 8
CLS 18.0 0 19 0 30 0 30 49 49 0 49
A C E T A C ID 60.1 0 0 0 0 0 ." 0 0 0 0 0
SU LFU R IC 98.1 1 1 0 0 0 0 1 1 0 1
FU R FU R A L 96.1 2 2 0 0 0 0 2 2 0 2
HM F 126.1 0 0 0 0 0 ■ 0 0 0 0 0
C 0 2 44 .0 0 2 0 0 0 0 2 2 0 2
0 2 32 .0 0 0 0 0 0 0 0 0 0 0
N H 3 17.0 0 0 0 0 0 0 0 0 0 0
X Y LITO L 152.2 0 0 0 0 0 0 0 0 0 0
L A C A C ID 90.1 0 0 0 0 0 0 0 0 0 0
SU C C N A C 118.1 0 0 0 0 0 0 0 0 0 0
G LYCER OL 92.1 0 0 0 0 0 0 0 0 0 0
C ELLU LO S 162.1 871 949 0 0 0 0 949 9 4 9 0 949
H CELLULO 132.1 51 56 0 0 0 0 56 56 0 56
A R A B IN A N 132.1 4 4 0 0 0 0 4 4 0 4
M A N N A N 162.1 1 1 0 0 0 0 1 1 0 1
CELLU LAC 22.8 0 2 0 0 19 19 21 21 0 21
ZM 24.6 0 0 0 0 0 0 0 0 0 0
LIG NIN 122.5 632 703 0 0 0 0 703 703 0 703
C A S 0 4 136.1 0 0 0 0 0 0 0 0 0 0
C A H Y D R O X 74.1 0 0 0 0 0 0 0 0 0 0
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Table D7 Stream summary of the base case design contemplating the streams
ร-61 until S-70

Stream N am e ร -61 ร -62 ร -63 ร -64 S-65 S-66 S-67 S-68 S-69 ร -70
Phase M ixed Liquid M ixed M ixed M ixed Liquid M ixed M ixed M ixed M ixed
Temperature "C 30 30 30 29 29 30 30 90 95 82
Pressure atm 1 1 1 1 1 1 1 1 1 1
Total Enthalpy GJ/h 0 0 0 0 0 5 5 20 21 18
Total S p ec ific  Enthalpy kJ/kg 12 69 12 226 3 121 92 334 360 308
Total M ass Rate kg/h 15354 56 15410 675 14735 4 4 8 5 0 59585 59585 57367 56934
Total M olecular W eight g/m ol 20.5 90.1 20.6 43 .0 20.1 19.0 19.2 19.2 18.5 18.4
Total M olar Rate kg-m ol/h 748 1 749 16 733 2366 3100 3100 3099 3097
C om ponent M  (g /m ol) M ass flo w  (kg/h )
ETH ANO L 46.1 743 0 743 10 732 3640 4373 4373 762 124
W ATER 18.0 12689 0 12689 11 12678 4 1 2 0 9 53887 53887 55298 55500
C6 180.2 69 0 69 0 69 0 69 69 69 69
C5 150.1 84 0 84 0 84 0 84 84 84 84
C5A 150.1 52 0 52 0 52 0 52 52 52 52
C6M 180.2 7 0 7 0 7 0 7 7 7 7
C12 342.3 0 0 0 0 0 0 0 0 0 0
CLS 18.0 49 0 49 0 49 0 49 49 51 54
AC ETAC1D 60.1 4 0 4 0 4 0 4 4 4 4
SU LFU RIC 98.1 1 0 1 0 1 0 1 1 1 1
FU R FU R A L 96.1 2 0 2 0 2 0 2 2 1 0
HMF 126.1 0 0 0 0 0 0 0 0 0 0
C 0 2 44 .0 671 0 671 652 19 0 19 19 0 0
0 2 32 .0 1 0 1 1 0 0 0 0 0 0
N H 3 17.0 0 0 0 0 0 0 0 0 0 0
XY LITO L 152.2 1 0 1 0 1 0 1 1 1 1
LACAC1D 90.1 2 56 58 0 58 0 58 58 58 58
SU C C N A C 118.1 2 0 2 0 2 0 2 2 2 2
G LYCER OL 92.1 1 0 1 0 1 0 1 1 1 1
C ELLU LO S 162.1 188 0 188 0 188 0 188 188 188 188
HCELLULO 132.1 56 0 56 0 56 0 56 56 56 56
A R A B 1N A N 132.1 4 0 4 0 4 0 4 4 4 4
M A N N A N 162.1 1 0 1 0 1 0 ! 1 1 1
CELLU LAC 22 .8 21 0 21 0 21 0 21 21 21 21
ZM 24 .6 4 0 4 0 4 0 4 4 4 4
LIGNIN 122.5 703 0 703 0 703 0 703 703 703 703
C A S 0 4 136.1 0 0 0 0 0 0 0 0 0 0
C A H Y D R O X 74.1 0 0 0 0 0 0 0 0 0 0
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Table D8 Stream summary of the base case design contemplating the streams
ร-? 1 until S-80

