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APPENDICES



Table A. 11 Process data of HDA plant alternative 1

hare Steadystate
Viapour Fraction
Temperature 300([)00
Pressure [P 63500000
Molar Fow [kgmolefh 13000000
Comp Mole Hec (Hyorogen) 0.00000
Conp Mole Fec (Viethane 0.00000
Conp Mole Fec (Berzere 0.00000
Conp Mole Fec (Toluene) 100000
Gop ole Fec (Biphery) 0'000935
N . Steadly state
Vapour Fracion 09003
Tenperatue 6351789
essue [P 606.00000
I\/blar Fow [kgmolelh] 183280
Conp Mole Hec 04202
Mole Fiec 047709
Mole Fac (Barzene 0.00815
Mole Frec (Toluene 008574
Conp Mole Frec (Bipheny) 0.00000

dynamc

3oootm
63000000
14464374
000000
000000
000000
100000
0.00000

n
dynamc
090878

6110720
60600000
187201110
043533
047086
000830
008500
0.00000

APPENDIX A

steady state eynaﬂc Steedy state
ED(HID 300tmo 140 27199
6500000 63000 - 60500000
2271614 24670097 361616
097000 097000 0.00000
003000 00300 0.00000
000000+ 0.00000 0.00064
000000 - 000000 090034
000000 000000 O(DOUZ
0 =0 S

Seadystate  cynamc  Steady state
100000 100000 091025
60966 610383 @879
30000 SMI1B0 54300000
BBAR BRem 1MHR
04002 04563 042902
049 047086 047709
000855 00080 0.00815
008574 008500 008574
000000 000000 0.00000

oynamc

14246194
GIY
2397238
000000
000000
000086
099012
000002

dynatttc

605].198
5418300
12464123
043633
047086
000830
008500
0.00000

viout

Steady state
100000

2976
60600000
2271614

097000
003000
000000
000000
O(IIIIJ

steady state

58402(113
54300000
19876304
04202
047709
000815
008574
000000

cynarmic
100000
29706

60600000

205.10097
097000
003000
000000
000000
000000

dynamc

5924%7
5418300
199745293
04333
047086
000830
008500
000000

steaey satebp|

6351789
60600000
10435062
04202
047709
000815
008574
O.GIID

steaey state

62.]1111
0300000
19876304
042002
047709
000815
008574
0.00000

dynarmic
090878
6110720
605.00000
12464173
04333
0.47086
000880
008500
000000

eynamc

62.]]]11
5264000
199746293
043633
047086
000830
008500
0.00000



Table A.1.1 Process data of HDA plantalternative 1 tcont)
Name CLench A Rn

steaoy state dmamc steady stae dymmc deadysite  dynamic  Steadyside  dynamic steaoy state oyrmc
Viapour Fraction 100000 200000 100000 100000
Tenperature 66567038 669189(13 4546224 4545683 BB  5P2%7 6L 6L 665670% 669]8903
Pressure [P 4600000 464800 48600000 464800 - 500000 54180 5800000 526400 486(1111) 4854800

Molar Flow golel] 76008 19740% 00000 S IBI6N 10074X3 1576004 100748 19976 1997450%
QnpMoeFac(Hfoger) 038 035 0046 0003 04X O4B® 0490 OB 0F8 0365

Cp Mole e 058 0580 0056 Q0MEL 04D 04T 049 0408 0B 0541
Cp Mol Fec (Berzene 00T 007 099 OB OUE5 0B 0BG Q0D OOMB 007
Cp Mol Fec (Toerg) 0B 000 0242 0MA®  00%d OB 0% Q0K 0B 0020
Cp Mole Fec (Epheny) 04 00 S OBP 0D 0N OO Q00D WA 0022
OAl

N steaoystar%mowamc Steajystate dynanc seadysde  dynaric Steedystate oynamc steaoyaare dyramic
Vapou Facin 0000 Q0D 1000 100D 0975%
Tenperaue B2 AR GIME QLB GLOD GALD G ol 06y she
Pressire [P SO0 4BEN) O GO0 0D EED A0 M0 A0 I
Nolar Flow kgrlel] U0 RO AKENE ANWN  ALHEEB ANWN ARG 0WTL  ABEIB AHIDR

Qopole Frac W 0065 00M3 0%l OFH3  0¥BL  0FB  0¥BL 0B 0L 0B
Cmpl\/de Frec f 0056 00Y6L  050% 050  0530% 0500  050% 05 0% 050
Conp ol Frac (Bergere 0700 O/ 0% 002 O0%%6  OMR  O0S% 00D OCB% (0004
Qonp Vol Fec (Tolene) 0242 0MI®  005M 00 OOSL 006D 0K 0082 0B 001
Qonp Nl Fec (Bipfeny) 00619 OS2 OO 0B OO 004 OB 00084 0B 000BA



Table A 1.1 Process data of HDA plant alternative 1 (cont)
coolout

Nare
Vapour Fraction
Temperature
Pressue [Pa
Molar How [kgmolerh]
Gonp Mole Hec (Hycroger)
Conp Mole Fac
Conp Mole Fac
Conp Mole Frac [Toluere)

Comp Mol Fec (Bphery)
Name

Viapour Fraction
Teperere
Pressue [P

€ 0gen
CompMole Frac l\/etrme{
Conp Mole Frac (Berzere

Seadyside  dynarmic
08049 0845
4500000 4500000
47680000 47585900
20366308 20603966
06l 03B
05303 0531
0085%  00%%
0054 00162
00016 000284

(1

Seady e dynarmic
100000 100000
M9k 460
47500000 44680000
2930045 2446061
03034 03812
05804 05804
00104 00109
000119 0000/
000000 000000

[

steaoystategas cynarmic Steedystateq dynarmic steaoystat%rge dynamic  steady Stggcyde cynamic
10000 100000 (00000 0,00000 100000 100000 100000 200000
AH000 AR 46000 4002 A0 A0 H000 450000
A680000 4585900 47680000 4/8A0 4768000 4A8H0 476800 47585900
18560010 187&1B 20018 22510 29305 2460061 156285 158313483
030084 0387 000465 000453 03004 0382 039 038R
05804 05804 0056 00M6L 05804 054 0504 05304
00004 0010mM 07099  0783% 00004 00MO® Q0104  00M9
000119 00007 0242 01419 00019 0000 00019 0000/
000000 000000 001619 002612 000000 00000 QC0000 000000
dtg e e~ GO
Seadystate “dynamic  Seadystte  dnamic  deadysde  dyamic  Steadyate  dynamic
10000 100000 000000 Q00000 000000 Qo000 Q0000 000000
03430 0568 LB L2202 L5 L6802 LB LB
660000 60600000 HBLE00 A0 SHLENN H0A0 B0 S0
15062086 15RIAB 20918 22510 0000 2996 171918 16962154
03084 0387 006 000433 0006 000463 006 000433
054 058 00506  00M6L 00606 00M6l 0056 0046l
00104 00109 07099  0783% 07059 07%%  00®  O73%
000119 00005 02242 01419 0242 0119 0242 01413
000000 000000 001619 00612 001619 00612 00619 00612



Table A 1.1 Process data of HDA plant alternative 1 [cont)

vnout
harre Steacl saie
Viapour Fraction (00000
Temperatue [ G 54624
Pressure [P 48600000
I\/blar Fow E;gwde/h] 4900000
000465

OnplvdeFrac I\/Hhane 004505
Conp Mole Frac (Berzere 0.70069
Conp Mole R (Toluene) 02442
Comp Mole Fec (Bipheryl) 001619

hene Steacly state

Viapour Fraction 04500

Tenmperature 11679289

Pressure [P 3200000

Molar How [kgmolefh] 1630662

Comp Mole Hac (Hyorogen] 0.00000
Mole Frac

d)mamc steaoy state
45456&3 4597]25
4400 15200000
2906 1719188
000453 0.00465
00461 004506
0.783% 0.709%9
024130 0242
002612 0.01619
cynamic steaoy aate
0434%
11663007 105549%
BB00 0000
1099 121679
000000 000000
000000 000000
08234 09970
014902 000030
00274 000000

oynamc steady state
45%972 5104971
102100 1500000
10062154 89257
000453 0.08%5
004461 086301
0.783% 004200
01419 0.00034
002612 0.00000
dynaﬂc Steajystate
10554983 144667]3
000 30000
8 4380
0.00000 000000
0.00000 0.00000
0978 0.00060
100021 09328
(00000 006732

oynaﬂc

%32]24
15000000
86040
008834
0801/
004130
000019
000000

oynamc

]53%18
36840
B40474
000000
000000
000073
084327
015600

steaoy state

1%5]377
15300000
16306621
000000
000000
0.74623
02360
001708

steaoystate
011624
808210
1500000
1206979
0.00000
0.00000
099970
0.00030
000000

dmamc

18746922
1056/00
16009649
000000
000000
0824
014902
00274

dynarmic
0.116%
8085093
1500000
1325178
000000
000000
099978
000021
000000

\fiOLt

steady State

$14766
12000000
892567
008%6
086301
00420
000084
000000

0.00000

Steedysla%m dynamc
00000 0.00000

14TATD
5300000
413580
000000
000000
000060
098208
006732

15400/
6486300
B4044

000000
000000
000073
084327
015600



Table A.1.1 Process data of HDApIant alternative 1 (cont)

