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APPENDICES
Appendix A Product Distribution and Product Yield Calculation

Yield (wt %) Total weight of any products

Total weight of converted bioethanol % *°°

Table AL Product distribution and product yields from the single-bed catalytic
systems

Catalyst | HZ5 GHZb ZHZ5  Z+HZ5
Ethanol conversion (wt %) 8505 8336 8280  79.90
Fed ethanol (ml/hr) 363 365 368 36/
Fed ethanol (g/hr) * 281 282 284 283
Converted ethanol (g/hr) 239 236 235 226

Product distribution (g/hr)

Total Oil 025 043 031 040

Total Gas 34 14 126 1D

Others ** 12 1 127 13
Product yield (wt %)

Oil yield 1033 1821 1320 1777

Gasyield 5621 4851 5366 4953

*Ethanol concentration is 99.5 5viv %
*The summation of feed water, reaction water, and unconverted ethanol
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Table A2 Product distribution and product yields in the dual-bed catalytic systems

Catalyst | EPCHZ5 EPCGHZS EPC.ZHZ5 EPC.Z+HZ5
Ethanol conversion (wt%)  83.66 85.61 85.29 88.95
Fed ethanol (ml/hr) 358 374 365 367
Fed ethanol (g/hr) * 217 2.89 282 283
Converted ethanol (g/hr) 2.32 24T 240 251

Product distribution (g/hr)

Total Ol 037 057 031 053

Total Gas 117 107 1.29 113

Others ** 12 1.24 122 117
Product yield (wt %)

Oil yield 1611 2300 1275 21.09

Gas yield 50.63 4346 53.76 44.99

*Ethanol concentration is 995 5viv %
*The summation of feed water, reaction water, and unconverted ethanol



Appendix B Chemical Composition in Gas Products

Table BL Gas composition as a function oftime on stream in the single-bed
catalytic system of HZSM-5 catalyst

Component

CH4
C02
Ethylene
Ethane
C3s
CAs
Chs
Cbs

/A

@10

min
335
31
0.00
191
949
0.00
0.00
4,80
100

@70

min
302
148
804
217
233
117
0.00
0.75
100

Composition (mol

@130 @190
min min
23 265
122 128
965 815
213 243
03  HI
243 140
000 000
168 096
100 100

@250 @310
min min
235 25
112 105
84 92
238 235
286 316
286 204
000 000
14 097
100 100

Table B2 Gas composition as a function of time on siream in the single-bed
catalytic system of Ga2U3/HZSM-5 catalyst

Component

CH4
C02
Ethylene
Ethane
C3s
C4s
Chs
C6s

/A

@ 10

min
397
138
0.00
330
135
0.00
0.00
0.00
100

@70

min
295
182
5.8
247
204
0.00
0.00
164
100

Composition (mol %)

@130 @10
min min
31l 26.9
220 189
497 6.42
229 218
173 23.7
0.00 0.00
0.00 0.00
182 2.28
100 100

@250
min
288
216
5.74
210
210
0.00
0.00
179
100

@310
min
235
17.9
182
200
286
0.00
0.00
2.26
100



Table B3 Gas composition as afunction oftime on stream in the single-bed
catalytic system of ZnO/HZSM-5 catalyst

Component @10
min

CH4 214
C02 305
Ethylene 0.7
Ethane 378
C3s 351
CAs 0.00
C5s 0.00
Cos 0.00

E 100

@70
min
2.1
44
0.99
338
104
0.62
0.00
0.38
100

Composition (mol %)

@10 @1%
min min
215 184
»H9 308
113 139
31 241
11 9.80
0,65 186
000 000
0.66 117
100 100

@250
min
217
36.0
150
32.2
6.89
0.74
0.00
0.9
100

@310
min
194
354
1.19
250
984
L7
0.00
144
100

Table B4 Gas composition as afunction oftime on stream in the single-bed
catalytic system of Zn, -Alos co-catalyst combined with HZSM-5 catalyst

