
R E S U L T S  A N D  D I S C U S S I O N
C H A P T E R  ÏV

In  th i s  c h a p te r  w a s  d is t in g u is h e d  in  tw o  p a r ts ,  p a r t  1 is  th e  a n a ly s is  in  
th e  e x e r g e t ic  e f f ic ie n c y  o f  th e  o v e r  a ll  p la n t  a n d  th e  s e c o n d  p a r t  is  th e  a n a ly s is  
in  to p p in g  u n i t  a n d  th e  m a in  e q u ip m e n t  o f  th is  u n it .

4 .1  C a lc u la t io n  o f  E x e r g e t ic  E f f ic ie n c y  fo r  O v e r a l l  P la n t

T h e  c a lc u la t io n  o f  e x e r g e t ic  e f f ic ie n c y  c a n  b e  d e te r m in e d  b y  e q u a t io n
3 .1  w h ic h  c a n  b e  e x p r e s s e d  in  th e  s im p le  fo rm

u s e f u l  +  A c c r e d i t s  +  A B SCp .11.a t j011
ๆ B = ------------------- ---------------------- — -------*100  (4 .1 )

A f j  d riv ing
In  o r d e r  to  c le a r ly  u n d e r s ta n d  in  th e  s c h e m e  o f  th is  p la n t  th e  p r o c e s s  f lo w  
d ia g r a m  o f  p l a n t  a n d  u t i l i t i e s  d ia g r a m  h a s  b e e n  i l lu s t r a te d  in  F ig u r e  4 .1 ,  4 .2 , 
a n d  4 .3  r e s p e c t iv e ly .  T h e  r e s u l t  o b ta in e d  f r o m  c a lc u la t io n  f o r  th is  p l a n t  w a s  
p r e s e n te d  in  T a b le  4 .1 .
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F i g u r e  4 .1  S im p le  p r o c e s s  f lo w  d ia g r a m  o f  p la n t  2
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F i g u r e  4 .2  S im p le  p r o c e s s  f lo w  d ia g r a m  o f  s te a m  a n d  w a te r  u t i l i ty  in  p la n t  2  _
VO
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F ig u r e  4 .3  S im p le  p ro c e ss  f lo w  d ia g ra m  o f  c o o lin g  w a te r  an d  e le c tr ic ity  in  p la n t 2
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T a b le  4 .1  In p u t an d  o u tp u t e x e rg y  o f  p la n t 2
Input Exergy

(kW)
Output Exergy

(kW)
Feed Products
Crude Bphy 483.7 Sulfur 171.3

Bche 2598425.9 7694.9
Naphtha from plant3 Bphy 15.3 Kerosene 62.6

Bche 326709.4 328086.5
Bphy Isomerate 6.0
®che 291614.8
Bphy HSD 56.8
^che 884589.2
®phy LPG lig 0.3
Bche 245.0
Bphy Reformate 8.1
^che 366659.1
Bphy Fuel oil 326.4
Bche 1017654.9
Bphy Sourwater 2.5
^che 384.6
Bphy Fuel gas out 160.8
Bche 29442.2

B of mixing 1433.1
Input Utility Output Utility

SH Btot 7247.0 BFW to plant3 104.9
DEMIN Btot 299.1 water 363.4

B credit
SH out from WHB 4992.5

Burner
Fuel oil Bphy 4.3 Stack 984.6

Bche 15332.7 2945.2
Air Bphy 12.0

Cooling water in 21577.2 Cooling water out 21843.1
Electric 4173.3

Total 2958314.1 2937012.2
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4 .1 .1  U se fu l E x erg y
In  th is  p la n t u se fu l e x e rg y  (A B usefu)) is e q u a l to  th e  d if fe re n c e  

b e tw e e n  th e  su m  o f  to ta l e x e rg y  o f  p ro d u c ts  an d  th e  su m  o f  to ta l e x e rg y  o f  
feed s .
P ro d u c t

L iq  su lfu r Bphy =  171.3 k W
Bche =  7 6 9 4 .9  k W

K e ro se n e Bphy =  6 2 .6  k W
Bche =  3 2 8 0 8 6 .5  k W

Is o m e ra te Bphy =  6 .0  k W
Bche =  2 9 1 6 1 4 .7  k W

H sd Bphy = 56 .8  k W
Bche =  8 8 4 5 8 9 .2  k W

L P G Bphy =  0 .3 4  k W
Bche =  245  k W

R e fo rm a te Bphy =  8.1 k W
Bche =  3 6 6 6 5 9  k W

F u e l o il Bphy =  3 2 6 .4  k W
Bche =  1 0 1 7 6 5 4 .9 k W

S o u rw a te r Bphy =  2 .5  k W
B che =  3 8 4 .6  k W
Bche =  2 9 4 4 2 .2  k W
T o ta l =  2 9 2 7 1 6 5 .9 k W

C ru d e Bphy =  4 8 3 .7  k W
Bche =  2 5 9 8 4 2 5 .9 k W

N a p h th a  (P la n t3 ) Bphy =  15.3 k W
Bche =  3 2 6 7 0 9 .4  k W
T o ta l =  2 9 2 5 6 3 4 .3  k W
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.-.AB u se fu l =  2 9 2 7 1 6 5 .9 -2 9 2 5 6 3 4 .3  k w
=  1531 .6  k W

4 .1 .2  C re d it  E x erg y
A  c re d it  e x e rg y  (ABcredit) is  th e  h e a t th a t is  g e n e ra te d  fro m  the 

p ro c e ss . In  th is  p la n t it c o n s is t  o f  a  w as te  h e a t b o ile r  to  re c o v e ry  h e a t fro m  all 
o f  s ta ck  g as  f ro m  se v en  b u rn e rs  in  T P U , N T U , an d  C R U . T h e  b o ile r  feed  
w a te r  (B F W ) w a s  fe d  to  th e  w as te  h e a t b o ile r  to  g e n e ra te  h ig h -p re ssu re  steam  
(S H ).

ABcredit =  4 9 9 2 .5 -2 9 9 .1 =  4 6 9 3 .4  k w

4 .1 .3  E x e rg y  C h a n g e  d u e  to  S e p a ra tio n
In  th is  p la n t th e  e x e rg y  c h a n g e  d u e  to  se p a ra tio n  (A B mjxing ) w as 

c a lc u la te d  b y  e q u a tio n  1 .4  an d  the  sum  o f  
ABmixing in  e v e ry  u n it  w as  a c c u m u la te d  to  g iv e  A B mixjng o f  p la n t 

ABmixing =  1 4 3 3 .1  k w

4 .1 .4  D riv in g  E x erg y
T h e  d riv in g  e x e rg y  (ABdriving) o f  th is  p la n t is  th e  su m m a tio n  o f

(Bfuel oi i)+ (B  steam“B  condensate)~^(B\vs“B wr)+ B  electric-
Bfiiel oil

B steam"B condensate

B ws- B wr

Belectric
T h e  to ta l o f  d riv in g  e x e rg y  =

(4 .3 + 1 5 3 3 2 .6 )
1 5 3 3 6 .9  k w
7 5 4 6 .2 -  4 6 8 .4  
7 0 7 7 .8  k w
2 1 5 7 7 .2 -  2 1 8 4 3 .1  
-2 6 5 .8  k w  
4 17 3  k w
1 5 3 3 6 .9 + 7 0 7 7 .8 -2 6 5 .8 + 4 1 7 3
2 6 0 3 5 .1  k w



2 4

^  ^  : 1 5 3 1 .6 + 1 4 3 3 .1 + 4 6 9 3 .4 .1 - - _  , ft/Exergeticefficiency= ---------- _ *100=29.4%26035.1

