
RESULTS AND DISCUSSION
CHAPTER IV

4.1 Retrofitting of the GSP5 (The Design-Data Case)

4.1.1 Data Extraction and Plant Simulation
T h e  d e s c r ip t io n  o f  e a c h  u n it  a n d  s tr e a m , a n d  th e  th e rm a l  d a ta  o f  th e  

G S P 5 , a re  s h o w n  in  A p p e n d ix  A  a n d  T a b le  B - l . F o r  th i s  s te p , th e  d e s ig n - d a ta  c a s e  is  
u s e d  to  c h e c k  th e  m a te r ia l  b a la n c e  o f  th e  p ro c e s s  b e fo re  d o in g  th e  a c tu a l - d a ta  c a s e ;  
f u r th e r m o r e ,  i t  s h o w e d  th e  s c o p e  o f  e n e rg y  s a v in g  in  th e  p ro c e s s .

T h e  c o m m e r c ia l  s im u la t io n  s o f tw a re , P R O /I I  P r o v is io n  ( v e r s io n  5 .6 1 ) . 
w i th  th e  S R K  th e r m o d y n a m ic  m e th o d ,  is  u s e d  to  s im u la te  t h e  h e a t  e x c h a n g e r  
n e tw o r k s  ( H E N s )  a n d  th e  d is t i l l a t io n  c o lu m n s . T h e  s ta g e  n u m b e r in g  u s e d  t h e  to p -  
d o w n  p r o c e d u r e .  T h e  e n t i r e  p r o c e s s  c o n s is t s  o f  th e  d e m e th a n iz e r ,  th e  d e e th a n iz e r ,  
a n d  th e  d e p r o p a n iz e r .  T h e r e  a re  th i r te e n  h o t  s tr e a m s  a n d  s ix  c o ld  s t r e a m s ,  w i th  
f o u r te e n  h e a t  e x c h a n g e r s  in  th e  H E N s  p a r t .  T h e  d e s c r ip t io n s  o f  e a c h  c o lu m n  
s im u la t io n  a re  e x p la in e d  b e lo w .

D e m e th a n iz e r  (3 5 0 3 T 0 1 ) :  T h is  c o lu m n  c o n s is t s  o f  s ix  t r a y s  a n d  fo u r  
p a c k e d  b e d s  in s id e  th e  c o lu m n . H o w e v e r ,  in  th e  s im u la t io n  s te p , 2 0  t r a y s  w e r e  u s e d  
to  r e p r e s e n t  th e s e  p a c k e d  b e d s  th a t  s a t is fy  th e  p re s s u r e  d ro p . T h e  d e m e th a n iz e r  is  n o t  
a  c o n v e n t io n a l  c o lu m n  b e c a u s e  th e r e  a re  m a n y  s id e - f e e d  s t r e a m s  a n d  a  p a c k e d  b e d  
u n d e r  v e r y  lo w  t e m p e r a tu r e  ( th e  c ry o g e n ic s  p r o c e s s ) .  T h is  c o lu m n  a ls o  c o n ta in s  
c h im n e y  t r a y s  w h ic h  c o l le c t  l iq u id  f ro m  b e tw e e n  th e  p a c k e d  b e d s  a n d  f u n c t io n  a s  a  
c o l le c to r  d e v ic e  fo r  e i th e r  f e e d in g  to  a  l iq u id  d is t r ib u to r  o r  l iq u id  d r a w in g  f ro m  th e  
c o lu m n .

D e e th a n iz e r  (3 5 0 3 T 0 2 ) :  T h is  c o lu m n  h a s  4 0  t r a y s  w i th  f e e d  a t  t r a y  
N o . 12 a n d  a  fu l l  r e f lu x  r a t io  o f  1 .5 3 ; th e  h e a t  e x c h a n g e  u n i t s  3 5 0 3 E 0 9  a n d  3 5 0 3 E 0 8  
a re  th e  p a r t ia l  c o n d e n s e r  a n d  r e b o i le r ,  r e s p e c t iv e ly .

D e p r o p a n iz e r  (3 5 0 4 T 0 1 ) :  T h is  c o lu m n  c o n s is t s  o f  9 8  t r a y s  a n d  u s e s  
th e  h e a t  e x c h a n g e  u n i t s  3 5 0 4 E 0 3  an d  u n i t  3 5 0 4 E 0 2  a s  th e  to ta l  c o n d e n s e r  a n d  
r e b o i le r ,  r e s p e c t iv e ly .  T h e  r e f lu x  ra t io  is  a ro u n d  5 .1 . T h e  f e e d  s ta g e  is  N o .51 . 
M o r e o v e r ,  t h e r e  a re  tw o  s id e  d ra w s  a t  t r a y  N o .2 3  (L P G )  a n d  N o .8 9  ( i - p e n ta n e ) .
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T h e  p r o c e s s  f lo w  s h e e t  o f  th e  G S P 5  is  r e p r e s e n te d  in  F ig u re  B -2 . T o  
e n s u r e  th e  P P O / I I - s im u la t io n  o f  th e  G S P 5 , T a b le  4 .1  s h o w s  th e  a c c u ra c y  p a r a m e te r s  
o f  t h e  p r o c e s s  s im u la t io n  in  th e  d e s ig n - d a ta  c a s e .

Table 4.1 A c c u r a c y  p a r a m e te r s  o f  p r o c e s s  s im u la t io n  b y  P r o / I I  c o m p a r e d  to  th e  
d e s ig n  d a ta

P a r a m e te r S im u la t io n  E r r o r  V a lu e
C o m p o s i t io n ±  0 .0 5

F lo w  r a te  ( K G M O L /H R ) ±  5 %
T e m p e r a tu r e  ( ° C ) ±  3

P r e s s u r e  ( B A R  G  ) ±  2

4.1.2 Heat Exchanger Networks of the Background Process
T h e  G S P 5  is  th e  lo w  te m p e r a tu r e  p r o c e s s  h a v in g  f o u r t e e n  h e a t  

e x c h a n g e  u n i t s  b e tw e e n  h o t  a n d  c o ld  p ro c e s s  s tr e a m s .  F r o m  th e  d a ta  e x t r a c t io n  o f  th e  
d e s ig n - d a ta  c a s e ,  th e  g r id  d ia g r a m  is  p e r f o r m e d  a s  s h o w n  in  F ig u re  4 .1 .  P in c h  
a n a ly s i s  w a s  a p p l ie d  to  f ig u r e  o u t  th e  m in im u m  a p p ro a c h  te m p e r a tu r e  (ATmin) o f  th e  
p r o c e s s .  T h is  i n v o lv e s  u s in g  th e  p r o b le m  ta b le  a lg o r i th m  (P T A )  to  o b ta in  th e  u t i l i ty  
r e q u i r e m e n ts  fo r  v a r io u s  ATmin a n d  a  t r ia l - a n d - e r r o r  p r o c e d u r e  to  a s c e r ta in  t h e  ATmin 
f o r  t h e  d e s ig n  u t i l i ty  le v e l .  A ll  p r o c e s s  s tr e a m  c a lc u la t io n s  a re  g iv e n  in  T a b le  4 .2 .
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Figure 4.1 G rid  d ia g r a m  o f  th e  d e s ig n - d a ta  c a se .
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Table 4.2 P r o c e s s  s t r e a m  d a ta  of th e  d e s ig n - d a ta  c a s e