Stream N am e ร -71 ร -72 ร -73 ร -74 ร -75 ร -76 ร -77 ร -78 ร -79 S-80
Phase M ixed M ixed Vapor Vapor Vapor Vapor M ixed Liquid Vapor Vapor
Temperature * c 52 49 49 52 82 95 98 100 79 95
Pressure atm 0 0 0 0 1 1 1 1 1 1
Total Enthalpy GJ/h 10 4 71 72 74 75 75 11 6 6
Total S p ec ific  Enthalpy k j/k g 185 144 2590 2589 2609 2443 2 4 4 0 4 19 1224 1247
Total M ass Rate kg/h 56407 288 0 6 27602 279 5 0 283 8 4 30598 30 5 9 8 256 3 8 4960 4960
Total M olecular W eight g/m ol 18.4 18.7 18.0 18.1 18.3 19.7 19.7 18.0 39 .0 39 .0
Total M olar Rate kg-m ol/h 3071 1540 1531 1547 1550 1550 1550 1423 127 127
C om ponent M  (g /m ol) M ass flo w  (kg/h )
ET H A N O L 46.1 20 2 19 123 760 4 3 7 0 4 3 7 0 4 4366 4366
W ATER 18.0 55075 27517 27558 278 0 6 276 0 4 26 1 9 0 2 6 1 9 0 25616 574 574
C6 180.2 69 69 0 0 0 0 0 0 0 0
C5 150.1 84 84 0 0 0 0 0 0 0 0
C 5A 150.1 52 52 0 0 0 0 0 0 0 0
C6M 180.2 7 7 0 0 0 0 0 0 0 0
C12 342 .3 0 0 0 0 0 0 0 0 0 0
CLS 18.0 58 35 23 19 16 14 14 14 0 0
A C ETA C 1D 60.1 3 1 2 3 3 3 3 3 0 0
SU LFU R IC 98.1 1 1 0 0 0 0 0 0 0 0
FU R F U R A L 96.1 0 0 0 0 1 2 2 1 1 1
HMF 126.1 0 0 0 0 0 0 0 0 0 0
C 0 2 44.0 0 0 0 0 0 19 19 0 19 19
0 2 3 2 .0 0 0 0 0 0 0 0 0 0 0
N H 3 17.0 0 0 0 0 0 0 0 0 0 0
X Y LITO L 152.2 1 1 0 0 0 0 0 0 0 0
L A C A C ID 90.1 58 58 0 0 0 0 0 0 0 0
S U C C N A C 118.1 2 2 0 0 0 0 0 0 0 0
G LY C ER O L 92.1 1 I 0 0 0 0 0 0 0 0
C E L LU LO S 162.1 188 188 0 0 0 0 0 0 0 0
H CELLU LO 132.1 56 56 0 0 0 0 0 0 0 0
A R A B IN A N 132.1 4 4 0 0 0 0 0 0 0 0
M A N N A N 162.1 1 1 0 0 0 0 0 0 0 0
C ELL U L A C 22.8 21 21 0 0 0 0 0 0 0 0
ZM 24.6 4 4 0 0 0 0 0 0 0 0
L IG NIN 122.5 703 703 0 0 0 0 0 0 0 0
C A S 0 4 136.1 0 0 0 0 0 0 0 0 0 0
C A H Y D R O X 74.1 0 0 0 0 0 0 0 0 0 0



Table D9 Stream summary of the base case design contemplating the streams
ร-ร 1 until ร-ร2