Component @10

min

H2 16.7
CH4 29.0
C02 46.2
Ethylene 0.00
Ethane 248
C3s 0.00
Cds 0.00
C5s 0.00
C6s 0.00

| 100

@70

min
132
219
31
148
191
127
0.75
0.00
0.00
100

Composition (mol %)

@130 @190 @250
min min min
972 188 155
05 212 184
00 B0 304
682 738 83
200 203 203
27 120 120
074 079 08
000 000 000
030 03 101
100 10 100

@310
min
154
183
33
.39
209
124
0.86
0.00
0.92
100
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Table BS Gas composition as a function of time on stream in the dual-bed catalytic
system of HZSM-5 catalyst

Com )osition (mol %)
Component @10 @70 @130 @250 @310
min min min min min
CH4 310 231 255 213 169
C02 115 157 2.90 34 2%
Ethylene 8.40 1.89 1.58 64 719
Ethane 28.1 214 29.3 28.2 250

C3s 29.5 36.4 310 39 420
Cds 1.86 243 2.19 247 3%
Cas 0.00 0.06 004 003 04
Cés 0.00 107 144 111 113

I 100 100 100 100 100

Table B6 Gas composition as a function of time on stream in the dual-bed catalytic
system of Gazos/HZSM s catalyst

Composition (mol %)

Component @10 @70 @130 @190 @250 @310
mn mn mn mn  mn mn

CH4 452 295 205 4l N3 03
C02 094 476 614 528 530 490
Ethylene 417 552 547 624 619 676
Ethane 39 87 87 61 B5  A%5
C3s 876 295 284 H9 316 400
Cds 000 048 04 097 1 18
C5s 000 000 000 000 000 000
C6s 000 1% 140 146 177 170
100 100 100 100 100 100
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Table B7 Gas composition as a function of time on stream in the dual-bed catalytic
system of ZnO/HZSM-5 catalyst

Composition (mol %)

Component @10 @70 @130 @190 " @250 @310
mn mn mn  mn min min
CH4 240 240 245 57 241 264
C02 203 30 B8 BT A5 B1
EthKIene 082 282 1R 148 199 267
Ethane 514 31 1 315 02 289
a3 236 762 68  6.34 731 716
Cls 000 089 067 05 0.74 091
C5s 120 000 000 000 000  0.00
C6s 000 059 074 074 110 094
I 100 100 100 100 100 100

Table B8 Gas composition as a function of time on stream in the dual-bed catalytic
system of Zno -Alzo5 co-catalyst combined with HZSM-5 catalyst

Composition (mol %)
Component @10 @70 @130 @190 @250 (@310
mn mn  mn  mn  mn min
CH4 61 23 51 283 186 29
C02 1 85 23 49 Bl 293
Ethylene 000 725 828 764 116 156
Ethane R0 240 242 B4 25 %6l
C3s 000 181 183 168 204 35
Cds 000 049 062 050 161 191
C5s 706 000 000 000 000 000
C6s 80 037 059 146 213 292
100 100 100 100 100 100



Table B9 Gas composition as a function of time on stream in the case of only
MgHPo . /Alz05 catalyst packed in the first catalytic hed

Composition (mol %

Component @10 @70 (@130 190 @250 @310
mn  min min min min min

CH4 000 000 000 0.00 000 000

C02 000 000 000 0.00 000 000

Ethylene 100 842 830 80.9 87 836
Ethane 000 054 054 0.52 054 056
r Q@ 000 030 028 0.27 030 031
C4 000 312 2% 2.94 294 338

r G5 000 118 132 154 925 122
C6 000 000 000 0.00 000 000

| 100 100 100 100 100 100
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Appendix ¢ Chemical Composition in Oil Products

Table Cl Qil composition from the single-bed catalytic systems (After 5 hours time
on stream)

Composition (wt %
Component ZHZpS (Z+HZ)5
NA 363 3.60
Benzene 1922 20.08
Toluene 4440 44.14
p-Xylene 5.36 4.12
m-Xylene 11.80 10.39
O-Xylene DAT 4.88
Ethylbenzene 0.65 101
c9 162 185
C10+ 1.85 9.33
100 100