T y p e  o f F lo w  R a te T in T o u t C P P le a t D u ty
S tr e a m M M  K G /H °c ๐c M M  K W / ° C M M  K W

H I 0 .2 4 0 1 3 4 2 2 -1 5 .9 4 6 0 .0 0 0 2 3 3 0 .0 0 8 9
H 2 0 .4 4 2 2 3 6 -1 9 .1 9 2 -3 0 .8 0 .0 0 0 5 1 4 0 .0 0 6 0
H 3 0 .2 9 8 9 5 2 -3 0 .8 -3 8 .2 0 .0 0 0 3 6 0 0 .0 0 2 7
H 4 0 .1 4 3 2 8 5 -3 0 .8 -5 9 .7 0 .0 0 0 1 8 6 0 .0 0 5 4
H 5 0 .1 2 6 5 4 3 -4 6 -1 1 5 .7 0 .0 0 0 1 3 3 0 .0 0 9 3
H 6 0 .0 3 7 9 2 5 52 -1 1 5 .7 0 .0 0 0 0 4 7 0 .0 0 7 8
H 7 0 .2 0 2 1 0 2 2 2 -2 3 0 .0 0 0 2 0 2 0 .0 0 9 1
H 8 0 .3 1 4 9 7 2 1 0 0 .4 7 5 5 2 0 .0 0 0 2 1 2 0 .0 1 0 3
H 9 0 .3 1 4 9 7 2 1 0 7 .1 2 9 5 2 0 .0 0 0 2 2 1 0 .0 1 2 2

H 1 0 0 .0 2 1 1 6 2 1 7 9 .2 2 6 0 .0 0 0 0 1 6 0 .0 0 2 5
H I  1 0 .0 5 3 5 9 8 5 .5 1 2 2 6 0 .0 0 0 0 4 3 0 .0 0 2 6
H 1 2 0 .0 4 4 8 2 3 54.1 2 6 0 .0 0 0 0 4 0 0.0011
H 1 3 0 .3 8 4 4 0 1 5 2 4 0 .0 0 7 0 .0 0 0 3 5 4 0 .0 0 4 3
C l 0 .2 0 2 3 0 1 -2 1 .0 9 -7 .8 0 .0 0 0 4 4 7 0 .0 0 5 9
C 2 0 .1 7 0 8 6 -6 .7 5 8 1 5 .3 3 9 0 .0 0 0 1 3 2 0 .0 0 2 9
C 3 0 .1 1 9 5 7 6 8 2 .2 8 3 .7 1 7 0 .0 0 1 0 7 1 0 .0 0 1 6
C 4 0 .1 9 9 5 4 1 -6 7 .5 2 5 -4 2 .2 0 4 0 .0 0 0 2 1 3 0 .0 0 5 4
C 5 0 .3 1 4 9 9 9 -1 2 0 .6 3 2 2 3 .7 1 0 .0 0 0 2 0 0 0 .0 2 8 8
C 6 0 .1 6 9 5 2 9 16.1 4 0 0 .0 0 0 1 7 8 0 .0 0 4 3

T h e  G S P 5  is  a n  u n p in c h  p ro c e s s  w i th  ATmin lo w e r  th a n  th e  th r e s h o ld  

ATmin o f  23°c, a s  l is te d  in  T a b le  4.3. T h e re  is  o n ly  a  c o ld  u t i l i ty  o f  a i r  a n d  
r e f r ig e r a n t - p r o p a n e  c o n s u m p tio n s  o f  0.03305 M M  K W . A  c o n d e n s e r  a n d  a  r e b o i le r  
o f  th e  d e e th a n iz e r  ( h e a t  e x c h a n g e  u n i t s  3503E08 a n d  3503E09AB) a n d  a  c o n d e n s e r  
a n d  a  r e b o i le r  o f  th e  d e p r o p a n iz e r  ( h e a t  e x c h a n g e  u n i t s  3504E02 a n d  3504E03) w e re  
o m i t te d  w h e n  d o in g  E lE N s  o f  th e  b a c k g r o u n d  p r o c e s s  b e c a u s e  th e i r  d u t ie s  w e r e  u s e d  
a n d  m o d e le d  in  th e  c o lu m n s .  F ig u r e s  4 .2 (a )  a n d  4.2(b) p r e s e n t  th e  m in im u m  e n e rg y  
r e q u i r e m e n t  o f  e a c h  ATmin- Q u e rz o l i  a n d  F lo a d le y  (2002) a p p l ie d  u t i l i ty  p in c h  to  f in d  

th e  ATmin fo r  th e  u n p in c h  p ro b le m . In  th is  c a s e ,  a i r  c o o le d  h e a t  e x c h a n g e r s  a re  
a p p l ie d  to  m a tc h  th e  e n e rg y  c o n s u m p tio n ,  a s  s u m m a r iz e d  in  T a b le  4 .4 . T h e  r e a s o n  
fo r  n o t  u s in g  r e f r ig e r a n t - p r o p a n e  h e a t  e x c h a n g e r s  is  d u e  to  th e  p h a s e  c h a n g e  
p r o b le m . T h e  g ra n d  c o m p o s i te  c u r v e s  (G C C s )  o f  th e  b a c k g r o u n d  p r o c e s s  f o r  v a r io u s  

ATmin in  th e  r a n g e  o f  th r e s h o ld  p r o b le m  a re  s h o w n  in  F ig u re  4.3.
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Table 4.3 U t i l i ty  s u m m a r y  f o r  v a r io u s  ATmin

ATmin ( ° C ) C o ld  U t i l i ty  ( M M  K W ) H o t  U t i l i ty  (M M  K W )
1 0 .0 3 3 0 5 0
5 0 .0 3 3 0 5 0

10 0 .0 3 3 0 5 0
15 0 .0 3 3 0 5 0
2 0 0 .0 3 3 0 5 0
2 3 0 .0 3 3 0 5 0
2 4 0 .0 3 3 2 6 0 .0 0 0 2 2
2 5 0 .0 3 3 4 8 0 .0 0 0 4 4

Figure 4.2(a) R e la t io n s h ip  b e tw e e n  ATmjn a n d  c o ld  u t i l i ty  w i th  th e  th r e s h o ld
ATmjn=23°C.
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Figure 4.2(b) R e la t io n s h ip  b e tw e e n  ATmin a n d  h o t  u t i l i ty  w i th  th e  th r e s h o ld
ATm111=23°c.