Stream Name ร-ร 1 S-82 ร-83
Phase Mixed Vapor Liquid
Temperature *c 100 100 32
Pressure atm 1 1 1
Total Enthalpy GJ/h 2 5 0
Total Specific Enthalpy kJ/kg 2547 1071 76
Total Mass Rate kg/h 591 4369 4369
Total Molecular Weight g/mol 18.4 46.0 46.0
Total Molar Rate kg-mol/h 32 95 95
Component M (g/mol) Mass flow (kg/h)
ETHANOL 46.1 0 4366 4366
WATER 18.0 571 3 3
C6 180.2 0 0 0
C5 150.1 0 0 0
C5A 150.1 0 0 0
C6M 180.2 0 0 0
C12 342.3 0 0 0
CLS 18.0 0 0 0
ACETACID 60.1 0 0 0
SULFURIC 98.1 0 0 0
FURFURAL 96.1 1 0 0
HMF 126.1 0 0 0
C02 44.0 19 0 0
02 32.0 0 0 0
NH3 17.0 0 0 0
XYLITOL 152.2 0 0 0
LACACID 90.1 0 0 0
SUCCNAC 118.1 0 0 0
GLYCEROL 92.1 0 0 0
CELLULOS 162.1 0 0 0
HCELLULO 132.1 0 0 0
ARAB1NAN 132.1 0 0 0
MANNAN 162.1 0 0 0
CELLULAC 22.8 0 0 0
ZM 24.6 0 0 0
LIGNIN 122.5 0 0 0
CAS04 136.1 0 0 0
CAHYDROX 74.1 0 0 0
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Appendix E Stage Model and Result from GAMS of Alternative-4
SETSI hot streams/II,12,13,14,15,16/J cold streams/J1,J2/K. Stage no./K1,K2,K3/;
PARAMETER TINI(I) /Il=72.25,12=59.83,13=59.83,14=99.99,15=120.73,16=100.02/ 

TINJ(J)/J 1=29.94, J2=78.71/
TOUT1(I)/I1=50,12=30,13=30,14=32,15=40.57,16=40.57/
TOUTJ(J)/J1=100, J2=95/
FI(I) /Il=8.1461,12= 1.4471,13=13.0201,14= 17.6599,15=58.3039,16=4.7679/
FJ(J) /Jl=66.715, J2=l .874/
OMEGA /1000000/TAL /1000000/EMAT /1.8/;

VARIABLESdt(I,J,K) Approach temperaturedtcu(l) Approach temperature between cold utility and hot streamdthu(J) Approach temperature between hot utility and cold streamq(I,J,K) heat exchanged between hot I and cold Jqcu(I) heat exchanged between cold utility and hot 1qhu(J) heat exchanged between hot utility and cold Jti(l,K) temp of hot stream i at hot end of stage ktj(J.K) temp of cold stream j at hot end of stage kz(I,J,K) exchanger matching between hot I and cold J at stage kzcu(I) cold utility matching with hot Izhu(J) hot utility matching with cold Jzz total energydtt(I,J,K) actual temperature;
POSITIVE VARIABLE dt(U,K),dtcu(I),dthu(J),q(I,J,K),qcu(I),qhu(J),tj(J,K),ti(I,K);BINARY VARIABLES zcu(I),zhu(J),z(I,J,K);
EQUATIONS

MINU objective function minimize utilities
HOTI(I) heat balance in hot streams 1COLDJ(J) heat balance in cold stream J
HOTKl(I) heat balance of hot at stage K1HOTK2(I) heat balance of hot at stage K2
COLDKl(J) heat balance of cold at stage K1COLDK2(J) heat balance of cold at stage K2
TINHOT(I) hot temp inTINCOLD(J) cold temp in
FEHOTKl(I) feasibility of hot temp at stage K1FEHOTK2(I) feasibility of hot temp at stage K2
FECOLDKl(J) feasibility of cold temp at stage K1

Figure El Stage model of Alternative-4 added to GAMS (1)
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FECOLDK2(J) feasibility of cold temp at stage K2
FEHOTOUT(l) feasibility of hot temp out FECOLDOUT(J) feasibility of cold temp out
HOTU(I) hot utility loadCOLDU(J) cold utility load
LogicKl(I,J) Logical constraint at stage klLogicK2(I,J) Logical constraint at stage k2
LogicHOT(J) Logical constraint hot utility LogicCOLD(I) Logical constraint cold utility
ApproK 1 (I,J) AApproKl (บ) ApproK2(I,J) AApproK2(I,J)

approach temp at stage kl the other approach temp at stage kl approach temp at stage k2 the other approach temp at stage k2
EMATdtl (บ,K)
CONSTRAINT1CONSTRAINT2CONSTRAINTSCONSTRAINT4CONSTRAINTSCONSTRAINTSCONSTRAINT?