T h e  d e g re e  o f  p e r fe c tio n  o f  th is  u n it  can  b e  c a lc u la te d  b y

>SHout + B UTOUTๆ p =

ๆ p =

4 0 0B product + B 5
Bfeed + B SH + B dermn + B FO + B elec

2 9 2 7 1 6 5 .9  +  4 9 9 2 .5  +  4 6 8 .4  
2 9 2 5 6 3 4 .3  +  7 2 4 7  +  299.1  + 15349  +  4 17 3 .3 =  9 9 .3 %

(4 .2 )

4 .2  C a lc u la t io n  o f  E x e r g e t ic  E f f ic ie n c y  f o r  T o p p in g  U n it

T h e  e x e rg y  e ff ic ie n c y  o f  T o p p in g  u n it  can  b e  c a lc u la te d  b y  e q u a tio n
4.1 a n d  th e  p ro c e s s  sc h em a tic  f lo w  d ia g ra m  w as  illu s tra te d  in  F ig u re  4 .4 . T h e  
re s u l t  o b ta in e d  fro m  c a lc u la tio n  fo r  th is  u n it  w as  p re s e n te d  in  T a b le  4 .2 .

F ig u r e  4 .4  S im p le  p ro c e ss  flo w  d ia g ra m  o f  T P U
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T a b le  4 .2  In p u t an d  o u tp u t e x e rg y  o f  T  PU
In p u t Exergy

(kW )
O u tp u t Exergy

(kW )
Feed P roducts

B o f  crude Bphy 484.3 O ff gas 0.6
LPG 27.9

N aphtha 435.6
K erosene 89.0

Diesel 854.6
Gasoil 123.9

RC 328.7
Exergy o f  m ixing 1027.6

In p u t U tilit ie s O u tp u t U tilities
D esalt w ate r in Btot 133.8 D esalt w ater out 189.5

B FW Btot 79.2 C ondensate 63.2
B o f  hot oil in Bphy 2097.1 B o f  hot oil out 1076.4
L ow  p  steam Btot 177.5

M E D  p  steam Btot 103.4
B u r n e r

B o f  fuel gas in 2F101 Bphy 60.5 Stack gas 1097.1
Bche 11280.8 1212.5

B o f  fuel g as in F 102 Bphy 40.4 Stack gas 2112.9
Bche 10337.5 747.7

Fuel oil Bphy 1.3
Bche 4372.0

B o f  air in Bphy 1.4
C ooling w ater in Btot 69905.6 C ooling w ater out 69987.1

E lectric 406.0
total 96405.5 total 76486.4
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4.2.1 U seful Exergy
In th is un it the p rocess is only separation  and does no t have any 

chem ical reactions, so the chem ical exergy does no t change. The ABusefu| is 
only the chang ing  o f  the physical exergy.
Product

O ff  gas Bphy =  0.6 kW
Lpg Bphy = 27.9 k w
N ap h th a Bphy =  435.6 kW
D iesel Bphy =  854.6 k w
G as oil Bphy =  123.9 k w
K erosene Bphy =  0.9 k w
R esidue crude Bphy =  328.7 k w

Total = 1860.3 k w

C rude Bphy =  484.3 k w
Total =  484.3 k w

AB usefu l =  1860.3-484.3kW
= 1376 k w .

4 .2 .2  E xergy  C hange due to  Sépar ation
In th is un it there are th ree d istilla tion  colum ns. The sum  o f 

ABmjxing o f  the th ree colum n give ABmixing o f  the un it as
ABmixing 1027.6 k w

4.2 .3  D riving E xergy
T he driv ing exergy  o f  th is un it are

Bsteam“Bcondensate = 493 .8-252 .6 =241.2  k w
Bfuelgas^BfheiQjl-Bstack =  26093.9-5170.2 = 20923 .6kW
B พร- Bwr = 69905.6-69987.1 =-81.5 k w
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Belectric 
Bhotoi] (in-out) 
• • ABdriving

= 405 .9  kW
= 2097.1-1076.4  =1020.7  kW
= 241 .2+ 20923.6-81 .5+405.9+ 1020 .7
= 22509.9  kW

4.2 .4  C redit Exergy
In this un it does no t has B credit

.'.E xerge tic  effic iency  =  .6 +  1376 ) iiqQQ = 1 0  7 %
22510

A nd the degree  o f  perfection  o f  TPU  unit can be determ ined from

®  products ~^® hotoil
ๆ p =

 ๆp =

B fe e d  A ^ U T i n  " ^ ^ f u e lg a s  ^ ^ e l e c t r i c  ~*~^hotoilin 

2623406.9 + 457069.2

iOO (4.3)

2622030.9 + 495.2 + 26092.5 + 405.9 + 458089.9 *100 = 99.1%

4 .3  C a lc u la t io n  o f  E x e r g e t ic  E f f ic ie n c y  fo r  N a p h t h a  P r e t r e a t in g  U n it

The exergetic effic iency  o f  T opp ing  unit can be calcu lated  by  equation
4.1 and the process schem atic flow  diagram  w as illustrated  in  Figure 4.5. The 
resu lt ob tained  from  calcu lation  fo r th is un it w as p resen ted  in  T able 4.3

F ig u r e  4.5 S im ple process flow  diagram  o f  N TU
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T a b le  4.3 Inpu t and output exergy o f  N TU
Input Exergy O utput E xergy

(kW ) (kW )
F eed Products

h 2 Bphy 701.7 G asout 2D201 629.1
Bche 44646.6 31487.4

N ap h th a  from  2C 105 Bphy 207.3 G asout 2D 202 32.6
Bche 417559.7 11616.0

N ap h th a  from  plant3 Bphy 11.7 T reated  light naphtha 49.6
Bche 251669.0 257302.5
Bphy T reated  heavy naphtha 19.7
B che 418863.4
Bphv Sourw ater 0.3
Bche 27.5

B o f  m ixing 794.5
I n p u t  U t i l i t i e s O u tp u t  U t i l i t ie s
SH to 2E 207 Blot 780.7 C PH  out 2E207 53.5
SH to 2E208 Blot 1757.7 C PH  out 2E208 201.7

B u r n e r
Fuel Bphy 11.3 Stack 636.4

Bche 3856.3 200.3
Fuel oil Bphy 3.1

Bche 10951.2
A ir Bphy 0.4

C o o l in g  w a t e r  in C o o l in g  w a t e r  o u t
2E203 414.6 2E203 419.9
2E 206 190.1 2E206 192 5
2E 209 587 5 2E209 594.9

E lectric 230 1
T o t a l 734373.5 T o ta l 721539.8
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4.3.1 U seful Exergy
In this p lan t ABusefui is equal to the d ifference be tw een  the sum 

o f  to tal exergy  o f  products and the sum  o f  total exergy o f  feeds.
Feed

H2 Bphy = 701.7
Bche- 44646.6

N aphtha(T P U ) Bphy 207.3
Bche- 417560

N aphtha(p lan t3 ) Bphy 11.7
Bche 257669.0

Total B feed 714796 kW
Product

G as ou t from  2 D 2 0 1 Bphy 629.1
Belie 31487.4

G as out from  2D 202 Bphy — 32.6
Bche = 11616

T reated  light naph tha  Bphy = 7.4
Bche = 254907.2

T reated  heavy naph tha  Bphy = 19.7
Bche = 418863.4

Total B Product = 720028 k w

AB useful = 720028-714796  = 5202 k w .

