
RESULTS AND DISCUSSION
CHAPTER IV

4.1 Distillation Column Design

4 .1 .1  P r o c e ss  F lo w  S h e e ts
T h e  fe e d  c o m p o s it io n  c o n s is te d  o f  s ix  c o m p o s it io n s , w h ic h  

w e r e  sep a ra ted  in to  th ree p rod u cts; C 2  an d  C 3 as p ro p a n e  p ro d u ct, iC 4 , and  
n C 4  and th e  h ig h er  h y d ro ca rb o n s as L P G  p rod u ct. F or th ree  sharp  sp lits  o f  
th r e e -m a in -c o m p o n e n t  m ix tu re , tw o  d ifferen t se q u e n c e s  c a lc u la te d  from  
eq u a tio n  2 . 1 0  w e r e  p o s s ib le  and fo r  m o re  c o m p le x  d e s ig n , s c h e m e  1 and  
s c h e m e  4  w e r e  a d d ed  as o th er  p o s s ib le  a ltern a tiv e  s c h e m e s . A ll  th e  p r o c e ss  
f lo w  s h e e t  w a s  sh o w n  in  F igu re  4 .1 .

►  nC4,iC5,nC5
SCHEME 1 SCHEME 2

SCHEME 3 SCHEME 4

Figure 4.1 P o s s ib le  c o lu m n  se q u e n c e s  fo r  sep a ra tin g  a th r e e -m a in -c o m p o n e n t  
m ix tu re  in to  its  p u re p ro d u cts
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4 .1 .2  B u b b le  P o in t P ressu re  o f  P rod u ct S tream
A c c o r d in g  to  th e  a lg o r ith m  fo r  e s ta b lish in g  d is t i l la t io n  c o lu m n  

p ressu re , th e  b u b b le  p o in t p ressu re  o f  p ro d u ct stream  at 1 1 0 °F  w e r e  

c a lc u la te d . T h e  s e le c te d  tem p eratu re  o f  1 1 0 °F  o f  p ro d u ct d is t illa te  d e p e n d e d  
o n  c o o l in g  w a ter  tem p eratu re , w h ic h  w a s  u se d  as a c o o la n t  in  th e  o v erh ea d  
c o n d e n se r . T h e  b u b b le  p o in t p ressu re  o f  ea ch  p ro d u c t stream  o f  a ll f lo w  sh e e ts  
is  s h o w n  in  T a b le  4 .1 .

4 .1 .3  C o lu m n  O p era tin g  P ressu re  and C o n d e n se r  T y p e
T h e  c o lu m n  o p era tin g  p ressu re  an d  c o n d e n se r  ty p e  o f  a ll f lo w  

sh e e ts  w e r e  c a lc u la te d  b y  a p p ly in g  th e s p e c if ie d  c o lu m n  an d  c o n d e n se r  
p ressu re  d rop  o f  5 p sia . T h e  re su lts  w e r e  sh o w n  in T a b le s  4 .2 -4 .7 .  F rom  the  
re su lts , th e  c o lu m n , w h ic h  sep a ra ted  p ro p a n e  as a p rod u ct, g a v e  a h ig h  c o lu m n  
p ressu re  arou n d  2 2 3 - 2 2 7  p s ia  and th e  partial p ressu re  w a s  s e le c te d  fo r  th is  
c o lu m n . T h e  c o lu m n  sep a ra tin g  iso b u ta n e  as a p ro d u ct g a v e  a c o lu m n  p ressu re  
arou n d  91 p s ia  an d  th e total c o n d e n se r  w a s  se le c te d . In s c h e m e  3 , th e  p ressu re  
o f  th e fe e d  stream  o f  th e se c o n d  c o lu m n  w a s  in c r e a se d  up to  2 2 6 - 2 3 0  p s ia  b y  
in s ta llin g  a p u m p . F rom  th e resu lts  in  T a b le s  4 .3 , 4 .5  and 4 .7 , a ll s c h e m e  h a v e  
to  in sta ll p u m p  in  order to  in c r e a se  p ressu re  o f  th e  fe e d  stream  b y  in c r e a s in g  
p ressu re  o f  th e  fe e d  2  up to  2 3 0  p sia , th e fe e d  4  up to  2 2 8  p s ia  an d  th e  fe e d  6  

up to  2 2 9  p s ia .