EMAT constraint
constraint no.l constraint no 2 constraint no.3 constraint no. 4 constraint no. 5 constraint no.6 constraint no.7;

MINU „zz =E= 8*SUM(I,qcu(I)) + 341 *SUM(J,qhu(J))+ 10*SUM((บ,K),z(I,J,K))+10*SUM(I,zcu(I))+ 10*รบ M(J,zhu(J));
HOTl(l) .. (TINI(I)-TOUTI(I))*FI(I)=E= SUM((J,K),q(I,J,K))+qcu(I); COLDJ(J) .. (TOUTJ(J)-TINJ(J))*FJ(J)=E= SUM((I,K),q(UK))+qhu(J);
HOTKl(l) .. (ti(I,'K 1 ’)-ti(I,'K2'))*FI(I)=E= SUM(J,q(I,J,'K.l'));HOTK2(I) .. (ti(l,'K2')-ti(l,K3'))*FI(I)=E= SUM(J,q(U'K2'));
COLDKl(J) .. (tj(J,'Kr)-tj(J,,K2,))*FJ(J)=E= SUM(I,q(บ,'Kl')); COLDK2(J) .. (tj(J,'K2')-tj(J, K3'))*FJ(J)=E= SUMaqà.J.'KZ'));
TINHOT(I) .. TINI(I) =E= tid.TCr);TINCOLD(J).. TINJ(J) =E= tj(J,’K3');
FEHOTKl(I).. ti(I,'Kl') =G= ti(I,'K2');FEHOTK2Ô).. ti(I,K2') =G= ti(I,'K3');
FECOLDKl(J).. tj(J,'Kl') =G= tj(J,'K2');FECOLDK2(J).. tj(J,'K2’) =G= tj(J,K3’);
FEHOTOUT(I).. TOUTI(I) =L= ti(I,'K3');FECOLDOUT(J).. TOUTJ(J) =G= tj(J,'Kr);
HOTU(I) .. (ti(I,'K3')-TOUTI(I))*FI(I) =E= qcu(I);COLDU(J) .. (TOUTJ(J)-tj(j,'Kl ))*FJ(J) =E= qhu(J);
LogicKl(I,J) .. q(I,J,’K 1 ')-OMEGA*z(l,J,'K 1 ') =L= 0; LogicK2(I,j) - q(I,J,K2')-OMEGA*z(I,J,’K2') =L= 0;
LogicHOT(J).. qhu(J)-OMEGA*zhu(J) =L= 0; LogicCOLD(l).. qcu(I)-OMEGA*zcu(I) =L= 0;

Figure E2 Stage model of Alternative-4 added to GAMS (2, cont.)
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ApproKl(U) .. dt(U'Kr) =L= (ti(I,'Kr)-tj(J>’Kl'))+TAL*(l-z(I,J,,K.r)); AApproKl(l'j).. dt(I,J,'K2') =L=(tiCI,’Ki’)-tj(J,,K2'))+TAL*(l-z(I,J5’Kl')>; ApproK2(I,J) .. dt(I,J,'K2') =L= (ti(I,'K2')-tj(J>'K2,))+TAL*(l-z(I,J>,K2')); AApproK2(I,J).. dt(I,J,’K3’> =L= (ti(],,K.3,)-tj(JI,K3'))+TAL*(l-z(I,J,’Ki'));
EMATdtl(I,J,K) .. dt(I,J,K) =G= EMAT;
CONSTRAINT! .. sum(J,qhu(J)) =L= 4704.5837;CONSTRAINT2 .. qcu('Il') =E= 181.25;CONSTRAINT3 .. qcu(’I2') =E= 43.1667;CONSTRAINT4 .. qcu(’I3')=E= 388.3889;CONSTRAINTS .. qcu(’I4') =E= 1200.6945;CONSTRAINT6 .. qcu('I5') =E=0;CONSTRAINT? qhu('Jl') =E= 0;
MODEL TSHIP /ALL/ ;SOLVE TSHIP USING MIP MINIMIZING ZZ;DISPLAY ZZ.L,dt.L,ti.L,tj.L,z.L,zcu.L,zhu.L,q.L,qcu.L,qhu.L;

Figure E3 Stage model of Altemative-4 added to GAMS (3, cont.)