Figure 4.3 GCCs f o r  v a r i o u s  ATmin in  t h e  r a n g e  o f  t h r e s h o l d  p r o b l e m .
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Table 4.4 C o ld  u t i l i ty  c o n  f o r  ATmin in  th e  r a n g e  o f  1 to  15°c

ATmin (๐C)
C o ld  U t i l i ty  ( M M  K W )

A ir R e f r ig e r a n t- C 3

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

10 0 .0 2 0 5 0 0 .0 1 2 5 6
15 0 .0 1 7 8 0 0 .0 1 5 2 6

T h e  d e s ig n - d a ta  c a s e  
(1 .8 5 ° C ) 0 .0 2 4 5 7 0 .0 0 8 4 8

T h e  ATmin o f  th e  p ro c e s s  f o r  th e  d e s ig n - d a ta  c a s e  is  1 ,85°c. F ig u r e s  
4 .4  a n d  B - l  s h o w  th e  G C C  a n d  th e  P T A  o f  th e  d e s ig n - d a ta  c a s e .  F r o m  th e  o b s e r v in g ,  
th e  m o d i f ic a t io n s  o f  h e a t  e x c h a n g e r  n e tw o r k s  c a n  n o t  b e  d o n e  b e c a u s e  th e  p r o c e s s  
h a s  n o  p r o c e s s  p in c h  (n o  p in c h  p o in t ) ,  r e s u l t in g  in  n o  h e a t  t r a n s f e r  a c r o s s  t h e  p in c h  
a n d  n o  w ro n g  p o s i t io n  u t i l i ty .

Figure 4.4 G C C  o f  th e  d e s ig n - d a ta  c a s e  (ATmin= 1 ,8 5 °C ).
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4.1.3 Distillation Column Targeting
T h is  s e c t io n  s ta r ts  w i th  g e n e r a t in g  th e  c o lu m n  g ra n d  c o m p o s i te  c u r v e  

(C G C C )  o f  e a c h  d is t i l l a t io n  c o lu m n  s e p a ra te ly  b y  u s in g  a  c o n v e rg e d  s im u la t io n  o f  
e a c h  c o lu m n  b a s e d  o n  to p - d o w n  a n d  b o t to m -u p  p ro c e d u re s .  T h e  s e le c t io n  o f  k e y  
c o m p o n e n ts  is  th e  im p o r ta n t  th in g  f o r  c o lu m n  ta rg e t in g .  In  th i s  w o r k ,  t h e  k e y  
c o m p o n e n ts  a re  s e le c te d  b a s e d  o n  th e i r  b o i l in g  p o in ts  ( s h o w n  in  T a b le  4 .5 ) ,  a n d  th e  
c o lu m n  c o m p o s i t io n  p ro f i le  o n  a  s ta g e - b y - s ta g e  b a s is .

T h e  C G C C  p r o v id e s  a  th e rm a l  p r o f i le  fo r  a  d is t i l l a t io n  c o lu m n  a n d  
id e n t i f i e s  a p p r o p r ia te  t a r g e ts  fo r  th e  c o lu m n  m o d if ic a t io n s .  B o th  r e b o i le r  a n d  
c o n d e n s e r  d u tie s  o f  e a c h  c o lu m n  in  th e  d e s ig n - d a ta  c a s e  a re  s u m m a r iz e d  in  T a b le  
4 .6 .  F u r th e r m o r e ,  th e  e r r o r s  o f  r e s u l ts  c a m e  f ro m  th e  c a lc u la t io n  m o d e l  a n d  th e  
c h o o s in g  o f  th e  k e y  c o m p o n e n ts .

Table 4.5 B o i l in g  p o in t s  o f  c o m p o n e n ts  (P R O /I I  P r o v is io n )
C o m p o n e n t B o i l in g  P o in t  ( ° C )

n 2 -1 9 5 .8
C 0 2 -7 8 .4 8

M E T H A N E -1 6 1 .4 9
E T H A N E -8 8 .6 3

P R O P A N E -4 2 .0 7
IB U T A N E -1 1 .7 3  ' •
B U T A N E -0 .5

I P E N T A N E 2 7 .8 5
P E N T A N E 3 6 .0 7
H E X A N E 6 8 .7 4

H E P T A N E 9 8 .4 3
O C T A N E 1 2 5 .6 7
N O N A N E 1 5 0 .8

H 2S -6 0 .3 4
C O S -5 0 .2
h 20 1 00
T E G 2 8 8 .3 5
C H 4S 5 .9 6
E T S H 3 5 .0 5

P N 1  T H IO L 1 2 6 .6 5
B U I  T H IO L 9 8 .4 6
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T a b l e  4 .6  R e b o i le r  a n d  c o n d e n s e r  d u tie s  o f  e a c h  c o lu m n  f r o m  P R O /I I - s im u la to r  a n d  
e x c e l  C G C C

D is t i l l a t io n
C o n d e n s e r  D u ty  (M M  K W ) R e b o i le r  D u ty  ( M M  K W )

C o lu m n
S im u la t io n  

b y  P ro /I I
C G C C  

b y  E x c e l
E r r o r

(% )

S im u la t io n  
b y  P r o /I I

C G C C  
b y  E x c e l

E r r o r

(% )
D e m e th a n iz e r , ' ' 'ร?/'C

T  y--.;. ; แ 1 : ร ่-
D e e th a n iz e r 0 .0 1 0 8 8 (น )1 0 8 8  8 บ 0 .0 1 6 0 ’( น ) 175 9 .3 7 5

D e p r o p a n iz e r 0 .0 1 9 1 3 0 .0 1 9 1 3 0 0 .0 1 6 4 0 .0 1 6 4 0

D e m e th a n iz e r  (3 5 0 3 T 0 1 ) :  H e re ,  th e re  is  n o  r e a s o n  to  g e n e r a te  th e  
C G C C  b e c a u s e  t h e  d e m e th a n iz e r  h a s  n e i th e r  c o n d e n s e r  n o r  r e b o i le r  lo a d s ;  
f u r th e r m o r e ,  th is  c o lu m n  is  a  n o n - c o n v e n t io n a l  ty p e , h a v in g  m a n y  f e e d  t r a y s  a n d  
c a u s in g  m o r e  a c c u m u la t iv e  e r r o r s  in  th e  m e th o d  (S a n ta n u  B a n d y o p a d h y a y ,  R a n ja n  
K . M a lik ,  a n d  U d a y  V . S h e n o y , 1 9 9 8 ). F ig u re  4 .5  s h o w s  th e  d e m e th a n iz e r  c o lu m n  
c o m p o s i t io n  p ro f i le .

D e e th a n iz e r  ( 3 5 0 3 T 0 2 ) :  T h e  c o lu m n  c o m p o s i t io n  p r o f i le  in  F ig u re  
4 .6 (a )  u s e d  n i t r o g e n ,  m e th a n e ,  e th a n e ,  C O 2, H 2S, a n d  cos a s  th e  l ig h t  k e y  
c o m p o n e n ts .  T h e  C G C C  o f  th e  d e e th a n iz e r ,  s h o w n  in  F ig u r e  4 .6 (b ) ,  g iv e s  o n ly  o n e  
p in c h  p o in t  n e a r  th e  fe e d  p o s i t io n  a ro u n d  t r a y  t e m p e ra tu re  36.7°c (T h e  d e s ig n  fe e d  
s ta g e  a n d  t e m p e r a tu r e  a re  12 a n d  36°c, r e s p e c t iv e ly ) .
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re 4 .5  D e m e th a n iz e r  c o lu m n  c o m p o s i t io n  p r o f i le  ( d e s ig n - d a ta  c a s e ) .