4.3 .2  Exergy C hange due to Separation
In this unit it w as the sum  o f  ABmixing from  every  d istillation

colum n in unit.
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ABmixing = 794.5 k w

4.3 .3  D riving Exergy
In this unit the ABdriving w as calculated  by  fo llow ing  detail.

Bsteam-B Condensate =  2538.3-225.3 =  2283 k w
Bfuelgas^~Bfue| 0 il—Bstack = 14822.4+10954-83673 = 2493 9 .7kW
B ws-B wr = 1192.2-1207.2 = -15kW
Belectric =  230.1 k w

driving =  2283+24939.7-15+230.1 =  2 7 4 3 8 .8kW

.’.E x e rg y  efficiency = + *100 = 2 1  .85 %27438 .8
A nd the degree  o f  perfection  o f  N T U  un it can be determ ined from

r|P: ®products + ®UTout
®feed + ®UTin + ®fuelgas + ®electric

ฯ 00 (4.4)

720028 + 53.5 + 201.7 
ฦ = 714796 + 2538.3 + 14822.3 + 230.1 =98.4%
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4 .4  C a lc u la t io n  o f  E x e r g e t ic  E f f ic ie n c y  f o r  G a s o i l  P r e t r e a t in g  U n it

The exergetic  efficiency o f  G asoil P retreating  U n it can be calculated 
by equa tio n  4.1 and the process schem atic flow  diagram  w as illustrated  in 
F igure 4.6. T he resu lt obtained from  calcu lation  fo r th is u n it w as presen ted  in 
T able  4.4.

S ta c k g a s

F ig u r e  4.6 S im ple process flow  diagram  o f  G O TU
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Table 4.4 Input and output exergy of GOTU
Input Exergy

(kW)
Output Exergy

(kW)
Feed Products

Gasoil feed B p h y 1103.0 Treated gas oil 76.2
B c h e 976780.3 948707.1

Poor amine B p h y 28.1 Wild gasoline 0.6
B c h e 24298.3 18640.1

water B p h y 1.2 Sour water 1.9
B c h e 34.8 289.5

H2 make up B p h y 0.3 Rich amine 26.7
B c h e 41.9 27783.1
B p h y Sour gas 88.8
B c h e 7793.6

B of mixing 274.3
Input Utilities Output Utilities

BFW 44.7
SH to ejector 175.6

Burner
Fuel B p h y 5.7 Stack 869.4

B c h e 7793.2 404.8
AIR B p h y 0.8

Cooling water in Cooling water out
2E3712 518.3 2E3712 524.8
2E3709 190.1 2E3709 192.1
2E3708 932.9 2E3708 944.7
Electric 469.0
Total 1012692.5 Total 1005206.6
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4.4.1 Useful Exergy
In this plant ABuseful is equal to the difference between the sum 

of total exergy of products and the sum of total exergy of feeds.
Product

Treated gasoil B p h y  + B c he = 76.2+948707.1 kW
Wild gasoline B p h y  +Bche = 0.6+18640.1 kW
Rich amine B p h y  É B c he = 26.7+27783.1 kW
Sour water B p h y  Ë B c h e = 1.9+289.5 kW
Sour gas B p h y  Ë B ç h e = 88.6+7793.6 kW

Total = 1003407.6 kW

Gasoil B p h y  ”b B c he = 1103+976780.3 kW
Poor amine B p h y  B c he = 28.1+24298.3 kW
Water B p h y  ”^ B c he = 1.2+34.8 kW
H2make up B p h y  “t~ B c he = 0.3+41.9 kW

Total = 1002288 kW
.-.ABuseful = 1003407.6-1002288 kW

= 1119.6 kW

4.4.2 Exergy Change due to Separation
In this unit it was the sum of ABmixing from every distillation

column in unit.
ABmixing = 274.3 kW

4.4.3 Driving Exergy
In this unit the ABdnving was calculated by following detail.

Bsteam-Bcondensate = 220.3-1.9 = 218.4 kW
Bfueigas"Bstack = 7799.7-1274.2 -  6525.5kW

= -3.5 kWBws-Bwr 241.4-244.9
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B  e lec tr ic  =  1 1 8 . 6 k w

À B d r i v in g  =  2 1 8 . 4 + 6 5 2 5 . 5 - 3 . 5 + 1 1 8 . 6  = 6 8 5 9 k W

Exergetic efficiency = -------------------- * 100 = 20.3%6859

And the degree of perfection of GPU unit can be determined from
„  _ Bpr 0 ri11ctsๆp = —----- — ------yU-------- —------- *100 (4 5\

B f e e d  B u r i n  +  B f n g j g g g  +  B g ig c t n ic

rip = ------------ 10°M07-6______ -.100  = 99.3%1002288 + 220.3 + 7 7 9 9 . 7  +  4 6 9

4.5 Calculation of Exergetic Efficiency for Deethane Unit

The exergetic efficiency of Deethane Unit can be calculated by 
equation 4.1 and the process schematic flow diagram was illustrated in Figure
4.7. The result obtained from calculation for this unit was presented in Table 
4.5.

Figure 4.7 Simple process flow diagram of dethanizer unit
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Table 4.5 Input and output exergy of deethanizer unit
Input Exergy Output Exergy

(kW) (kW)
Feed Products

LPG feed B p h y 161.9 LPG product 145.6
B c h e 113726.3 108721.0
B p h y off gas 19.2
B c h e 4821.3

B of mixing 26.2
Input Utility Output Utility

SL B to t 148.4 CPL 71.5
Cooling water in Cooling water out

2E131 B t o t 135.6 2E131 135.7
2E133 B t o t 419.0 2E133 424.3

Electric 44.8
Total 114635.9 Total 114364.8

4.5.1 Useful Exergy
In this unit the process is only separation and does not have any 

chemical reaction ,so the chemical exergy does not change. The A B u s e f u l  is only 
changing due to physical exergy.

Product

Feed

A B u s e f u l  B p h y  o f  p r o d u c ts " B fe e d

Lpg product B p h y = 145.6 kW
Off gas B p h y = 19.2 kW

Lpg feed B p h y = 161.9 kW
.'. AB useful = 164.8-161.9

= 2.9 kW

I ' ! CU > 5  S55 ๆ  ‘ซ
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4.5.2 Exergy Change due to Separation
In this unit it was the sum of A B m ix in g  from every distillation

column in unit.
ABmixing = 26.2 kW

4.5.3 Driving Exergy
In this unit the A B d r iv in g  was calculated by following detail.

®  s t e a m - B c o n d e n  sate

Bws-Bwr
B e le c t r ic  

• • A B d r i v in g

= 148.4-71.5 = 76.8kW
= 554.6-560 = -5.6 kW
= 44.8 kW
= 76.8-5.6+44.8 = 116.2kW

Exergetic efficiency = ^  = 25.03 %

And the degree of perfection of Dethanizer unit can be determined from
®  products ®  utout

O p
® feed  ® U T in  ^ e le c tr ic

400 (4.6)

ๆ  p -  | ° 7 ,  E 7 1 ; 5 —  * 1 0 0 = 9 9 . 7 %
1 1 3 8 8 8 . 2  +  1 4 8 . 3  +  4 4 . 7
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4.6 Calculation of Exergetic Efficiency for Isomerization Unit

The exergetic efficiency of Isomerization Unit can be calculated by 
equation 4.1 and the process schematic flow diagram was illustrated in Figure
4.8. The result obtained from calculation for this unit was presented in Table 
4.6.