4 .1 .4  S h o rtcu t D e s ig n  S u m m a ry
S e le c te d  re su lts  are sh o w n  fo r  ea ch  sh o rtcu t c o lu m n  o f  a ll fe e d  

ty p e s  in T a b le s  4 .8  to  4 .1 3 .  F eed  h a y  lo c a t io n , n u m b er  o f  th e o r e tic a l s ta g e , 
r e f lu x  ra tio s and c o n d e n se r  and r e b o ile r  d u tie s  h a v e  b e e n  c a lc u la te d  fo r  a 
s p e c if ie d  o p e r a tin g  p o in t at o p tim u m  r e flu x  ratio  w h ic h  e q u a ls  to  1.3 t im es  
m in im u m  r e f lu x  ratio.
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F or a ll s e q u e n c e s  o f  d is tilla tio n  co lu m n , th e  o v era ll c a p a c ity  v a r ia b le  
o f  th e  p r o c e s s  p r o p o se d  as a c o s t  in d ica to r  fo r  v a p o r -liq u id  eq u ilib r iu m  
sep a ra tio n  p r o c e s s  w a s  c a lc u la te d  and sh o w n  in F igu re  4 .2 .

4.2 Distillation Column Sequencing

Scheme

F i g u r e  4 .2  O v era ll c a p a c ity  va r ia b le , K ov, fo r  th e  d e s ig n  c o lu m n  se q u e n c e s

F ro m  th e  re su lts , it sh o w e d  that th e b est  s e q u e n c e  o f  e a c h  fe e d  stream  
w a s  th e  s c h e m e  2 , w h ic h  m ea n t th is  s c h e m e  g a v e  th e m in im u m  v a lu e  o f  the  
o v e r a ll b o il in g  c a p a c ity . T h e  n e x t o n e s  w e r e  sc h e m e s  4 , 3 and 1, r e sp e c t iv e ly .



25

4 .3 .1  C o lu m n  R ig o r o u s  S im u la tio n  and F e e d  S ta g e  C o rrec tio n
In P R O /II, th e  c o lu m n  s iz in g  m o d u le  w a s  u se d  w ith  th e  r ig o ro u s  

c o lu m n  s im u la tio n . F or d e v e lo p in g  th e  r ig o ro u s c o lu m n  s im u la tio n , the  
sh o rtcu t c a lc u la t io n  re su lts  w e r e  u sed  fo r  sp e c if ic a t io n  o f  th e r ig o r o u s  c o lu m n  
and u sed  as th e  in itia l e s t im a tio n  v a lu e s . W h en  th e  r ig o ro u s s im u la t io n  w a s  
d e v e lo p e d , s o m e  errors fro m  th e  sh o rtcu t ca lc u la t io n  w a s  fo u n d  su ch  as the  
in co rrec t v a lu e s  o f  fe e d  s ta g e  lo c a tio n  and the in co rrec t d e s ig n  c a lc u la t io n  o f  
th e s c h e m e  1 o f  all fe ed . T h e in co rrec t fe e d  sta g e  lo c a tio n  w a s  o fte n  occu rred  
in  th e c o lu m n  sep a ra tin g  iso b u ta n e  fro m  n orm al b u tan e. T h e  rea so n  fo r  th is  
error ca m e  fro m  th e c lo s e  v a lu e s  o f  th e r e la tiv e  v o la t il ity , w h ic h  w a s  
a p p r o x im a te ly  1 .5 . For th e error in  th e  sc h e m e  1, th e  h ea t d u ty  o f  c o n d e n se r  
and r e b o ile r  in  r ig o ro u s  c a lc u la t io n  w a s  so  h ig h  and im p o s s ib le  to  m e e t th is  
c o n d it io n  in  th e  real o p era tio n . T h e error o f  th e sh o rtcu t c a lc u la t io n  are a 
m a th e m a tic a l c a lc u la t io n  error d u e to  th e n on  k ey  c o m p o n e n t c a lc u la t io n . T h e  
r ig o ro u s  c o lu m n  s im u la tio n  w ith  fe e d  s ta g e  c o rrec tio n  w a s  sh o w n  in T a b le  
4 .1 4 .

