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A P P E N D I X

A )  D a t a  f o r  p la n t2
T a b le  A 1  C hem ical exergy  o f  every heavy  oil

AP I specific
gravity

heating
value

(kJ/kg)

c H 0 N ร water
(kJ/kg)

rate
(kg/se

c)

Bch  
k Watts

crude 42.5 0.81 46070.9 86.3 13.6 0.0 0.0 0.1 0.0 49661.3 52.3 2598425.9
high speed 

diesel
40.1 0.82 45909.4 86.4 13.5 0.1 0.0 0.0 0.0 49186.2 18.0 884589.2

Reformate 48.0 0.79 46421.6 86.0 14.0 49588.9 7.4 366659.1

kerosene 46.1 0.80 46304.1 86.0 14.0 49463.5 6.6 328086.5

residue 26.9 0.89 41003.2 86.5 11.7 0.3 0.2 1.3 0.0 56389.6 18.0 1017654.9

T a b le  A 2  C hem ical exergy o f  fuel gas
FU EL gas B std k j/m o le %  mole kg mole/hr Bch(kW )

kg mole/hr H2 236.10 0.61 80.50 5279.60

132.27 H2s 812.00 0.00 0.04 8.18

CH4 831.65 0.13 16.99 3925.02

C2H6 1495.84 0.13 16.99 7059.70

C3H8 2154.00 0.06 8.28 4957.02

C4H10 2805.80 0.04 4.89 3814.99

C5H12 3463.30 0.03 4.57 4397.65

Tota l 29442.16
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T a b le  A 3  C h e m ic a l e x e rg y  o f  iso m e ra te
Isomerate

kgm ole /hr B std 
kj/m ole

%mole kgmole/hr Bch (kW )

257.36 isobutane 2805.80 0.00 0.38 294.06

normalbutane 2805.80 0.01 1.73 1346.48

isopentane 3461.80 0.28 71.73 68971.88

normalpentane 3461.80 0.09 23.59 22685.10

cyclopentane 3461.80 0.02 3.88 3729.93

22Dimetyhlbutane 4114.50 0.16 40.18 45928.09

23Dimetyhlbutane 4114.50 0.05 13.68 15637.19

2methylpentane 4761.70 0.17 44.31 58606.91

3methylpentane 5413.10 0.09 23.66 35581.42

normalhexane 4114.50 0.06 14.91 17036.74

Methlcyclopentane 3910.80 0.03 7.88 8556.85

Cyclohexane 3909.20 0.03 7.98 8661.16

Benzene 3298.50 0.00 0.00 0.00

Normalheptane 4761.70 0.01 3.46 4578.94

Total 291614.75

T a b le  A 4  C hem ical exergy o f  naphtha from  plan t 3
Naptha from  

plant3
kgm o l/h r napthene mole% B std 

k j/m o l
kgm o l/ltr Bch (KW )

286.35 C5H10 1.17 3200.00 3.35 2978.04

c6h l2 9.68 3909.20 27.72 30099.41

C7H14 8.60 4556.90 24.63 31171.85

c8H16 2.61 5205.90 7.47 10807.64

C9H18 0.17 5857.70 0.49 792.08

paraffin 0.00 0.00

c4 h l0 0.91 2805.80 2.61 2030.92

c5h l2 25.18 3461.80 72.10 69334.98
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c6h l4 28.89 4114.50 82.73 94549.51

C7H16 13.88 4761.70 39.75 52570.99

c8h l8 3.90 5413.10 11.17 16792.11

c9h20 0.38 6064.90 1.09 1833.17

aromatic 0.00 0.00

c6h6 2.05 3298.50 5.87 5378.55

toluene 2.00 3931.00 5.73 6253.57

ethylbenzene 0.58 4587.90 1.66 2116.59

Propylbenzene 0.00 5249.00 0.00 0.00

326709.41

T a b le  A 5  C hem ical exergy o f  lpg product

Kgm ole /h r

LPG
Product
B std 

k j/m o le
%vol. kgmolehr Bch

(kW )
0.34 C2H6S 2134 .๓ 0.001 0.00 0.20

H2S 812.00 0.000 0.00 0.00

C2H6 1495.84 0.002 0.00 0.35

C3H8 2154.00 0.369 0.13 75.91

iC4H10 2805.80 0.225 0.08 60.16

C4H10 2805.80 0.400 0.14 107.18

C5H12 3463.30 0.004 0.00 1.20

Tota l 1.00 245.00

T a b le  A 6  C hem ical exergy o f  liquid sulfur product
su lfu r

kgm ole /hr B std 
k j/m o le

%mole. kgmole/hr Bch (kW )

47.83 su lfu r 609.60 0.95 45.44 7694.25

water 0.90 0.05 2.39 0.60

Tota l 1.00 7694.85
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T a b le  A  7  C h e m ic a l e x e rg y  o f  so u r  w a te r
sour water

kgm o l/h r Bstd(kJ/mole) mole% kgm o l/h r Bch (kW )

386.30 H2s 812.00 0.00 0.91 206.09

H 2 0 0.90 1.00 384.51 96.13

NH3 337.90 0.00 0.88 82.35

384.57

T a b le  A 8  C hem ical exergy o f  steam  and w ater
Stream Name D E M IN SH BFW O UT W ATER O U T SHFROMW HB

Stream Phase Water Vapor Water Water Vapor

Temperature K 308.150 581.150 381.150 323.150 582.150

Pressure B A R
(G A )

8.000 20.400 10.000 3.000 22.000

Enthalpy M *J/SEC 0.855 20.432 0.516 1.396 13.958

Sp. Enthalpy K J/KG 147.478 3038.175 453.537 209.658 3036.101

Sp. Entropy K J /K G -K 0.505 6.762 1.396 0.704 6.727

M o lecu la r W eight 18.015 18.015 18.015 18.015 18.015

Tota l Mass KG /H R 20870.039 24210.000 4094.122 23965.594 16550.000

D ry  To ta l Mass 
Rate

KG /H R

B standard k j/k g 54.600 54.600 54.600 54.600 54.600

B  total kJ/kg 51.602 1077.627 92.265 54.591 1085.987

B tota l kj/sec 299.147 7247.043 104.929 363.421 4992.526

T a b le  A 9  C hem ical exergy  o f  cooling  w ater
Stream Name พ ร WR

Stream Phase Water Water

Temperature K 301.15 311.15

Pressure BAR (G A ) 4.10 4.10

Enthalpy M *J/SEC 13.08 17.71

Sp. Enthalpy KJ/KG 117.89 159.65
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Sp. Entropy K J /K G -K 0.41 0.55

M o lecu la r W eight 18.01 18.01

Tota l Mass KG /SEC 110.95 110.95

D ry To ta l Mass 
Rate

KG /SEC

B standard 54.60 54.60

B a l l kW 5611.28 5734.21

T a b le  A 10  E xergy  o f  m ix ing  o f  p lan t 2
B o f m ix ing  

(kW )
CRU N TU GOTU FGTU ISOU Tota l

223.8 794.46 274.28 31.8 108.7 1433.1
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Table A l l  S um m ary  table o f  feeds and products and utilities o f  plant2
Stream Flow(m 3/hr) Temperature ๐c Pressure barg
Feed
Crude 231.85 32 20

Naphtha from plant3 35.7 45 5
P roducts

Sulfur 1.366 140 3.5
Kerosene 30 37 6.45
Isomerate 31.7 35 4

H SD 78.5 36 4
LPG 8.41 31 16.4

Reformate 33.8 32 6.5
Sourwater 7 42.9 2.5

Fuel gas out 6.4 55 4.8
Fuel oil 72.8 86 13

U tility in
Fuel oil 0.7 95 7.9

Demin water 20.9 35 8
SH 24.21 t/hr 308 20.4

U tility out
BFW OUT 4.1 108 10

Water 24 50 3
Burner kgmole/hr
Stack 1930.25 182 1

Cooling tower in 1540 28 4.2
Cooling tower out 1540 35 4.2

B credit out ton/hr
SH out from W HB 16.55 309 22
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B ) D a ta  f o r  T P U
T a b le  B 1  B o f  m ix ing  o f  TPU

kg/sec kg /h r mw Kgm o l/h r X I
(kJ/kg  
mol k)

T0 ai
(acti
C O .)

n i*  ๒ (a ix i) AB
m ix ing
(kW )

crude 52.38 188561.84 199.93 943.16 1.000 8.314 298.00 1.00 0.00

LPG 0.46 1640.50 54.08 30.33 0.032 8.314 298.00 1.00 -104.26 1027.6

fuel 0.05 181.29 48.74 3.72 0.004 8.314 298.00 1.00 -20.59

naphtha 8.68 31245.52 90.00 347.17 0.368 8.314 298.00 1.00 -346.97

kerosene 8.73 31440.00 140.00 224.57 0.238 8.314 298.00 1.00 -322.27

Diesel 11.91 42886.49 230.00 186.46 0.198 8.314 298.00 1.00 -302.26

gasoil 3.50 12590.44 275.00 45.78 0.049 8.314 298.00 1.00 -138.51

residue 17.35 62470.00 478.00 130.69 0.139 8.314 298.00 1.00 -258.30

total 50.68 182454.24 968.73 1.027 -1493.15

T a b le  B 2  E xergy  o f  SL, SM, C ondensate, B FW  o f  TPU
S t r e a m  N a m e S L S M C O N D E N B F W

S t r e a m  P h a s e V a p o r V a p o r W a te r W a te r

T  e m p e ra tu re K 423.15 549.15 318.15 381.149994

P r e s s u r e K P A 451.325 1191.325 601.325 2491.32495

E n t h a lp y M * K J / H R 2.319763 1.137541 0.806431 1.38439751

S p .  E n t h a lp y K J / K G 2748.537 2993.533 188.9539 454.556946

S p . E n t r o p y K J / K G - K 6.866109 6.942054 0.638378 1.39439273

M o le c u la r  W e ig h t 18.015 18.015 18.015 18.0149994

T o t a l  M a s s K G / S E C 0.234444 0.105556 1.18552 0.84600002

D r y  T o t a l  M a s s  R a te K G / S E C

S t r e a m  P h a s e V a p o r V a p o r W a te r W a te r

T o t a l  M o l a r  R a te K G - M O L / S E C 0.013014 0.005859 0.065807 0.04696087

T o t a l  M o l a r  R a te K G - M O L / S E C 0.013014 0.005859 0.065807 0.04696087

B s t d  k J / k g 54.6 54.6 54.6 54.6

B  k J / k g 757.0362 979.4007 53.31723 93.6279126

B  K W 177.4829 103.3812 63.20865 79.2092155
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T a b le  B 3  C h e m ic a l e x e rg y  o f  fu e l gas in  2 F 1 0 1 , 2 F 1 0 2  o f  T P U
F low  rate 
(kgm ol/h r 

)

F low  rate 
(kgm ol/hr)

F101 F102 F101 F102

F101 F102 chemical
exergy

%mole kgmole/h
r

kgmole/h
r KJ/M o le

B k W

60.62 55.55 H2 66.14 40.09 36.74 236.10 2629.33 2409.49

CH4 8.06 4.89 4.48 831.65 1128.65 1034.28

C2H6 8.12 4.92 4.51 1495.84 2045.16 1874.16

C3H8 7.93 4.81 4.40 2154.00 2876.10 2635.62

C4H10 1.89 1.15 1.05 2805.80 892.90 818.24

C5 2.93 1.78 1.63 3463.30 1708.61 1565.75

total 10986.69 11280.76 10337.54

T a b le  B 4  C hem ical exergy o f  fuel oil in 2 F 1 0 1 o f TPU
AP I specific

gravity
heating value  

(kJ/kg)
c H 0 N ร water Bch

(kJ/kg)
kg /h r Bch

kj/sec
Fuel
o il

20.4 0.9 43575.0 84.7 11.0 0.4 0.2 4.0 0.0 85076.5 185.0 4372.0

T a b le  B 5  E lectric  p ow er o f  TPU
E lectric ity

amp k w

2p 101 20.00 10.53

2p l0 2 30.00 15.80

2p l03 20.00 10.53

2p l0 4 65.00 34.23

2p l05 46.00 24.22

2p l06 32.00 16.85

2p l0 7 40.00 21.06

2p l0 8 70.00 36.86

2p l0 9 0.00 0.00

2p l 10 35.00 18.43



2p 111 20.00 10.53

2 p l 12 110.00 57.92

2 p l 13 80.00 42.12

2 p l 14 0.00 0.00

2 p l 15 0.00 0.00

2 p l 16 0.00 0.00

2 p l l7 68.00 35.80

2 p l 18 0.00 0.00

2 p l 19 0.00 0.00

2p l2 0 0.00 0.00

2p l21 75.00 39.49

2p l2 2 0.00 0.00

2a l01 36.00 18.96

2a l02 24.00 12.64

Tota l 405.96
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T a b le  B 6  S tream  properties table o f  TPU