Figure 4.8 Simple process flow diagram of ISOU
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T a b le  4.6 Inpu t and output exergy o f  I s o u
IN O U T

F e e d k w P r o d u c ts kW
T reated  ligh t naph tha Bphy 16.9 Isom erate 6.1

Bche 323499.4 307217.6
H 2 Bphy 167.4 G as out 98.0

Bche 20369.2 37035.9

B o f  m ixing 108.7
I n p u t  U t i l i t i e s O u tp u t  U t i l i t ie s
SH to E 2809 Btot 719.8 C PH 450.4
SH to E 2804 Blot 34.8 C PH 1.9
SH toE 2808 Btot 231.7 C PH 15.1

C o o l in g  w a t e r  in C o o l in g  w a t e r  o u t
2E2801 Btot 111.2 111.3
2E 2810 Btot 635.3 635.9
2 E 2 8 11 Btot 349.4 349.7
2E 2812 Btot 785.7 786.4
2E2813 524.1 524.6
E le c t r ic Btot 280.1

T o ta l 347724.8 347232.9

4.6.1 U sefu l E xergy
In th is p lan t ABusefil] is equal to the d ifference be tw een  the sum 

o f  to ta l exergy  o f  products and the sum  o f  to tal exergy o f  feeds.
P roduct

Isom erate Bphy = 6.1 k w
B che = 307217.6  k w
Bphy = 98 k wG as out
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Bche = 37035.9 kW
Total = 344357.6kW

L ight naph tha Bphy = 16.9 k w
Bche = 323499.4 k w

H2 Bphy = 167.4 k w
Bche = 20369.2 k w
Total =  344052.9 k w

.'.AB useful = 344357.6-344052.9  k w  
= 304.7 k w

4 .6 .2  Exergy C hange due to Separation
In th is un it it w as the รนทไ o f  ABmixing from  every distillation

colum n in  unit.
ABmiX)ng =  108.7 k w

4.6.3 D riving E xergy
In th is un it the ABdriving w as calculated  by fo llow ing  detail.

Bsteam-® condensate = 986.2-467.4 = 518.8kW
B ws-B wr = 2405.6-2407.9 = -2.3 kw
Belectric = 280.1 kw
• • ABdriving = 518.8-2.3+280.1 = 796.6kW

.‘.Exergetic efficiency = 304.7+'10 * 1 0 0  = 51 9%
796.6

A nd the degree o f  perfection  o f  the Isom eration unit can be determ ined from

ใ า p  =
® products utout

Bfeed "'"^UTin electric
ฯ 00 (4.7)

T|P = 344357.6 + 467.4 
344052.9 + 986.2 + 280.1 *100=99.7%



4 0

4 .7  C a lc u la t io n  o f  E x e r g e t ic  E f f ic ie n c y  f o r  C a ta ly t ic  R e f o r m in g  U n it

T he exergetic  efficiency o f  catalytic  reform ing  unit can be calculated 
by equa tio n  4.1 and the process schem atic flow  diagram  w as illustrated  in 
F igure 4.9. T he resu lt obtained from  calculation fo r th is un it w as presen ted  in 
T able 4.7.

F ig u r e  4.9  S im ple process flow  diagram  o f  CRU
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T a b le  4 .7  Inpu t and output exergy o f  CRU
In p u t E x e r g y  (k W ) O u tp u t E x e r g y  (k W )

F e e d P r o d u c t s

H e a v y  n a p h th a Bphy 5 1 .5 R e fo r m a te 7 .3

Bche 3 2 9 0 6 6 .2 2 8 1 0 0 9 .2

Bphy H 2  to  IS O U 0 .8

Bche 4 2 .7

Bphy H 2  to  N T U 8 1 .8

Bche 4 9 1 0 .8

Bphy L P G 6 1 .6

Bche 3 8 1 6 4 .1

Bphy F u e l  g a s  fro m  to p 2 C 3 0 2 2 3 .8

Bche 5 1 8 6 .6

Bphy F u e l g a s  from  t o p 2 D 3 0 2 0 .2

Bche 1 8 .0

C r e d i t

H o t  o i l  fr o m  T P U Bphy 1 0 7 6 .4 H o t o i l  to  T P U 2 0 9 7 .1

B F W Btot 5 4 .4 S H (o u t )2 E 3 0 9 7 0 3 .5

C o o l in g  w a t e r  in C o o l in g  w a t e r  o u t
E 3 0 2 Btot 1 1 9 1 .0 E 3 0 2 1 1 9 2 .4
E 3 0 3 Btot 1 0 1 6 .4 E 3 0 3 1 0 1 7 .5
E 3 0 6 Btot 1 1 1 1 .6 E 3 0 6 1 1 1 2 .9
E 3 0 7 Btot 3 2 7 .1 E 3 0 7 3 2 7 .5

B u r n e r
2 F 3 0 1 Bphy 9 .6 S ta ck 2 0 5 .1

Bche 3 5 5 6 .0 2 5 7 .0
2 F 3 0 2 Bphy 2 3 .4 S ta ck 3 3 5 .2

Bche 5 8 0 4 .9 4 1 9 .6
2 F 3 0 3 Bphy 9 .3 S ta c k 1 5 8 .9

Bche 2 7 5 2 .3 1 9 9 .0
2 F 3 0 4 Bphy 1 0 .4 S ta ck 1 5 2 .2

Bche 3 2 1 7 .3 2 3 2 .6
A ir  in Bphy 9 .0

I n p u t  U t i l i t y O u t p u t  U t i l i t y
S H ( in )  2 k 3 0 1 2 9 1 9 .4 S L  o u t ( 2 k 3 0 1 ) 2 0 9 4 .9

E le c tr ic ity 1 4 7 .7

T o t a l 3 5 2 2 0 6 .3 T o ta l 3 4 0 0 1 2 .4
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4.7.1 U sefu l E xergy
In this p lan t ABusefu] is equal to the d ifference betw een  the sum 

o f  to tal exergy  o f  products and the sum  o f  total exergy o f  feeds.
Product

R eform ate Bphy =  7.3 k w
Bche =  281009.2  k w

H 2ou t Bphy =  0 .7 9 + 8 1.8kW
Bche =  42.74+4910.8  k w

L PG Bphy = 61.6 k w
Bche = 38164.1 k w

Fuel gas out(2C3C2) Bphy =  23.8 k w
Bche = 5186.6 k w

Fuel gas ou t(2D 302) Bphy =  0 . 2 2  k w
Bche = 18 k w
Total =  329507 k w

heav ynaph tha Bphy =  51.5 k w
Bche = 329066 .2kW
Total =  3 2 9 1 17.7kW

• • ABusefui =  329507-329117.7  k w
= 389.3 k w

4 .7 .2  Exergy C hange due to Separation
In this un it it w as the sum  o f  ABmjxjng from  eveiy  d istillation

colum n in unit.
A B m ixing = 223.8 k w
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4.7.3 C red it Exergy
T his un it sends hotoil as a heat source in D ebutan izer reboiler 

(2 E 126),therefo re  AB(hotoii-coidoii) w ill be the ^credit fo r th is unit.
Bhotoil to T P U  —B cold oil from T P U  2097. 1 - 1076.4

=  1020.7 kW
A dditional, h igh-pressure  steam  th at w as generated  from  2E309 is also

a cred it
B credit- B s h  - B B f w  = 703.5-54.4

=  649.2 kW

4.7 .4  D riving E xergy
In th is un it the ABdriving w as calcu lated  by fo llow ing  detail.