CH4S
----- ETSH
••—  PN1THIOL 

BU1THIOL 
•*' TEG 

H20

Figure 4.6(a) D e e th a n iz e r  c o lu m n  c o m p o s i t io n  p r o f i le  ( d e s ig n - d a ta  c a s e ) .
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Figure 4.6(b) C G C C  o f  th e  d e e th a n iz e r  ( d e s ig n - d a ta  c a s e ) .

D e p r o p a n iz e r  (3 5 0 4 T 0 1 ) :  B e f o r e  g e n e r a t in g  t h e  C G C C , th e  k e y  
c o m p o s i t io n s  h a d  t o  b e  s p e c i f ie d  f irs t.  T h e  d e p r o p a n iz e r  c o lu m n  c o m p o s i t io n  p r o f i le  
i s  u s e d  f o r  s p e c i f y in g  th e  k e y  c o m p o n e n t ,  a s  s h o w n  in  F ig u r e  4 .7 (a ) .  A s  a  r e s u l t ,  th e  
l ig h t  k e y  c o m p o n e n ts  a re  n i t r o g e n ,  m e th a n e ,  e th a n e ,  C O 2, H 2S , c o s ,  a n d  p r o p a n e .  
T h e  C G C C  o f  th e  d e p r o p a n iz e r  in  F ig u re  4 .7 ( b )  h a d  o n e  p in c h  p o in t  a ro u n d  t r a y  
t e m p e r a tu r e  8 7 .6 ° C , w h ic h  is  q u i te  n e a r  th e  p o s i t io n  o f  th e  f e e d  s ta g e  (T h e  d e s ig n  
f e e d  s ta g e  a n d  t e m p e r a tu r e  a re  51 a n d  92.6°c, r e s p e c t iv e ly ) .
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Figure 4.7(a) D e p r o p a n iz e r  c o lu m n  c o m p o s i t io n  p r o f i le  ( d e s ig n - d a ta  c a s e ) .

Figure 4.7(b) C G C C  o f  t h e  d e p r o p a n iz e r  ( d e s ig n - d a ta  c a s e ) .

4.1.3.1 Stand-Alone Column Modifications
D e m e th a n iz e r  ( 3 5 0 3 T 0 1 ) :  T h e r e  is  n o  im p r o v e m e n t  f r o m  th e  

C G C C  c o n s t r u c t io n .  T h e  a l t e r n a t iv e  f o r  im p ro v in g  t h e  d e m e th a n iz e r  is  to  r e d u c e  th e  
s h a f tw o r k  c o n s u m p t io n  t h r o u g h  th e  r e f r ig e r a t io n  s y s te m  b e c a u s e  th e  d e m e th a n iz e r
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s e c t io n  is  a  v e ry  lo w  t e m p e r a tu r e  p r o c e s s  ( th e  c r y o g e n ic s  p r o c e s s )  d o m in a te d  b y  th e  
s h a f tw o r k  c o n s u m p t io n  o f  a  c o m p r e s s o r  in  th e  r e f r ig e r a t io n  s y s te m .

D e e th a n iz e r  ( 3 5 0 3 T 0 2 ) :  T h e  C G C C  f ro m  F ig u re  4 .6 (b )  s h o w s  
a  g a p  b e tw e e n  th e  p in c h  p o in t  a n d  th e  t e m p e r a tu r e  a x is ,  in d ic a t in g  th e  s c o p e  o f  r e f lu x  
m o d i f ic a t io n .  T h is  g a p  m a y  b e  r e d u c e d  b y  lo w e r in g  th e  r e f lu x  r a t io ,  r e s u l t in g  in  a  
r e d u c t io n  in  b o th  r e b o i le r  a n d  c o n d e n s e r  lo a d s .  It m u s t  b e  n o te d  th a t ,  in  o r d e r  to  
m a k e  a  j u d ic io u s  c h o ic e  f o r  r e f lu x  r a t io ,  th e  in c re a s e  in  th e  c a p ita l  c o s t  d u e  to  th e  
in c r e a s e  in  th e  n u m b e r  o f  s ta g e s  a n d  c o m p le x i ty  o f  m o d i f ic a t io n  s h o u ld  b e  t r a d e d - o f f  
a g a in s t  th e  s a v in g  in  e n e rg y  c o s t .  M o r e o v e r ,  p lo t t in g  s ta g e  n u m b e r  v e r s u s  e n th a lp y  
( F ig u r e  4 .8 )  s h o w s  n o  s h a rp  c h a n g e  in  e n th a lp y  n e a r  th e  f e e d  p o s i t io n ,  w h ic h  im p l ie s  
n o  s c o p e  f o r  th e  f e e d  c o n d it io n .

Figure 4.8 S ta g e s  v e r s u s  e n th a lp y  o f  th e  d e e th a n iz e r  ( d e s ig n - d a ta  c a s e ) .
D e p r o p a n iz e r  (3 5 0 4 T 0 1 ) :  T h e re  is  n o  s c o p e  o f  r e f lu x  

m o d i f i c a t io n  f ro m  th e  C G C C  in  F ig u re  4 .7 (b ) ;  h o w e v e r ,  F ig u r e  4 .9  in d ic a te s  th e  
s c o p e  o f  f e e d  p r e h e a t in g  a b o v e  f e e d  p o s i t io n .
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Figure 4.9 S ta g e s  v e r s u s  e n th a lp y  o f  th e  d e p r o p a n iz e r  (d e s ig n - d a ta  c a s e ) .

4.1.4 Process Heat Integration
P r o c e s s  h e a t  in te g ra t io n  is  a  fu r th e r  im p r o v e m e n t  o f  th e  o v e r a l l  e n e rg y  

e f f ic ie n c y  o f  th e  p r o c e s s  b y  th e  a p p r o p r ia te  in te g ra t io n  o f  th e  c o lu m n  w i th  th e  
b a c k g r o u n d  p ro c e s s .  In  th i s  c a s e ,  th is  te c h n iq u e  is  o n ly  d o n e  f o r  th e  d e e th a n iz e r  a n d  
th e  d e p r o p a n iz e r ,  s ta r t in g  w i th  p lo t t in g  th e  C G C C  o f  b o th  th e  d e e th a n iz e r  a n d  th e  
d e p r o p a n iz e r  in  r e v e r s e  d i r e c t io n  s u p e r im p o s e d  o n  th e  G C C  o f  th e  b a c k g r o u n d  
p ro c e s s ,  a s  s h o w n  in  F ig u r e  4 .1 0 .
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Figure 4.10 P r o c e s s  h e a t  in te g r a t io n  o f  th e  d e s ig n - d a ta  c a s e .