Stream T otal M ass 
(kg/hr)

Tem perature
(๐C)

Pressure
(barg)

C U R D E 188561.9 32.0 20.0
L PG 1640.5 40.0 19.0

N A P T H A 31245.5 105.0 3.7
K E R O 28662.1 268.0 9.0

G A S O IL 12590.4 40.0 7.5
A IR IN 8438.4 38.0 0 . 0

B F W 3045.6 107.0 23.1
G A S O U T 181.3 39.0 8.1

A IR 37818.7 30.0 0 . 0

F L U E G A S 39243.2 538.0 1 .0

A IR 32414.2 30.0 0 . 0

F L U E G A S F 101 19463.4 532.0 0 . 0

F L U E F 102 18214.3 531.0 0 . 0

H O T O IL IN 33167.9 280.0 10.0
H O O U T 2F 30 4 33167.9 310.0 10.0

D O 42886.5 182.0 10.0
RC 71840.4 89.0 13.0
SL 844.0 150.0 4.5
SM 380.0 276.0 11.8

C O N D E N 4267.9 45.0 5.9
B F W 3045.6 108.0 24.6



C ) D a ta  f o r  N T U
T a b le  C l  C h e m ic a l e x e rg y  o f  H 2 o f  N T U

H2 make up

K gm o l/h r B std k j/m o l %vol. kgm ol/h r Bch (kW )

325.3571 H2 236.1 0.7792208 253.52501 16627.02

CH4 831.65 0.1052777 34.252847 7912.884

C2H6 1495.84 0.0671456 21.846304 9077.382

C3H8 2154 0.0309478 10.069079 6024.665

iC4H10 2805.8 0.0055264 1.7980497 1401.38

C4H10 2805.8 0.0058027 1.8879522 1471.449

C5H12 3463.3 0.0022106 0.7192199 691.9095

C6H14 4118.5 0.0038685 1.2586348 1439.913

44646.6

T a b le  C 2  C hem ical exergy o f  naphtha o f  N TU
Naphtha from c l05

Kgmol/hr napthene mole% B std 
kj/mol

kgmol/hr Bch
(kW)

317.13 c5H10 0.55 3200.00 1.74 1550.41
c6hl2 5.12 3909.20 16.24 17631.56
C7H14 9.79 4556.90 31.05 39299.33
C8H16 8.01 5205.90 25.40 36733.41
c9H18 4.13 5857.70 13.10 21311.31

C10H20 0.59 6511.50 1.87 3384.28
parafin 0.00 0.00
c4hl0 0.23 2805.80 0.73 568.48
c5hl2 11.99 3461.80 38.02 36564.03
c6hl4 13.71 4114.50 43.48 49692.11
C7H16 12.50 4761.70 39.64 52433.03
c8hl8 12.02 5413.10 38.12 57317.00
c9h20 9.48 6064.90 30.06 50648.30
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cl0h22 2.35 6716.80 7.45 13904.75
aromatic 0.00 0.00

c6h6 0.96 3298.50 3.04 2789.46
toluene 2.85 3931.00 9.04 9869.17

ethylbenzen
e

4.44 4587.90 14.08 17944.44

Propylbenz
ene

1.28 5249.00 4.06 5918.61
317.13 417559.6

7

T a b le  C 3  C h e m ic a l  e x e r g y  o f  n a p h th a  f ro m  p la n t  3 o f  N T U
Naphtha from plant3

kgmol/hr napthene mole% B std 
kj/mole

kgmole/hr Bch (kW)
220.58 C5H10 1.17 3200.00 2.58 2294.03

c6hl2 9.68 3909.20 21.35 23186.01
C7H14 8.60 4556.90 18.97 24012.14
c8H16 2.61 5205.90 5.76 8325.29
c9H18 0.17 5857.70 0.37 610.15

C10H20 6511.50 0.00 0.00
paraffin 0.00 0.00

c4hl0 0.91 2805.80 2.01 1564.45
c5hl2 25.18 3461.80 55.54 53409.75
c6hl4 28.89 4114.50 63.73 72832.87
C7H16 13.88 4761.70 30.62 40496.21
c8hl8 3.90 5413.10 8.60 12935.21
c9h20 0.38 6064.90 0.84 1412.12

Cl0h22 0.00 6716.80 0.00 0.00
aromatic 0.00 0.00

c6h6 2.05 3298.50 4.52 4143.17
toluene 2.00 3931.00 4.41 4817.21

ethylbenzen
e

0.58 4587.90 1.28 1630.44
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P r o p y l b e n z
e n e

0 . 0 0 5 2 4 9 . 0 0 0 . 0 0 0 . 0 0

2 5 1 6 6 9 . 0 5

T a b le  C 4  C h e m ic a l  e x e r g y  o f  n a p h th a  f ro m  p la n t  3 o f  N T U
G a s  o u t  2 D 2 0 1

B  s t d  k J / m o l % v o l . k g m o l / h r B c h  ( k W )

2 3 6 . 1 0 8 9 . 6 3 2 7 8 . 7 9 1 8 2 8 4 .1 6

8 3 1 . 6 5 5 . 5 6 1 7 .3 1 3 9 9 8 . 0 1

1 4 9 5 . 8 4 2 . 4 4 7 . 6 0 3 1 5 6 . 0 5

2 1 5 4 . 0 0 0 . 8 2 2 . 5 6 1 5 3 4 .0 7

2 8 0 5 . 8 0 0 . 0 3 0 . 1 0 7 4 . 9 4

2 8 0 5 . 8 0 0 . 1 3 0 . 4 2 3 2 7 . 2 2

3 4 6 3 . 3 0 1 .3 7 4 . 2 8 4 1 1 2 . 9 7

8 1 2 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

3 1 1 . 0 5 3 1 4 8 7 . 4 2

T a b le  C 5  C h e m ic a l  e x e r g y  o f  G a s  o u t  2 D 2 0 2  o f  N T U
G a s  o u t  2 D 2 0 2

K G M O L / h
r

B  s t d  
k j / m o l e

% v o l . k g m o l e / h r B c h  ( k W )

2 2 . 9 0 H 2 2 3 6 . 1 0 1 8 .0 1 4 . 1 2 2 7 0 . 5 3

C H 4 8 3 1 . 6 5 7 . 9 2 1 .8 1 4 1 8 . 9 9

C 2 H 6 1 4 9 5 . 8 4 2 3 . 3 4 5 .3 5 2 2 2 1 . 1 0

C 3 H 8 2 1 5 4 . 0 0 2 1 . 5 7 4 . 9 4 2 9 5 5 . 3 7

i C 4 H 1 0 2 8 0 5 . 8 0 6 . 1 7 1 .4 1 1 1 0 0 . 3 8

C 4 H 1 0 2 8 0 5 . 8 0 9 .9 3 2 . 2 7 1 7 7 1 . 5 4

C 5 H 1 2 3 4 6 3 . 3 0 1 3 .0 6 2 . 9 9 2 8 7 8 . 0 7

H 2 S 8 1 2 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

2 2 . 9 0 1 1 6 1 5 .9 9
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T a b le  C 6  C h e m ic a l e x e rg y  o f  tre a te d  lig h t n a p h th a  o f  N T U
T L N

k g m o l / h r paraffin % v o l . B
s t d k j m o l e / h r

k g m o l / h r B c h  ( k W )

2 3 6 . 1 8 c 4 h l 0 1 2 8 0 5 . 8 2 . 3 6 1 8 1 8 4 0 . 7 6 0 7

c 5 h l 2 3 0 . 9 3 4 6 1 . 8 7 2 . 9 7 9 6 2 7 0 1 7 8 . 0 1 3

c 6 h l 4 4 5 . 5 3 4 1 1 4 . 5 1 0 7 . 5 3 2 7 5 1 2 2 9 0 0 . 9 8

c 7 h l 6 5 . 7 5 4 7 6 1 . 7 1 3 .5 8 0 3 5 1 7 9 6 2 .6 5 3

napthene 0 0

c 5 h l 0 1 .9 6 3 2 0 0 4 . 6 2 9 1 2 8 4 1 1 4 . 7 8 0 4

c 6 h l 2 1 3 .1 3 9 0 9 . 2 3 0 . 9 3 9 5 8 3 3 5 9 6 . 9 4 6

aromatic 0 0

c 6 h 6 3 .1 3 2 9 8 . 5 7 . 3 2 1 5 8 6 7 0 8 . 3 9 7 7

2 5 7 3 0 2 . 5 3

T a b le  C 7  C h e m ic a l  e x e r g y  o f  t r e a te d  h e a v y  n a p h th a  o f  N T U
T H N

k g m o l / h r paraffin B  s t d  k j / m o l e k g m o l / h r B c h  ( k W )

3 0 0 . 4 7 c 6 h l 4 4 1 1 4 . 5 0 0 . 4 5 1 .3 5 1 5 4 5 . 3 6

c 7 h l 6 4 7 6 1 . 7 0 2 2 .4 5 6 7 . 4 6 8 9 2 2 3 . 3 6

c 8 1 8 5 4 1 3 . 1 0 1 5 .2 2 4 5 .7 3 6 8 7 6 3 . 9 6

c 9 h 2 0 6 0 6 4 . 9 0 1 2 .0 4 3 6 . 1 7 6 0 9 3 1 . 8 7

C l 0 h 2 2 6 7 1 6 . 8 0 2 .4 1 7 . 2 4 1 3 5 1 0 .7 6

napthene 0 . 0 0 0 . 0 0

c 6 h l 2 3 9 0 9 . 2 0 6 . 2 6 1 8 .8 1 2 0 4 2 5 . 0 2

c 7 h l 4 4 5 5 6 . 9 0 1 6 .3 7 4 9 . 1 9 6 2 2 6 1 . 3 3

c 8 h l 6 5 2 0 5 . 9 0 1 0 .2 4 3 0 . 7 7 4 4 4 9 3 . 4 4

c 9 h l 8 5 8 5 7 . 7 0 3 .7 1 1 1 .1 5 1 8 1 3 8 .4 9

aromatic 0 . 0 0 0 . 0 0

c 6 h 6 3 2 9 8 . 5 0 0 . 4 0 1 .2 0 1 1 0 1 .2 3

c 7 h 8 3 9 3 1 . 0 0 4 . 3 6 1 3 .1 0 1 4 3 0 5 .0 6
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c 8 h l 0 4 5 8 7 . 9 0 4 . 8 0 1 4 .4 2 1 8 3 8 0 .4 2

c 9 h l 2 5 2 4 9 . 1 0 1 .3 2 3 . 9 7 5 7 8 3 . 0 8

4 1 8 8 6 3 . 3 7

T a b le  C 8  E x e r g y  o f  w a te r  a n d  s te a m  o f  N T U
Strea

m
N am e

E 203IN E 203O U T E 206IN E 206O U T E209 E209O U T SH E208IN E 208O U T SH E207IN E 207O U T

Strea
m

Phase

W ater Water Water Water Water Water Vapor Water Vapor Water

Tem p K 3 0 1 .1 5 3 0 8 .1 6 3 0 1 .15 3 0 8 .16 30 1 .15 30 8 .16 583 .85 4 1 0 .1 0 583.85 3 5 3 .9 4

p B A R
(G A )