Bfuel gas-B stack
BsH-BsLout
B ws-B wr
Belectric 
• • ABdriving

=  15383.3-1959.5 =  13423.7kW
= 2919.4-2094.9  = 824.6kW
= 3646.2-3650.4  =  -4.2 kW
= 147.7 kW
= 13423.7+ 824.6-4 .2+ 147 .7= 14391 .8kW

.‘.E xergetiœ ffïciency= 3 89.3+1020.7+649.2+223.8 
14391.8 *100=15.9%

A nd the degree  o f  perfection  o f  C ataly tic  R eform ing un it can be determ ined 
from

 ๆp =

ๆ?

Bproducts + Butout + BsLout 
Bfeed + Bfuel + Buxin + Belectric

329507 + 2800 + 2094 
29118 + 15392 + 4050 + 148

c1 0 0

100 = 95.9%

(4.8)
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4 .8  C a lc u la t io n  o f  E x e r g e t ic  E f f ic ie n c y  fo r  L P G  T r e a t in g  U n it

T he exergetic  effic iency  o f  LPG  treating  U nit can be calculated  by 
equation  4 .1 . A nd the process schem atic flow  diagram  w as illustrated  in 
F igure 4 .10. The resu lt ob tained  from  calculation  fo r th is un it w as presen ted  in 
T able  4.8.

}
F ig u r e  4 .1 0  Sim ple process flow  diagram  o f  LPG U

T a b le  4 .8  Input and output exergy  o f  LPG U
Input Exergy (kW ) Output Exergy (kW )

Feed Products

LPG c l 05 Bphy 0.1 Treated LPG 0.6

^che 85.3 437.5

LPG c l 06 Bphy 0.02 Vent gas 0.1

®che 18.9

LPG plant3 Bphy 0.5 D isu lfide  o il 0.0

Bche 335.1 0.6

A IR Bphy 0.2

U til ity  in U til ity  out

B sl Btot 32.4 B c p l 5.8

E lectric 2.1

Total 442.2 Total 516.8
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4.8.1 U seful E xergy
In this p lan t ABusefhi is equal to the difference betw een  the sum

P roduct

F eed

exergy  o f  products and the sum o f  total exergy o f  feeds.

T rea ted  LPG Bphy = 0.6 kw
Bche = 437.5 kw

V ent gas Bphy = 0.1 k w
D isu lfide  oil Bphy = 0.00002 k w

Bche = 0.6 k w
Total = 438.9 kw

L PG  from  2C105 Bphy = 0.1 kw
Bche = 85.3 kw

L P G  from  2C 106 Bphy = 0.02 kw
Bche = 18.9 kw

L PG  from  plant3 Bphy = 0.5 kw
Bche = 335.1 kw
Total = 440.1 k w

AB useful = (438.9-440. l)k W
= -1.2 k w

4 .8 .2  D riv ing Exergy
In this un it the ABdriving w as calculated  by fo llow ing  detail. 

B sl-B cpl = 26.6 kw
Belectric = 2 .1  kw
.'. ABdriving = 26.6+2.1 kw

= 28.7 kw

= ^ * 1 0 0  = - 4 .6 3 %E xergetic  efficiency 28.7
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Since AB usefu l is negative it m eans the exergy is used to carry out a process 
w hich  does n o t actually  require  w ork and w ork is dissipated  in the process.
T he degree o f  perfection  is determ ined  to express unit perform ance.

.•.ท ุ 1, = —  4 3  —  _ * 1 0 0 = 9 3 .6 %  (4.9)P (44 0 .1  + 2 8 .7 )

4 .9  C a lc u la t io n  o f  E x e r g e t ic  E f f ic ie n c y  fo r  F u e l  G a s  T r e a t in g  U n it

T he exergetic  effic iency  o f  Fuel Gas treating  U nit can be calculated  
by equation  4.1. and the process schem atic flow  diagram  w as illustrated  in 
F igure 4.11. T he resu lt ob tained  from  calculation  for this un it was presen ted  in 
T able  4.9.

CPL
SL

F ig u r e  4 .1 1  Sim ple process flow  diagram  o f  FG TU
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T a b le  4 .9  In p u t an d  o u tp u t e x e rg y  o f  F G T U
I n p u t Exergy O u tp u t Exergy

(kW ) (kW )
F eed Products

Fuel gas Bphy 430.2 Lean am ine 22.8
Bche 69730.8 25611.5

R ich am ine Bphy 33.0 A cid gas 3.6
Bche 26668.6 2574.3

D EA  fresh Bphy 0.3 Sw eet gas 327.5
Bche 68481.3

B m ixing 31.9
I n p u t  U t i l i t y O u t p u t  U t il i ty

SL Bfot 521.3 CPL 37.3
B FW 5.6

C o o l in g  t o w e r  in C o o l in g  to w e r  o u t
2E2401 Btot 241.4 2E2401 244.9
E lectric 118.6

T o ta l 98068.0 T o ta l 97303.2

4.9.1 U sefu l Exergy
In th is p lan t ABuseful is equal to the d ifference betw een  the sum

o f  to tal exergy  o f  products and the sum  o f  to tal exergy o f  feeds. 
P roduct

Sw eet gas

L ean  am ine

Bphy = 327.5 kW
Bche = 68481.3 kW
Bphy = 22.8 kW
Bche = 25611.5 kW
Bphy = 3.6 kWA cid  gas
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B c h e = 2574.3 kW

Feed
Total = 97021 kW

Fuel gas B p h y = 430.2 kW
B c h e =  69730.8 kW

R ich am ine B p h y = 33 kW
B c h e = 26668.6 kW
Total = 96863 kW

AB useful = 97021-96863kW  
= 158 kW

4.9 .2  E xergv  C hange due to  Separation
In this un it it w as the sum o f  ABmixing from  every d istilla tion

colum n in unit.
ABm;xjng = 31.9 kW

4.9.3 D riv ing E xergv
In th is un it the ABdriving w as calculated by fo llow ing  detail.

B s t e a m - B  c o n d e n s a te = 526.9-37.3 = 4 8 9 .6kW
l^ws_Bwr = 241.4-244.9 = -3.5 kW
B e l e c t r i c = 118.6kW
• • ABdriving = 489.6-3 .5+118.6 = 604 .6kW

Exergy efficiency 158 + 31  9 *100 = 31 .5 %604 6

The degree o f  perfection  o f  the Fuel Gas Treating unit can be determ ined from
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^p ro d u c ts  ® u tou t J. 1 nA

11p = Bfeed + BOTi„ +  B elecmi (4 1 0 )
9 7 0 2 1 + 3 7  3= ------ ------*100  =  9 9 .5 %

9 6 8 6 3 + 5 2 7  +  118 .6

4 .1 0  C a lc u la t io n  o f  E x e r g e t ic  E f f ic ie n c y  fo r  S u lf u r  R e c o v e r y  U n it

B ecause  th is un it uses a feed as acid  gas to  be reactan t in  a com bustion 
reac tion  it serves as the driving exergy  and the source o f  the princip le 
com ponen t o f  the useful product. T herefore, the exergetic  effic iency  from  
equation  4.1 cannot be determ ined. T herefore, the D egree o f  perfection  (qp ) 
g iven un it perform ance. U sing w ith  equation 3.5, TIP can be determ ined for 
th is un it by  equation  4.2. The process flow  diagram  w as show n in Figure 4.12 
and the resu lt obtained from  calculation  fo r this unit w as p resen ted  in Table
4.10.

b p
B +  Bproduct + Bgenerated steam  cpl * 1 0 0 (4.11)

F ig u r e  4 .1 2  Sim ple process flow  diagram  o f  SRU
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T a b le  4.10 Input and output exergy of SRU
I n p u t Exergy

(kW )
O u tp u t Exergy

(kW )
F eed Products

A cid  gas Bphy 13.6 Sulfur 147.7
Bche 9481.4 6844.5

I n p u t  U t i l i t i e s O u t p u t  U t i l i t ie s
Fuel gas Bphy 4.7 Stack gas 331.1