N steaoy state oyrmc steaoy state
Viapour Fraction

Temperatre ['Q 14337335 145 5140 137 43744
Pressure [Pai] 20000 02340 300000
Molar How [kgmole/h 0389 B0 B8
Comp Mole Hrac (Hydrogen] 000000 000000 000000
Comp Mole Fec (Vethre! 000000 0.00000 000000
Comp Mole Frac 000080 000073 000064
Conp Mole Frec (Toluere) 09300 08427 09094
Comp Mole Frac (Biphenyl) 0'047\3&31 015400 000002
Nere Seadyse” cynaric

Viapour Fraction 000000 000000

Temperature 40210 1RMA

Pressure [Pa 40600000 60600000

Molar How [kgmole/h] B3B8 39723

Comp Mole Hac (Hyorogen] 000000 0.00000

Comp Mole Frac (Viethane 0 0.00000

Comp Mole Frec (Bargene 00004 Qo004

Conp Mole Frec (Toluere) 0934 099912

Comp Mole Frac (Biphenyl) 000002 000002

dymnc steaoy state
13742778 29248143
00000 310000
2391238 218474
0.00000 0.00000
0.00000 000000
0.00086 0.00000
099912 0.00024
0.00002 099974

dynamc steadystate
324

29215045 259:6998
0780 2400000
443 218074

(.00000 000000

(.00000 000000

(.00000 000000

0.000% 0.00024

099945 099974

dynamc Steady stat'ﬁejem cynamc
000000

25937% 140 2783 14072102
140000 43500000 100380800
A1 BB BINR
0000 000000 000000
00000 000000 Q00000
00000 o004  QQ00B4
000035 0934 09012
0906 00002 Q0002



Table A 1.2 Energy stream data of HDA plant alternative 1

ofur oooler ® . o o
deadystate  dnamic  Steadysiete  dyamic Seadyside dyamic  eadystde dyamic  Steady Sate IC
HeatFow(kw) 1387457 15665004 31006266  A000 19060083 1705746 4(1)74&35\,\%K 407490418 427. 25%
an : an . on : comp, . D :
Seatytate  dynamc  Steadyside dmamc  Seadyste damic Seadystae  dyamic  Steady state C
Heat Fow (kw) 1272241]\% tpt122266819 3413 }51135683 K817 P83 J78l90  37781%%0 ea%ygm %
[\bn’e . : qXI .
Seadyddte ~ dynamc  seadystate  dynamic  Seadystde  dynanic
HestFow(kw) 0206872 026661706 730638249 730638218 - 0



Table A.2.1 Process data of HDA plant alternative 2

Narre

St state
Vapour Fraction eady
Temperature [ a)ooooo
Pressure 63500000
Cplte fofighon) QoD
e .
Comp Mole Frac at) 0.03000
Conp Mole Fec 0.00000

Conp Mole Fec (Toluere) 0.00000

ConpMole Fec (Biphery) 000000
0,

steady state
Vapour Fraction
Temperature [
Pressure [si
Molar How [kgmolefh]

Mole Hec
anpl M&S}‘)

dynamc

3000000
63000000
21.20%6
097000
003000
000000
000000
000000

6%.]]112
48106487
206419859
0.35800
05294
00846

00254
000166

viout
steady state
100000

297
60600000
2271614

097000
003000
000000
000000
O(IIID

steady state
100000
50665667
5300000
18M 46101
04304
0463%
000813
0.08387
00000

29.99686
60830262
21.29%6
097000
00300
000000

000000
000000

dynamc

6045653)
46 906%
188607211
04301
04762
000804
008508
000001

Steady state dynamc
wooooo 3000000
635600000 63500000
1310894 194136

000000 Q00000
000000 000000
000000 000000
10000 10000
000000 000000
S aWdaqmdman
e e C
098744
12946983 ]2875233
000000  430577%
28153 206419870
0%  038M
05210 0524
0088 00846
00249 005
0002 000166

VAU
steady state
000000

301149
606.00000
131.08%4

0.00000
0.00000
0.00000
100000
0.00000

Rin

steadly state
100000
L1
50300000
198360001
043004
0468%
000813
00837
0.00001

dynamic
000000
012150

6330262

1204136
000000
000000
000000

100000
000000

dynamic
100000
LR
.23%
153795
043001
0476%2
000804

00808
00000

Ra
steady state
0.00000
186067
606.00000
334%33
0.00000
0.00000
0.00087

09870
000043

Rout
steadly state

100000
66647800
48600000

198360006

037620

053314

006%62

00193

000136

dynamc

18].97799
60330262
4003108
000000
000000
000123
099833
0.0004

dynamc
100000
66507352
48706487
15310
036721
054007
00646

0.02097
000133

q0T



Table A.2.1 Process data of HDA plant alternative 2 (cont)

Nere Seaty s
Viapour Fraction 100000
Temperature [d 4600000
Pressure s 47680000

Molar Aow [kgmole/h] 18159343
Comp Mole Fac (Hydtogen) 041050
Comp Mole Fec (Vethane 057828

Conp Mole Frac 0.01007
Conp Mole Frec (Toluene) 000116
Conp Mole Frac (Bipheny) 0.00000
Neme (o

steady State
Vapour Fraction 0.00000
Temperature [Q iy
Pressure s L6000
Molar Row [kgmoleh] 167,666

Comp Mole Fac (Hydrogen) 000477
CompMole Rec (Vethane 00418
Conp Mole Frac [Berzere 071506
Conp Mole Fiec [ Toluere) 021%5

Conp Mole Frec [Bipheryl) 001613

dynamic
100000
4500000
4712633
1804347
04010
058753
0009

00012
000000

dynamc

4524750
S0318%
1294101
000469
0.0M97
0.708%
023134
001546

|i
steadly e
000000

4500000
47680000
21683098

000477
004418
071506
021%5
001613

steady staIe
00215
4599086
15030000
167,66566
000477
00418
071506
0219%6
001613

dynamic
0.00000
4500000
4716383
207660
000400
0097
0.703%
023134
001556

oynamc

4596362
1500833
12901
0004609
00497
0.708%
023134
00156

steady S%Ieewde dynamc
100000 100000
400000 400000
4680000  477.26383
1562085 162463633
04100 040130
0588 058753
001007 0009
00016 00012
0.(1)&13I 0.00000
Steady state IC
i i
SLOMYT  TAATRR
15000000 14990093
8514 94584
00033 00871
086434 08221
0020 009115
000033 000093
000000 000000

steady sgt{ege
100000

4500000
47680000
7196374

041050
057828
001007
000116
O.GII{])_

steady state
0.00000
180.30%6
15054317
1009642
0.00000
0.00000
07512
023168
001700

dynamic
100000
4500000
47726383
27.09714
04010
058753
0009

00012
000000

d%lam'c
18060911
15033068
16348330
000000
000000
073%

02467
00164

dcharge ,
steady siae  dynamc
100000
7038487 @951
60600000 60330262
1506286 1624635633
041080 040130
0588 05873
001007 Q0094
00016 00012
000000 (.00000
Steady stale dynamc
100000
4460047 4458933
4680000 44680000
296374 1779714
041080 040030
0588  058/3
001007 0.0004
0006 00012
000000 0.00000



Table A.2.1 Process data of HDA pIant alternative 2 ccont)

Nane

steady state
Vapour Fraction 000000
Tenperature (( 1085301
Pressure s 3000000
Molar How [kgmoleh 11958017

Conp Mole Rec (Hycrogen) 000000
Comp Mole Fec (Vethare 0.00000
Comp Mole Fec (Berzere 09970
Comp Mole Frec (Toluere) 0.00030

CompMole Fec (Bipheny) 0.%
Narre steadly state
Vapour Faction 100000
Tenperature ( 14303266
2120006
Mdar Fow [kgmolelh] 0.00091