4.1.4.1 Process Heat Integration between the Background Process 
and the Deethanizer

F ig u re  4 .1 0  im p l ie s  a n  e n e rg y  s a v in g  f ro m  th e  p r o c e s s  h e a t  
i n t e g r a t io n  b e tw e e n  th e  h e a t  e x c h a n g e r  n e tw o r k  o f  th e  b a c k g r o u n d  p r o c e s s  a n d  th e  
d e e th a n iz e r  b y  in te g r a t in g  a  h o t  p r o c e s s  s tr e a m  w h ic h  h a s  a  te m p e r a tu r e  a b o v e  71°c. 

w i th  a  n e w  s id e  r e b o i le r  o n  th e  d e e th a n iz e r  a r o u n d  a t  a  t r a y  t e m p e r a tu r e  o f  36.7- 

97.9°c b e c a u s e  th e  r e b o i le r  o f  th e  d e e th a n iz e r  c a n  g e t  h e a t  f r o m  a  h o t  p r o c e s s  s tr e a m  
o f  th e  b a c k g r o u n d  p r o c e s s .

4.1.4.2 Process Heat Integration between the Background Process 
and the Depropanizer
S im ila r  to  f o r  th e  d e e th a n iz e r ,  F ig u r e  4 .1 0  a l s o  c le a r ly  

in d ic a t e s  th e  s c o p e  o f  e n e rg y  s a v in g  f ro m  th e  p r o c e s s  h e a t  in te g r a t io n  b y  in te g r a t in g  
a  h o t  p r o c e s s  s t r e a m  ( a b o v e  9 0 .5 ° C )  w i th  a  n e w  s id e  r e b o i le r  o f  th e  d e e th a n iz e r  
a ro u n d  a  t r a y  t e m p e r a tu r e  o f  87.1-92.6°c.
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4.2 Retrofitting of the GSP5 (The Actual-Data Case)

4.2.1 Data Extraction and Plant Simulation
A f te r  c o l le c t in g  th e  a c tu a l  d a ta  o f  th e  G S P 5 , th e  m o la r  c o m p o s i t io n  

a n d  s o m e  s p e c i f ic a t io n s  o f  c o lu m n s  w e re  c h a n g e d  f ro m  th e  d e s ig n - d a ta  c a s e ;  
f u r th e r m o r e ,  s o m e  d a ta  f ro m  th e  d e s ig n - d a ta  c a se  w e r e  u s e d  to  d o  th e  a c tu a l - d a ta  
c a s e  s im u la t io n .  T h e  G S P 5  h a s  a  c a p a c i ty  o f  a ro u n d  5 3 0  M M S C F D , w h ic h  p r o d u c e s  
m e th a n e ,  e th a n e ,  p r o p a n e ,  L P G , a n d  N G L  a s  p ro d u c ts .  T a b le s  4 .7  a n d  4 .8  s h o w  th e  
c o n s t r a in e d  p a r a m e te r s  to  a s s u r e  th e  r e l ia b i l i ty  o f  th e  p r o c e s s  d a t a  a n d  th e  p r o d u c t  
s p e c i f ic a t io n s  o f  th e  G S P 5 . T h e  th e rm a l  d a ta  o f  s tr e a m s  a n d  th e  G S P 5  f lo w  s h e e t  in  
th e  a c tu a l - d a ta  c a s e  a r e  r e p r e s e n te d  in  T a b le  C-l a n d  F ig u r e  C - 2 , r e s p e c t iv e ly .

Table 4.7 A c c u r a c y  p a r a m e te r s  o f  p r o c e s s  s im u la t io n

P a ra m e te r S im u la t io n  E r r o r  V a lu e

C o m p o s i t io n ±  0 .0 5

F lo w  ra te  ( K G M O L /H R ) ±  1 0 %
T e m p e r a tu r e  ( ๐C ) ±  3

P r e s s u r e  ( B A R  G  ) ±  4

Table 4.8 P r o d u c t  s p e c i f ic a t io n s  o f  th e  G S P 5

G S P 5  P ro d u c t Im p u rity  C o m p o n e n t M a x im u m  %  M o le  L im ita t io n

E th a n e  to  E T U
C l 1 .9
C 3 2 .5

C 0 2 3 .0

P ro p a n e  to  S to ra g e
C 2 2 .0
C 4 0 .01

L P G  to  S to ra g e
C 2 2 .0

n -C 5 1.9
N G L  to  S to ra g e M a x  R V P ~  1 4 P S I G
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4.2.2 Heat Exchanger Networks of the Background Process
F r o m  th e  d a ta  e x t r a c t io n  o f  th e  a c tu a l - d a ta  c a s e , th e  g r id  d ia g r a m  o f  

th e  c u r r e n t  h e a t  e x c h a n g e r  n e tw o r k s  is  p e r f o r m e d  a s  s h o w n  in  F ig u r e  4 .1 1  a n d  a ll  o f  
t h e  p r o c e s s  s t r e a m  c a lc u la t io n s  a re  s u m m a r iz e d  in  T a b le  4 .9 .

Table 4.9 P r o c e s s  s t r e a m  d a ta  o f  th e  e x is t in g  p ro c e s s

T y p e  o f F lo w  R a te T in T o u t C P H e a t  D u ty
S tr e a m M M  K G /H °c °c M M  K W / ° C M M  K W

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

H 1 0 0 .0 0 9 3 8 5 1 7 1 .8 0 9 1 7 .9 0 .0 0 0 0 0 7 0 .0 0 1 1
H I  1 0 .0 6 5 5 1 7 2 .6 7 8 18 .51 0 .0 0 0 0 5 3 0 .0 0 2 9
H 1 2 0 .0 1 7 9 6 7 5 4 1 9 .0 2 0 .0 0 0 0 1 6 0 .0 0 0 5
H 1 3 0 .2 2 6 0 4 1 5 2 3 3 .7 9 5 0 .0 0 0 2 0 4 0 .0 0 3 7
C l 0 .0 9 3 3 1 7 -1 0 .8 1 3 -4 .5 0 .0 0 0 3 9 1 0 .0 0 2 5
C 2 0 .1 6 0 6 3 7 -3 .5 7 1 4 .5 6 0 .0 0 0 1 2 6 0 .0 0 2 3
C 3 0 .0 9 2 9 3 4 7 8 .0 9 8 7 8 .8 8 2 0 0 0 0 9 3 5 0 .0 0 0 7
C 4 0 .1 4 9 1 5 9 -6 0 .7 2 3 -3 5 .3 6 1 0 .0 0 0 1 7 5 0 .0 0 4 4
C 5 0 .3 0 9 7 2 3 -1 2 0 .6 4 5 1 8 .8 7 8 0 .0 0 0 1 9 6 0 .0 2 7 3
C 6 0 .1 6 0 6 3 7 1 4 .4 6 7 3 7 .7 0 .0 0 0 1 6 0 0 .0 0 3 7

T h e  G S P 5  is  a n  u n p in c h  p r o c e s s  w i th  ATmjn l o w e r  th a n  th e  th r e s h o ld  

ATmin o f  21°c. T h e re  is  s t i l l  n o  h o t  u t i l i ty  u s a g e ,  y e t  th e re  is  a n  e x i s t in g  c o ld  u t i l i ty  
o f  a i r  a n d  r e f r ig e r a n t - p r o p a n e  c o n s u m p tio n  o f  0 .0 3 7 7  M M  K W . T h e  e x i s t in g  p r o c e s s  
h a s  th e  ATmin o f  a r o u n d  1.06°c. F ig u r e s  4 .1 2 ( a )  a n d  4 .1 2 ( b )  p r e s e n t  th e  m in im u m  

e n e r g y  r e q u i r e m e n ts  o f  e a c h  ATmin- T h e  G C C s  o f  th e  b a c k g r o u n d  p r o c e s s  f o r  v a r io u s  