— 149 VARIABLE Z.L exchanger matching between hot I and cold J at stage k
K1 K2

Il.Jl 1.00012. J1 1.000I3.J1 1.000I4.J2 1.000I5.J1 1.00016. J1 1.00016.J2 1.000
— 149 VARIABLE ZCU.L cold utility matching with hot I
111.000, 12 1.000, 13 1.000, 14 1.000, 16 1.000
— 149 VARIABLE zhu.L hot utility matching with cold J

( ALL 0.000 )
— 149 VARIABLE q L heat exchanged between hot I and cold J

Kl K2
11. J1 7.250000E-412. J1 2.930000E-413. J1 6.830000E-414 J2 0.00215. J1 4673.64116. J1 0.411I6.J2 30.525
— 149 VARIABLE qcu.L heat exchanged between cold utility and hot I
II 181.250, 12 43.167, 13 388.389, 14 1200.694, 16 252.516
— 149 VARIABLE qhu.L heat exchanged between hot utility and cold J

( ALL 0.000 )

Figure E4 Result of Stage model of Altemative-4 from GAMS
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Appendix F Life Cycle Inventory Analysis of New Design Alternatives
F .l Alternative-1

Table F l . l  List of inventory of Altemative-1 in Pretreatment stage
Input Inventory

Type Amount Unit
M ateria l

Sulphuric acid 0.0037 Kg
U tilitie s

Water 3.1292 Kg
E nergy

Steam 12.6961 Kg

Output Inventory
Type Amount Unit

P roduct
Output-1 from Pretreatment Stage 12.8198 Kg

E m ission  to  A ir
Water 2.2747 Kg
Furfural 0.0046 Kg

Table F1.2 List of inventory of Alternative-1 in Neutralization stage
Input Inventory

Type Amount Unit
M ateria l

Output-1 from Pretreatment Stage 12.8198 Kg
Sulphuric acid 0.0336 Kg
Calcium hydroxide 0.0274 Kg

U tilitie s
Water 6.8953 Kg

E n ergy
Electricity' 0.0002 KWh

Output Inventory
Type Amount Unit

P roduct
Output-2 from Neutralization Stage 19.5670 Kg

S o lid  W aste
Gypsum 0.0502 Kg
Glucose 0.0002 Kg
Xybse 0.0019 Kg
Arabinose 0.0001 Kg
Cellulose 0.1471 Kg
HemiceDulose 0.0086 Kg
Arabinan 0.0007 Kg
Mannan 0.0001 Kg

Table F I.3 List of inventory of Alternative-1 in Fermentation stage
Input Inventory

Type Amount Unit
M ateria l

Output-2 from neutralization stage 19.5670 Kg
Ammonia 0.0006 Kg
Cellulase 0.0025 Kg
Com steep liquor 0.0665 Kg
Zymomonas Mobilis 0.0262 Kg

U tilitie s
Water 1.4647 Kg

E n ergy
Electricity 0.00002 KWh

Output Inventory
Type Amount Unit

P roduct
Output-3 from fermentation stage 20.1513 Kg

E m ission  to  A ir
Water 0.0165 Kg
Ethanol 0.0148 Kg
Carbondfoxide 0.9440 Kg
Oxygen 0.0010 Kg



105

Table F l .4 List of inventory of Alternative-1 in recovery stage
Input Inventory Output Inventory

Type Amount Unit Type Amount Unit
M ateria l P roduct

Output-3 from Fermentation Stage 20.1513 Kg Ethanol 99.5 wt% 1.0000 Kg

E n ergy
Electricity 0.0091 KWh L iq u id  w a ste
Steam 13.1788 Kg Waste water 19.0417 Kg

Table F I.5 List of inventory of Alternative-1 in biogas and cogeneration stage
Input Inventory Output Inventory

Type Amount Unit Type Amount Unit
M ateria l P roduct

Waste water 19.0417 Kg Steam 3.7035 Kg
Electricity 0.9811 KWh

E m ission  to  a ir
N itrogen oxides 1.77E-04 Kg
Carbon monoxide 5.66E-04 Kg
Methane, biogenic 2.71E-04 Kg
NMVOC 2.36E-05 Kg
Dinitrogen monoxide 2.95E-05 Kg
Sulfur dioxide 2.48E-04 Kg
Platinum 8.25E-11 Kg
Heat, waste 1.04E+01 MJ
Used mineral oil, to waste inceneration 3.54E-04 Kg