4 .00 4 .00 4.00 4.00 4 .00 4.00 21 .0 0 18.00 21 .0 0 18.00

H M *J/S
EC

0 .9 7 1.21 0 .44 0.55 1.37 1.71 4.94 0 .94 2.19 0 .24

Sp. H KJ/KG 11 7.88 147.15 117.88 147.14 117.88 147.14 30 42 .82 5 7 7 .07 30 42 .82 3 3 9 .69

Sp. ร KJ/KG-
K

0.41 0.51 0.41 0.51 0.41 0.51 6.76 1.71 6.76 1.08

M olecular
W eight

18.01 18.01 18.01 18.01 18.01 18.01 18.01 18.01 18.01 18.01

Total
M ass

K G /SE
c

8 .20 8 .20 3 .76 3.76 11.62 11.62 1.62 1.62 0.72 0.72

Dry
Total
M ass
Rate

K G /SE
c

B std 54 .6 0 54 .6 0 54 .60 54 .60 54 .60 54 .60 54 .60 55 .6 0 56 .60 57 .60

B kJ/kg 50 .5 6 51 .2 0 50 .5 6 51 .20 50 .56 51 .20 1083.50 124.35 1085.50 74 .4 4

B k W 4 1 4 .6 2 4 1 9 .8 6 190.07 192.47 58 7 .50 594.91 1757.68 20 1 .73 78 0 .65 53.53

T a b le  C 9  E x e r g y  o f  m ix in g  o f  N T U
kgm ol/hr XI R(kJ/kg m ol k) TO ai(acti co) n i*ln (aixi) D ELB m ixing  

(kW )

feed 8 9 8 .1 0 1.000 8.31 2 9 8 .00 1.00 0.00

gasout 2D 201 3 1 1 .0 5 0 .34 6 8.31 2 9 8 .00 1.00 -329.81 7 9 4 .4 7

gasout 2 D 2 0 2 22 .9 0 0 .02 5 8.31 2 9 8 .00 1.00 -84 .02

treated light 
naphtha

2 3 6 .1 8 0 .2 6 3 8.31 2 9 8 .0 0 1.00 -31 5 .46

treated heavy  
naphtha

3 0 0 .4 7 0 .33 5 8.31 2 9 8 .00 1.00 -328 .99

sourwater 27 .5 9 0.031 8.31 2 9 8 .00 1.00 -96 .09
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T a b le  C IO  S tr e a m  p r o p e r t ie s  ta b le  o f  N T U

S tr e a m  N a m e T o ta l  M a s s  
(k g /h r )

T e m p e r a tu r e

(๐๑

P re s s u re
(b a rg )

N A P 2 C 1 0 5 3 2 1 0 4 .7 1 0 8 .0 4 .0

N F R O M P L 3 1 9 2 0 1 .0 4 5 .0 5 .0

H 2 M A K E U P 2 5 3 5 .7 2 2 .0 2 2 .4

T H N 3 1 7 3 0 .7 5 8 .0 5 .0

T L N 1 8 9 2 5 .4 3 8 .0 4 .7

S H E 2 0 8 I N 5 8 4 0 .0 3 1 0 .7 2 1 .0

E 2 0 8 O U T 5 8 4 0 .0 1 3 6 .9 1 8 .0

S H E 2 0 7 I N 2 5 8 9 .0 3 1 0 .7 2 1 .0

E 2 0 6 O U T 2 5 8 9 .0 8 0 .8 1 8 .0

S T A C K 5 1 7 7 .6 7 5 8 .0 0 .0

S O U R W A T E R 4 9 8 .0 4 2 .9 7 .5
G A S O U T D 2 0 2 8 4 7 .1 4 7 .0 7 .6

G A S O U T D 2 0 1 1 5 1 9 .6 3 9 .0 18 .0
F U E L 2 4 4 .1 4 0 .0 1.3

E 2 0 3 I N 2 9 5 2 0 .0 2 8 .0 4 .0
E 2 0 3 O U T 2 9 5 2 0 .0 3 5 .0 4 .0

E 2 0 6 I N 1 3 5 3 2 .4 2 8 .0 4 .0
E 2 0 6 O U T 1 3 5 3 2 .4 3 5 .0 4 .0

E 2 0 9 4 1 8 2 8 .4 2 8 .0 4 .0
E 2 0 9 O U T 4 1 8 2 8 .4 3 5 .0 4 .0

A IR ES! 1 9 9 1 1 .6 3 8 .0 0 . 0

D ) D a ta  f o r  G O T U
T a b le  D 1  C h e m ic a l  e x e r g y  o f  h e a v y  o il  o f  G O T U

A P I Spgr- h e a t i n g  v a l u e  
( k J /k g )

c H ร w a t e r
(kJ/kg)

r a te
( k g / s e c )

B c h
k W a t t s

g a s o i l 3 5 . 0 0 0 . 8 5 4 5 5 3 5 . 6 7 8 6 . 1 0 1 3 .2 0 0 .8 1 0 . 0 0 5 6 4 2 5 .9 3 1 7 .3 1 9 7 6 7 8 0 . 2 5
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f e e d

g a s o i l
p r o d u c t

3 3 . 5 0 0 . 8 6 4 5 4 1 9 . 7 6 8 6 .1 0 1 4 .0 0 0 .0 3 0 . 0 0 5 4 1 3 5 . 7 0 1 7 .5 2 9 4 8 7 0 7 . 1 2

w i l d
g a s o l e n e

6 5 . 9 0 0 . 7 2 4 7 3 6 6 . 8 9 8 6 .1 0 1 3 .6 0 0 .3 1 0 . 0 0 5 3 5 8 5 . 8 4 0 . 3 5 1 8 6 4 0 .1 3

T a b l e  D 2  C h e m ic a l  e x e r g y  o f  P o o r  a m in e  in  G O T U
P o o r

a m i n e
k g m o l / h r B s t d m w m o le % k g m o l /

h r
B c h  ( k W )

5 1 4 . 4 1 H 2 s 8 1 2 . 0 0 3 4 . 0 0 0 . 0 0 0 . 3 6 8 0 . 1 4

D E A 2 4 6 8 . 8 8 1 0 5 . 1 4 0 . 0 7 3 5 .1 4 2 4 0 9 8 .4 3

H 2 0 0 . 9 0 1 8 .0 0 0 .9 3 4 7 8 . 9 2 1 1 9 .7 3

2 4 2 9 8 . 3 0

T a b l e  D 3  C h e m ic a l  e x e r g y  o f  H  2 m a k e  u p  in  G O T U
H 2  m a k e  

u p
k g m o l / h

r
B  s t d  

k J / m o l
M o l e % k g m o l / h r B c h  ( k W )

0 .3 1 H 2 s 8 1 2 . 0 0 0 . 0 0 0 .0 1 0 .0 0 1 0 . 0 0 0 . 0 7

H 2 2 3 6 . 1 0 0 .2 1 1 0 .5 0 0 . 8 1 0 0 . 2 5 1 6 .3 1

C H 4 8 3 1 . 6 5 0 . 2 7 1 .6 6 0 . 1 2 8 0 . 0 4 9 . 0 6

C 3 H 8 2 1 5 4 . 0 0 0 . 0 5 0 . 1 2 0 . 0 1 0 0 . 0 0 1 .7 5

i C 4 H 1 0 2 8 0 5 . 8 0 0 . 0 8 0 .1 3 0 . 0 1 0 0 . 0 0 2 . 4 7

C 5 H 1 2 3 4 6 3 . 3 0 0 . 3 9 0 . 5 4 0 . 0 4 2 0 .0 1 1 2 .2 8

1 .0 0 1 2 .9 6 1 .0 0 0 4 1 . 9 2



T a b le  D4 Chemical exergy of sour water in GOTU
s o u r

w a t e r
k g m o l / h

r
w t . B s t d m w m o le % k g m o l / h r B c h  ( k W )

2 9 0 . 8 1 0 H 2 s 0 . 0 0 4 8 1 2 . 0 0 0 3 4 . 0 0 0 0 . 0 0 2 0 . 6 8 8 1 5 5 .1 4 3

H 2 0 0 . 9 9 3 0 . 9 0 0 1 8 .0 0 0 0 . 9 9 5 2 8 9 . 4 6 2 7 2 . 3 6 5

N H 3 0 . 0 0 2 3 3 7 . 9 0 0 1 7 .0 0 0 0 . 0 0 2 0 . 6 6 1 6 1 . 9 9 6

2 8 9 . 5 0 4

T a b le  D 5 C hem ical exergy o f  rich  am ine in GO TU
R i c h  a m i n e

k g m o l / h r w t . B s t d m w m o le % k g m o l / h r B c h
( k W )

5 2 0 . 5 3 H 2 s 0 . 0 5 8 1 2 . 0 0 3 4 . 0 0 0 . 0 3 4 8 1 8 .0 9 4 0 8 1 . 3 6

C H 4 0 . 0 0 8 3 1 . 6 5 1 6 .0 0 0 . 0 0 0 2 0 . 1 0 2 3 . 5 8

C 2 H 6 0 . 0 0 1 4 9 5 . 8
4

3 0 . 0 0 0 . 0 0 0 1 0 . 0 5 2 2 . 6 2

C 3 H 8 0 . 0 0 2 1 5 4 . 0
0

4 4 . 0 0 0 . 0 0 0 0 0 .0 1 5 . 5 6

D E A 0 . 2 9 2 4 6 8 . 8
8

1 0 5 . 1 4 0 . 0 6 5 9 3 4 .3 1 2 3 5 3 2 . 9 5

H 2 0 0 . 6 7 0 . 9 0 1 8 .0 0 0 . 8 9 9 0 4 6 7 . 9 5 1 1 6 . 9 9

1 .0 0 0 0 2 7 7 8 3 . 0 5

T a b le  D 6 C hem ical exergy o f  sour gas in GO TU
s o u r  g a s

k g m o l / h r B  s t d  k j / m o l e % m o l e k g m o l / h r B c h  ( k W )

6 6 . 4 6 H 2 2 3 6 . 1 0 0 . 7 4 4 4 9 .4 5 3 2 4 3 . 3 4

H 2  ร 8 1 2 . 0 0 0 . 0 0 7 0 . 4 3 9 7 .9 3

c h 4 8 3 1 . 6 5 0 . 1 9 9 1 3 .1 9 3 0 4 7 . 9 5

c 2 h 6 1 4 9 5 . 8 4 0 .0 4 1 2 . 7 6 1 1 4 4 . 9 9

c 3 h 8 2 1 5 4 . 0 0 0 . 0 0 4 0 . 2 3 1 4 0 . 5 2

n c 4 2 8 0 5 . 8 0 0 . 0 0 2 0 . 1 0 7 9 .3 5

c 5 3 4 6 3 . 3 0 0 .0 0 1 0 . 0 4 3 9 .4 5

w a t e r 0 . 9 0 0 . 0 0 4 0 . 2 5 0 . 0 6

7 7 9 3 . 6 0
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T a b le  D 7  Exergy of steam and water in GOTU
S t r e a m  N a m e E 3 7 1 2 I N E 3 7 1 2

O U T
E 3 7 0 9 I N E 3 7 0 9

O U T
E 3 7 0 8 i n E 3 7 0 8

O U T
B F W T O

E 3 7 0 6
S H T O E J E

C T O R
S t r e a m  P h a s e W a t e r W a t e r W a t e r W a t e r W a t e r W a t e r W a t e r V a p o r

T e m p e r a t u r e K 3 0 1 . 1 5 3 0 8 . 1 6 3 0 1 . 1 5 3 0 7 . 5 2 3 0 1 . 1 5 3 0 8 . 1 6 3 7 9 . 8 5 5 8 3 . 1 5

P r e s s u r e B A R
( G A )

4 . 0 0 4 . 0 0 4 . 0 0 4 . 0 0 4 . 0 0 4 . 0 0 2 3 . 9 0 2 1 . 0 0

E n t h a l p y M * J / S Ec 1 .2 1 1 .5 1 0 . 4 4 0 . 5 4 2 . 1 7 2 . 7 1 0 . 2 2 0 . 4 9