ATmin in  th e  r a n g e  o f  th r e s h o ld  p r o b le m  a n d  th e  G C C  o f  th e  e x i s t in g  p r o c e s s  a re  
s h o w n  in  F ig u r e s  4 .1 3  a n d  4 .1 4 ,  r e s p e c t iv e ly .  T h e  P T A  o f  th e  e x i s t in g  p r o c e s s  is  
i l l u s t r a te d  in  F ig u re  C - l .  F r o m  th e  o b s e r v in g ,  th e  m o d i f ic a t io n s  o f  h e a t  e x c h a n g e r
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networks can not be done because the GSP5 has no process pinch (no pinch point),
resulting in no heat transfer across the pinch and no wrong position utility.
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Table 4.10 U t i l i ty  s u m m a r y  f o r  v a r io u s  ATmin

ATmin (°C) C o ld  U t i l i ty  (M M  K W ) H o t  U t i l i ty  (M M  K W )
1 0 .0 3 7 7 0
5 0 .0 3 7 7 0

10 0 .0 3 7 7 0
15 0 .0 3 7 7 0
2 0 0 .0 3 7 7 0
21 0 .0 3 7 7 0
2 2 0 .0 3 7 8 0 .0 0 0 1 7 0 2

Table 4.11 C o ld  u t i l i ty  f o r  ATmin in  th e  r a n g e  o f  1 to  15°c

ATmin (°C) C o ld  U t i l i ty  (M M  K W )
A ir R e f r ig e r a n t- C 3

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

10 0 .0 2 0 1 0 0 .0 1 7 6 1
15 0 .0 1 7 6 0 0 .0 2 0 1 1

T h e  e x i s t in g  p r o c e s s  
(1 .0 6 ° C ) 0 .0 2 5 9 1 0 .0 1 1 8 0
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F i g u r e  4 .1 2 ( a )  R e la t io n s h ip  b e tw e e n  ATmin a n d  c o ld  u t i l i ty  w i th  th e  th r e s h o ld
ATmin=21°C.

F i g u r e  4 .1 2 ( ๖ )  R e la t io n s h ip  b e tw e e n  ATmin a n d  h o t  u t i l i ty  w i th  t h e  th r e s h o ld  
ATmin=21°C.
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Figure 4.13 G C C s  f o r  v a r i o u s  ATmin in  t h e  r a n g e  o f  t h r e s h o l d  p r o b l e m .

Figure 4.14 G C C  o f  th e  e x i s t in g  p r o c e s s  (ATmin= 1,0 6 °C ) .
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4.2.3 Distillation Column Targeting
S im ila r  to  th e  d e s ig n - d a ta  c a s e ,  th e  C G C C  o f  e a c h  f r a c t io n a t io n  

c o lu m n  is  g e n e r a te d  b y  u s in g  a  c o n v e r g e d  s im u la t io n  o f  e a c h  c o lu m n  b a s e d  o n  th e  
to p - d o w n  a n d  b o t to m - u p  p ro c e d u r e s .  B o th  r e b o i le r  a n d  c o n d e n s e r  d u t ie s  o f  e a c h  
c o lu m n  in  th e  a c tu a l - d a ta  c a s e  a re  s u m m a r iz e d  in  T a b le  4 .1 2 .

Table 4.12 R e b o i le r  a n d  c o n d e n s e r  d u t ie s  o f  e a c h  c o lu m n  f ro m  P R O /I I - s im u la to r  
a n d  e x c e l  C G C C

D is t i l l a t io n
c o lu m n

C o n d e n s e r  D u ty  (M M  K W ) R e b o i le r  D u ty  (M M  K W )

S im u la t io n  
b y  Pro/11

C G C C  
b y  E x c e l

E r r o r

(% )

S im u la t io n  
b y  P r o /I I

C G C C
b y

E x c e l

E r r o r

(% )

D e m e th a n iz e r ; j 0 .0 0 4 8 j g j  : Ç  1
D e e th a n iz e r 0 .0 0 9 9 1 1 น.บน991 1 0 0 .0 1 6 5 0 .0 1 7 4 5 .7 4

D e p r o p a n iz e r 0 .0 1 1 2 7 0 .0 1 0 5 3 6 .5 9 0 .0 0 7 6 0 .0 0 7 6 0
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Figure 4.15 D e m e th a n iz e r  c o lu m n  c o m p o s i t io n  p r o f i le  ( a c tu a l - d a ta  c a s e ) .
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Figure 4.16(a) D e e th a n iz e r  c o lu m n  c o m p o s i t io n  p ro f i le  ( a c tu a l - d a ta  c a s e ) .

Heat Content (MM KW)

Figure 4.16(b) C G C C  o f  th e  d e e th a n iz e r  ( a c tu a l - d a ta  c a s e ) .
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Figure 4.16(c) S ta g e s  v e r s u s  e n th a lp y  o f  th e  d e e th a n iz e r  ( a c tu a l - d a ta  c a s e ) .
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Figure 4.17(a) D e p r o p a n iz e r  c o lu m n  c o m p o s i t io n  p r o f i le  ( a c tu a l - d a ta  c a s e ) .
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Figure 4.17(b) C G C C  o f  th e  d e p r o p a n iz e r  ( a c tu a l - d a ta  c a s e ) .

Figure 4.17(c) S ta g e s  v e r s u s  e n th a lp y  o f  th e  d e p r o p a n iz e r  ( a c tu a l - d a ta  c a s e ) .

D e m e th a n iz e r  (3 5 0 3 T 0 1 ) :  T h e  r e a s o n  to  n o t  g e n e r a te  th e  C G C C  o f  th e  
d e m e th a n iz e r  is  s im i la r  to  th e  d e s ig n - d a ta  c a s e ;  t h e r e f o r e ,  t h e  c o lu m n  t a r g e t in g  is  n o t  
a p p r o p r ia te  to  f in d  th e  e n e r g y  s a v in g s  o f  th e  d e m e th a n iz e r ;  h o w e v e r ,  th e
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r e f r ig e r a t io n  s y s te m  is  a n o th e r  w a y  to  im p ro v e  e n e r g y  r e c o v e r y  fo r  t h e  d e m e th a n iz e r .  
F ig u r e  4 .1 5  s h o w s  th e  d e m e th a n iz e r  c o lu m n  c o m p o s i t io n  p ro f i le .