4.3 Column Sizing

4 .3 .2  C o lu m n  S iz in g
T ray  s iz in g  w a s  p er fo rm ed  for  n e w  c o lu m n s  w ith  v a lv e  trays. 

A ll v a lv e  tray c a lc u la t io n s  u se  th e m e th o d s  o f  G litsc h  b y  s p e c ify in g  a s ta g e  
sp a c in g  o f  2 4  in c h e s , a sy s te m  lo a d in g  fa c to r  o f  1 and a f lo o d in g  fa c to r  o f  78  
p ercen t. A  p u re tran sp ort m e th o d  w a s  c h o se n  fo r  c a lc u la t in g  liq u id  d e n s it ie s .  
F or s iz in g  c a lc u la t io n s , th e d ia m eter  o f  ea ch  tray is  a d ju sted  to  m e e t  the  
f lo o d in g  fa c to r  cr iterio n . T h e  s iz in g  resu lts  o f  th e se le c te d  d e s ig n  s c h e m e s  
w e r e  sh o w n  in  T a b le  4 .1 5 .
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4 .4 .1  C a p ita l In v estm en t
F rom  th e  c o lu m n  se q u e n c in g  resu lts , th e b e s t  tw o  sc h e m e s  o f  all 

fe e d  w e r e  th e  s c h e m e s  2 and 4 . T h e  to ta l ca p ita l in v e s tm e n t  o f  th is  tw o  
sc h e m e s  h a s b e e n  c a lc u la te d  in ord er to  sh o w  that th e c o lu m n  se q u e n c in g  
r esu lts  w e r e  co rrec t and c o n s id e r e d  as a fa c to r  fo r  th e in v e s tm e n t  d e c is io n .  
T h e  to ta l ca p ita l in v e s tm e n ts  o f  th e s e le c te d  sc h e m e  o f  a ll fe e d  w e r e  sh o w n  in  
T a b le  4 .1 6 .

F rom  th e re su lts , it co n fir m e d  that th e s c h e m e  2 is  th e m o st  
e c o n o m ic  s c h e m e  fo r  iso b u ta n e  sep a ra tio n  c o m p a red  to  th e o th er  sc h e m e s .  
T h e  in v e s tm e n t  c o s ts  o f  th e d is t illa t io n  p r o c e ss  w ith  d iffe r e n t  fe e d  stream s  
w e r e  d ir e c t ly  p ro p o rtio n a l to  th e fe e d  ca p a c ity  and w e r e  c la s s i f ie d  in to  2  

g ro u p s . T h e  first o n e  is  th e  lo w  c o s t  g rou p  w ith  7 -9  m illio n  d o lla r s  and th e  
se c o n d  o n e  is  th e  h ig h  c o s t  g ro u p  w ith  1 3 -1 4  m il l io n  d o llars.

4 .4 .2  R etu rn  o n  In v e stm e n t an d  N e t  P resen t V a lu e
T h e  co m p a r iso n  o f  th e p r o fita b ility  o f  d iffe r e n t  p r o c e s se s  

h a v in g  d iffe r e n t  c a p a c ity  h a v e  u sed  th e  return o n  in v e s tm e n t (R O I) an d  th e  n et  
p resen t v a lu e  (N P V )  to  in d ic a te  th e p ro fita b ility . T h e  p r o fita b ility  ca n  n o t b e  
p r e d ic te d  w ith  a b so lu te  a ccu ra cy . R isk  fa c to rs  an d  th e d eg ree  o f  u n cer ta in ty  
in v o lv e d  in  p r e d ic te d  RO I and N P V  p la y s  an im p ortan t r o le  in  d e te r m in in g  
w h a t return  are a c c e p ta b le . P eters an d  T im m erh a u s ( 1 9 9 1 )  sta ted  that for  
m o d era te  r isk  in v e s tm e n t, a 2 0  p ercen t return w o u ld  b e  th e m in im u m  
a c c e p ta b le  return  fo r  an y  ty p e  o f  in d u str ia l p ro jec ts . T h e  an n u a l c o s t , an n u al 
in c o m e , a n n u a l p ro fit, RO I and N P V  v a lu e  w ith  th e s c h e m e s  2 o f  all fe e d  w ere  
sh o w n  in  T a b le  4 .1 7 .