Mole Hec .
Crpibefcly 000D

ConpMole Fec 000206
Comp Mole Frac [Toluere) 09%16

Conp Mole Frec (Bipheryl) 000179

dynamc steady state dynamc

10:154&36
29909%
12079627
000000
000000
09970
000030
000000

dynamic
100000
1430228
212095
000000
000000
000000
000206

09616
00017

St

14365(131 1433%86
2006 16384
A366M) 42680019
000000 000000
000000 000000
0000% 000116
0%077 093620
00688 00626
tolop3

eady state  dynamic
000806

00189 0
1901765 18L0GI4
A4 767308
9%6% 99865
000000 Q00000
000000 Q00000
000087 000123
0960 09833
000022 Q00044

steady o

14391)473
%9676
2051434
000000
0.00000
0.000%
093077
006328
@B
Steady state
100000
1806497
H419%0
468173
0.00000
0.00000
0.00099
099861
0.00041

dynamc

1439822
%.58683
4268018
000000
000000
000116
098619
006266

dynamic
100000
1815638
16,7343
5000
0.00000
000000
000123

09833
0.0004

steady state
(00000

1439364
A7319
3051434

000000
000000
0000%
0%077
006328

t;
Steady state

000000
683660
164387
26838
000000
000000
000000
0000%6
090074

dynamc

14360707
687401
4268018
000000
000000
000116
096619
006266

dynamic
(.00000
RITE N
7119769
266814
000000
000000
000000

0.00027
099973

piout

steady state

143%473
%3162
42366600
000000
000000
0000%
09077

00638

hCRL

steadly state
(.00000
1165
251856
4350738
(.00000
(.00000
0.0009
099861
000041

dynamc

1435822
9.58083
42683002
000000
000000
000116
098619
006266

dynamic
0.00000
171813319
T251%4
500090
0.00000
0.00000
000123

099833
000044



Table A.2.1 Process data of HDA plant alternative 2 (cont)

\I5in

steady State

Viapour Fraction 0.00000
Temperature [ 1®4082
Pressure [ 8rS00000
9968

0.00000

0.00000

0.000%3

099863

000044
VSOt

. steady state

Vapour Haction 111624
Terrperatur%q &3
Pressure s 1500006
Molar Fow [kgmolel] 11953017
Comp Mole Hac 0.00000
Mole Fec 0.00000
Mole Fec 09070
Vole Frec (Toluere) 000030
Comp Mole Fec (Bipheny) 0.00000

dynamc steady state
181 18017488
T09.966% HAX0
99868 99863
0.00000 0.00000
000000 0.00000
000123 000093
099633 09963
0.0004 00004
_ Vioout
oznamc steadly state
11623 01845
08 RABA
1500006 6L434%
1200027 26836
0.00000 000000
0.00000 000000
099970 000000
0.00030 000026
0.00000 09974

dynamc steady state
18105154 18240862
673008 &m0
9968 4346780
000000 000000
000000 000000
000123 00003
099833 099863
0.00044 00004
dynamc  Steady statb(|aOl
01946 100000
RABB  180649%
6143192 HA%D
265814 339%
000000 000000
000000 000000
000000 00009
000027 099861
099973 000041

tovil

dynamc steady State
18185269 18240862
%%  §M0000
5001793 33480%
0.00000 (.00000
0.00000 0.00000
000123 0.00033
099833 099833
00004 0.0004
, hCRn
dynamic  steadly state
100000 100000
Bl 1806487
6.7313 HA%)
000/ 39073
0.00000 0.00000
0.00000 (.00000
000123 0.00099
099833 099861
000044 0.00041

dynamc Steady state
18185269 1781%4
T%6% 125188
4003108 434670
0.00000 0.00000
(.00000 0.00000
000123 0.000%3
099833 099833
0.0004 0.0004
, Vigout
dynamc  steacly state
100000 100000
1815%9 180326
67303 125188
50.00004 339%
0.00000 (.00000
0.00000 0.00000
000123 0.00099
090833 099861
0.0004 0.00041

dymamc

178]5609
1251%4
5001793
0.00000
000000
000123
099833
0.0004

dynamic
100000
1810888
T251%4
00079
0.00000
0.00000
000123

099833
0.0004



Table A.2.1 Process data of HDA plant alternative 2 (cont)

vbpiout

steady State dynamc

Vapour Faction
Tentoeraiureq 6480321 6589894
530000 59065
I\/dar Fow [kgmoleh 10413000 1303071
Comp Mole Hac (Hyctogen) 04004 04301
Comp Mole l\/etha”ef 0468% 04762
Conp Mole Frac (Berzere 000813 Q0084
Conp Mole Frec (Toluene) 008387 0088
Conp Mole Frac (Bipheny) O.OJIIdT_lE 0.0000L

n

Steady state IC
Vapour Fraction ad% %
Temperature [ M3 66073
Pressure s 60600000 60830262
Molar FIovv Egctda/h] 18046101 188607211
Comp Mole 043004 04301
Comp Mole ) 04685 04762
Conp Mole Fec (Berzeng) 000813 0008
Conp Mole Fec [Tolueng) 008%7 00808
Comp Mole Fec [Bipheny] 00000 00000L

steady statrrgpowdynanic
100000 100000
5IL2B 51320771
530000  45%06%
198360001 01537942
04304 04301
0468% 04762
000813 0008
008387 0088
00000L  00000L
steady s&m dynamc
4546230 4544%
48600000  487.06487
92058 4881913
000477 00069
00418 00M97
075506  0708%
029% 0314
001613 00156

hHEN

steady state
100000

62018070
48600000
228153
036721
052130
00828
00249
000172

Mot
steady state

100000
6201834
48600000

28153

036721

052130

0.08524

002453

000172

Vi
6211108
48690219
264195/
035800
052924
00846
00254
0.00166

dynamic
100000
LU
48706487
200419859
0.35369
052024
0.08M6

00254
0.00166

Toltol
steady State
000000

6685108
60600000
16456622

000000
000000
000018
090074
000000

coolout
steady state

080331
4500000
47680000
228153
036721
052130
00828
00249
000172

dynamc

7113267
60330262
16044453
000000
000000
000029
09091
000010

dynamc

4499998
47726383
206419860
035860
05224
00846
00254
000166

steady statlegas
100000

033274
60600000
1506.296%
04102
05784
001009
000115
0.(ItIm
steady State
(00000

525341
516000
H2A58
000477
00418
0.71506
0219%5
001613

dynamic
100000
091251
60330262
162463533
040130
058753
0,000

00012
000000

dynamic
0.00000
5210
031856
4881918
0.00469
0.0M97
0.703%

023134
00146



Table A.2.1 Process data of HDA plant alternative 2 (cont)

steady state
Viapour Fraction
Temperature [ 4546230
Pressure [ 48600000
Molar Row [kgmoleh] 292158
Comp Mole Hec (Hyorogen) 0.00477
Comp Mole Frec (Vethane 004418
Comp Mole Frac 0.71506
Conp Mole Fec (Taluere) 02195
Comp Mole Fec (Bipheny) 001613

steady state
Viapour Fradion
Temperature [g 14390473
Pressure [ %762
Molar Row [kgrmolel] 3125

Conp Mole Hac (Hycrogen) 000000

Conp Mole Fiac 000000
Conp Mole Fec (Barzere| 0000%
Conp Mole Fac (Toluene) 093077
Conp Mole Fec (Bipheny) 006828

dynamc

4544923
48706487
4881918
0.00469
004497
0.708%
023134
00156

dynamc

1435822
%.58683
414285
000000
000000
000116
098619
006266

piout

steady state

4525341
516000
21683098
000477
00418
071506
0219%5
001613

dynamc

4524750
03186
217660
000400
00497
0.708%
023134
00156

tankout

Steadly state
000000
14365081
220006
42366659
000000
000000
0000%
09077
006328

cynamic
0.00000
143338
216384
426830
0.00000
0.00000
000116
093619
0.06266

B

steady State

$14428
12000000
851024
008833
08644
00420
000083
0.00000

vih

steady state
100000
143681
220006
000091
0.00000
(.00000
000205
09%16
00017

dynamc

73520%
12000000
945864
008671
08221
000115
00008
000000

dynamic
100000
13338
21634
000000
000000
000000
000249

090687
000164

Vi
steady State

044%b5
11530876
3104000

0068

ol
oynamc steady state dynamc
11572673 165%56 16402629
31002 2000 17249
163480  BAS BB
0.00000 000000 000000
0.00000 000000 000000
0.733%8 000108 000116
024467 09306 0961
001634 0068% 00623
dynamc  steady sta\tﬂ11 dynam

C e C
0.00000 008217 00%36
1618618 1476846 1477730
P.656% D08 HIBN
BB BS BB
0.00000 000000 000000
0.00000 000000 000000
000116 0000% 000116
09613 09077 09318
0.06266 00688 00626



Table A.2.1 Process data of HDA plant alternative 2 (cont)

steadly state dynamc
Vapour Fraction 08333
Temperature [J 16655506 16423459
Pressure s 22000 217249
Molar Fow [kgmolefh U5 P28
Comp Mole Frac (Hyotogen) 0000 000000
Cop Mole Fiac wem; 000000 Q00000
Conp Mole Frac (Berzere 0000% (000116
Conp Mole Frec (Tolueng) 007 09574
Comp Mole Fec (Bipheryl) 00688 0063
Nae mout _