D e e th a n iz e r  (3 5 0 3 T 0 2 ) :  T h e  C G C C  o f  th e  d e e th a n iz e r  s h o w n  in  
F ig u r e  4 .1 6 ( b )  g iv e s  o n ly  o n e  p in c h  p o in t  a t  s ta g e  12 w i th  a  t r a y  t e m p e r a tu r e  o f  
a ro u n d  33.9°c. T h e  e n e rg y  lo s s  g a p  is  o b s e rv e d ,  w h ic h  im p l ie s  a n  im p r o p e r  e x i s t in g  
r e f lu x  r a t io  (R = 1 .7 3 3 ) ,  w h ic h  c a n  b e  m o d if ie d  b y  r e f lu x  m o d i f ic a t io n .  T h e  s ta g e -  
e n th a lp y  r e p r e s e n ta t io n  in  F ig u r e  4 .1 6 ( c )  d o e s  n o t  s h o w  th e  s h a rp  e n th a lp y  c h a n g e s  
n e a r  th e  fe e d  p o s i t io n ;  th u s ,  n o  s c o p e  o f  fe e d  c o n d i t io n in g .

D e p r o p a n iz e r  ( 3 5 0 4 T 0 1 ) :  T h e  C G C C  o f  th e  d e p r o p a n iz e r  h a s  o n ly  
o n e  p in c h  p o in t  a t  s ta g e  4 9  w i th  a  t r a y  te m p e r a tu r e  o f  a ro u n d  84.8°c, a s  s h o w n  in  
F ig u r e  4 .1 7 ( b ) .  T h e r e  is  n o  e n e rg y  lo s s  g a p  o b s e r v e d  f r o m  th e  C G C C ;  th e r e f o r e ,  th e  
e x i s t in g  r e f lu x  r a t io  (R = 6 .0 )  m ig h t  b e  a l r e a d y  o p t im iz e d .  In  F ig u re  4 .1 7 ( c ) ,  th e  s c o p e  
o f  fe e d  p r e h e a t in g  is  o b s e r v e d .  T h e  s h a rp  e n e rg y  c h a n g e s  s l ig h tly  a b o v e  t h e  f e e d  
p o s i t io n  c a n  b e  m o d if ie d  to  r e d u c e  e n e rg y  lo a d s  in  a  r e b o i le r .

4.2.3.1 Sensitivity Analysis of the Columns
B e fo re  d o in g  m o d i f ic a t io n s ,  th e  c o lu m n  p a r a m e te r s ,  i n c lu d in g  

f e e d  s ta g e  lo c a t io n  a n d  r e f lu x  r a t io ,  w e re  s tu d ie d  to  o p t im iz e  th e  c o lu m n s .

S e n s i t iv i ty  A n a ly s i s  o f  th e  D e e th a n iz e r :  In  o r d e r  to  v e r i f y  th e  
o p tim a l  f e e d  s ta g e , th e  r e la t io n s h ip  b e tw e e n  e th a n e  p u r i ty  a n d  f e e d  s ta g e  p o s i t io n  
w a s  d e te r m in e d  a n d  th e  r e s u l t  is  s h o w n  in  F ig u re  4 .1 8 . I t  c a n  b e  s e e n  t h a t  th e  e th a n e  
p u r i ty  w i l l  b e  m a x im u m  a t  0 .9 8 6 8  w h e n  th e  d e e th a n iz e r  is  fe d  in  s ta g e  1 1 -2 5 . T h e  
d e e th a n iz e r  f e e d  i s  lo c a te d  a t  t r a y  n u m b e r  12, w h e r e  th e  o p t im a l  r a n g e  is . M o r e o v e r ,  
t h e  e th a n e  p u r i ty  w i l l  r e a c h  m a x im u m  w h e n  th e  r e f lu x  r a t io  o f  th e  d e e th a n iz e r  is  
g r e a te r  t h a n  1 .6 8 9 ;  th e r e f o r e ,  th e  e x is t in g  r e f lu x  r a t io  (R = 1 .7 3 3 )  c a n  b e  u s e d  to  g e t  
th e  m a x im u m  e th a n e  p u r i ty ,  a s  s h o w n  in  F ig u re  4 .1 9 .
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Figure 4.18 R e la t io n s h ip  b e tw e e n  e th a n e  p u r i ty  a n d  fe e d  p o s i t io n  o f  th e  
d e e th a n iz e r .
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Figure 4.19 R e la t io n s h ip  b e tw e e n  e th a n e  p u r i ty  a n d  r e f lu x  r a t io  o f  th e  d e e th a n iz e r .

S e n s i t iv i ty  A n a ly s is  o f  th e  D e p r o p a n iz e r :  I t  c a n  b e  s e e n  f ro m  
F ig u re  4 .2 0  th a t  th e  e x i s t in g  fe e d  p o s i t io n  o f  th e  d e p r o p a n iz e r  ( s ta g e  5 1 )  w a s  a l r e a d y  
in  th e  o p t im u m  r a n g e  to  g e t  th e  m a x im u m  p ro p a n e  p u r i ty ;  f u r th e r m o r e ,  th e  e x i s t in g
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reflux ratio (R= 6.0) can give the maximum propane purity around 0.9995 as shown 
in Figure 4.21.

Feed stage Number

Figure 4.20 Relationship between propane purity and feed position of the 
depropanizer.

I
j
i

0.9996

0.9995

0.9994

0.9993

0.9992

0.9991

0.999 ----------------- -------------------------T------------------------ T------------------------------------------------- »------------------------------------------------- T--------------------------------------------------»------------------------

4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50
Reflux Ratio

Figure 4.21 Relationship between propane purity and reflux ratio of the 
depropanizer.
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4.23.2 Stand-Alone Column Modifications
For optimum performance, modifications of reflux ratio, feed 

conditioning (feed preheating/cooling), and side condensing/reboiling may be 
necessary. The priority of modification parameters of column are described in 
CHAPTER I. Moreover, side condensing/reboiling can be modified with Process 
Heat Integration.

4.23.2.1 Deethanizer Column Modifications
Reflux Modification: After reducing the reflux ratio, 

both reboiler and condenser duties are reduced (Dhole and Linnhoff, 1992). as shown 
in Figure 4.22. The reasonable reflux ratio is around 1.70 because this operation does 
not have much affect on the product specification and the product rate. However, 
after comparing the energy savings to other modification options; options A, B, c , D, 
E, and F (In this case, the process engineers want to maintain existing propane 
specification), this technique was not used for the deethanizer modification. The 
results from reflux ratio reduction on the deethanizer utility (condenser and reboiler 
duty) are summarized in Table 4.13. On the other hand, the effects of these 
reductions on product specification are also shown in Appendix D.

Figure 4.22 Reducing reflux ratio of the deethanizer.



79

Table 4.13 Results of reflux-ratio reduction of the deethanizer

Reflux Ratio of Flow Rate (Kgmol/Hr) Deethanizer Utility Saving
the Deethanizer Reflux Distillate KW %
1.733 (existing) 3886.82 2242.80 81111--' - A---' : -

1.70 3808.35 2240.39 419.00 1.59
* 1.688 3767.40 2231.76 574.50 2.18

* 1.6876 3480.61 2062.44 3317.90 12.56
* 1.687 3357.30 1990.07 4486.60 16.99

* The products do not meet the specifications (see Appendix D).