F.2 Alternative-2
Table F2.1 List of inventory of Altemative-2 in Pretreatment stage

Input Inventory
Type Amount Unit

M ateria l
Sulphuric acid 0.0037 Kg

U tilitie s
Water 3.1344 Kg

E n ergy
Steam 12.7175 Kg

Output Inventory
Type Amount Unit

P rodu ct
Output-1 from Pretreatment Stage 12.8413 Kg

E m ission  to  A ir
Water 2.2785 Kg
Furfural 0.0046 Kg
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Table F2.2 List of inventory of Altemative-2 in Neutralization stage
Input Inventory

Type Amount Unit
M ateria l

Output-1 from Pretreatment Stage 12.8413 Kg
Sulphuric acid 0.0337 Kg
Calcium hydroxide 0.0274 Kg

U tilitie s
Water 6.9069 Kg

E n ergy
Electricity 0.0002 KWh

Output Inventory
Type Amount Unit

P roduct
Output-2 from Neutralization Stage 19.5999 Kg

S o lid  W aste
Gypsum 0.0503 Kg
Glucose 0.0002 Kg
Xylose 0.0019 Kg
Arabinose 0.0001 Kg
Cellulose 0.1474 Kg
Me mice Hub se 0.0086 .Kg
Arabinan 0.0007 •Kg
Mannan 0.0001 Kg

Table F2.3 List of inventory of Alternative-2 in Fermentation stage
Input Inventory Output Inventory

Type Amount Unit Type Amount Unit
M ateria l P roduct

Output-2 from neutralizatbn stage 19.5999 Kg Output-3 from fermentatbn stage 20.1852 • Kg
Ammonia 0.0006 Kg
Cellulase 0.0025 Kg E m ission  to  A ir
Com steep liquor 0.07 Kg Water 0.0165 Kg
Zymomonas Mobilis 0.0262 Kg Ethanol 0.0148 • Kg

Carbondbxide 0.9456 Kg
U tilitie s Oxygen 0.0010 Kg
Water 1.4672 Kg

E n ergy
Electricity 0.00002 KWh

Table F2.4 List of inventory of Altemative-2 in recovery stage
Input Inventory Output Inventory

Type Amount Unit Type Amount Unit
M ateria l P roduct

Output-3 from Fermentatbn Stage 20.1852 Kg Ethanol 99.5 wt% 1.0000 Kg

E n ergy
Electricity 0.0186 KWh L iq u id  w aste
Steam 12.6095 Kg Waste water 19.0655 Kg
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Table F2.5 List of inventory of Altemative-2 in biogas and cogeneration stage
Input Inventory Output Inventory

Type Amount Unit Type Amount Unit
M ateria l P roduct

Waste water 19.0655 Kg Steam 3.6624 Kg
Electricity 0.9702 KWh

E m ission  to  a ir
N itrogen oxides 1.75E-04 Kg
Carbon monoxide 5.60E-04 Kg
Methane, biogenic 2.68E-04 Kg
NMVOC 2.33E-05 Kg
Dinitrogen monoxide 2.91E-05 Kg
Sulfur dioxide 2.45E-04 Kg
Platinum 8.16E-11 Kg
Heat, waste 1.03E+01 MJ
Used mineral oil to waste inceneration 3.50E-04 Kg

F.3 Alternative-3
Table F3.1 List of inventory of Altemative-3 in Pretreatment stage

Input Inventory Output Inventory
Type Amount Unit Type Amount Unit

M ateria l P roduct
Sulphuric acid 0.0037 Kg Output-1 from Pretreatment Stage - 12.8110 Kg

U tilities E m ission  to  A ir
Water 3.1270 Kg Water 2.2731 Kg

Furfural 0.0046 Kg
E n ergy

Steam 12.6874 Kg

Table F3.2 List o f inventory of Altemative-3 in Neutralization stage
Input Inventory Output Inventory

Type Amount Unit Type Amount Unit
M ateria l P roduct

Output-1 from Pretreatment Stage 12.8110 Kg Output-2 from Neutralization Stage 19.5535 Kg
Sulphuric acid 0.0336 Kg
Calcium hydroxide 0.0273 Kg S o lid  W aste