Steady state  dynamic
Viapour Fraction 0. 091119
Temperature [ M3 660737
Pressure s 60600000 6083062
Molar How [kgmoleh] 198360001 2015.37942
Comp Mole Fac [Hydogen) 04304 04301
Conp Mole Fec { 0485 04760
Conp Mole Frac (Berzere 000813 Q008K
Conp Mole Frec (Toluene) 008%7 00803
Conp Mole Frac (Biphenyl 000001 00000t

vibi

Steadly state
100000
178.16084
72518%
33%3
000000
000000
000169

09829
000002

o
Steady siate
0911%

4733
60600000
10413900

043004
0468%
000813
008387
000001

VAL

dynamc  steady state
100000 100000

17815600
1251%4
000000
000000
000000
000224
09774
000002

dynamic
091119
6650737
60330262
1203031
04301
047652
00084

00808
000001

1776024
675188
33%3
000000
000000
000169
09829
000002

dynamc steady staIe
177 60242 1826(1269
67518 60600000
000000 340%
0.00000 (.00000
000000 0.00000
000169 0.000%3
099829 (99863
0.00002 0.0004

oynamc steady staIe
18197799 17816984
603302 1251856
4003108 468173
0.00000 0.00000
000000 000000
000123 00009
099833 099861
0.0004 000041

dynamc

1781%
1251%4
5001789
Uuxm
000000
000123
090833
0.0004



Table A.2.2 Energy stream data of HDA plant alternative 2

NarTe ofur _ ooder weop WKpi

Steady state  dynamic  Steadydtate  dynamc  Steadystate  dynamic  Steady state  dynamic
Heat How [KM 180032 180863718 H08MH ML 31K 3781963 3B 3AmBR
Nare i oo _ Wkpi | 0]

Steady state  dynamic  Seadystate  dynamic  Steadystate  dynamic  Steady State  dynamic
Heat How [KM D470 124866  0R78R A3 87168 8168 5504 SR6XSID5
Nae s

Steady state  dynamic
Heat How [KM ek 16

sy
steadly State
112106
gan
stealy State

dynamic
1584235

dynamc

L8006 29818208



Table A.3.1 Process data of HDA plant alternative 5

Rout FH viout Rogs miout
seadystate  dynamc  seadystate  dynamc  Seadysiae  dyamic  Steadydtale  dynamic  Steadystate  dynamic
Viapour Fracion 100000 10000 100000 100000 100000 100000 100000 100000 091082 090763
Temperature [q 6065m2 66744730 00000 3000000 2016 29715 35314 7471973 B645 6799159
Pressure [fs 4600000 4091142 6H00000 650000 66000 6BO00L  60KO0000  60BOOOOL 60600000 60600001
Molar How [kgmolelh] 1674%67 148181 2271614 2567307 2271614 256707 156286 1505058 19574963 1948147

Conpo Molo Frac [Hycrogen] 0324 035 097000 09700 097000 097000 002 039748 042097 0427
Conp Mole Fec (Vethare 05819 0542 003000 00300 000000 003000 05018 050087 0406  0473%6
Conp Mole Frec (Benzerg 00168 00739 000000 000000 000000 Q00000 001024 00106l 000823  0008%
Conpo Mole Frec (Toluene) 002059 001%2 000000 Q00000 000000 Q000 01 00013 00862 0088
Conp Mole Frec (Bipheny) 000140 Q0063 000000 000000 000000 000000 000000 000000 0oL Qooont

Rin coolout jout
Neme : -

Seadystate  dynamc  Steadystate  dynamic  Steady staie dynamc steadly state dynamc steadyst dynamc
Vapour Fraction 100000 100000 030172 (888 100000 0.00000
Temperature [0 6L LI A0 44908 4500000 450(11)2 4500000 4500(II2 4525311 4525325
Pressure [1si B0 4975600 4628000 Abr7de 428000 Ar7Xe2 4800 4A77BR SA00  SR63%0

Molar How [kormolerh] 1974%6603  124811%  0064%67 19744003 1B I3 205130 20608 0 2051330 20608
Cop Mole Hec (Hycrogen) 042097 0491 08 03630 0 048 00040 00042 00060 000442
Conpo Mole Frec (Vethare 047806 0473% 033116 05269 05008 05087 004388 004340 00438 004340
000823 0008% 008% 00033 001023 Q01061 070966 072473 00%6 07473
0082 00848 00262 0043 0002 Qo013 022567 020014 0256/ 020914
00000 Qcoont 0006 Q0% 000000 000000 0069 001832 00169 00182

T



Table A. 3.1 Process data of HDApIant alternative  (cont)

voout

dg e gecyde
steadystaIe dymmc stead;iat%ﬁ) dyriamc steady(sltxatx% dynamc steadyst dynamc steadystaie dynamc

Viapour Fradion
Temperature [ .94633 621]1002 R38R TATIN AT 4541776 450(11)0 4500002 4500000 4500002
Pressure [ps 4600000 43091142 6060000 6BO0OL 48600000 409142 42800 4H17HR2 462800 4577362

Molar How [kgnoleh] 64067 197440060 159629866 15305428 QA0 458710 2968372 2800 156280 150458
Hycrogen) 038 03I 0 03748 000450 00042 03821 039748 03821 030748
Vethane 03318 052989 05008 0508/ 00433 004340 050085 059087 05006 059087
0086  0Q0d83 001023 001061 070966  0.72473 001023 001061 001023 00106l
Conp Mole Frec (Toluere) 00262 00438 00012 Qo013 0.22%7 020014 002 Qo013 0002 00013
Conp Mole Fec (Bipery) 0006  00b O(IIID 000000 001 001832 000000 000000 000000 000000

Toltot hHEin HEXQU
Steadystate  dynamic  Steady staIe oynamc steady staie dynamc Steadystate  dynamc  Steadystate  dynamic
Vapour Fraction ead%m 0.00000 00817 100000 10000 100000 100000
Terrperaiueéﬁq 0360 6707645 A5%06L 4594231 3000000 3)(1111) 6113731 6110088 XIS A4S
Pressure [s 6bo00 6060000 18200000 1502636 6B00000 6H00000 L8O 40T AR 4749061
Molar Fow [kgrmoleh 1684008 185683 1715130 1710634 M0 1R800 1961267 197440072 19976170 19744008
Comp Mole Hec (Hycrogen) 000000 Q00000 0040 0002 000000 0.00000 03830  05H%H 0353 056X

ConpMole Frec IVHmnef 000000 Q0000 004383 Q0440 000000 Q00000 053004 05969 053004 05260

00006 00006 07066 072473 000000 00000 00970 009033 000/2 009033
Conp Mole Fec (Toluene) 0908l 0983 02%/ 020014 10000 100000 00163/ 00438 001637 0043
Conp Mole Fec (Bipherny) 000013 0.00012 00169  QOI82 000000 000000 00029 0002 00029 00026



Table A3.1 Process data of HDA plantalternative 5 (cont)

steady state

Vapour Fraction 100000
Tenperatureq 10228
160212013

Ivblar Fow [kgmolel] 1225073
Corp Mole Hac (Hyorogen) 00504
Comp Mole Frac [Methare 050170
Comp Mole Frac 0.35645
Conp Mole Fac (Tolueng) 00034L
Comp Mole Fec (Bipheny) 0.000%%
steady state

Viapour Fraction 090737
Temperature [J 04.90963
Pressure [ 604.99421
Molar How [kgmoleth] 0.00000
Cop Mole Hec [Hyorogen) 04393
Comp Mole Fec 046000
Comp Mole Frac ) 0.000%
Comp Mole Fec [Taluere) 000732
Conp Mole Frac (Bipheny) 00000

CHin

dynamc steady state
4167210 19222442
49162 1260%
043067 0.00000
0.00069 000001
088037 000087
002971 089866
0.0002 009980
0.00000 000117
dynamc  Steady State
090763 090737
679159 64.96%63
6Bl eAA
40030 1962501
04297 043493
0473% 046330
0.000% 0.008%
000040 00873L
0.0000L 0.0000L

dynamc

18922194
1070763
000000
000000
000027
085340
01458
00007

cynamic
090763
6799150
605,000
191993909
042979
04733
000836

00838
000001

tiout

out
steady state dynamc steadyst e
000000 000000

000000

20 10219 1942376
1260% 150063 190733
RO 3643 IRAXA
000000 000000 0.00000
00000L  00000L 000001
03188 076076 03188
015231 02197 015231
00210 0019 00210

Vbpiout

steady state dynamc Steady state
100000 098159
1403833 67 527% 1403358
02428 50063587 5002428
000000 48738 19606/
043% 0497 043480
046563 0473% 046392
000838  0008% 0.008%
008/ 00838 00872
000001 0.0000L 00000L

Mmiout

dynamc

18941656
1938275
369143
000000
00000
0.76076
02197
0019

dynamic
097587
1319675
50063587
1924.810%
0427
0473%
0008%
00838
000001

steady state

1%42376
1907333/
15658049
000000
000001
08188
015231

0.02%&)).
steady Sale

09810
14037058
5002428

6789823

0434%

046300

0008%

008719

000001

C
09758/
1379674
56068587
000000
04297
04733
0008%
00838
000001

1)



Table A.3.1 Process data of HDA plant alternative

Nene oo
Steaqy State
Viapour Fraction eady
Temperature [Q IRB715
Pressure [[s 206146
Molar Row [kgmole/h 20021915
Comp Mole Hec (Hyorogen) 000000