S p .  E n t h a l p y K J / K G 1 1 7 . 8 8 1 4 7 .1 5 1 1 7 .8 8 1 4 4 . 4 8 1 1 7 . 8 8 1 4 7 . 1 5 4 4 9 . 0 7 3 0 4 1 . 1 9

S p .  E n t r o p y K J / K G -
K

0 . 4 1 0 .5 1 0 .4 1 0 . 5 0 0 .4 1 0 . 5 1 1 .3 8 6 . 7 6

M o l e c u l a r
W e i g h t

1 8 .0 1 1 8 .0 1 1 8 .0 1 1 8 .0 1 1 8 .0 1 1 8 .0 1 1 8 .0 1 1 8 .0 1

T o t a l  M a s s K G / S Ec 1 0 .2 5 1 0 .2 5 3 . 7 6 3 . 7 6 1 8 .4 5 1 8 .4 5 0 . 4 8 0 . 1 6

D r y  T o t a l  
M a s s  R a t e

K G / S Ec
S t r e a m  P h a s e W a t e r W a t e r W a t e r W a t e r W a t e r W a t e r W a t e r V a p o r

B  s t d 5 4 . 6 0 5 4 . 6 0 5 4 .6 0 5 4 .6 0 5 4 . 6 0 5 4 . 6 0 5 4 . 6 0 5 4 .6 0

B k J / k g 5 0 . 5 6 5 1 . 2 0 5 0 .5 6 5 1 .1 2 5 0 . 5 6 5 1 . 2 0 9 2 . 4 4 1 0 8 2 .7 0

B k W 5 1 8 . 2 8 5 2 4 . 8 2 1 9 0 .0 7 1 9 2 .1 5 9 3 2 . 9 1 9 4 4 . 6 7 4 4 . 6 9 1 7 5 . 6 4

T a b le  D 8 C hem ical exergy o f  fuel gas to 2F3701in GOTU
F u e l  g a s  2 F 3 7 0 1

k g m o l / h r % k g m o l / l i r B  s t d  k J /m o l B k W

3 9 .8 1 H 2 6 9 . 5 7 2 7 . 7 0 2 3 6 . 1 0 1 8 1 6 . 4 4

C H 4 8 . 4 8 3 . 3 8 8 3 1 . 6 5 7 7 9 . 7 2

C 2 H 6 8 . 5 4 3 . 4 0 1 4 9 5 . 8 4 1 4 1 2 . 8 7

C 3 H 8 8 . 3 4 3 . 3 2 2 1 5 4 . 0 0 1 9 8 6 .9 1

C 4 H 1 0 1 .9 9 0 . 7 9 2 8 0 5 . 8 0 6 1 6 . 8 5

C 5 3 . 0 8 1 .2 3 3 4 6 3 . 3 0 1 1 8 0 . 3 7

T o t a l 7 7 9 3 . 1 5
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T a b le  D 9 E lectric  pow er in  G O TU
A m p k i l o w a t t

2 P 3 7 0 1 6 0 . 3 5 3 1 . 7 8

2 P 3 7 0 2 5 5 . 0 0 2 8 . 9 6

2 P 3 7 0 3 8 . 5 0 4 . 4 8

2 P 3 7 0 4 1 7 0 . 0 0 8 9 .5 1

2 P 3 7 0 5 4 . 5 0 2 . 3 7

2 P 3 7 0 6 1 8 .0 0 9 . 4 8

2 P 3 7 0 7 1 . 4 0 0 . 7 4

2  A 3  7 0 1 1 1 2 . 0 0 5 8 . 9 7

2 A 3 7 0 2 5 6 . 0 0 2 9 . 4 9

2 A 3 7 0 3 5 6 . 0 0 2 9 . 4 9

2 K 3 7 0 1 1 2 .0 0 6 . 3 2

2 K 3 7 0 2 3 3 7 . 0 0 1 7 7 . 4 5

t o t a l 4 8 5 . 7 5 4 6 9 . 0 2
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T a b le  D IO  S tream  properties table o f  G O TU

Stream T otal M ass 
(kg/hr)

T em perature
(๐๑

Pressure
(barg)

H 2M A K E U P 2.4 37.6 4.1
G A S O IL F E E D 62319.0 173.8 4.0
P O O R A M IN E 12336.7 44.7 46.0

W A T E R 2509.4 37.6 7.0
W 1LD G A SO 1252.3 37.6 8.0
R IC  A M IN E 12660.4 45.1 40.0

B F W T O E 3 706 1740.5 106.7 23.9
S H T O E JE C T O R 584.0 310.0 21.0

T G A S O IL 63088.7 174.0 10.6
A IR IN F3701 9705.6 30.0 0.0

E 3712IN 36900.0 28.0 4.0
E 3 7 1 2 0 U T 36900.0 35.0 4.0

E 3709IN 13532.4 28.0 4.0
E 370 9O U T 13532.4 34.4 4.0

E 3708IN 66420.0 28.0 4.0
E 370 8O U T 66420.0 35.0 4.0
S O U R G A S 433 .9 43.0 6.0

S O U R W A T E R 5249.3 42.9 2.5
S T A C K 10071.6 610.0 0.0
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E ) D a ta  fo r  D e e th a n iz e r  u n it
T a b le  E l  C hem ical exergy o f  LPG  feed dethannizer un it

L P G  m i x

k g m o l / h r B  s t d  
k J / m o l e

k g m o l / h r % B c h  ( k W )

1 6 1 . 4 5 H 2 2 3 6 . 1 0 0 . 0 2 0 . 0 0 0 2 1 .5 9

H 2 S 8 1 2 . 0 0 1 .0 7 0 . 0 0 6 6 2 4 1 . 2 4

c h 4 8 3 1 . 6 5 0 .1 1 0 . 0 0 0 7 2 5 . 2 7

c 2 h 6 1 4 9 5 . 8 4 6 . 1 5 0 . 0 3 8 1 2 5 5 5 . 3 7

c 3 h 8 2 1 5 4 . 0 0 5 4 .3 3 0 . 3 3 6 5 3 2 5 0 6 . 6 3

i c 4 2 8 0 5 . 8 0 2 6 . 3 5 0 . 1 6 3 2 2 0 5 3 6 . 8 9

n c 4 2 8 0 5 . 8 0 7 0 . 4 7 0 . 4 3 6 5 5 4 9 2 2 . 9 2

c 5 3 4 6 3 . 3 0 2 .4 3 0 . 0 1 5 1 2 3 3 8 . 5 1

c 6 4 1 1 8 . 5 0 0 . 5 2 0 . 0 0 3 2 5 9 7 . 9 0

1 1 3 7 2 6 . 3 2

T a b le  E 2  C hem ical exergy o f  LPG  product o f  dethann izer un it
k g m o l / h r B  s t d  k j / m o l k g m o l / h r % v o l . B c h  ( k W )

1 5 1 . 2 2 H 2 2 3 6 . 1 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0

H 2 S 8 1 2 . 0 0 0 . 5 2 9 8 0 . 0 0 3 5 1 1 9 . 5 0

c h 4 8 3 1 . 6 5 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0

C 2 h 6 1 4 9 5 . 8 4 0 . 5 7 5 2 0 . 0 0 3 8 2 3 9 . 0 1

C 3 h 8 2 1 5 4 . 0 0 5 0 . 7 0 9 9 0 . 3 3 5 3 3 0 3 4 1 . 4 3

i c 4 2 8 0 5 . 8 0 2 6 . 1 8 7 5 0 . 1 7 3 2 2 0 4 1 0 . 2 6

n c 4 2 8 0 5 . 8 0 7 0 . 2 3 7 0 0 . 4 6 4 5 5 4 7 4 1 . 9 5

c 5 3 4 6 3 . 3 0 2 . 9 8 2 0 0 . 0 1 9 7 2 8 6 8 . 8 1

c 6 4 1 1 8 . 5 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0

T o t a l 1 0 8 7 2 0 . 9 7
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T a b le  E3 Chemical exergy of off gas of dethannizer unit
o f f  g a s

k g m o l / h r B  s td  
k j / m o l

k g m o l / h r % B e l l  ( k W )

8 . 2 2 H 2 2 3 6 . 1 0 0 . 0 2 0 . 0 0 3 0 1 .6 0

H 2 S 8 1 2 . 0 0 0 .5 3 0 . 0 6 4 7 1 2 0 . 0 9

c h 4 8 3 1 . 6 5 0 .1 1 0 . 0 1 3 6 2 5 . 7 7

c 2 h 6 1 4 9 5 . 8 4 5 . 6 7 0 . 6 8 9 6 2 3 5 6 . 2 8

c 3 h 8 2 1 5 4 . 0 0 3 . 6 0 0 . 4 3 7 8 2 1 5 4 . 0 1

i c 4 2 8 0 5 . 8 0 0 .1 1 0 . 0 1 3 6 8 6 . 9 4

n c 4 2 8 0 5 . 8 0 0 . 1 0 0 . 0 1 2 0 7 6 . 6 7

c 5 3 4 6 3 . 3 0 0 . 0 0 0 . 0 0 0 0 0 . 0 0

c 6 4 1 1 8 . 5 0 0 . 0 0 0 . 0 0 0 0 0 . 0 0

4 8 2 1 . 3 5

T a b le  E 4  E xergy  o f  steam  and w ater o f  dethannizer unit
S t r e a m  N a i n e S L C O N D พ ร W R W S E 1 3 3 W R E 1 3 3

S t r e a m  P h a s e V a p o r M i x e d W a t e r W a t e r W a t e r W a t e r

T e m p e r a t u r e K 4 5 2 . 1 5 4 2 1 . 4 1 3 0 1 . 1 5 3 0 8 . 1 5 3 0 1 . 1 5 3 0 8 . 1 5

P r e s s u r e B A R ( G A ) 3 . 5 0 3 . 5 0 5 . 0 0 5 . 0 0 5 . 0 0 5 . 0 0

E n t h a l p y M * J / S E C 0 . 5 4 0 . 2 8 0 . 3 4 0 . 4 3 0 . 9 8 1 .2 2

S p .  E n t h a l p y K J / K G 2 8 1 2 . 8 9 1 4 4 1 . 5 4 1 1 7 .2 7 1 4 6 . 5 4 1 1 7 . 9 7 1 4 7 . 2 4

S p .  E n t r o p y K J / K G - K 7 .0 1 3 . 7 6 0 . 4 2 0 . 5 2 0 . 4 1 0 .5 1

M o l e c u l a r
W e i g h t

1 8 .0 1 1 8 .0 1 1 8 .0 1 1 8 .0 1 1 8 .0 1 1 8 .0 1

T o t a l  M a s s K G / H R 6 8 7 . 0 0 6 8 7 . 0 0 1 0 5 0 4 .8 0 1 0 5 0 4 .8 0 2 9 7 7 2 . 0 0 2 9 7 7 2 . 0 0

D r y  T o t a l  
M a s s  R a t e

K G / H R

B  s t d 5 4 . 6 0 5 4 . 6 0 5 4 .6 0 5 4 . 6 0 5 4 . 6 0 5 4 . 6 0

B k J / k g 7 7 7 . 4 7 3 7 4 . 6 8 4 6 . 4 7 4 6 . 5 2 5 0 . 6 6 5 1 . 3 0

B k W 1 4 8 . 3 7 7 1 .5 0 1 3 5 .5 9 1 3 5 .7 5 4 1 8 . 9 9 4 2 4 . 2 7
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T a b le  E 5  E lec tric  pow er o f  dethannizer unit
Amp kilowatt

2pl21 AÆ> 75.00 39.49
2pl22 10.00 5.27
total 44.76

T a b le  E 6  S tream  p roperties table o f  dethanizer

S tream Total M ass 
(kg/hr)

T em perature
(๐๑

Pressure
(barg)

L P G F E E D 8466.9 39.0 7.5
L P G P R O 8091.2 33.0 2 0 . 0

O F F G A S 361.5 41.0 18.0
SL 687.0 179.0 3.5

C O N D 687.0 148.3 3.5
W SE 133 29772.0 28.0 5.0
W R E 133 29772.0 35.0 5.0
พ ร  E131 10504.8 28.0 5.0
W R E 131 10504.8 35.0 5.0
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F ) D a t a  f o r  I S O U
T a b le  F l  C hem ical exergy o f  treated  light naphtha in isom erization  unit