Gypsum 0.0502 Kg
U tilities Glucose 0.0002 Kg
Water 6.8906 Kg Xybse 0.0019 Kg

Arabinose 0.0001 Kg
E nergy Cellulose 0.1470 Kg

Electricity 0.0002 KWh Hemicellulose 0.0086 Kg
Arabinan 0.0007 Kg
Mannan 0.0001 Kg
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Table F3.3 List of inventory of Altemative-3 in Fermentation stage
Input Inventory Output Inventory

Type Amount Unit Type Amount Unit
M ateria l P roduct

Output-2 from neutralization stage 19.5535 Kg Output-3 from fermentation stage 20.1374 Kg
Ammonia 0.0006 Kg
CeDulase 0.0025 Kg E m ission  to  A ir
Com steep liquor 0.0664 Kg Water 0.0165 Kg
Zymomonas Mobilis 0.0262 Kg Ethanol 0.0148 Kg

Carbondioxide 0.9434 Kg
U tilitie s Oxygen 0.0010 Kg
Water 1.4637 Kg

E n ergy
Electricity 0.00002 KWh

Table F3.4 List of inventory of Altemative-3 in recovery stage
Input Inventory O utput Inventory

Type Amount Unit Type Amount Unit
M ateria l P roduct

Output-3 from Fermentation Stage 20.1374 Kg Ethanol 99.5 wt% 1.0000 Kg

E nergy
Electricity 0.0000 KWh L iq u id  w aste
Steam 15.2001 Kg Waste water 18.9901 Kg

Table F3.5 List o f inventory of Altemative-3 in biogas and cogeneration stage
Input Inventory O utput Inventory

Type Amount Unit Type Amount Unit
M ateria l P roduct

Waste water 18.9901 Kg Steam 3.6350 Kg
Electricity 0.9629 KWh

E m ission  to  a ir
Nitrogen oxides 1.77E-04 Kg
Carbon monoxide 5.66E-04 Kg
Methane, biogenic 2.71E-04 Kg
NMVOC 2.36E-05 Kg
Dinitrogen monoxide 2.95E-05 Kg
Sulfur dioxide 2.48E-04 Kg
Platinum 8.25E-11 Kg
Heat, waste 1.04E+01 MJ
Used mineral oil, to waste inceneration 3.54E-04 Kg
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F.4 Alternative-4
Table F4.1 List of inventory of Altemative-4 in Pretreatment stage

Input Inventory
Type Amount Unit

M ateria l
Sulphuric acid 0.0037 Kg

U tilitie s
Water 3.1466 Kg

E nergy
Steam 12.7669 Kg

Output Inventory
Type Amount Unit

P roduct
Output-1 from Pretreatment Stage 12.8913 Kg

E m ission  to  A ir
Water 2.2874 Kg
Furfural 0.0047 Kg

Table F4.2 List of inventory of Altemative-4 in Neutralization stage
Input Inventory Output Inventory

Type Amount Unit Type Amount Unit
M ateria l P roduct

Output-1 from Pretreatment Stage 12.8913 Kg Output-2 from Neutralization Stage 19.6761 Kg
Sulphuric acid 0.0338 Kg
Calcium hydroxide 0.0275 Kg S o lid  W aste

Gypsum 0.0505 Kg
U tilitie s Glucose 0.0002 Kg
Water 6.9338 Kg Xylose 0.0019 Kg

Arabinose 0.0001 Kg
E n ergy Cellulose 0.1480 Kg

Electricity 0.0002 KWh Hemkellulose 0.0086 Kg
Arabinan 0.0007 Kg
Mannan 0.0001 Kg

Table F4.3 List of inventory of Altemative-4 in Fermentation stage
Input Inventory Output Inventory

Type Amount Unit Type Amount Unit
M ateria l P roduct

Output-2 from neutralization stage 19.6761 Kg Output-3 from fermentation stage 20.2637 Kg
Ammonia 0.0006 Kg
Cellulase 0.0025 Kg E m ission  to  A ir
Com steep liquor 0.07 Kg Water 0.0166 Kg
Zymomonas Mobilis 0.0263 Kg Ethanol 0.0149 Kg

Carbondioxide 0.9493 Kg
U tilitie s Oxygen 0.0010 Kg
Water 1.4729 Kg

E n ergy
Electricity 0.00002 KWh



1 1 0

Table F4.4 List of inventory of Altemative-4 in recovery stage
Input Inventory Output Inventory