BT X/total aromatic 0.89 0.87

Composition (wt %)

Component
HZ5 GHZ5
Monoaromatic 87.0 90.1
Diaromatic 13 17
Triaromatic <01 <0.1

Non-aromatic 11.7 8.2



Table C2 Qil composition from the dual-bed catalytic systems (After 5 hours time
on stream)

Composition (wt %)

COMPONENt e-z5 EPC:GHZ5 EPC:ZHZS EPC:Z4HZ5
NA 353 3.68 3.79 374
Benzene 20.45 19.92 21.31 2351
Toluene 41,05 42.06 43.24 44.99
p-Xylene 4.36 4.46 4.92 457
m-Xylene 9.55 10.01 10.80 991
O-Xylene 451 4.67 497 457
Ethylbenzene 192 0.93 0.85 110
9 322 192 1.70 1.65
C10+ 1142 12.34 8.42 5.9

100.0 100.0 100.0 100.0
BT X/total aromatic 083 0.84 0.89 091



APPENDIX D True Boiling Point Curves

Table D1 True boiling point curves: Single-bed catalytic systems

%OFF

0 Boiling point (°C

OFF 175 Gt PR s
0 55.6 55.7 60.3 5.9
5 574 134 78.0 7712
10 135 140 186 776
15 142 144 19.2 8.0
20 5.1 749 1055 104.7
25 1132 1028 105.7 105.0
30 1034 103.0 1058 1051
3 1035 1031 105.9 105.3
40 1036 103.2 106.0 1054
45 103.7 1033 1061 1055
5 1038 1034 106.2 105.6
5% 104.0 1035 1063 105.7
60 104.7 103.7 1071 105.9
65 135.7 1039 1381 137.2
10 136.2 134.7 1384 1376
5 136.7 135.2 138.6 137.9
80 1419 135.9 1432 1425
85 1724 1416 158.4 1574
90 222.6 2005 2248 203.3
95 2474 2225 445 () 2434
100 562 9 554.5 h4T 4 540.4

100 —

80

60 ——HZ5

-+«—7HZS5

20 ——7+HZ5

0
0 100 200 300 400 500 600

Temperature (°C)



Table D2 Petroleum cuts (Type 1) obtained from single-bed catalytic systems

G % wt
Boiling point (°C) Petroleum Cut HZE GHZS ZHZ5 74HZ5
<149 Gasoline  8L16 8563 8191 8964
149-232 Kerosene 1073 951 826 547
232-343 Gas ol 462 167 252 084
343-371 LVGO 044 042 064 118
>371 HVGO 304 276 668 287

Table D3 Petroleum cuts (Type 2) obtained from single-bed catalytic systems

e % wt
Boiling point (°C)  Petroleum Cut HZ5 GHZS ZHTS Z4HZS
<200 Full range naphtha 87.75 89.96 8813 8218
200-250 Kerosene 729 546 244 1140
250-300 Lightgasoil 079 075 114 310
300-370 Heawygasoil 111 105 159 047
>370 Residue 306 278 670 28
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Table D4 True hoiling point curves: Dual-bed catalytic systems

Boiling point (°C

0

WOFF Epc:Hz5 EPC GHZS EPC:(ZI-?ZS EPC:Z+HZ5
0 706 582 593 597

5 734 738 764 70
0 77 11 768 774
5 742 5 72 7
0 105 770 1040 799

25 102.8 1031 1044 1049
30 103.0 1032 1045 105.0
3 1031 103.3 104.6 105.1
40 1032 1034 104 7 1053
45 1033 103.5 1048 1054
50 1034 103.6 1049 1055
5 1035 103.7 1050 105.6
60 1037 1038 1052 105.7
65 1342 131.8 1365 105.9
10 135.0 1353 1370 1312
1 1354 1357 1372 1375
&0 140.7 136.3 1378 1378
8 155.2 1416 1427 1426
% 200.3 200.7 2239 164.8
% 222.2 222.3 507.2 221.9
100 2535 246.5 562.7 5614