Comp Mole Frec (Vethare 0.00000
Comp Mole Fec (Berere 0.00017
Conp Mole Frec (Toluene) 08394
Comp Mole Frec (Biphenyl) 016069

toRl
Nare steady State
Viapour Fraction 0.00000
Temperature (g 142316
Pressure (8 19173337
Molar How [kgmoleh 1m.8M
Comp Mole Hac (Hycrooen) 0.00000
Conp Mole Fac 00000L

Cop Mole Fec (Berzere 0818%
Cop Mole Fiec [ Taluene) 015231

ConpMole Frec (Biphenyl) 00210

Ceont)

dynamc steadystate dynamc steadystate

194
20664
3M9.7463
000000
000000
00002
091918
008060

dynamc

18941656
IR
17427834
000000
000001
076076
02197
00196

1(554358
29091
12838331
000000
000001
090960
000030
000000

cRin

steady State

192%841
1L172%
1844
000000
000001
08188
015231
002910

10547441
299999
183722
000000
000001
090068
000031
000000

dynamc

18939444
15015080
17427334
0.00000
000001
076076
02197
00196

14786487
RNV
23376372
000000
000000
o.oow
083038
016045

steady state

222%2
163932
ITRTEIARS
000000
000001
08185/
015231
00212

dynamc

144007%
20626
41862813
000000
000000
00002
091919
008069

dynamic
09724
2021618
120573
1742778
000000
00000
(.76076
021%7
0019

steady state dynamc
80%000 &)%049
15006 150006
1BIR 1B
000000 000000
00000L Q0oL
0999 0908
000030 0008l
000000 000000
hHRout
Steady state  dynamic
100000 100000
LY PL7L
9% 4120627
1809619 186745307
0353 03X
05004 05290
02 009033
001637 004%
0009 0005

steady state

147 87146
2067
000000
000000
000000
000030
09048
000468

steady stat'dégJ

000000
14804859
81749
2254216
000000
000000
000017
083034
016060

dynamc

14400775
20626
000000
UL
000000
00008
090738
000214

dynamc

14455%
16428483
41866375
000000
000000
00002
091919
008069



Table A. 3.1 Process data of HDA plantalternative 5 (cont)

steady staIe
Viapour Fraction 100000
Temperature [ 1809000
Pressure [ H67%L
Molar How [kgmole/h] 326889
Comp Mole Hac (Hycogen 000000

Conp Mole Frec (Vethare 0.00000
Conp Mole Fac (Benzere 0.00020
Conp Mole Fec (Toluene) 09994

Conp Mole Fec 000046
steady state

Vapour Fraction 100000
TenperatueQ BPM
41292362

Molar Fow [kgmoleh 1069484
Comp Mole Hec 03639
Comp Mole Frac 053004

dynamc

18097(132
A6
44562
000000
000000
000024
090921
000066

dynamic
100000
RISV
47208627
1069839
03536
052969
009083

002438
000206

steady state

3465(%
160608
45811
000000
000000
000000
00004
09966

ot

steady state
100000

31008474
472932
1997 8463
03630
0.53004
00724
00163/
0.002%9

dynamc

34655378
1606475
317
0.00000
000000
0.00000
000026
099974

dymanic
3)41253
47203627
197440146
0.353%
05299
009033

002438
000206

steady staxteps

14804794
81749
2129
0.00000
000000
000017
083034
016050

It
Steadly sate
100000

31008478
4729232
1001065
036330
053004
000721
001637
00029

dynamc

1445507
16426483
4119859
000000
000000
00002
091919
008060

dynamic
100000
IR
47203627
999196
03536
052969
009083

002438
000206

steady state
(00000

14804794
81749
18086689
000
0.00000
0.00017
0834
016050

hRin

steady state
100000
31008478
42932
18%6.78908
03530
053004
0072
001637
0.002%9

dynamc

1445507
16428483
385744
000000
000000
000022
091919
008069

dynamc
100000
W11
47208627
187448180
0.353%
052969
009083

002438
000206

il

148(13075
H18M
2129
000000
000000
000017
083034
016060

vioout

steadly tate
00163
165,963
866181
194266
0.00000
0.00000
000017
083034
016019

dynamc

144 6168’2
138671%
411989

000000



Table A. 3.1 Process data of HDA plant alternative 5 (cont)

\l;tane o steady state dynamc steady state dynamc steady state dynamc steady staHe dynamc
apour Fraction
Tenperature [q 1963% 16904728 33613160 3’3615266 17956720 178%28 17956720 178%28
Pressure [ps 7Y 46720802 BATI073  BATION 7448167 73481 TAM167 348301
Molar How [kgmolelh 20068870 197440163 45811 3137 000000 000000 26241 456760
Conp Mole Hac (Hyorogen) 0630  0BH 000000 000000 Q0 ooody uoowJ 000000
Conp Mole Frac [Vethane 05004 05280 000000 0,00000 000000  0.00000 000000  0.00000
CompMole Frac 000711 009033 000000 0.00000 0000% 000044 00000 000024
Conpo Mole Frec (Toluene) 001637 0043 000034 000026 09962  099%4 0993% 091
Comp Mole Frac (Bipheny) 00029  0002% 0996 09974 00002 000003 000046 000064
steady statEﬂux dynam s dystatvm dyn steadyst;t/IIOUt dynam Steadystzta?tOp] dynam
e C Steadystate amc e c e c
Viapour Fraction 000000 00162 00114 001623
Temperature [q 18244282 18175% 18244288 18175342 1803300 1803082 1803833 1&)3508’2
Pressure [ps 6060067 62463 6491 60600001 Hhe831  HeX% B3I X%
8B 8846 BB B3 8B 830146 813 88146
000000 Q00000 000000 000000 000000 000000 000000  0.00000
000000 000000 000000  0.00000 000000 000000 000000 000000
00000 0004 000020 Q00024 00000 Q0004 000020 Q0004
09993 091 0993% 0991 09%9% 091 09993 091
000d6 00004 000d6  0.00064 00046 000064 00046 000064

steaoystatféoUt dynanic
0000 000000
10481 1817508
B600%7  B0B24E3
DD M%7
000000 00000
000000 000000
00020 000024

09034 Q%L
00006 000064

S adyst§iOUt dynam
8 e C

100000
32734 1946&714
06644

206146
020915 3797463
000000

000000
000000

000000

000017 Q0002

08324 091918
008060

016069



Table A 3.1 Process data of HDA plant alternative
hHEIN

Neme
Viapour Fraction

Temperature [Q
Pressure s

Molar How [kgmolet]

Qomp Mo Hec (Hickogen)

Conp Mole Frac [Methane
Conp Mole Frac (Berzere
Comp Mole Frac (Toluene)

Conp Mol Fec (Bipteny)

Vapour Fraction
Tenperature (

I\/olar Fow [}gﬂe’h]
cmp

Steady state
100000

18314143
47300000
303649667
035668
053118
0085%
002562
000176

steadyst e
(00000
4074

cynamic

10000
10004738
4672082
197440168
03536
053969
009083

002438
00086

dynamc

4541776
409114
4958719
00043
00430
073473
030014
001833

(cont)

cHout
Steady State dynamc
100000
1567130 13806(133
56300000 50068587
1831211 191998757
042197 04297
047806 0473%
00083 0008%
00873 008348
00000L 00000
sead sta}/'om dynam'
eadly state C
100000 10000
M08 M85
43380000 43280000
3968373 232071
030l 03748
0508 05087
001083  Q0106L
000131 000113
000000 000000

hHEiout
steady State dynamc
093106
9437361 9947467
4600000 4614642
203649967 19744019
0358 03D
053118 05269
0085% 000033
00363 0043
000176 00025
s dystaivz{11 dynam
eady State C
000000 000000
0149 1149
60600000 60600001
130000 13383000
000000 000000
000000 000000
000000 000000
100000 100000
000000 0.00000

steady staIe
0.00000

43311
53760000
4900000
00040
00438
0.70966
02256/
001639

Ro

steadly State
0.00000
1838634
606.00000
34308
0.00000
0.00000
000033
099917
0.000%6

dynamc

45353}3
536822
4958719
00043
00430
0.72473
020014
001833

cynamic
000000
18L7R33
60500001
3.76633
000000
000000
000034

090931
000064

Steadystate dynamc
45%311 45353%
S3e000 5336838
753 1700634
000&) 0002
00438 Q0430
00%6 073473
02%7 020914
0069 00183

sty e

eady State C
100000 100000
ATA5TB 4657394
50365 5138006
1871099 193481161
04383  0439M
0468%  0473%
00B%  0008%
00878 0088
00000L  oooot



Table A. 3.1 Process data of HDA plant alternative 5 (cont)

Viapour Fraction
Terrperature (

I\/blar How [kgmol lltor eh]

Comp Mole Frac ya«é'g?)
O]tpl\/deFracEE[mzevf
Con Mole Frec (Toluene)