Light naphtha
kgmol/hr B std kj/mol kgmol/hr %Mole Bch (kW)

290.43 isobutane 2805.80 0.77 0.0019 422.52
normalbutane 2805.80 16.32 0.0396 8955.33

isopentane 3461.80 40.86 0.0991 27663.35
normalpentane 3461.80 99.47 0.2411 67343.95
cyclopentane 3461.80 8.38 0.0203 5673.49

22Dimetyhlbutane 4114.50 1.93 0.0047 1553.03
23 Dimetyhlbutane 4114.50 5.60 0.0136 4506.19

2methylpentane 4761.70 43.69 0.1059 40686.33
3methylpentane 5413.10 33.46 0.0811 35422.28
normalhexane 4114.50 111.03 0.2692 89343.28

Methlcyclopentane 3910.80 19.60 0.0475 14990.85
Cyclohexane 3909.20 13.52 0.0328 10336.39

Benzene 3298.50 10.42 0.0253 6721.85
Normalheptane 4761.70 7.47 0.0181 9880.53

Total 323499.37

T a b le  F 2  C hem ical exergy o f  H  2 feed  in isom erization  unit
ffifeed

kgmol/hr B std 
kJ/mol

% Bch (kW)
116.25 H2 236.10 0.7077 5395.54

ch4 831.65 0.1105 2966.22
c2h6 1495.84 0.0852 4117.71
c3h8 2154.00 0.0554 3853.27
ic4 2805.80 0.0124 1122.32
nc4 2805.80 0.0145 1317.17
ic5 3463.30 0.0086 962.03
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nc5 3463.30 0.0057 634.94
20369.19

T a b le  F 3  C hem ical exergy o f  isom erate in isom erization unit

kgmol/hr B std kj/mol kgmol/hr %vol. Bch (kW)
271.13 isobutane 2805.80 0.40 0.0015 309.79

normalbutane 2805.80 1.82 0.0067 1418.52
isopentane 3461.80 75.56 0.2787 72662.22

normalpentane 3461.80 24.85 0.0917 23898.87
cyclopentane 3461.80 4.09 0.0151 3929.50

22Dimetyhlbutane 4114.50 42.34 0.1561 48385.47
23Dimetyhlbutane 4114.50 14.41 0.0532 16473.85

2methylpentane 4761.70 46.68 0.1722 61742.68
3methylpentane 5413.10 24.93 0.0919 37485.19
nonnalhexane 4114.50 15.70 0.0579 17948.29

Methlcyclopentane 3910.80 8.30 0.0306 9014.68
Cyclohexane 3909.20 8.40 0.0310 9124.57

Benzene 3298.50 0.00 0.0000 0.00
Normalheptane 4761.70 3.65 0.0135 4823.93

Total 307217.57

T a b le  F 4  C hem ical exergy o f  gasou t in isom erization  unit
GASOUT

kgmol/hr B std 
kj/mol

kgmol/lir % Bch (kW)
60.73 H2 236.10 20.62 0.13 535.73

ch4 831.65 13.43 0.15 2109.57
c2h6 1495.84 10.24 0.12 2986.74
c3h8 2154.00 13.82 0.16 5804.52
ic4 2805.80 13.47 0.16 7369.49
nc4 2805.80 13.34 0.15 7298.36
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ic5 3463.30 1.51 0.19 10870.70
nc5 3463.30 0.09 0.00 60.78

Total 37035.89

T a b le  F 5  E xergy  o f  steam , condensate and w ater in isom erization  unit
in out

Stream
Name

HPSTEAM CPH SHTOE
2809

CPH SHTOE2804 CPHOU
T

SHE2808

Stream
Phase

Vapor Mixed Vapor Mixed Vapor Water Vapor
Temperatur

e
K 583.85 490.54 583.85 490.54 583.85 355.68 583.85

Pressure BAR
(GA)

21.00 21.00 21.00 21.00 21.00 21.00 21.00
Enthalpy M*J/SEC 2.10 1.52 2.10 1.52 0.10 0.01 0.68

Sp.
Enthalpy

KJ/KG 3047.02 2206.78 3047.0
2

2206.78 3047.02 347.02 3047.02
Sp. Entropy KJ/KG-K 6.91 5.40 6.91 5.40 6.91 1.15 6.91
Molecular

Weight
18.01 18.01 18.01 18.01 18.01 18.01 18.01

Total Mass KG/HR 2485.00 2485.00 2485.0
0

2485.00 120.00 120.00 800.00
Dry Total 
Mass Rate

KG/HR
Exergy

standard
54.60 54.60 54.60 54.60 54.60 54.60 54.60

B 1042.71 652.55 1042.7
1

652.55 1042.71 57.78 1042.71
BkW 719.76 450.44 719.76 450.44 34.76 1.93 231.71

T a b le  F 6  E lec tric  pow er in isom erization  unit
Amp kilowatt

2k2801 240.00 126.37
2A2801 11.00 5.79
2A2802 8.00 4.21
2A2803 10.00 5.27
2E2805 0.00
2P2801 150.00 78.98
2P2802 2.00 1.05
2P2803 0.40 0.21



2P2804 18.00 9.48
2P2805 7.00 3.69
2P2806 80.00 42.12
2P2807 5.50 2.90

total 280.07

T a b le  F 7  Stream  properties table o f  isom erization

Stream Total M ass 
(kg/hr)

T em perature
(๐C)

Pressure
(barg)

TLN 23178.5 1 0 0 .0 1 0 .0

H2 881.4 27.0 19.1
G A S O U T 1999.3 31.0 1 1 . 0

IS O M E R A T E 21846.8 34.0 4.2
S H T O E 2809 2485.0 583.8 2 1 . 0

CPH 2485.0 490.5 2 1 . 0

S H T O E 2804 1 2 0 .0 583.8 2 1 . 0

C P H O U T 1 2 0 .0 355.7 2 1 . 0

SH E 2808 800.0 583.8 2 1 . 0

C PH O U T 2808 800.0 377.1 2 1 . 0
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G ) D a ta  f o r  C R U .
T a b le  G 1  C hem ical exergy o f  heavy naphtha feed  in cataly tic  refo rm ing  unit
kgmol/hr Components %vol. kgmol/hr Bch std kj/mol Bch (kW)

232.15 c6n 0.0330 7.66 3909.20 8319.70
c6p 0.0063 1.46 4114.50 1671.72
c7 ท 0.1330 30.88 4556.90 39086.52
c7p 0.2296 53.31 4761.70 70508.23
c8n 0.1146 26.61 5205.90 38475.68
c8p 0.1878 43.60 5413.10 65561.29
c9n 0.0376 8.73 5857.70 14204.33
c9p 0.1322 30.69 6064.90 51708.39

clOp 0.0267 6.20 6716.80 11565.90
c6a 0.0026 0.60 3298.50 553.09
c7a 0.0360 8.36 3931.00 9126.65
c8a 0.0515 11.96 4587.90 15237.97
c9a 0.0090 2.09 5249.10 3046.72
tot 1.0000 329066.20

T a b le  G 2  C hem ical exergy o f  R eform ate in catalytic  refo rm ing  unit
Reformate

kgmol/hr ref %vol. kgmol/hr Bch std kj/mol Bch(kW)
248.2 c4p 5.8 0.061 15.1 2805.8 11799.4

c5n 0.1 0.015 3.7 3461.8 3579.9
c5p 15.5 0.155 38.3 3461.8 36872.7
c6n 0.3 0.003 0.7 3909.2 808.5
c6p 4.4 0.048 11.9 4114.5 13615.5
c7 ท 0.5 0.005 1.3 4556.9 1633.6
c7p 10.9 0.102 25.2 4761.7 33326.6
c8p 3.5 0.035 8.8 5413.1 13210.6
c9p 0.3 0.003 0.7 6064.9 1254.4

c7ole 0.3 0.003 0.7 4604.6 888.8
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c 6 a 8 .8 0 . 0 8 8 2 1 . 8 3 2 9 8 . 5 2 0 0 1 1 . 2

c 7 a 2 0 .4 0 . 2 0 0 4 9 . 7 3 9 3 1 . 0 5 4 3 1 0 .2

c 8 a 1 9 .6 0 . 1 7 5 4 3 .3 4 5 8 7 . 9 5 5 2 1 0 . 9

c 9 a 9 .5 0 . 0 9 5 2 3 .7 5 2 4 9 . 1 3 4 4 8 6 . 8

t o t 9 9 .9 2 8 1 0 0 9 . 2

T a b le  G 3  C h e m ic a l  e x e r g y  o f  H 2to  IS O U  f r o m  c a ta ly t ic  r e f o r m in g  u n i t
H 2 1

k g m o l / h r C o m p o n e n t s B e l l  s t d  k j / m o l m o l e f r a c t i o n k g m o l / h r B e l l  ( k W )

0 . 3 4 H 2 2 3 6 . 1 0 8 3 .1 6 0 . 2 8 1 8 .5 5

c h 4 8 3 1 . 6 5 6 . 2 0 0 . 0 2 4 . 8 7

c 2 1 i6 1 4 9 5 . 8 4 5 .7 3 0 . 0 2 8 . 1 0

c 3 h 8 2 1 5 4 . 0 0 3 .2 3 0 .0 1 6 . 5 7

i c 4 2 8 0 5 . 8 0 0 . 7 8 0 . 0 0 2 . 0 7

n c 4 2 8 0 5 . 8 0 0 . 5 8 0 . 0 0 1 .5 4

i c 5 3 4 6 3 . 3 0 0 .2 3 0 . 0 0 0 . 7 5

n c 5 3 4 6 3 . 3 0 0 . 0 9 0 . 0 0 0 . 2 9

t o t a l 0 . 3 4 4 2 . 7 4

T a b le  G 4  C h e m ic a l  e x e r g y  o f  H 2to  N T U  f r o m  c a ta ly t ic  r e f o r m in g  u n i t
H 2 2

k g m o l / h r B e l l  s td  
k J / m o l

m o l e f r a c t i o n k g m o l / h r B c h ( k W )

3 9 .1 H 2 2 3 6 . 1 8 3 . 1 6 0 3 2 .4 9 5 2 1 3 1  1

c h 4 8 3 1 . 7 6 . 2 0 0 2 . 4 2 3 5 5 9 . 7

c 2 h 6 1 4 9 5 .8 5 . 7 3 0 2 . 2 3 9 9 3 0 .3

c 3 h 8 2 1 5 4 . 0 3 . 2 3 0 1 .2 6 2 7 5 5 . 2

i c 4 2 8 0 5 . 8 0 . 7 8 0 0 . 3 0 5 2 3 7 . 5

n c 4 2 8 0 5 . 8 0 . 5 8 0 0 . 2 2 7 1 7 6 .6

i c 5 3 4 6 3 . 3 0 . 2 3 0 0 . 0 9 0 8 6 .5

n c 5 3 4 6 3 . 3 0 . 0 9 0 0 . 0 3 5 3 3 .8

t o t a l 4 9 1 0 . 8
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T a b le  G 5  C h e m ic a l  e x e r g y  o f  L P G  to  d e th a n iz e r  f r o m  c a ta ly t ic  r e f o r m in g  

u n i t
k g m o l / h r B c h  s t d  k j / m o l m o l e f r a c t i o n k g m o l e / h r B c h ( k W )