From  th e  re su lts , it s h o w e d  that all d e s ig n  p r o c e s s e s  o f  s e le c te d  
sc h e m e s  w e r e  a c c e p ta b le  fo r  in v e s tm e n t  a c c o r d in g  to  P eters and T im m erh a u s

4.4 Column Cost and Profitability Estimation
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(1 9 9 1 ) .  T h e  r e c o m m e n d e d  d e s ig n  p r o c e s se s , w h ic h  g a v e  th e  m a x im u m  net  
p resen t v a lu e , w e r e  th e d e s ig n e d  p r o c e s se s  w ith  fe e d  1 and 5 fo r  th e  lo w  and  
h ig h  c o s t  g ro u p s  o f  in v e s tm e n t, r e sp e c t iv e ly . W h en  co m p a red  to  a ll d e s ig n  
p r o c e s s e s , th e  d e s ig n e d  p r o c e ss  o f  f e e d  5 w a s  rec o m m en d e d .



T a b le  4.1 B u b b le  p o in t p re ssu re  o f  d is til la te  p ro d u c t te m p e ra tu re  a t 1 10°F

C o m p o n e n ts F e e d  1 F eed  2 F eed '-y

T o p  p ro d u ct stream C 2 + C 3 1C4 C 2 + C 3 + IC 4 C 2 + C 3 IC 4 C 2 + C 3 + IC 4 C 2 + C 3 IC 4 C 2 + C 3 + IC 4
F lo w  rate, lb in o l/h r 1 1 5 5 .8 3 8 6 .6 1 5 4 2 .5 1 0 6 1 .6 2 6 8 .4 1 3 3 0 .0 7 8 1 .8 2 9 9 .6 1 0 8 1 .4
C o m p o s it io n
-E th a n e 0 . 0 0 1 0 0 0 .0 0 9 0 0 0 .0 0 3 0 0 . 0 0 2

-P ro p a n e 0 .9 9 9 0 .0 0 3 0 .7 4 9 0 .9 9 1 0 .0 0 3 0 .7 9 2 0 .9 9 7 0 .0 0 3 0 .7 2 2
-Iso b u ta n e 0 0 .9 9 7 0 .2 5 0 0 0 .9 9 7 0 . 2 0 1 0 0 .9 9 7 0 .2 7 6
T em p era tu re , F 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0

B u b b le  p o in t p , p s ia 2 1 7 .7 8 5 .6 1 7 8 .9 2 2 1 .4 8 5 .6 1 8 9 .0 2 1 8 .6 8 5 .6 1 7 5 .7



T a b le  4.1 (C o n t’d) B u b b le  p o in t  p re ssu re  o f  d is tilla te  p ro d u c t te m p e ra tu re  a t 1 10°F

C o m p o n e n t Feed 4 F e e d  5 F eed  6

T o p  p ro d u ct stream C 2 + C 3 IC 4 C 2 + C 3 + IC 4 C 2 + C 3 IC 4 C 2 + C 3 + IC 4 C 2 + C 3 IC 4 C 2 + C 3 + IC 4
F lo w  rate, lb m o l/h r 2 2 1 7 .1 6 6 5 .4 2 8 7 2 .5 1 9 3 7 .6 6 8 6 .3 2 6 2 3 .9 1 8 4 3 .6 5 6 7 .9 2 4 1 1 .4
C o m p o s it io n
-E th a n e 0 .0 0 5 0 0 .0 0 3 0 . 0 0 1 0 0 . 0 0 1 0 .0 0 6 0 0 .0 0 5
-P ro p a n e 0 .9 9 5 0 .0 0 3 0 .7 6 9 0 .9 9 9 0 .0 0 3 0 .7 3 8 0 .9 9 4 0 .0 0 3 0 .7 6 0
-Iso b u ta n e 0 0 .9 9 7 0 .2 2 7 0 0 .9 9 7 0 .2 6 1 0 0 .9 9 7 0 .2 3 5
T em p era tu re , F 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0