Gop Mole Fec (Bprey)

Viapour Fraction
Temperature [
Pressure s

000001
08188
015231

002910
CHein
steadly state

09810

dynamic
000000
182251
1070763
33691062
0.00000
00000
0.76076
021%7
0019
cynamic
097587
1319674
50068587
1924.810%
04297
0473%
0.0083%
(08348
000001

boll
steady State
098508

2248044
1625145
1/-838%
0.00000
000001
081838
015231
002911

Msout

steady state
100000

4638225
2021635
194600281
043482
04684
0.008%
008728
000001

dynamic
100000
2250865
15081541
121817
000000
000001
0.76076
021%7
00196

dynamic
100000
466.735%
51880906
19481161
042979
04733
000836

00838
000001

steady state
048182

139778
RITYe
15658049
0.00000
00000
08188
015231
00210

dynamc

115120ﬂ3
%L
16263259
000000
00000
0.76076
021%7
0019

Vbpiout

Steadly sate
098
1388005
507763
678033
04345
046301
00068%
008737
000001

dyénartic
46573583
51880006
000000
043002
047311
000837
008349
0.0000L

e
steady State

]27 ]50&3
119968%
125873
00684
058170
03560
0.00341
0.00000

dynamic
100000
407630
119968%
843067
008969
083087
002971

00002
000000

tankiout

steady State
(00000

14787146
RNV
224216
0.00000
000000
0.0001
083034
016050

dynamic
000000
14406775
20626
41865315
000000
000000
00002
091919
008069

steady date

18641%1
1215046
000000
000000
000028
084614
015287
000071

steady statgj3

100000
B3ALD
AL
1069464

03630

053004

00972

001637

0.002%9

dynamc

1%41%1
12153246
000000
000000
000028
084614
015287
000071

dynamic
100000
A543015
4749061
1069839
0.353%
052969
009083

002438
000206



Table A 3.1 Process data of HDA plant alternative 5 [cont]

seady staqlﬂin dynam'
e C
Viapour Fradion 10000 10000
Tertperatureéﬁq BIAH  ApAN15
Pressure [ps 4B0AT - 47492061
Molar Row [kgmaleh] 189066915 186746524

Mole Hec ([tyciogen) 063 056X

Mole Fec 053004 0590
Comp Mole Frac 00072 009033
Cop Mole Frec [ Toluene 001637 0043
Comp Mole Frc 00029 00026

concout
steadly state dynamc

Viapour Fraction 0.00217
Temperature [J 17951810 178&1)78
Pressure [s TA48187 381
Molar Row [kgrmoleh] 26020  M456719
Conp Mole Hec M] 000000 0.00000
Conp Mole Fac f 000000 000000
Conp Mole Frec (Berere 00000 Q0004
Conp Mole Fac (Toluerg) 0984 0921
Conp Mole Frec (BPH) 000066 00008

steady state

14804845
81749
29778
000000
000000
0,000t/
083064
0 16050

steady state

167 977]2
A1
1994266
000000
000000
000017
083034
016049

dynamc steady state
1445507 14804845
1642883 81749
307728 2956419
0.00000 0.00000
000000 0.00000
00002 0.00017
091919 083934
0.08059 0.16&]32%1
dynamc steadly State
100000
16061684 2973164
138671% 2061%
M 201485
0.00000 0.00000
000000 0.00000
0.0002 0.00017
091913 083026
008060 0.16067

dynamc

144 71807
57523
B8B2
000000
000000
00002
091919
008060

dynamic
099999
16128145
4672089
18744820
03536
052969

000083
002438

OO
dynamc steady State
144&507 14805892
1642883 5.76066
331 2956419
0,00000 000000
(.00000 000000
00002 0.00017
091919 083034
0.08059 016050

dynamc ¢t dystathRZOUt
C  Steady state
09031 100000
B2 100217
20600 4679501
307580 18058315
000000 33
0.00000 053004
0.0002 009721
091913 0.01637
0.08080 0.002%9

000206

oCRut

steady State

17036586
A1
17731447
000000
000000
000017
08364
016040

Steady state
100000

3100088
4679401
1001065
036330
0.53004
000721
00163/
0.002%9

dynamc

16252743
138671%
BB
000000
000000
000022
091918
008060

dynamic
100000
409083
467,289
999196
0.353%
052969
009083

002438
000206



Table A 3.1 Process data of HDA plant alternative tcont)

Name U0V O VIS retol anout
. Steady State  dynamic  Steady State MC steady state dynamc steady state dynamc steaoystate
Vapour Fraction 100000 1.00000 100000
Termeratureq BB 130983 1404561 14045561 18244282 18175328 22248346 225(%6 6&19427
MAX6  MA6 32490 391 6h0RY 662463 1RAMS 10854 481968
l\/olar Aowkgmoel] 000000 Q.00000 0.00000 000000 R38 Bw6R  IHEEN 1AZET 10604
Comp Mole FraciHyorogen ocooou 000000 uwoowo 000000 000000 Q00000 000000  QUIUD 036341
Conp Mole Fac (Vethre) 000000 000000 000000000000 000000 Q00000 00000L  Q0000L 053006
Comp Mole ) 00047 Q00047 000061 Q0006L 000020 Q0004 08188 076076 009718
Conp Mole Frec (Tolueng) 09961  0%9%6L 0973 0973 0904 097 01531 02997 001636
Comp Mole Frec (Biphery) 000002 Q0002 000%  0001% 000046 000054 00211 00196 00029
Table A.3.2 Energy stream data of HDA plant alternative
ofr Qjcooley
q Steady state  dynamic S&?ﬁ@' dynamic 5@?3@' dynamc %?ﬁ%y dynamc _W
m o SMALAB 6202 19630  2A25h 397460 39100 A%68UDB 4688 49839974 50010712
o, seyste orenc R granc W g~ grac W grenic
m 1357913 17919814 54682&%6 5631001 9091377 7634 30530 AWIPIL 39671 2989027

Nae (. 3)
o Steady state  dynamic 5&?&@' dynamic _W dynamc
i BB A R W -

dynamc

6%.]1(1)2
AL 12
197440160
03636
05260
000083
002438
000206



APPENDIX B

HDA Process Equipment Data

Table B1 Column specifications of HDA plant alternative 1

Detal Stablizer Gounm
Steady Sate IC
Inlet F;strereem 5 oy ls001 dpem
Top Pressure
Battom Pressure Fa]
Top Temperature [
Battom Temperatre [Q
Conckersey
Retoller Duty
Benzene mole fraction
Jecficaion inoverhead HOOZ2
Methane mole fraction
in bottoms « 0000001
Colum mockl Distillation Coum  Distillation Calum
Number of tray 6.00000 6.00000
Feedl fray 300000 300000
Diareter (m) 106680 106530
Weir| En; 088420 088420
Weir height 006080 006080
Tray ipacing [ 06090 06090
Ym Sewe Seve
Rebe vdvc; 70M0 93619
028317 037454

Procuct Caum
S state IC

eacly dynani Vit
SO(IIID 3000000
3300000 M1
106.66067 106.66067
477 4778
400400811 4066.952%
RUARRAASS AM0542

Toluene mole fraction

in overhead «0.0003

Borzene mole fraction

in battoms - 0.0006
Distillation Cum  Distillation Colum
2700000 2700000
1500000 1500000
1890 1890
126800 126800
006080 006080
060060 060960
See See
906139 11940
84%06 12534

Regyde Colum
Steady State IC

eadly bl dynam L
3000000 3000000
3300000 25611
13044444 13044444
292.70000 B3R
451021 3077434
48040104 300.7457

Diphenyt mole fraction

inoverhead 000002

Toluene mole fraction

inbottors - 000026
Distillation Coum  Distillation Colum
7.00000 7.00000
500000 500000
076200 076200
051810 051810
006080 0.06080
06090 060960
See Sewe
14154 187178
283163 374749



Table B.2 Plug Flow Reactor specification of HDA plant alternative 1

Deta A
 Seadyside  dynamic
Pressure Drop [P 1700000 17.00004
Total VTIume M 11513183 11513183
Length 730 173100
Diameter [ 20474 290474

Table B3 Heat Exchanger specification of HDA plant alternative 1

s S staIeFE-E IC
Shel et Tenperae ey W
Shell Outet Tenmperature [ 194807 18540
Shell Sk Pressure Drop [Psd] 600000 600000
Tuboe Inlet Tenperature | 6351789 611070
Tube Outlet Temperature q] 6009%%6 61038
Tuboe Sck Pressure Drop 6200000 6200001
U\Aﬂq 3383067 3383067
VAKICH 1850166 10500000

Duty [\ 1748880 1741917216
Shell Scie Volume 1415842 162819
Tube Sce Volume 141562 1628719



Table B.4 Separator specification of HDA plant alternative 1

Detall
%Bmc
Vessel Tenperature
Vessdl Pressure [Psi 4766(1711 4785567
Liuid Molar Fow mole/h] 2209%88 2225664
dVqume 1130
vaaeIVdurm 2060475