5 7 . 2 0 3 H 2 2 3 6 . 1 0 0 1 .0 0 0 0 . 5 7 2 3 7 . 5 1 6

c h 4 8 3 1 . 6 5 0 4 . 0 0 0 2 . 2 8 8 5 2 8 . 5 8 7

c 2 h 6 1 4 9 5 . 8 4 0 1 .7 9 0 1 .0 2 4 4 2 5 . 4 5 6

C 3 h 8 2 1 5 4 . 0 0 0 4 3 . 1 0 0 2 4 . 6 5 4 1 4 7 5 1 .6 0 5

i c 4 2 8 0 5 . 8 0 0 2 5 . 4 0 0 1 4 .5 3 0 1 1 3 2 4 .1 7 9

n c 4 2 8 0 5 . 8 0 0 2 4 . 1 0 0 1 3 .7 8 6 1 0 7 4 4 .5 9 5

i c 5 3 4 6 3 . 3 0 0 0 . 5 2 0 0 . 2 9 7 2 8 6 . 1 6 1

n c 5 3 4 6 3 . 3 0 0 0 . 1 2 0 0 . 0 6 9 6 6 . 0 3 7

to t a l 3 8 1 6 4 . 1 3 6

T a b le  G 6  C h e m ic a l  e x e r g y  o f  fu e l  g a s  to  F G T U  f ro m  C R U  u n i t
t o p 2 c 3 0 2

k g m o l / h r B c h  s t d  
k j / m o l e

m o l e f r a c t i o n k g m o / h r B c h ( k W )

1 4 .7 1 4 H 2 2 3 6 . 1 0 0 2 2 . 1 9 0 3 . 2 6 5 2 1 4 . 1 3 2

c h 4 8 3 1 . 6 5 0 1 2 .1 2 0 1 .7 8 3 4 1 1 . 9 7 6

c 2 h 6 1 4 9 5 . 8 4 0 4 9 . 8 4 0 7 .3 3 3 3 0 4 7 . 1 3 3

c 3 h 8 2 1 5 4 . 0 0 0 1 2 .3 2 0 1 .8 1 3 1 0 8 4 . 6 3 8

i c 4 2 8 0 5 . 8 0 0 1 .3 2 0 0 . 1 9 4 1 5 1 . 3 7 7

n c 4 2 8 0 5 . 8 0 0 1 .3 2 0 0 . 1 9 4 1 5 1 . 3 7 7

i c 5 3 4 6 3 . 3 0 0 0 . 6 9 0 0 . 1 0 2 9 7 .6 7 1

n c 5 3 4 6 3 . 3 0 0 0 . 2 0 0 0 . 0 2 9 2 8 .3 1 1

t o t a l 5 1 8 6 . 6 1 4

T a b le  G 7  C h e m ic a l  e x e r g y  o f  f u e l  g a s  to  F G T U  f ro m  2 D 3 0 2  C R U
2 d 3 0 2 k g m o / h r B c h ( k W )

k g m o l / h r B c h  s t d  
k j / m o l

m o l e f r a c t i o n

0 . 1 2 3 2 3 6 . 1 0 0 7 9 . 5 7 0 0 . 0 9 8 6 . 3 9 8

8 3 1 . 6 5 0 5 . 9 9 0 0 . 0 0 7 1 .6 9 7



1 1 3

1 4 9 5 . 8 4 0 6 . 6 8 0 0 . 0 0 8 3 . 4 0 3

2 1 5 4 . 0 0 0 4 . 6 8 0 0 . 0 0 6 3 . 4 3 3

2 8 0 5 . 8 0 0 1 .3 3 0 0 . 0 0 2 1 .2 7 1

2 8 0 5 . 8 0 0 1 .0 8 0 0 . 0 0 1 1 .0 3 2

3 4 6 3 . 3 0 0 0 . 4 8 0 0 . 0 0 1 0 . 5 6 6

3 4 6 3 . 3 0 0 0 . 1 9 0 0 . 0 0 0 0 . 2 2 4

T o t a l 0 . 1 2 3 1 8 .0 2 3

T a b le  G 8  C h e m ic a l  e x e r g y  o f  fu e l  g a s  to  2 F 3 0 1 ,  3 0 2 , 3 0 3 , 3 0 4
2 F 3 0 1 2 F 3 0 2 2 F 3 0 3 2 F 3 0 4

2 F 3 0 1

1 8 .6 7 9 k g
m o l / h r

f u e l  g a s  f o r  
b u r n e r  

H 2

m o le %

6 9 . 5 7 0

B e l l  s t d  
( k j / i u o l )  

2 3 6 .1

B e l l  ( k w )  

8 5 2 . 3

B c h  ( k w )  

1 3 9 1 . 2

B e l l  ( k w )  

6 5 9 . 6

B e l l  ( k w )  

7 7 1 .1

2 D 0 2 C l 8 . 4 7 8 8 3 1 . 6 5 3 6 5 . 8 3 3 4 5 9 7 . 1 9 4 2 2 8 3 . 1 4 6 3 3 3 0 . 9 9 1 2

3 0 . 4 9 2 0 k
g m o l / h r

C 2 8 .5 4 1 1 4 9 5 .8 6 6 2 . 9 1 0 8 2 .1 5 1 3 .1 5 9 9 . 8

2 F 3 0 3 C 3 8 .3 4 1 2 1 5 4 . 0 9 3 2 . 2 1 5 2 1 . 8 7 2 1 . 5 8 4 3 . 5

1 4 .4 5 7 1
k g m o l / h r

I c 4 1 .9 8 8 2 8 0 5 . 8 2 8 9 . 4 4 7 2 . 5 2 2 4 . 0 2 6 1 . 9

2 F 3 0 4 n C 4 3 . 0 8 2 2 8 0 5 . 8 4 4 8 . 7 7 3 2 . 4 3 4 7 . 3 4 0 5 . 9

1 6 .9
k g m o l / h r

C 5 + 0 . 0 2 6 3 4 6 3 . 3 4 . 7 7 . 7 3 . 6 4 . 3

t o t a l 1 0 0 . 0 2 6 3 5 5 6 . 0 5 8 0 4 . 9 2 7 5 2 . 3 3 2 1 7 . 3

T a b le  G 9  E x e r g y  o f  s te a m  a n d  B F W  in  C R U
S t r e a m  N a m e B F W S A T S H S H T O C O M 3 0 1 S L O U T C O

M
S t r e a m  P h a s e W a t e r V a p o r V a p o r V a p o r

T e m p e r a t u r e K 3 8 1 . 1 5 4 9 5 . 5 7 5 8 3 . 8 5 4 5 2 . 1 5

P r e s s u r e B A R ( G A ) 2 3 . 0 0 2 3 . 0 0 2 1 . 0 0 3 . 5 0

E n t h a l p y M * J / S E C 0 . 3 5 2 . 2 0 8 . 2 0 7 . 5 8

S p .  E n t h a l p y K J /K G 4 5 4 . 2 4 2 8 3 0 . 7 8 3 0 4 2 . 8 2 2 8 1 2 . 8 9

S p .  E n t r o p y K J / K G - K 1 .4 7 6 . 6 5 6 . 7 6 7 .0 1

M o l e c u l a r
W e i g h t

1 8 .0 1 1 8 .0 1 1 8 .0 1 1 8 .0 1



1 1 4

T o t a l  M a s s K G / S E C 0 . 7 8 0 . 7 8 2 . 6 9 2 . 6 9

D r y  T o t a l  M a s s  
R a t e

K G / S E C

V a p o r V a p o r

0 . 1 5 0 . 1 5

0 . 1 5 0 . 1 5

5 4 . 6 0 5 4 . 6 0 5 4 . 6 0 5 4 .6 0

B  k j / k g 6 9 . 9 2 9 0 4 . 5 4 1 0 8 3 . 5 0 7 7 7 . 4 7

B k W 5 4 . 3 8 7 0 3 . 5 3 2 9 1 9 . 4 3 2 0 9 4 . 8 6

T a b le  G 1 0  E le c t r ic  p o w e r  in  C R U
2 P 3 1 0 2 P 3 0 8 2 A 3 0 1 2 P 3 0 2 2 P 3 0 5 2 P 3 0 3 2 P 3 0 6 2 P 3 0 7 2 A 3 0 2 t o t a l

a m p 0 . 4 0 0 . 4 0 8 0 . 0 0 1 0 0 . 0 0 7 5 . 0 0 2 7 . 0 0 1 2 .3 0 1 1 .0 0 1 6 .0 0

k i l o w a t t 0 . 1 8 0 . 1 8 3 6 . 6 8 4 5 . 8 6 3 4 . 3 9 1 2 .3 8 5 . 6 4 5 . 0 4 7 . 3 4 1 4 7 . 7 0

T a b le  G i l  E x e r g y  o f  s ta c k  g a s  f r o m  4  b u r n e r s  in  C R U
2F301 2F302 2F303 2F304

flue gas
% Bch(kJ/mol) kgmol/hr

kgmol/hr kW kgmol/
hr

kgmol/hr kW kgmol/
hr

kgmol/
hr

kW kgmol/
hr

kgmol/hr kW
co2 0.077 19.9 over all 15.2 83.9 over all 24.8 136.9 over all 11.8 64.9 over all 13.8 75.9

is is is is
h2o 0.285 9.5 196.1 55.8 147.3 320.4 91.1 240.4 151.9 43.2 114.0 177.6 50.5 133.2
ท2 0.633 0.7 124.3 24.9 203.0 40.6 96.3 19.3 112.5 22.5
02 0.005 4.0 0.9 1.0 1.5 1.7 0.7 0.8 0.8 0.9

total 196.1 257.0 320.4 419.6 151.9 199.0 177.6 232.6

T a b le  G 1 2  E x e r g y  o f  m ix in g  in  C R U
mass fraction

Kgmol/hr XI R(kJ/kg mol k) TO ai(acti co) ni*ln(aixi) DELB mixing (kW)
feed 343.700 1.000 8.314 298.000 1.000 0.000

Reformate 232.400 0.676 8.314 298.000 1.000 -90.940 223.812
H2 39.416 0.115 8.314 298.000 1.000 -85.359

LPG 57.203 0.166 8.314 298.000 1.000 -102.574
top2c302 14.700 0.043 8.314 298.000 1.000 -46.333

-325.207
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T a b le  G 1 3  S tr e a m  p r o p e r t ie s  ta b le  o f  C a ta ly t ic  r e f o r m in g

S tream T ota l M ass  
(k g /h r)

T e m p e ra tu re  (๐
C )

P re ssu re
(b arg )

H N 1 2 6 6 5 0 .4 58 .0 2 2 .0
L P G 2 9 5 0 .0 34 .0 11.5

T O P 2 C 3 0 2 3 6 7 .7 4 6 .0 10.0
H 21 2.3 3 0 .0 28 .8
H 2 2 267 .3 30 .0 20.1

2 D 3 0 2 1.0 34.3 12.0
R E F  1 2 3 0 4 2 .9 33 .0 6.5

S T A C K F 3 0 4 4 915 .5 3 4 0 .0 0.0
S T A C K F 3 0 1 5444.1 3 8 0 .0 0 .0
S T A C K F 3 0 2 8894.1 3 8 0 .0 0 .0
S T A C K F 3 0 3 4 216 .3 3 8 0 .0 0 .0

A IR T 0 4 B U R N E R 116451 .5 3 0 .0 0 .0
B F W 7 7 1 7 .9 108.0 23 .9

S H (o u tfro m )2 E 3  09 7 7 1 7 .0 3 1 0 .7 2 1 .0
S H T O 2 k 3 0 1 9 7 0 0 .0 3 1 0 .7 2 1 .0

S L O U T 2 k 3 0 1 9 7 0 0 .0 179.0 3.5
F 3 0 4 209 .3 3 5 .0 3.3
E 3 0 2 9 2 2 6 8 .0 2 8 .0 3 .0

E 3 0 2 O U T 9 2 2 6 8 .0 3 5 .0 3 .0
E 3 0 3 IN 7 8 7 3 2 .0 2 8 .0 3 .0

E 3 0 3 O U T 7 8 7 3 2 .0 3 5 .0 3 .0
E 3 0 6 IN 8 6 1 1 2 .0 2 8 .0 3 .0

E 3 0 6 O U T 8 6 1 1 2 .0 3 5 .0 3 .0
2 E 3 0 7 IN 2 5 3 4 4 .0 2 8 .0 3 .0

2 E 3 0 7 O U T 2 5 3 4 4 .0 3 5 .0 3 .0
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H ) D a t a  f o r  L P G U
T a b le  H 1  C h e m ic a l  e x e r g y  o f  L P G  f e e d  f r o m  2 C 1 0 5
k g m o l e /

h r
B  s t d  

k j / m o l e
k g m o l e /

r
B c h

( k W )