Bche 1058.8 440.5
A ir to b u rner Bphy 44.9

C r e d it
B F W Btot 120.9 s l 3 633.8

Btot SL, 189.6
Btot s l 2 6.3

C o o l in g  w a t e r  in C o o l in g  w a t e r  o u t
พ ร Btot 28.6 W R 31.5
s l 3 Btot 32.1 c p l 3 26.5

E lectric 165.9
T o t a l 10950.8 T o ta l 8838.3

4.10.1 U sefu l Exergy
In th is p lan t AB u s e f u l  is equal to the d ifference betw een  the sum  

o f  to tal exergy  o f  products and the sum  o f  to tal exergy o f  feeds.
P roduct

L iquid  su lfur Bphy = 147.7 kW
Bche = 6844.5 kW
Total = 6992.2 kW

A cid  gas Bphy = 13.6 kW
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Bche = 9481.4  k w
Total =  9495 k w

ABusefui = 6992.2-9495kW
= -2502.8 k w

4 .1 0 .2  C redit Exergy
T his un it generates low  pressure steam  from  stack gas 

therefore  the ABcredit is
B sl-B bfw = (633 .8+ 189 .6+ 6 .3)-120 .9  

=  708.8 k w

4.10.3  D riv ing Exergy
In this un it the ABdriving w as calcu lated  by fo llow ing  detail.

F ue lgas:B phy =  4.7 k w
Bche = 1058.8 k w

Air! Bphy = 44.9 k w
S team -condensate : Btot = 32.1-26.5  k w  

= 5.6 k w
C ooling  w ate r = 28.6-31.5 k w  

= -2.9 k w
Belectric = 165.9 k w

ABdriving = 4 .7 + 1058 .8+ 44 .9+ 5 .6-2 .9+ 165 .9
=  1321.8 k w

.‘.E x e r g e t ic  e f f ic ie n c y  =  +  100 =  - 1 4 0  .3 %
1321 .8

This ind icates that the acid  gas supplies a large am ount o f  the 
exergy  d riv ing  the p rocess and the exergetic  effic iency  and the exergetic 
effic iency  does no t adequately  true. The degree o f  perfection  has been defined 
by equation  4 .2
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D egreeof perfection = -------  3 ^ u c t s  + B steam + B c r^ ------ * 100 (4 1 2 )
®feed fr fuel ^~®electric steam BFW 4* B ajr

-, : 6 9 9 2 .2  + 8 2 9 .8  + 2 6 .5  * 1_  „.'.D eg ree  o f  perfection  = -------------  _ —  _ — ;—  -----------------*100 = 7 3  .5%9495 + 1 0 6 3 .5  + 1 6 5 .9  + 3 2 .1  + 121 + 4 5

4 .1 1  C a lc u la t io n  o f  E x e r g e t ic  E f f ic ie n c y  o f  W a s t e  H e a t  B o i le r  U n it

T he w aste  heat bo iler is the recovery  equipm ent by  use sum  o f  stack 
gas from  every  b u rner in  the p lan t to generate h igh-pressure  steam  (SH ) from  
bo ile r feed  w ater (B FW ). It w as show n in Figure 4.13 and the resu lt obtained 
from  calcu la tion  for th is un it w as p resen ted  in T able 4.11.

F ig u r e  4.13 S im ple process flow  d iagram  o f  WFIB
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Table 4.11 Input and output exergy of overall furnace including waste heat boiler
B u rn ers B Inpu t (kW ) B o f  stack  

A fte r W H B
B o f  stack  

B efo re  W H B
AB useful 

kW
2F101 Bphy 60.5 8036.3

Bche 11280.8
2 F 1 0 2 Bphy 40 .4

Bche 10337.5
A IR Bphy 1.4

2F201 Bphy 11.3 1824.0
Bche 3856.3

A IR Bphy 0.4
F u e l oil Bphy 4.3

Bche 15332.7
A IR Bphy 0.3

2F301 Bphy 9.6 806.8
Bche 3556 .0

2 F 3 0 2 Bphy 23.4 1025.8
Bche 5804.9

2F 303 Bphy 9.3 514.9
Bche 2752.3

2 F 3 0 4 Bphy 10.4 388 .6
Bche 3217.3

A IR  to  C R U  burners Bphy 9 .0
2F3701 Bphy 5.7 1115.0

Bche 7793.2
A IR Bphy 0.8

E lec tric  to  2K 3 0 3 A /B 189.6
AB B F W  to  steam 3916.1

T o ta l 64307 .39 4757 .6 7104 .9 17627.5



54

4.11.1 U sefu l Exergy
T he ÀB useful o f  w aste heat boiler is the AB change betw een 

B o ile r feed  w ate r and saturated  steam  from  2E309 to H igh pressure  steam  .
B sh —B sat SH from 2E309"Bbfw =  5608.7-1333.8-358 .86

= 3916.1 k w

4 .1 1 .2  D riv ing Exergy
The driv ing exergy o f  w aste heat bo iler is the exergy in the 

stack  gas b efo re  W H B  at 438 ๐c  and the electric pow er o f  induced draft 
b lo w er (2K 303 A /B ) that forces the stack gas th rough the W H B .

Bstack before WHB 7104.9 k w
Belectnc in = 189.6 k w

ๆ R =-_ 3 9 1 6 ' 1------ * 1 0 0 = 5 3 .6 8 %
7 1 0 4 .9 + 1 8 9 .6

4 .1 2  T h e  O v e r a l l  F u r n a c e  S y s te m

The ÀB usefu l o f  the overall fu rnace system  is the sum  o f  AB useful o f  
each  b u rn er on each un it th a t is 2F 101,2F 102 ,2F 201, 2F 301,2F 302 , 2F303, 
2F 304 from  T PU , N TU , and CRU  and AB change betw een  B oiler feed  w ater 
to  H igh p ressu re  steam  . N orm ally  AB useful o f  a furnace is ABphy o f  process 
flu id  in le t and process flu id  outlet by including both  the rad iation  and 
convec tion  zone.

4.12.1 D riv ing E xergy
T he driv ing exergy o f  the w aste heat b o ile r is the B o f  fuel and 

air from  seven  furnaces. From  data in Table 4.11 the overall furnace system
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effic iency  can be defined  from  equation. 4.1 and w ill be com pared w ith  no
W H B. =  17627.5  *100= 2 7 .4 %  

(64307 .4 )

n B (n o  W H B ) = (17 6 ,2J  ̂  ~ 3 6 ' ^  *100=21 ■ 3 %(6 4 3 0 7 .4 )

4 .1 3  D is c u s s io n  o f  P a r t  1

F rom  the resu lt o f  every unit the exergetic efficiency can be com pared 
one ano th er by  the chart in F igure 4.14. And the com parison o f  exergetic 
e ffic iency  and degree o f  perfection  from  every unit w as show n in T able 4.12.