Table B5 Fumace and Heater specification of HDA plant alternative 1
Dets Fumace Xi
Seadyside  dymamc  Steady Siae
Feed Temperature [Q 40006 5924%6 -
Procuct Temperature [ 611111 L1113
Duty [KW] 1387457 156652153
Volurm [ 8466 1123

Table B6 Cooler specification of HDA plant alternative 1

Deta Coder
Seadyside  dynanic
Feed Temperature [Q 1943767 123560
Proclict Temperature [( HO00 400002
30066 43408680
Volurm tm 850000 850000

dynamc

62111111

62111111
000000
141580

)



Table B.7 Valve specification of HDA plant alternative 1

: Vi Vi \s \s
et iream Deta steage/H?tate dynma_rpic stealg / 0sltate dygﬁgpic steadg state dyr?gﬂnc steaﬂ}/ state dyrl]?rrgc
»

FeedPr [Ps 6350001517 6360001517 60000517 6350001517 6%5(Im517 64? 5336766 f gm;IBQ 472%]3
6050001445  GBO00L512 6060001445 6050001512 606.0001445 AHB00015 4468001067

I\/lolar Flovv[k(iF>3 gh 2211619 246470385 1 14513108 B0 3804362145 20004631 2471987107

essueDr 9 3000000717 3 300000717 00000717 B59H4H5 180000043 2905700458
14066653 1406696253 2089776146 38 65152%18 750908038 1801980041 133603401

Detall \s . Vs . Vj . \s .

steady state amc  Steady state amc  Steady state amc  steady state amic

etsrean Qe ey 4 g 3y g g g

FeedPrewe SLE013LT 550, /523289 1300000858 150.0000831 1530000866 1505673067 000077 29997286
1520000863 1502276981 1200000287 1200000287 200000764 30964001 150000088 150000038

lvblaerv[k 171018761 109604 8925000709 869HA0H 1630062104 160957882 21697856 1325397609

Press:eDr 306000064 400524638 000000717 30.00002442 1200000089 119602408 1500000358 14.99996928

F&essarm[ orIQ TIOR3 88731 36415668\3;3 3641566838 800616 320398 088D 475M8%

\b 0 Vi1

steadly state amic  steady state amc  steady state amic

Inlet stream . plgu d%?out l% dynb tu%nch t%r&ench

Feede.re[Ps 5300001260 5243063663 300000074 0 15 L0037 560.7/523289

Procuct Pressun 20000004 D633 1600000382 1600000382 460000161 485480997

Molar Flovv[k rmle/h 41030478 4(%188166306 2TR47409 4439735 O 52959115

Pressur D@ }8] 21.00000500 HOO0X8  ABABE A0, 6h27133149
Resistance (Cv0 9016642917 104149674 18809774 2080827 462857626 4600297056



Table B.8 Parameter tuning of HDA plant alternative 1
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Table B.8 Parameter tuning of HDA plant alternative 1 (cont)
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Table B.8 Parameter tuning of HDA plant alternative 1 (cont)
ok g aumd L?l Dodadl o |iljl Dodad o Inglel Do
2 um :
@f&r&:’%ﬁj& mataeles - (ﬁﬁnm%ly(q]
T COAA0BL .
@in 2 2 3
Dt

Trigehod Ciret Cirt




APPENDIX ¢

Tuning of Control Structures

¢.| Tuning Controllers

In this chapter tuning methodology are recommended by Luyben et al. (2002).
Notice throughout this work use PI controllers. In theory, control performance can be
improved by the use of derivative action. But in practice the use of derivative has some
significant drawbacks:

1. Three tuning constants must be specified.
2. Signal noise is amplified.

3. Several types of PID control algorithms are used, so important to careful that
the right algorithm is used with its matching tuning method.

4. The simulation is an approximation of the real plant. If high-performance con-
trollers are required to get good dynamics from the simulation, the real plant
may not work well.

C.2 Tuning Flow, Level and Pressure Loops

The dynamics of flow measurement are fast. The time constants for moving control
valves are small. Therefore, the controller can be tuned with a small integral or reset
time constant . A value of = 0.3 minutes work in most flow controllers. The value of
controller gain should be kept modest because flow measurement signals are sometime
noisy due to the turbulent flow through the orifice plate. A value of controller gain of
Kc = 05 is often used. Derivative action should not be used
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Most level controller should use proportional-only action with a gain of 1 to 2
This provides the maximum amount of flow smoothing. Proportional control means
there will be steady- state offset (the level will not be returned to its setpoint value).
However, maintaining a liquid level at a certain value is often not necessary when the
liquid capacity is simply being used as surge volume. So the recommended tuning of a
level controller is K¢ = 2

Most pressure controllers can be fairly easily tuned. The process time constant is
estimated by dividing the gas volume of the system by the volumetric flowrate of gas
flowing through the system. Setting the integral time equal to about 2 to 4 times the
process time constant and using a reasonable controller gain usually gives satisfactory
pressure control. Typical pressure controller tuning constants for columns and tanks
are K¢ = 2 and Ti = 10 minutes.

C.3 Relay-Feedback Testing

The relay-feedback test is a tool that serves a quick and simple method for identifying
the dynamic parameters that are important for designing a feedback controller. The
results of the test are ultimate gain and the ultimate frequency. This information is
usually sufficient to permit USto calculate some reasonable controller tuning constants.

The method consists of merely inserting an on-off relay in the feedback loop. The
only parameter that must be specified is the height of the relay h. This height is
typically 5 to 10 % of the controller-output scale. The loop starts to oscillate around
the setpoint, with the controller output switching every time the process-variable (PV)
signal crosses the setpoint. Figure shows the PV and OP signals from a typical relay-
feedback test.

K = Ah/air
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The period of the output PV curve is the ultimate period Pu. From these two
parameters controller tuning constants can be calculated for PI or PID controllers,
using a variety of tuning methods proposed in the literature that require only the
ultimate gain and ultimate frequency, e.g., Ziegler-Nichols, Tyreus- Luyben, etc.

The test has many positive features that have led to its widespread use in real
plants as well in simulation studies:

1 Only one parameter has to be specified (relay height).

2. The time it takes to run the test is short, particularly compared to the extended
periods required for methods like PRBS.

3. The test is closed loop, so the process is not driven away from the setpoint.

4. The information obtained is very accurate in the frequency range that is impor-
tant for the design of a feedback controller (the ultimate frequency).

B. The impact of load changes that occur during the test can be detected by a
change to asymmetric in the manipulated variable.

All these features make relay-feedback testing a useful identification tool.

Knowing the ultimate gain Ku and ultimate period Pu permits US to calculate
controller setting. There are several methods that require only these two parameters.
The Ziegler-Nichols tuning equations for a PI controller are

Kzn = Ku/2.2 TIN — Pull-2

These tuning constants are frequently too aggressive for many chemical engineering
applications. The Tyreus-Luyben tuning method provides more conservative setting
with increased robustness. The TL equations for a PI controller are

KTL = Ku!3.2 te1 = 2.2PU



APPEND IX

CAPITAL COST AND MANUFACTURING COST DATA

D.l Estimation of Capital Costs

In this chapter Estimation of Capital Costs are recommended by Richard et al.
(2003). Capital cost pertains to the costs associated with construction of a new plant
or modification to an existing chemical manufacturing plant. There are five generally
accepted classifications of capital cost estimates that are most likely to be encountered
in the process industries,

1. Detailed estimate

This type of estimate requires complete engineering of the process and all related off-
sites and utilities. Vendor quotes for all expensive item will have been obtained. At
the end of a detailed estimate, the plant is ready to go to the construction stage.

2. Definitive estimate
This type of estimate requires preliminary specifications for all the equipment, utilities,
instrumentation, electrical, and off sites.

3. Preliminary estimate

This type of estimate requires more accurate sizing of equipment than used in the study
estimate. In addition, approximate layout of equipment is made along with estimates

of piping, instrumentation, and electrical requirements. Utilities are estimated.
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4, Study estimate

This type of estimate utilizes a list of the major equipment found in the process.
This includes all pumps, compressors and turbines, columns and vessels, fired heaters,
and exchangers. Each piece of equipment is roughly sized and the approximate cost
determined. The total cost of equipment is then factored to give the estimated capital
cost,

5. Order-of-magnitude estimate

This type of estimate typically relies on cost information for a complete process taken
from previously built plants. This cost information is then adjusted using appropriate
scaling factors, for capacity, and for capacity, and for inflation, to provide the estimated
capital cost,

D.2 Estimating the Total Capital Cost of a Plant

The capital cost for a chemical plant must take into consideration many costs other
than the purchased cost of the equipment. As an analogy, consider the costs associated
with building a new home.

A summary of the costs that must be considered in the evaluation of the total
capital cost of a chemical plant is presented. The estimating procedures to obtain the
full capital cost of the plant are described in this section. If an estimate of the capital
cost for a process plant is needed and access to a previous estimate for a similar plant
with a different capacity is available, then the principles already introduced for the
scaling of purchased costs of equipment can be used, namely:

1. The six-tenths-rule may be used to scale up/down to a new capacity.

2. The Chemical Engineering Plant Cost Index should be used to update the capital
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COSts.