Type Amount Unit Type Amount Unit
M ateria l P roduct

Output-3 from Fermentation Stage 20.2637 Kg Ethanol 99.5 wt% 1.0000 Kg

E n ergy
Electricity 0.0044 KWh L iq u id  w aste
Steam 6.1671 Kg Waste water 19.2382 Kg

Table F4.5 List of inventory of Altemative-4 in biogas and cogeneration stage
Input Inventory Output Inventory

Type Amount Unit Type Amount Unit
M ateria l P roduct

Waste water 19.2382 Kg Steam 3.8040 Kg
Electricity 1.0077 KWh

E m ission  to  a ir
N itrogen oxides I.82E-04 Kg
Carbon monoxide 5.81E-04 Kg
Methane, biogenic 2.78E-04 Kg
NMVOC 2.42E-05 Kg
Dinitrogen monoxide 3.03E-05 Kg
รนพhr dioxide 2.54E-04 Kg
Platinum 8.48E-11 Kg
Heat, waste 1.07E+01 MJ
Used mineral oil, to waste inceneration 3.63E-04 Kg

F.5 Alternative-5
Table F5.1 List of inventory of Altemative-5 in Pretreatment stage

Input Inventory
Type Amount Unit

M ateria l
Sulphuric acid 0.0037 Kg

U tilitie s
Water 0.0000 Kg

E n ergy
Steam 12.3160 Kg

Output Inventory
Type Amount Unit

P roduct
Output-1 from Pretreatment Stage 12.8913 Kg

E m ission  to  A ir
Water 2.2874 Kg
Furfural 0.0047 Kg
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Table F5.2 List of inventory of Altemative-5 in Neutralization stage
Input Inventory

Type Amount Unit
M ateria l

Output-1 from Pretreatment Stage 12.8913 Kg
Sulphuric acid 0.0338 Kg
Calcium hydroxide 0.0275 Kg

U tilitie s
Water 6.9338 Kg

E n ergy
Electricity • 0.0002 KWh

Output Inventory
Type Amount Unit

P roduct
Output-2 from Neutralization Stage 19.6762 Kg

S o lid  W aste
Gypsum 0.0505 Kg
Glucose 0.0002 Kg
Xylose 0.0019 Kg
Arabinose 0.0001 Kg
Cellulose 0.1480 Kg
Hemicellubse 0.0086 Kg
Arabinan 0.0007 Kg
Mannan 0.0001 Kg

Table F5.3 List of inventory of Altemative-5 in Fermentation stage
Input Inventory Output Inventory

Type Amount Unit Type Amount Unit
M ateria l P roduct

Output-2 from neutralization stage .19.6762 Kg Output-3 from fermentation stage 20.2638 Kg
Ammonia 0.0006 Kg
Cellulase 0.0025 Kg E m ission  to  A ir
Com steep liquor 0.0668 Kg Water 0.0166 Kg
Zymomonas Mobilis 0.0263 Kg Ethanol 0.0149 Kg

Carbondioxide 0.9493 Kg
U tilitie s Oxygen 0.0010 Kg

Water 1.4729 Kg
E n ergy

Electricity 0.00002 KWh

Table F5.4 List of inventory of Altemative-5 in recovery stage
Input Inventory Output Inventory

Type Amount Unit Type Amount Unit
M ateria l P roduct

Output-3 from Fermentation Stage 20.2638 Kg Ethanol 99.5 wt% 1.0000 Kg
E n ergy

Electricity 0.0044 KWh L iq u id  w aste
Steam 3.5511 Kg Waste water 19.2383 Kg
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Table F5.5 List of inventory of Altemative-5 in biogas and cogeneration stage
Input Inventory Output Inventory

Type Amount Unit Type Amount Unit
M ateria l P roduct

Waste water 19.2383 Kg Steam 3.6392 Kg
Electricity 0.9640 KWh

E m ission  to  a ir
Nitrogen oxides 1.66E-04 Kg
Carbon monoxide 5.32E-04 Kg
Methane, biogenic 2.55E-04 Kg
NMVOC 2.22E-05 Kg
Dinitrogen monoxide 2.77E-05 Kg
Suitiff dioxide 2.33E-04 Kg
Platinum 7.76E-11 Kg
Heat, waste 983.06% MJ
Used mineral ofl, to waste inceneratbn 3.33E-04 Kg
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Appendix G Life Cycle Assessment of New Design Alternatives
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Table G2 Comparison of life cycle impact assessment between the base case and 
new design alternatives per one megajoule ethanol 99.5 wt%
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