B u b b le  p o in t p , p s ia 2 1 9 .5 8 5 .6 1 8 3 .6 2 1 8 .0 8 5 .6 1 7 7 .6 2 2 0 . 2 8 5 .6 1 8 3 .0

NJ
VO



T a b le  4 .2  C o lu m n  o p e ra tin g  p re ssu re  an d  c o n d e n se r  ty p e  o f  fe e d  1

C o lu m n
S p e c if ic a t io n s

S c h e m e  1 S c h e m e  2 S c h e m e  3 S c h e m e  4

C o l. 1 C o l. 1 C o l. 2 C o l. 1 C o l. 2 C o l. 1 C o l. 2 C o l. 3

T o p  s ta g e  p. p s ia 2 2 3 .0 2 2 3 .0 9 1 .0 1 8 4 .0 2 2 3 .0 2 2 3 .0 9 4 .0 9 1 .0
F e e d  s ta g e  p, p s ia 2 2 5 .5 2 2 5 .5 9 3 .5 1 8 6 .5 2 2 5 .5 2 2 5 .5 9 6 .5 9 3 .5
B o tto m  sta g e  p , p s ia 2 2 8 .0 2 2 8 .0 9 6 .0 1 8 9 .0 2 2 8 .0 2 2 8 .0 9 9 .0 9 6 .0
C o n d e n se r  ty p e partial partial tota l to ta l partial partial to ta l total

T a b l e  4 .3  C o lu m n  o p era tin g  p ressu re  and c o n d e n se r  ty p e  o f  f e e d  2

C o lu m n
S p e c if ic a t io n s

S c h e m e  1 S c h e m e  2 S c h e m e  3 S c h e m e  4

C o l. 1 C o l. 1 C o l. 2 C o l. 1 C o l. 2 C o l. 1 C o l. 2 C o l. 3

T o p  s ta g e  p, p s ia 2 2 7 .0 2 2 7 .0 9 1 .0 1 9 4 .0 2 2 7 .0 2 2 7 .0 9 4 .0 9 1 .0
F e e d  s ta g e  p, p s ia 2 2 9 .5 2 2 9 .5 9 3 .5 1 9 6 .5 2 2 9 .5 2 2 9 .5 9 6 .5 9 3 .5
B o tto m  sta g e  p, p s ia 2 3 2 .0 2 3 2 .0 9 6 .0 1 9 9 .0 2 3 2 .0 2 3 2 .0 9 9 .0 9 6 .0
C o n d e n se r  ty p e partial partial total total partial partial total total



Table 4.4 Column operating pressure and condenser type of feed 3
Column

Specifications
Scheme 1 Scheme 2 Scheme 3 Scheme 4

Col. 1 Col. 1 Col. 2 Col. 1 Col. 2 Col. 1 Col. 2 Col. 3

Top stage p, psia 224.0 224.0 91.0 181.0 224.0 224.0 94.0 91.0
Feed stage p, psia 226.5 226.5 93.5 183.5 226.5 226.5 96.5 93.5
Bottom stage p, psia 229.0 229.0 96.0 186.0 229.0 229.0 99.0 96.0
Condenser type partial partial total total partial partial total total

Table 4.5 Column operating pressure and condenser type of feed 4

Column
Specifications

Scheme 1 Scheme 2 Scheme 3 Scheme 4
Col. 1 Col. 1 Col. 2 Col. 1 Col. 2 Col. 1 Col. 2 Col. 3

Top stage p, psia 225.0 225.0 91.0 189.0 225.0 225.0 94.0 91.0
Feed stage p, psia 227.5 227.5 93.5 191.5 227.5 227.5 96.5 93.5
Bottom stage p, psia 230.0 230.0 96.0 194.0 230.0 230.0 99.0 96.0
Condenser type partial partial total total partial partial total total



Table 4.6 Column operating pressure and condenser type of feed 5
Column

Specifications
Scheme 1 Scheme 2 Scheme 3 Scheme 4

Col. 1 Col. 1 Col. 2 Col. 1 Col. 2 Col. 1 Col. 2 Col. 3

Top stage p, psia 223.0 223.0 91.0 183.0 223.0 223.0 94.0 91.0
Feed stage p, psia 225.5 225.5 93.5 185.5 225.5 225.5 96.5 93.5
Bottom stage p, psia 228.0 228.0 96.0 188,0 228.0 228.0 99.0 96.0
Condenser type partial partial total total total partial total total