The Chemical Engineering Plant Cost Index (CEPCI) can be used to account for
change that result from inflation. The CEPCI values are composite value that re-
flect the inflation of @ mix of goods and services associated with the chemical process
industries (CPI)

D.2.1 Module Costing Technique

The equipment module costing technique is a common technique to estimate the cost
of a new chemical plant. It is generally accepted as the best for making preliminary
cost estimates and is used extensively. This approach, introduce by Guthrie, forms the
basis of many of the equipment module techniques in use today. This costing technique
relates all costs hack to the purchased cost of equipment evaluated for some base
conditions. Deviations form these base conditions are handled by using multiplying
factors that depend on the following;

1. The specific equipment type
2. The specific system pressure

3. The specific materials of construction

Equation D.I is used to calculate the bare module cost for each piece of equipment.

Cbm —CpFsM (-D-1)
Where Cbmis hare module equipment cost: direct and indirect costs for each unit.
Fbmis bare module cost factor: multiplication factor to account for the items

specific materials of construction and operating pressure.
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D.2.2 Bare Module Cost for Equipment at Base Conditions

The bare module equipment cost represents the sum of direct and indirect costs the
conditions specified for the base case are

1. Unit fabricated from most common material, usually carbon steel (CS)

2. Unit operated at near-ambient pressure

Equation D.I is used to obtain the bare module cost for the base conditions. For these
base conditions, a superscript "0” is added to the hare module cost factor and the bare
module equipment cost.

D.2.3 Bare Module Cost for Nonbase Case Conditions

For equipment made from other materials of construction and/or operating at non-
ambient pressure, the values for ron and Fp are greater than 1.0. In the equipment
module technique, these additional costs are incorporated into the bare module cost
factor,r om . The bare module factor used for the base case,F sw, is replace with an actual
bare module cost factor, £ om in Equation D.| . The information needed to determine
this actual bare module factor . The effect of pressure on the cost of equipment is
considered first.

Pressure Factors. As the pressure at which a piece of equipment operates in-
crease. As an example, consider the design of a process vessel. Such vessels, when
subjected to internal pressure ( or external pressure when operating at vacuum ) are
subject to rigorous mechanic design procedures. For the simple case of a cylindrical
vessel operating at above ambient pressure, the relationship between design pressure
and wall thickness required to withstand the radial stress in the cylindrical portion of
the vessel, as recommended by the ASME
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For operating pressures less than -0.5 barg, the vessel must be designed to withstand
full vacuum, that is, 1 bar of external pressure. For such operations, strengthening rings
must be installed into the vessels to stop the vessel wall from buckling. A pressure
factor of 1.25 should be used for such conditions and this is shown in Figure D.2
These pressure factors are presented in the general form given by Equation D.2

logioFp = C 1+ C*ogio-P + C3(logw)2 (D .2)

The value predicted by this equation (using the appropriate constants) gives values
of Fp much smaller than those for vessels at the same pressure. This difference arises
from the fact that for other equipment, the internals of the equipment make up the
major portion of the cost. Therefore, the cost of a thicker outer shell is a much
smaller fraction of the equipment cost than for a process vessel, which is nearly totally
dependent on the weight of the metal.

Materials of Construction (MQOC). The choice of what MOC to use depends
on the chemicals that will contact the walls of the equipment. However, the interaction
between process streams and MOCs can be very complex and the compatibility of the
MOC with the process stream must be investigated fully before the final design is
completed.

Many polymeric compounds are nonreactive in both acidic and alkaline environ-
ments. However, polymers generally lack the structural strength and resilience of
metals. Nevertheless, for operations below about 120 oC in corrosive environments the
use of polymers as liners for steel equipment or incorporate into fiberglass structures
(at moderate operating pressures) often give the most economical solution. The most
common MOCs are still ferrous alloys, in particular carbon steel. Carbon steels are
distinguished from other ferrous alloys such as wrought and cast iron by the amount
of carbon in them. Carbon steel has less than 1.5 wt % carbon, and it can be given
varying amounts of hardness or ductility, it is easy to weld, and it is cheap. It is still
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the material of choice in the CPI when corrosion is not a concern.

* Low-alloy steels are produced in the same way as carbon steel except amounts
of chromium and molybdenum are added (chromium between 4, and 9 wt%).
The molyhdenum increases the strength of the steel at high temperatures while
the addition of chromium makes the steel resistant to mildly acidic and oxidizing
atmospheres and to sulfur containing streams

» Stainless steels are so called high-alloy steels containing greater than 12 wt%
chromium and possessing a corrosion resistant surface coating, also known as a
passive coating. At chromium levels above about 12%, the corrosion of steel to
rusting is reduced by over a factor of 10. Chemical resistance is also increased
dramatically.

» Nonferrous Alloys are characterized by higher cost and difficulty in machining.

Nevertheless, they possess improved corrosion resistance.
» Nickel and its alloys are alloys in which nickel is the major component.

* Titanium and its alloys have good strength-to-weight ratios and very good cor-
rosion resistance to oxidizing agents. However, it is attacked by reducing agents,
it is relatively expensive, and it is difficult to weld.



Table D1 Results of cost estimation for HDA process 1

Name

Compressors
FEHEL

fumnace

cooler

XCCl

XRC1

XCC2

XRC2

XCC3

XRC3

PL

P2

P3

PCCLAB
PRCLAB
PCC2AB
PRC2AB

P CC3AB
PRC3AB
Reactor
Stabilizer Column
Product Column
Recycle Column
V-L Seperator
C1 Condensor
Cl Reboiler

C2 Condensor
C2 Reboiler

C3 Condensor
C3 Reboiler

Capital Cost
(US dollar)

1530000
248000
464000
912000
218000
375000

1080000
946000
218000
218000

37100
22900
51200
56200
56200
68500
68500
56200
56200
888100
156000
789000

240000

223000
174000
133000
87700
51300
9550000

ActHaS!abJélhty

6270 Mh
13900 MJh
200 MJh
4890 MIh
16800 MJh
14400 MIh
1190 MIh
1440 MIh
468 kilowatts
0.318 kilowatts
8.6 kilowatts
471 kilowatts
471 kilowatts
941 kilowatts
941 kilowatts
471 kilowatts
471 kilowatts

Annual utility Cost
(US dollér)

310000
500000
10000
244000
840000
720000
59000
72000
23600
160
4330
2310
2310
4140
4140
2310
2310

2780000



Table D.2 Results of cost estimation for HDA process 2

Name

Compressors
FEHEL

CR
fumace
cooler

Xl

ARL

XCCL
XRCL
XCC22
XRC3

PL

R

P3
PCCLAB
PRCLAB
PCC2AB
PRC3AB
reactor

Stabilizer Column
Product Column
Recycle Column

tankl

tank2

V-L Seperator
C1 Condensor
Cl Reboiler
C2 Condensor
C3Reboiler

(ia ital Cost

dollar)
1530000
248000
248000
527000
982000
218000
863000
218000
372000
1060000
218000
55700
35200
61100
56200
56200
68500
56200
838100
278000
907000
90400
97900
97900
223000
95300
81500
67100
59900
9760000

Ac s%bjet""y

7260 Mih
14000 MJh

0 MJh

12400 MIh
628 Mih
4850 Mih
15600 MJh
1780 MJh
165 kilowatts
10.2 kilowatts
13.7 kilowatts
471 kilowatts
471 kilowatts
941 kilowatts
471 kilowatts

Annual utility Cost
(US dollar)

360000

620000
31000
242000
780000
89000
8320
5160

2310
2310
4140
2310

2650000



Table D.3 Results of cost estimation for HDA process 5

Name

Compressors
FEHEL
FEHE?
CR

Rl

R2
fumace
Cooler

Xt

ARL

AR?

XCC1
XCC2
XRC3

PL

P2

P3

P4
PCCLAB
PCC2AB
PRC3AB
Reactor

Stabilizer Column
Product Column
Recycle Column

tankl

tank2

tank3

V-L Seperator
Cl Condensor
C2 Condensor
C3Reholler

Capital Cost

dollar)
1530000
248000
246000
224000
242000
242000
1320000
737000
218000
218000
285000
218000
1260000
218000
36800
27000
27800
41700
56200
68500
56200
838100
156000
1750000
231000
97900
97900
97900
250000
45400
59700
79600
11300000

Actual Util Annual u
[Hlasage Y (US dolar)

15600 MJh
9610 MJh

0 MJh

914 Mih
3550 Mih
1580 MJh
15400 MIh
1710 MIh
468 kilowatts
353 kilowatts
447 kilowatts
6.71 kilowatts
471 kilowatts
941 kilowatts
471 kilowatts

tility Cost

780000

177000
79000
770000

2360
1780
2250

2310

4740
2310

2264900
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