0 . 1 2 C 2 H 6
ร

2 1 3 4 . 0 0 0 . 0 0 2 3 1 .3 9

H 2 S 8 1 2 . 0 0 0 . 0 0 2 3 0 . 5 3

C H 4 8 3 1 . 6 5 0 . 0 0 0 0 0 . 0 0

C 2 H 6 1 4 9 5 . 8 4 0 . 0 0 0 3 0 . 1 2

C 3 H 8 2 1 5 4 . 0 0 0 . 0 4 3 2 2 5 . 8 5

i C 4 H
1 0

2 8 0 5 . 8 0 0 . 0 2 6 3 2 0 . 4 9

C 4 H 1
0

2 8 0 5 . 8 0 0 . 0 4 6 9 3 6 . 5 6

C 5 H 1
2

3 4 6 3 . 3 0 0 . 0 0 0 4 0 .4 1

8 5 .3 5

T a b le  H 2  C h e m ic a l  e x e r g y  o f  L P G  f e e d  f r o m  2 C 1 0 6
k g m o l e / h r B  s t d  k j / m o l e % v o l . k g m o l e / h r B c h  ( k W )

0 . 0 3 C 2 H 6 S 2 1 3 4 . 0 0 0 . 0 1 9 2 0 . 0 0 0 5 0 .3 1

H 2 S 8 1 2 . 0 0 0 . 0 1 9 2 0 . 0 0 0 5 0 . 1 2

C H 4 8 3 1 . 6 5 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0

C 2 H 6 1 4 9 5 . 8 4 0 . 0 0 2 3 0 . 0 0 0 1 0 . 0 3

C 3 H 8 2 1 5 4 . 0 0 0 . 3 5 4 7 0 . 0 0 9 6 5 . 7 3

i C 4 H 1 0 2 8 0 5 . 8 0 0 . 2 1 5 9 0 . 0 0 5 8 4 . 5 4

C 4 H 1 0 2 8 0 5 . 8 0 0 . 3 8 5 1 0 . 0 1 0 4 8 . 1 0
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C 5 H 1 2 3 4 6 3 . 3 0 0 . 0 0 3 5 0 . 0 0 0 1 0 . 0 9

1 8 .9 2

T a b le  H 3  C hem ical exergy o f  LPG  feed from  plant3
k g m o l / h r B  s t d  k j / m o l e % v o l . k g m o l e / h r B e l l  ( k W )

0 . 4 8 C 2 H 6 S 2 1 3 4 . 0 0 0 . 0 1 9 2 0 . 0 0 9 2 5 . 4 5

H 2 S 8 1 2 . 0 0 0 . 0 1 9 2 0 . 0 0 9 2 2 . 0 7

C H 4 8 3 1 . 6 5 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0

C 2 H 6 1 4 9 5 . 8 4 0 . 0 0 2 3 0 . 0 0 1 1 0 . 4 6

C 3 H 8 2 1 5 4 . 0 0 0 . 3 5 4 7 0 . 1 6 9 6 1 0 1 .5 0

i C 4 H 1 0 2 8 0 5 . 8 0 0 . 2 1 5 9 0 . 1 0 3 2 8 0 .4 6

C 4 H 1 0 2 8 0 5 . 8 0 0 . 3 8 5 1 0 . 1 8 4 1 1 4 3 . 5 2

C 5 H 1 2 3 4 6 3 . 3 0 0 . 0 0 3 5 0 . 0 0 1 7 1 .6 1

3 3 5 . 0 8

T a b le  H 4  C hem ical exergy o f  LPG  product
k g m o l / h r B  s t d  k j / m o l e % v o l . k g m o l / h r B c h  ( k W )

0 . 6 1 C 2 H 6 S 2 1 3 4 . 0 0 0 . 0 0 1 0 0 . 0 0 0 6 0 . 3 6

H 2 S 8 1 2 . 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 .0 1

C H 4 8 3 1 . 6 5 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0

C 2 H 6 1 4 9 5 . 8 4 0 . 0 0 2 4 0 . 0 0 1 5 0 . 6 2

C 3 H 8 2 1 5 4 . 0 0 0 . 3 6 8 5 0 . 2 2 6 4 1 3 5 . 4 6
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i C 4 H 1 0 2 8 0 5 . 8 0 0 . 2 2 4 3 0 . 1 3 7 8 1 0 7 . 3 8

C 4 H 1 0 2 8 0 5 . 8 0 0 . 4 0 0 1 0 . 2 4 5 8 1 9 1 . 5 4

C 5 H 1 2 3 4 6 3 . 3 0 0 . 0 0 3 6 0 . 0 0 2 2 2 . 1 5

4 3 7 . 5 2

T a b le  H 5  E xergy  duty o f  th is un it(2E 1601)
S T R E A M  I D C A U S T I C  C A U S T I C O U T

M O L A R  R A T E ,  K G - M O L / H R  1 8 .6 7 3 6  1 8 .6 7 3 6

W E I G H T  R A T E ,  K G / H R 3 3 7 . 3 3 2 0  3 3 7 . 3 3 2 0

L V  R A T E ,  M 3 / H R .3 3 7 0  . 3 3 7 0

G V  R A T E ,  M 3 / H R 4 5 6 . 8 5 7 7  4 5 6 . 8 5 7 7

E N T H A L P Y ,  M * J / S E C - . 5 7 9 8  - . 4 8 8 9

E N T R O P Y ,  M * J / S E C  c . 0 3 1 3  . 0 3 1 6

T s  = 1 7 9  c  f r o m  S L

พ = Q * ( ( T s - T o ) / T s )

พ = 7 8 . 2 0 4 4 6 9  k w

T a b le  H 6  E lectric  p ow er o f  u n it
E l e c t r i c

A m p K w a t t

2 P 1 6 0 1 a / b 4 2 . 1 0 6 1 7 4

T a b le  H 7  S tream  properties table o f  LPG  treating  unit

S tream Flow (m V hr) T em perature
(๐๑

Pressure
(barg)

F e e d
LPG  from  c 105 2.98 34 19
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LPG  fro m  c l 06 0 . 6 6 32 19
L PG  fro m  plant3 11.7 36 19

fresh  caustic  3-10% w t
A ir 3 .259nm /hr 30 3

P r o d u c t s ท!3/hr
T reated  LPG 15.03 33 16.2

vent gas fro m  2d  1601 2.9 50 2 . 6

I )  D a ta  f o r  F G T U
T a b le  I I  C hem ical exergy o f  fuel gas feed

k g m o l / h r B  s t d  
k j / m o l e

% m o l e k g m o l / h r B e l l  ( k W )

3 3 2 . 9 5 H 2 2 3 6 . 1 0 0 . 6 2 0 0 2 0 6 . 4 3 1 3 5 3 8 .3 0

H 2 S 8 1 2 . 0 0 0 . 0 2 7 1 9 .0 3 2 0 3 5 . 8 6

c o 2 1 9 .8 7 0 . 0 0 0 0 0 . 0 0 0 . 0 0

c h 4 8 3 1 . 6 5 0 . 1 2 2 4 4 0 . 7 5 9 4 1 4 . 5 3

c 2 h 6 1 4 9 5 . 8 4 0 . 1 0 0 5 3 3 . 4 6 1 3 9 0 3 .6 1

c 3 h 8 2 1 5 4 . 0 0 0 . 0 5 9 3 1 9 .7 3 1 1 8 0 7 .9 3

n c 4 2 8 0 5 . 8 0 0 . 0 3 5 1 1 1 .6 8 9 1 0 0 . 8 4

c 5 3 4 6 3 . 3 0 0 . 0 3 1 0 1 0 .3 2 9 9 2 9 . 5 2

D E A 2 4 6 8 . 8 8 0 . 0 0 0 0 0 . 0 0 0 . 0 0

w a t e r 0 . 9 0 0 . 0 0 2 9 0 . 9 8 0 . 2 4

0 . 9 9 8 3 6 9 7 3 0 . 8 4

T a b le  12 C hem ical exergy o f  rich  am ine
k g m o l / h r B  s td  

k j / m o l e
% m o l e k g m o l / h r B c h  ( k W )

5 2 8 . 0 0 0 . 0 0

H 2 s H 2 S 8 1 2 . 0 0 0 . 0 3 4 8 1 8 .3 6 4 1 4 1 . 8 0

c l c h 4 8 3 1 . 6 5 0 . 0 0 0 2 0 . 1 0 2 3 . 9 4

c 2 c 2 h 6 1 4 9 5 .8 4 0 . 0 0 0 1 0 . 0 6 2 2 . 9 7

c 3 c 3 h 8 2 1 5 4 . 0 0 0 . 0 0 0 0 0 .0 1 5 . 6 4

D E A D E A 2 4 6 8 . 8 8 0 . 0 6 1 7 3 2 . 6 0 2 2 3 5 5 . 1 7
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w a t e r w a t e r 0 . 9 0 0 . 9 0 1 8 4 7 6 . 1 4 1 1 9 . 0 4

1 .0 0 0 . 9 9 8 6 2 6 6 6 8 . 5 6

T a b le  13 C hem ical exergy  o f  lean am ine
l e a n  a m i n e

k g m o l / h r B  s t d  
k j / m o l e

% m o l e k g m o l / h r B c h  ( k W )

2 9 1 . 2 6 H 2 S 8 1 2 . 0 0 0 . 0 0 0 7 0 . 1 9 4 3 . 1 9

D E A 2 4 6 8 . 8 8 0 . 1 2 7 7 3 7 . 1 9 2 5 5 0 4 . 7 8

w a t e r 0 . 9 0 0 . 8 7 3 0 2 5 4 . 2 7 6 3 . 5 7

T o t a l 1 .0 0 1 3 2 5 6 1 1 . 5 4

T a b le  1 4 .1  C hem ical exergy  o f  acid gas
a c i d  g a s

K G M O L / h r B  s t d  k j / m o l % m o l e k g m o l / h r B c h  ( k W )

1 0 .7 1 H 2 2 3 6 . 1 0 0 . 0 0 0 0 0 . 0 0 0 . 0 0

H 2 S 8 1 2 . 0 0 0 . 8 7 6 9 9 . 3 9 2 1 1 8 . 1 3

c o 2 1 9 .8 7 0 . 0 4 1 2 0 . 4 4 2 .4 3

c h 4 8 3 1 . 6 5 0 . 0 0 1 6 0 . 0 2 4 . 0 0

c 2 h 6 1 4 9 5 . 8 4 0 . 1 0 1 0 1 .0 8 4 4 9 . 5 1

w a t e r 0 . 9 0 0 . 0 6 9 0 0 . 7 4 0 . 1 8

2 5 7 4 . 2 6

T a b le  1 4 .2  C hem ical exergy  o f  sw eet gas
k g m o l / h r B  s t d  k j / m o l e % m o l e k g m o l / h r B c h  ( k W )

2 9 8 . 3 8 H 2 2 3 6 . 1 0 0 . 6 1 2 0 1 8 2 .6 1 1 1 9 7 6 .0 9

H 2 S 8 1 2 . 0 0 0 . 0 0 0 0 0 . 0 0 0 . 0 0

c o 2 1 9 .8 7 0 . 0 0 0 0 0 . 0 0 0 . 0 0

c h 4 8 3 1 . 6 5 0 . 1 0 4 3 3 1 . 1 2 7 1 8 9 . 0 9

c 2 h 6 1 4 9 5 . 8 4 0 . 1 1 0 6 3 3 . 0 0 1 3 7 1 2 .3 8

c 3 h 8 2 1 5 4 . 0 0 0 . 0 6 6 5 1 9 .8 4 1 1 8 7 1 .3 8

n c 4 2 8 0 5 . 8 0 0 . 0 4 6 5 1 3 .8 7 1 0 8 1 3 .7 7
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c 5 3 4 6 3 . 3 0 0 . 0 4 5 0 1 3 .4 3 1 2 9 1 7 .2 5