Efficiency of e a c h  unit

TPU CRU GTU NTU DC2 FGTU ISO SRU LPGU

F ig u r e  4 .1 4  T he exergetic  efficiency o f  each unit in refinery
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T a b le  4 .1 2  The exergetic efficiency and degree o f  perfection  fo r each unit
E x erg e tic  efficiency D egree  o f  perfection

O verall plant 29.4 99.3
T P U 10.7 99.1
N T U 2 1 .8 98.4

G O T U 20.3 99.3
D eth an ize r 25.1 99.7

IS O U 51.9 99.7
C R U 15.9 96

L P G U -4 .6 93.6
F G T U 31.5 99.5

S R U -140.3 73.5

T he exergetic  efficiency o f  over all p lan t is 29.4% . The change in total 
exergy from  crude to products is small com pared w ith  the driv ing  exergy. 
T herefore, the exergetic  efficiency is no t high . H ow ever, this refinery  had 
genera ted  a  cred it o f  exergy from  generating  steam  from  w aste heat bo iler and 
used  fuel gas derived from  ligh t gas for eveiy  unit in  the plant. This replaces 
ex ternal d riv ing  exergy, and raises the efficiency o f  th is refinery  com pared to 
o ther re fin eries  (D incer (1986) is 5.9% ). In order to  im prove th is figure air 
p rehea ting  should  be considered because it w ill lead  to a decrease in fuel gas 
at the fu rnaces and also reduce the am ount o f  purchased  fuel oil.

F rom  T able 4 .12 the TPU  has the low est exergetic  effic iency  (10.7% ). 
The o thers low  effic iencies are CRU, G O TU , and N T U  . T hese units use a 
large am ou n t o f  driv ing exergy, the chem ical exergy o f  fuel gas. 
C onsequen tly , the exergetic efficiency is low. The D ethanizer un it is a pure 
separation , and therefore  the chem ical exergy does no t change. The condition 
(tem peratu re , p ressure) o f  feed  and p roduct are sim ilar. T herefore, the 
exergetic  e ffic iency  is low  . The IS o u  and FG TU  do not require  high
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tem peratu res and therefore  use only steam  and electricity  to drive the process. 
H ence, the exergetic  efficiency o f  these units are high.

T he LPG U  gives a sm all negative change in exergy  because it 
involves on ly  the reaction  o f  N aO H  and a sm all am ount o f  H2S and other 
su lfur com p ound  in LPG. Since the N a2S that is derived from  the reaction  o f  
N aO H  and H 2ร does no t continue run dow n from  this unit. It changes the new  
N aO H  eveiy  1 m onth, so it w as neglected  from  analysis. C onsequently , the 
ABuseful is negative. M oreover, it uses only sm all am ount o f  steam  to drive the 
process. T herefore, It th is unit does no t have a significant therm odynam ic 
change.

T he exergetic  effic iency  o f  SRU is also negative because the feed 
(acid  gas) supplies a large am ount o f  the exergy used to be drive the process. 
T herefore  the degree o f  perfection  w as determ ined in order to assess 
therm odynam ic  effic iency  o f  th is unit.

T he W H B  increases the exergetic efficiency o f  the furnace system  
from  21 .3%  to be 27 .4%  because it recuperates exergy and uses it to generate 
h igh  p ressu re  steam .

S ince the change in chem ical exergy o f  the stream s passing  through 
the refinery  is sm all the degree o f  perfection  is very  high. This ind icated  that 
the w ork req u ired  by the refinery  to process crude is sm all com pared  to the 
w ork availab le  in the p roduct stream s.

4 .1 4  R e s u l t s  a n d  D is c u s s io n  o f  P a r t  2

From  the resu lt in part 1 the topping unit has the low est exergetic 
efficiency. T herefore, the m ain effect in analyzing im provem ents has been 
d irected  to  th is unit. C onsideration  has been given to changes in the fire 
heater, the h ea t exchanger netw ork and the d istillation colum n itself.
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4.14.1 H eat E xchanger N etw ork
The H EN  is the system  o f  h ea t exchanger th at is used to 

tran sfer h ea t from  the p roduct stream  to  the crude feed before  en tering  to fire 
heater. T he flow  diagram  o f  H EN  w as illustrated  in  F igure 4.15.

A T M O V H O U T  K E R O O U T WATER

;}«► —

R C E1 08O U T
1 KER O IN H TPAIN  1 1 HGOIN A T M  PAIN
P A O U T

248c

____ 1_____

170c--
Ti 1 2E)09 2ÉÏ10 2E 08 2ÉT

iเ

F ig u r e  4 .1 5  Sim ple process flow  diagram  o f  h ea t exchanger netw ork

F rom  the exergy balance o f  H EN  in equation  3.6 this H EN  w ill be
ท ท ท ท

crude in hotproduct in  — crude out +  ̂ B hotproduct out (4 .13)

ท ท
ABuseful is 2lBcrude0111 - s B cr11dei11 = Bheated crudeafter2El 11-Bcrude before 2E101-

= 10.54-0.5 m J/sec = 10.04m J/sec
ท ท

ABdrjvjng is hotproductout — hotproductin = 13.33 m J/sec

the exergetic  effic iency  o f  H EN  is = 1 ^ '^  *100=75.2%

(the data o f  each num ber is in appendix)
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4 .1 4 .2  Furnace
The furnace system  o f  TPU  w as p resen ted  in  F igure 4 .16

F ig u r e  4 .1 6  Sim ple process flow  diagram  o f  furnace

T he topp ing  u n it has tw o parallel furnace, 2F101, 2F102. In th is study 
the fire  hea te rs  w ere com bined. This un it uses the furnace to h ea t the crude 
from  248°c  to  349°c after it passes the heat exchanger netw ork. The file  
heaters also  generate  super heated  h igh pressure steam  w hich  is used  for 
stripp ing  steam  fro m  the low  pressure steam  in the convection  zone. The 
exergy balance  o f  such a furnace is
B.si+Bcrude in~FBfue| gas”t"Bair — Bcrude ouri^Bstack+BgH+loSS (4 .14)
The effic iency  o f  the com bined fire  heaters can be determ ined  by

ๆ B = ABuseful *
AB 100

driving

ABusefui (B crude out-Bcrude in )+ (B sh-B sl)
ABdri ving Bfuel^Bair

_  (1 5 7 7 8 .2 -7 9 0 1 .5) +  (1 5 4 9 .2 - l  154.7) 
ๆ ธ =  (26092.5  +  1.4)

(the data  can  see in appendix)

= 31 .7%

4.14.3  D istilla tion  C olum n
The topping unit has three m ain d istilla tion  colum ns, (2C101, 

2C 102, 2C 105) and also tw o side stripper colum ns (2C 103, 2C 104). This
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รณdy includes the condensers and reboilers as part o f  the d istilla tion  colum ns. 
Figure 4 .17  show s the m ain distillation colum n and side sh ip p e r o f  TPU .

4 . 1 4 . 3 . 1  2 C 1 0 1

F ig u re  4 .17  S im ple process flow  diagram  o f  2C 101, 2C 103, 2C 104

In order to determ ine the exergetic  effic iency  o f  the 
colum n. It is necessary  to determ ine the exergy flow  into and out o f  the 
colum n. T his is b y  m aking  a sim ulation o f  the colum n and m atch ing  it w ith  
the ex isting  co lum n using  the tem perature, pressure, com position , and flow  
rate o f  crude feed  and stripping steam. The p roduct specification  is the 
p inpo in t o f  the running  the program . The provision sim ulation  p rogram  has 
been  used  fo r th is รณdy. The resu lt from  this program  is used  to  calcu late  the 
exergy o f  each  input and out pu t stream . A nd the resu lt ob tained  from  
converged  sim ulation  fo r th is colum n w as presented  in Table 4.13.
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T a b le  4 .1 3  In p u t an d  o u tp u t e x e rg y  o f  each  s tre a m  in  2C 101
In  put o f 2C101 Exergy (kW)