100

80

60 ——EPC:HZ5

===EPC:GHZ5
~ae BPCIZHZS
~+—=EPC:Z+HZ5

40
20

0 100 200 300 400 500 600
Temperature ( C)



Table D5 Petroleum cuts (Type 1) obtained from dual-bed catalytic systems

G % wt

Boiling point (°C) Petroleum Cut HZ5 GHZ5 ZHZS 7+HZ5
<149 Gasoline 8286 8563 8853 92.79
149-232 Kerosene 1370 1138 193 254
232-343 Gas ol 343 300 08 075
343-371 LVGO 000 000 124 105
>371 HVGO 000 000 742 287

Table D6 Petroleum cuts (Type 2) obtained from dual-bed catalytic systems

% wt
HZ5 GHZ5 ZHZ5 Z+HZ5
<200 Full range naphtha 89.97 89.94 8539  86.44
200-250 Kerosene 947 1006 476 862
250-300 Lightgasoil 056 000 1% 166
300-370 Heavy gasoil 000 000 049 042
>310 Residue 000 000 740 285

Boiling point (°C)  Petroleum Cut

68
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Appendix E Economic Evaluation Data

Table EI Product distribution for economic evaluation (172.2 ton per day of ethancl
feed)

Component % Yield PD }/\Ipelllght PY
Gas 312 641 27 213962
Ol 197 39 14 113002
\Water 287 494 21 164779
Unconverted ethanol 144 248 10 82656
Total 100 1722 72 574000

Table E2 Basic Assumption of Economic Evaluation

Plant Capacity
~ Natural gas 21,356 Ton/year
Liquid hydrocarbons 11,300 Ton/year
Working time 8,20(7)0 hoturs%ear
: on/hr
Natural ges 4.1 ton/day
Liquid hydrocarbons 3%49 té%%tgy

| | 1722 ton/day
Raw material capacity 57,400 ton/?/ear
218 251 Ltrs/day
All Capex is paid at zero year
Economic life, years
Corporate taxes, % 30
Depreciation, years R
_ Labor and maintenance is 3.1% of investment cost
Utility costs are 20% dedlcted from that of Chematur plant
Exchanger rate is 30 Baht/us$



Table E3 Summary of plant information

Total Capital Cost
Total investment (Million )
Total investment (Mil. Baht)
Operating Cost

Raw material cost (Mil. Baht/year)
Labor cost and Maintenance cost (Mil.
Baht/year)
Utilities cost (Mil. Baht/year)
Total Operating cost

Revenue
Liquid hydrocarbons Capacity (tons/year)
Contract Price of liquid hydrocarbons (Baht/ton)
NG Heating Value (MilBTUlyear)
Contract Price of NG (Baht/MiIBTU)
Gross sale (Mil. Bahtfyear)

Margin
Margin (Mil. Baht/year)

15.74
2,212.2

1,249.85
7044
138.77

1,459.06

11,300
25,600
992,993
4423
12845

-130.61

70
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Table E4 Product prices

ltem F;%v&/m%t;&atl Eng. unit  Price  Price (§/T) Basis
Fthanal price
Baht/lt 172 : r9})9,5,‘]/0) tfhroml
ajoll ethano
Bantkg 220 - denﬁn)//| t0.78
Liquid \l r(illha to
2 hydrc()qcarbon Bahtkg 256 841 Ml\%gasl polol
Bahfon 169740 - argind
3 Nawdgs gy montonng
| BTy W23 ' 2012
. Mixed-xylene

(PXcontent 18 Bahtton ~ 37,326 12442
20%

e P et 466 1sM2  MEM g

S Behfon  ®&L L7 AL
Toluene Baht/ton 32,976 1,0%.2

09 Rahfon 29130 971

GO Bahton 571 897

O oo~ Ol

Table E5 Heating value and revenues of gaseous products

Composition 0 TPY H\?g}ﬂrég Heating Value ~ Revenue
ofna i

ural ges - COMPOSION 7o vear)  (Buuilh)  (MlBTUNYear) e

Methane 94 1996 23811 1.0E+05 4.6E+01
Ethylene 54 11620 21834  56E+04 256401
Ethane 211 45122 2198  22E+05 9.7E+01