D E A 2 4 6 8 . 8 8 0 . 0 0 0 0 0 . 0 0 0 . 0 0

w a t e r 0 . 9 0 0 . 0 1 7 7 5 . 2 8 1 .3 2

1 . 0 0 2 6 6 8 4 8 1 . 2 8

T a b le  15 E xergy  o f  steam  and w ater o f  FG TU
S t r e a m  N a m e S L T O E 2 4 0 3 B F W S L M I X C P L O U T

S t r e a m  P h a s e V a p o r W a t e r M i x e d W a t e r

T e m p e r a t u r e K 4 5 8 . 1 5 3 8 1 . 1 5 4 2 1 . 4 1 3 0 9 . 5 7

P r e s s u r e B A R ( G A ) 3 . 5 0 2 3 . 9 0 3 . 5 0 3 . 5 0

E n t h a l p y M * J / S E C 1 .8 8 0 .0 3 1 .9 1 0 .1 1

S p .  E n t h a l p y K J / K G 2 8 2 5 . 8 6 4 5 4 . 5 6 2 6 3 0 . 0 7 1 5 3 . 0 0

S p .  E n t r o p y K J / K G - K 7 . 0 4 1 .3 9 6 . 5 8 0 . 5 2

M o l e c u l a r  W e i g h t 1 8 .0 1 1 8 .0 1 1 8 .0 1 1 8 .0 1

T o t a l  M a s s K G / S E C 0 . 6 7 0 . 0 6 0 . 7 3 0 . 7 3

D r y  T o t a l  M a s s  R a t e K G / S E C

B  s t d 5 4 . 6 0 5 4 . 6 0 5 4 . 6 0 5 4 . 6 0

B k J / k g 7 8 1 . 9 4 9 3 .6 3 7 2 2 . 3 8 5 1 . 3 6

B k W 5 2 1 . 3 0 5 . 6 2 5 2 4 . 9 3 3 7 . 3 2

T a b le  16 E lectric  p ow er o f  FG T U
2 P 2 4 0 1 2 P 2 4 0 2 2 P 2 4 0 3 2 P 2 4 0 4 2 p 2 4 0 8 2 p 2 4 0 9 2 p 2 4 1 0 2 A 2 4 0 1 2 A 2 4 0 2 t o t a l

A m p 5 . 4 6 3 6 . 0 0 1 1 9 . 0 0 1 5 .4 0 1 .0 0 1 .0 0 5 . 4 0 1 8 .0 0 2 4 . 0 0 2 2 5 . 2 6

k w a t t 2 . 8 7 1 8 .9 6 6 2 . 6 6 8 .1 1 0 . 5 3 0 . 5 3 2 . 8 4 9 . 4 8 1 2 .6 4 1 1 8 .6 1



T a b le  17  Stream  properties table o f  FG T U
Stream Flow (m V hr) T em perature

(๐C)
Pressure

(barg)
F e e d

F u e l gas 7 .30knm /hr 37 5.62
R ich  am ine 11.01m 3/hr 44 30

D E A 1 ทา5/]ท- 30 1

P r o d u c t s
sw eet gas 7.3 K nm /hr 40

A cid  gas to  su lfur un it 262nm /hr 70 0.353
H C  from  2D 2401 none

L ean  am ine to  3700 11.99 46.9 30
U t i l i t y  in

SL to  2j2403 1.931ton/hr 143.7 3.5
B F W  to  2J2403 216kg/hr 108 23.9
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J )  D a ta  f o r  S R U
T a b le  J 1  C hem ica l exergy  o f  acid  gas o f  sulfur recovery  unit

a c i d  e a s

k g m o l / h r B  s t d  k j / m o l e % n io le k g m o l / l i r B e l l  ( k W )

4 5 . 0 8 H 2 S 8 1 2 9 2 . 7 4 1 . 7 8 9 1 6 9 4 2 5 . 7 7 7 2

N H 3 3 3 7 . 9 0 . 6 0 . 2 7 0 4 8 2 5 . 3 8 7 5 5 3

H 2 2 3 6 . 1 1 0 . 4 5 0 8 2 9 . 5 6 4 9 6 7

H 2 0 0 . 9 5 .7 2 . 5 6 9 5 6 0 . 6 4 2 3 9

9 4 8 1 . 3 7 2 1

T a b le  J 2 .1  C hem ical exergy  o f  liquid  sulfur p roduct o f  su lfur recovery  unit
k g m o l / h r B  s t d  

k j / m o l e
% m o l e m a s s k g m o l / h r B c h  ( k W )

4 0 . 4 2 s u l f u r 6 0 9 . 6 1 1 .0 8 1 4 0 . 4 2 6 8 4 4 . 4 5 3 3

T a b le  J 2 .2  C hem ical exergy  o f  fuel gas
k g m o l / h r B  s t d  k j / m o l e % m o l e k g m o l / h r B c h  ( k W )

4 . 9 2 H 2 2 3 6 . 1 0 0 . 6 9 6 3 . 4 2 2 2 4 . 3 9

C l 8 3 1 . 6 5 0 . 0 8 5 0 . 4 2 9 6 .3 2

C 2 1 4 9 5 . 8 4 0 . 0 8 5 0 . 4 2 1 7 4 .5 3

C 3 2 1 5 4 . 0 0 0 . 0 8 3 0 .4 1 2 4 5 . 4 4

I c 4 2 8 0 5 . 8 0 0 . 0 2 0 0 . 1 0 7 6 . 2 0

n C 4 2 8 0 5 . 8 0 0 . 0 3 1 0 . 1 5 1 1 8 .1 3

C 5 + 3 4 6 3 . 3 0 0 . 0 2 6 0 . 1 3 1 2 3 . 7 9

1 0 5 8 . 8 0

T a b le  J 3  C hem ica l exergy  o f  stack gas
K G M O L / h r B  s t d  k j / m o l e % m o l e k g m o l / h r B c h  ( k W )

5 0 4 . 3 2 H 2 S 8 1 2 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

N H 3 3 3 7 . 9 0 0 . 0 0 0 . 0 0 0 . 0 0

H 2 2 3 6 . 1 0 0 . 5 2 2 . 6 2 1 7 1 . 9 9

H C 'S 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0



H 2 0 0 . 9 0 1 6 .7 2 8 4 . 3 2 2 1 . 0 8

S 0 2 3 1 3 . 4 0 0 . 1 5 0 . 7 6 6 5 . 8 6

C O 2 7 5 . 1 0 0 . 0 4 0 . 2 0 1 5 .4 2

C 0 2 1 9 .8 7 1 .1 5 5 . 8 0 3 2 .0 1

N 2 0 . 7 2 7 0 . 0 0 3 5 3 . 0 3 7 0 .6 1

0 2 3 . 9 7 1 1 .4 2 5 7 . 5 9 6 3 .5 1

1 0 0 . 0 0 4 4 0 . 4 7

T a b le  J 4  E xerg y  o f  steam  and w ater
S t r e a m  N a m e B F W S H S L 1 S L 2

S t r e a m  P h a s e W a t e r V a p o r V a p o r W a t e r

T e m p e r a t u r e K 3 8 8 . 1 5 4 9 1 . 1 5 4 2 3 . 1 5 3 9 5 . 1 5

P r e s s u r e B A R ( G A ) 2 9 . 0 0 2 0 . 7 0 3 . 4 0 1 .1 0

E n t h a l p y M * J / S E C 0 . 5 8 2 . 3 6 0 . 6 9 0 . 0 3

S p .  E n t h a l p y K J / K G 4 8 4 . 5 1 2 8 0 5 . 5 7 2 7 4 9 . 3 8 5 1 2 . 2 1

S p .  E n t r o p y K J / K G - K 1 .4 7 6 . 3 2 6 . 8 8 1 .5 5

M o l e c u l a r  W e i g h t 1 8 .0 1 1 8 .0 1 1 8 .0 1 1 8 .0 1

T o t a l  M a s s K G / S E C 1 .2 0 0 . 8 4 0 . 2 5 0 . 0 6

D r y  T o t a l  M a s s  
R a t e

K G / S E C

5 4 . 6 0 5 4 . 6 0 5 4 . 6 0 5 4 . 6 0

B k J / k g 1 0 0 . 7 9 9 7 6 . 7 0 7 5 4 . 3 2 1 0 5 . 1 7

B k W 1 2 0 . 9 5 8 2 0 . 7 0 1 8 9 . 6 3 6 . 2 8

T a b le  J 5  E xergy  o f  steam , condensate, and cooling  w ater
S t r e a m  N a m e พ ร W R S L 3 C P L 3

S t r e a m  P h a s e W a t e r W a t e r V a p o r M i x e d

T e m p e r a t u r e K 3 0 8 . 1 5 3 1 3 . 1 5 4 2 3 . 1 5 4 2 0 . 5 8

P r e s s u r e B A R ( G A ) 4 . 1 0 4 . 1 0 3 . 4 0 3 . 4 0

E n t h a l p y M * J / S E C 0 . 0 8 0 . 1 0 0 . 1 2 0 . 1 0

S p .  E n t h a l p y K J / K G 1 4 7 .1 3 1 6 8 . 0 0 2 7 4 9 . 3 8 2 3 0 2 . 3 2

S p .  E n t r o p y K J / K G - K 0 .5 1 0 . 5 7 6 . 8 8 5 .8 1
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M o l e c u l a r  W e i g h t 1 8 .0 1 1 8 .0 1 1 8 .0 1 1 8 .0 1

T o t a l  M a s s K G / S E C 0 . 5 6 0 . 6 0 0 . 0 4 0 . 0 4

D r y  T o t a l  M a s s  R a t e K G / S E C

5 4 . 6 0 5 4 . 6 0 5 4 . 6 0 5 4 . 6 0

B k J / k g 5 1 .2 1 5 2 .0 6 7 5 4 . 3 2 6 2 4 . 1 6

B k W 2 8 . 5 9 3 1 .4 5 3 2 . 0 6 2 6 .5 3

T a b le  J 6  E lectric  pow er o f  SRU
2 k 2 5 0 1 2 k 2 5 0 2 2 k 2 5 0 3 2 p 2 5 0 1 2 p 2 5 0 3 t o t a l

A m p 1 7 8 1 0 0 1 1 8 1 8 3 1 5

k i l o w a t t 9 3 . 7 2 4 7 3 3 5 2 . 6 5 4 3 4 0 . 5 2 6 5 4 3 4 9 . 4 7 7 7 8 2 0 2 9 . 4 7 7 7 8 2 1 6 5 . 8 6 1 2

T a b le  J 7  S tream  p roperties table o f  SRU
S tr e a m T o ta l M a s s (k g /h r ) T e m p e r a tu r e (0C ) P r e s s u r e (b a r g )

A C  I D G  A S 1 4 7 6 .0 7 0 .0 0 .6

S U L F U R 1 2 9 6 .0 1 4 0 .0 4 .0

S T A C K G A S 1 3 5 6 6 .0 3 0 0 .0 0 .0

F G 6 6 .0 4 0 .0 3 .0

พ ร 2 0 1 0 .0 3 5 .0 4 .1

W R 2 1 7 5 .0 4 0 .0 4 .1

S L 2 1 5 3 .0 1 5 0 .0 3 .4

C P L 2 1 5 3 .0 1 4 7 .4 3 .4

B F W 4 3 2 0 .0 1 1 5 .0 2 9 .0

S H 3 0 2 5 .0 2 1 8 .0 2 0 .7

S L 1 9 0 5 .0 1 5 0 .0 3 .4

S L 2 2 1 5 .0 1 2 2 .0 1.1

A I R 3 4 5 2 .0 3 0 .0 0 .6

A I R 2 1 7 0 6 .0 3 0 .0 0 .1

Q U E N C H  A IR 7 9 6 5 .0 3 8 .0 0 .0
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STAC K  GAS BFW  TO  PL3 W ATER SH FUEL GAS WR

FU EL OIL DEM IN W ATER  SH ELEC TR IC  พ ร

Figure 4.1 Sim ple process flow  d iagram  o f  p lan t 2
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