4.2.3.2.2 Depropanizer Column Modifications
Feed Preheating: There were two modification 

options for feed preheating; options A and B. Option A uses a hot process stream ร- 
100 (100.054°C) to preheat feed of the depropanizer to 90°c. Furthermore, this 
option also resulted in decreasing the air cooled heat exchange unit 3506E01 duty, 
which means lowering the cold utility consumption of the process. Option B uses a 
hot process stream ร-99 (98.84°C) to increase the depropanizer feed to 88°c and also 
decrease air cooled heat exchange unit 3506E02 duty. Table 4.14 summarizes the 
results of feed preheating on utility saving. These two modifications had to introduce 
a new heat exchanger; therefore, the cost of the new heat exchanger and the energy 
saving would be compromised

Table 4.14 Results of feed preheating on the depropanizer

Option Utility Saving (KW) Utility Saving (%)
Depropanizer 3506E01 3506E02 Depropanizer 3506E01 3506E02

A 4000 4314 A,A- ' 21.2 35.36 SPjH H pแ

B 3180 3699 16.85 ' - T' 31.01
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4.2.4 Process Heat Integration
Figure 4.23 reveals that the maximum heat recovery can be obtained 

from integration between the deethanizer and the heat exchanger networks of the 
background process by integrating a hot process stream which has a temperature 
above 63°c, with a new side reboiler on the deethanizer around a tray temperature of 
33.9-93.9°C.

Figure 4.23 Process heat integration of the actual-data case.

After investigation, two hot processes streams (ร-100 and ร-99) at air 
cooled heat exchange units 3506E01 and 3506E02, respectively, were selected to 
recover energy. Option c  integrates the hot process stream ร-100 with a new side 
reboiler on tray number 39 of the deethanizer and a side-draw of around 755 
kgmol/hr at this stage. This option results in hot utility and cold utility savings at the 
main reboiler of the deethnaizer and air cooled heat exchange unit 3506E01, 
respectively. Option D uses the hot process stream ร-99 with a side-draw of around 
597 kgmol/hr from the deethanizer and can save duty in both the main reboiler of the 
deethnaizer and air cooled heat exchange unit 3506E02. The results of these two 
options, after adding a side reboiler on the deethanizer, are summarized in Tables
4.15 and 4.16.
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Table 4.15 Saving-energy after adding a side reboiler on the deethanizer (Option C)

Modification Utility Saving (KW) Utility Saving (%)
Option Deethanizer 3506E01 Deethanizer 3506E01

c 2313 2326 8.76 19.07

Table 4.16 Saving-energy after adding a side reboiler on the deethanizer (Option D)

Modification Utility Saving (KW) Utility Saving (%)
Option Deethanizer 3506E02 Deethanizer 3506E02

D 1813 1838 6.88 15.41

4.2.5 Summary of Modification Designs
The modification designs of the GSP5 can be options A, B, c, or D. 

Furthermore, the alternative modification designs, options E and F, can be obtained 
by combining options A and D and options B and c, respectively, as represented in 
Figure 4.24. Finally, Tables 4.17 and 4.18 conclude the overall process utility saving 
and an investment cost (excluding a revamp of air cooled heat exchange unit 
3504E03). Moreover, the economical evaluations for various modification options 
with revamp studies are discussed in the section 4.2.6 (UA Analysis for Various 
Modification Options). The details of the cost calculation and the flow sheet of the 
modification options are represented in Appendices E and F.
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Modification Options

Option A Option B
1 I

Preheating feed Preheating feed
o f the depropanizer to 90°c o f the depropanizer to 88°c 
by hot stream 100.054°c by hot stream 98.84°c

I I
Add a heat exchanger Add a heat exchanger

I I
Revamp the air cooler Revamp the air cooler

unit 3504E03 unit 3504E03

Option c
I

Side reboiling 
o f the deethanizer

Option D
I

Side reboiling 
o f the deethanizer

by hot stream I00.054°c by hot stream 98.84°c

I l

Add a side reboiler 
on the deethanizer

Add a side reboiler 
on the deethanizer

Option F 

Option E

Figure 4.24 Summary of various modification options for the GSP5.

Table 4.17 Overall process utility saving for various modification options

Modification Option Overall Process Utility Saving
KW %

A 8314.0 9.47
B 6871.1 7.83
c 4648.0 5.29
D 3660.0 4.17
E 11345.5 12.92
F 11694.1 13.32
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Table 4.18 Summary of investment for various modification options (excluding the 
revamp studies)

Modification Option New Heat Exchanger Area 
(m2) Investment Cost (บs$)

A 1365.30 1922869.96
B 945.23 1542178.97
c 2012.08 2426603.28
D 2010.92 2425764.24
E Approximately (Option A + Option D)
F Approximately (Option B + Option C)

4.2.6 U.A. Analysis for Various Modification Options (Revamp Studies)
Table 4.19 summarizes UA values of heat exchangers for various 

modification options. After modifying, options c  and D allowed all heat exchangers 
to remain un-modified, yet options A, B, E, and F had to adapt air cooled heat 
exchange unit 3504E03 (the condenser of the depropanizer) because their total areas 
are larger than the existing ones. There are three techniques to solve this problem; by 
increasing fan speed, by adding the area into the heat exchange unit 3504E03, or by 
introducing a new heat exchanger which has the same added area. In this work, the 
problem can be overcome by using the last technique; therefore, an extra-investment 
cost should be considered for selecting retrofit options. The added area of the air 
cooled heat exchange unit 350403 for options A, B, E, and F are shown in Table 
4.20. Furthermore, the economical evaluations for various modification options 
(including a revamp of air cooled heat exchange unit 3504E03) are summarized in
Table 4.21
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Table 4.19 UA values of each heat exchanger for various modification options

Heat UA (KW/K)
Exchanger Existing Option

A
Option

B
Option

c
Option

D
Option

E
Option

F
3504E01 45.19 41.63 44.49 40.57 40.57 40.20 40.03
3504E03 2705.07 2767.83

(MOD)
2809.68
(MOD) 2705.40 2706.04 2836.93

(MOD)
2776.68
(MOD)

3504E04 144.15 145.68 144.29 144.20 144.20 144.32 144.44
3504E05 17.71 16.45 17.47 17.71 17.71 17.55 17.46
3504E06 185.75 185.75 180.52 186.24 186.48 180.74 181.38
3506E01 838.75 624.77 838.58 718.72 838.76 624.77 718.72
3506E02 830.31 829.94 742.59 830.33 790.31 790.31 742.59

Table 4.20 Extra-investment of air cooled heat exchange unit 3504E03 after doing 
UA analysis

Modification Option Added Area (m2) Added Area (%) Investment Cost
(US$)

Option A 103.62 2.32 26728.99
Option B 172.72 3.87 44553.85
Option E 217.71 4.87 56158.55
Option F 118.23 2.65 30497.71



Table 4.21 Economical evaluation for various modification options (including a
revamp of air cooled heat exchange unit 3504E03)

Modification Utility Cost Saving Investment Cost Payback Period
Option (บ S$/Yr) (US$) (Yr)

A 4339327.91 1949598.95 0.45
B 3650661.57 1586732.82 0.43
c 2388736.11 2426603.28 1.02
D 1888047.06 2425764.24 1.28
E 6086129.45 4404792.75 0.72
F 6125989.12 3999279.95 0.65
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