3 50.7 108203 21016  5.0E+05 2.2E+02
C4 30 6437 21210  30E+04 13401
Cot 4.2 8%2 20526  40E+04 18E+01
02 6.2 1322 14150  41E+04 18E+01

Total 1000 21,3562 992,993.5 439.2



Table E6 Revenues of liquid hydrocarbon products (based on naphtha price)
Product Capacity (ton/year) Revenue (Mil. Baht/year)
Liquid hydrocarbon
Naphtha) 11,30 289.3

Table E7 Summary of project economic evaluation

Profitability indicators: Value

IRR after tax - % per year
NPV after tax -6,201.17  Mil.Bahts
Profitability index (NPV/Fixed cost) -
Simple payback period before tax - Months

Table E8 Economic evaluation: Ethanol price sensitivity

EtOH : operating
orice Margin IRR NPV PI PB (Cl\(/’ﬁlt
Il
(Bth/l)  (Bahtlyear) ’5% (Mil.Bahts) 5)7 (Months) Baht/year)
170785 7305 #NUMI 62005 313 14991

b 5720 #NUMI - 52874 23 417 13005
13 4265  #NUMI 44491 20 639 11560
1 2810  #NUMI -36108  -16 970 10095
9 13%5  #NUML 224 12 2012 8640
! 100 8.2 1941 09 2196 7185
5 1555 23 10%8 05 154 5730
3 3010 88 205 01 %06 4275
2 3137 116 1617 01 730 347
1 4465 142 530.9 03 6l 2820
0.8 4610 147 664.7 03 91 2674
0.7 468.3 149 106.6 03 582 260.1
06 4756 152 1485 03 573 252.9
04 401 157 832.3 04 356 238.3



Table E9 Economic evaluation: Product prices sensitivity

Product Price
Increasing
(%)

0
20

Liquid HCs

price

(Bath/ton)

25600
30720
35840
40%0
46080
51200
56320
61440
66560
66816
67072
67328
67584
67840

NG

(Bath/MilBTU)

4423
530.7
619.2
107.6
1%.1
884.5
9730
10614
11499
11543
118.7
11631
1167.6
11720

Table E10 Economic evaluation: Product prices sensitivity (Cont.)

Product Price

Increasing Margin
(%)
0 -130.6
2 -o84.9
40 -439.2
60 -293.5
80 -1478
100 -2.2
120 1435
140 289.2
160 434.9
161 4422
162 4495
163 456.8
164 464.0
165 471.3

PB

(Months)
-37.3
-46.6
621
929
-184.4

-12623.2
190.0
U3
62.7
ol.7
60.7
5.7
568
58

13



Table EI 1 Economic evaluation: Investment cost

Investment  Investment
Variation Cost ~ Margin  IRR NPV PI PB

W i)
0 .1 -1305  #NUME -62005  -27  -313
5 120 -1210 #NUMP 60807 28 -356
-10 08.2 -1235 #NUMI -5%608 29 -339
-20 60.6 -1164  #NUMI 57210 31 -304

-30 530 -1094  #NUMI 54813 -34 -269

-40 454 -1023  ANUMP -52415 38 -233

-0 319 06953 #NUM! -500L8 -44  -196

-60 0.3 6682 #NUMI -47620 -52  -158
-10 2.1 0812 #NUMI 45223 66  -120
-80 551 H/41 #NUMI 2825 94 81

20 76 0071 #NUMD -40428 -178 41

100 00 6601 #NUMI -38030 #DIV/OI 00
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Figure E2 Cost estimation of ethanal to aromatic plant (Cont.).
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Figure E3 Cost estimation of ethanol to light olefin plant.
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Figure E4 Cost estimation of ethanal to light olefin plant (Cont.).
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Figure E5 Cost estimation of ethanol to light olefin plant (Cont.).
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