Feed 16,046.80
Stripping steam 405.64

ร2 2,055.60
S4 447.30

Total inlet 18,955.34
Exergy of condenser 774.27

Out put o f 2C101

Bottom 5,464.70
Condensate 0.02

Naphtha 302.20
SI 2,450.10
S3 3,123.70

Exergy of mixing 1,296.86
Total out let 12,637.58

The exergy o f  condenser is derived from  the sum o f 
rem oval o f  the exergy out to condense the overhead p rodu ct from  2E101, 
2A 101, 2E 112. These are ÀB ( in -o u t)  o f  crude to  2E 101, e lectric  pow er o f  
2A 101, and the AB change in cooling w ater supply and cooling  w ater return  in 
2E112.
AB crude (in-out) o f  2E101 = 754.4 k w
E lectric  p o w er o f2 A 1 0 1  = 1 8 .9 5  k w
AB o f w s  and  W R o f2 E 1 1 2  = 0 .9 1 k W
.'.E xergy  o f  condenser is 754 .4+ 18.95+0.91= 774.27  k w

Table 4.12 indicates the to tal input exergy is greater 
than the o u tpu t exergy and it cannot define the driv ing exergy. T herefore, the 
degree o f  perfection  is appropriate to  indicate the effic iency  o f  th is colum n.
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output stream +  B  condenser * 1 - -np = --------p :  *100
input stream

(12637.5+774.27) .1 _  _  _ n/ 
p 18955.34

4.14.3.2 2C103
C olum n 2C103 is the kerosene side stripper that is 

used  to  sp lit the light com ponent and retom  it to the m ain  colum n. A nd the 
resu lt ob ta ined  from  converged sim ulation  fo r th is co lum n w as p resen ted  in 
T able 4.14.

T a b le  4.14  Inpu t and output exergy  o f  each stream  in  2C103
I n p u t  o f  2 C 1 0 3 E x e r g y  ( k W )

S I 2 7 5 0 . 1

h e a t  d u t y  o f  r e b o i l e r 1 6 9 9 . 7

O u tp u t  o f  2 C 1 0 3

S 2 2 0 5 5 . 6

K e r o s e n e 1 7 9 6 . 7

T o t a l  o u t l e t 3 8 5 2 . 3

B  o f  m i x i n g 3 4 6 . 6

A gain  using  the degree o f  perfection  to determ ine perfo rm an ce  o f  the
colum n

s  B  output stream *1™
1,. , " u“ ^ ‘nputstream +l:>reboiler

B o f  reb o ile r in  th is colum n can no t be found in  a d irect w ay  because 
it canno t be determ ined  from  com ponent o f  the pum p around stream .

C onsequen tly  the in d irect form ula has been applied  as AB = Q * ^  ~ ^° ̂

w here T is the tem perature  o f  the heat source. In th is case it is the 
tem peratu re  o f  the bottom  pum p around w hich is equal to 588 .15°k from  the 
outpu t sim ulation .
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w here  To is the reference tem perature  = 2 9 8 .15°k
Q is the heat duty o f  the rebo iler derived from  the sim ulation  

w hich  equals 3446.3 k w

AB = 3446 .3»  <588 ’ 5 - ” 8 1 5 ) ,  1699.7 kW298.15
(3852.3+346.5) 11 „ n/ฑๆ -  . .7 .  _ *100 = 94.3%p (2750+1699.7)

4 .1 4 .3 .3  2 C 1 0 4
C olum n 2C 104 is the diesel oil side stripper that is 

used to  sp lit the light com ponent and return  it to  the m ain  colum n. A nd the 
resu lt ob ta ined  from  converged sim ulation  for th is co lum n w as p resen ted  in 
T able  4.15.

T a b le  4 .1 5  Input and output exergy o f  each stream  in  2C 104
I n le t  o f  2 C 1 0 4 Exergy (kW )

Strip ing steam 44.76

ร 3 4123.70

T otal in let 4168.46

O u t p u t  o f  2 C 1 0 4

DIE 2701.30

ร4 447.30

Total outlet 3148.60

B o f  m ixing 62.95

T his colum n does no t have a rebo iler and condenser . It uses stripping 
steam  as its heat source. Thus the degree o f  perfection  o f  th is colum n is given 
by
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^  ® o u t p u t s t r e a m  . 1 _ _
ๆ p = — ; " * 1QQ

i n p u t s t r e a m

(3148 6 +  6 Z 9 ) t  100 = 77070
4168.4

4 .1 4 .3 .4  2 C 1 0 2
T his co lum n is th e  A T M  fra c tio n a to r  w hich  

separates the bo ttom s o f  2C 101 in to LG O , H G O , and residue crude. This 
co lum n has on ly  a condenser. The degree o f  perfection  w ill be the sam e as the 
2C 101. T he in le t and outle t stream  o f  th is colum n show n in  F igure 4.18 and 
the resu lt ob ta ined  from  converged  sim ulation  presen ted  in  T able 4.16.

1=>-
— I c 101B OTT 0 — 

----- [steam]--------

A h -|cONOENSAT$—

—H ---
-<=>
-<=>

Figure 4.18 S im ple p rocess flow  diagram  o f  2C 102
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Table 4 .1 6  In p u t an d  o u tp u t e x e rg y  o f  e a ch  s tream  in  2 C 1 0 2
I n p u t  o f  2 C 1 0 2 Exergy (kW )

feed 5803.30
stripp ingsteam 690.99

T otal in le t 6494.29
E xergy  duty o f 252.24

condenser
O u t p u t  o f  2 C 1 0 2

H G O 804.00
LGO 2.20

RC 4101.00
con 1.22

B o f  m ixing 261.48
T otal outlet 5169.90

(5169 +  252.24)TIP =  ------- -- _ — -  * 100 = 83.4%6494.29
4 .1 4 .3 .5  2 C 1 0 5

The duty o f  th is colum n is sp lit the L PG  out o f  the 
n aph tha  T he in le t and outle t stream  o f  this colum n show n in F igure 4.19 and 
the resu lt ob tained  from  converged  sim ulation  p resen ted  in  T able 4.17.

F ig u r e  4.19  S im ple process flow  diagram  o f  2C 105
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Table 4.17 Input and output exergy of each stream in 2C105
Input of 2C105 Exergy (kW)

Tot nap 484.50
Hotoil in 2460.9
Hotoil out 953.9

Exergy of condenser 1.79
Output of 2C105

Gasout 22.40
LPG 0.05

Naphtha 1483.20
Sour water 27.92

B of mixing 46.72
Total 1580.29

ๆ.
(1 5 8 0 .2 9 + 9 5 3 .9 + 1 .7 9 )

4 8 4 + 2 4 6 0
* 1 0 0 = 8 6 .1 %

4.15 Discussion of P art 2

F or heat exchanger netw ork, it has an exergetic  effic iency  o f  75.2% . 
T he H EN  w as designed to recovery  h ea t from  the p ro d u ct stream s efficiently. 
T he loss o f  exergy  driv ing heat transfer increases as the tem peratu re  d ifference 
increases be tw een  the ho t and cold stream s.

T he effic iency  o f  burners, (2F101, 2F 102) is low  because  the burner 
losses exergy  in th ree w ays; and stack gas, heat exchanger, and com bustion  
p rocess. T herefore, the recuperation  o f  stack gas and recovery  o f  heat w ith  
crude h ea ted  as h igh tem perature  as possib le  before  en tering  the furnace w ill 
increase  efficiency.

T he colum n effic iency  as determ ined  by  the degree o f  perfection  was 
found  to  be  be tw een  70-80% . T hese colum ns need  to  be analyzed  in m ore
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detail by  ano th er m ethod  to indicate the poten tial perform ance o f  the colum ns. 
In th is study, a p inch  technology  w ill be applied to  these colum ns in  the nex t 
chapter.
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