Table 4.7 Column operating pressure and condenser type of feed 6

Column
Specifications

Scheme 1 Scheme 2 Scheme 3 Scheme 4
Col. 1 Col. 1 Col. 2 Col. 1 Col. 2 Col. 1 Col. 2 Col. 3

Top stage p, psia 226.0 226.0 91.0 188.0 226.0 226.0 94.0 91.0
Feed stage p, psia 228.5 228.5 93.5 190.5 228.5 228.5 96.5 93.5
Bottom stage p, psia 231.0 231.0 96.0 193.0 231.0 231.0 99.0 96.0
Condenser type partial partial total total partial partial total total

น)
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Table 4.8 Shortcut design summary of feed I

Scheme Unit Total Feed N/Nmin R/R-min Reflux Duty(MM Btu/hr)
tray tray Condenser Reboiler

1 C o ll 96 - - - - - -

2
Col. 1 41 16 1.987 1.3 2.073 -13.73 25.43
Col.2 102 39 1.801 1.3 7.965 -26.88 24.55

3 C o ll 112 65 1.905 1.3 2.886 -39.06 42.56
Col.2 47 28 1.984 1.3 2.030 -13.41 21.32
C o ll 43 20 1.984 1.3 2.083 -13.77 25.46

4 Col.2 65 5 1.844 1.3 5.180 -21.88 19.70
Col.3 78 47 1.847 1.3 4.837 -17.50 17.42

Table 4.9 Shortcut design summary of feed 2

Scheme Unit Total
tray

Feed
tray

N/Nmjn R/Rmin Reflux Duty(MM Btu/hr)
Condenser Reboiler

1 C o ll 89 - - - - - -

2 C o ll 44 16 1.998 1.3 1.931 -11.67 22.43
Col.2 85 42 1.804 1.3 8.008 -18.75 17.07

3 C o ll 114 71 1.925 1.3 2.520 -29.84 33.44
Col.2 43 19 1.999 1.3 1.917 -11.58 18.56

C o ll 43 20 1.998 1.3 1.934 -11.69 22.44
4 Col.2 65 5 1.844 1.3 5.200 -15.29 13.71

Col.3 80 50 1.846 1.3 4.858 -12.19 12.14
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Table 4.10 Shortcut design summary of feed 3

Scheme Unit Total Feed N / N m in R/Rtnin Reflux Duty(MM Btu/hr)

tray tray Condenser Reboiler

1 C o ll 102 - - - - - -

2
Col. 1 42 21 1.983 1.3 2.102 -9.39 18.11
Col.2 94 71 1.804 1.3 7.801 -20.43 18.68

'-y
3

C o ll 112 65 1.899 1.3 3.000 -28.47 31.48
Col.2 41 17 1.985 1.3 2.091 -9.35 14.83

C o ll 43 20 1.982 1.3 2.102 -9.395 18.11
4 Col.2 65 5 1.846 1.3 5.086 -16.61 14.96

Col.3 78 48 1.848 1.3 4.814 -13.50 13.44

Table 4.11 Shortcut design summaiy of feed 4

Scheme Unit Total
tray

Feed
tray

N/Nmin R/Rmin Reflux Duty(MM Btu/hr)

Condenser Reboiler

2 C o ll 42 19 1.992 1.3 2.008 -25.41 47.84
Col.2 92 59 1.802 1.3 7.986 -45.65 41.63

3 C o ll 113 68 1.913 1.3 2.728 -69.04 76.14
Col.2 43 18 1.995 1.3 1.968 -24.92 39.79
C o ll 43 20 1.990 1.3 2.011 -25.44 47.87

4 Col.2 65 5 1.844 1.3 5.188 -37.16 33.40
Col.3 79 49 1.847 1.3 4.846 -29.70 29.56
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Table 4.12 Shortcut design summary of feed 5

Scheme Unit Total
tray

Feed
tray

N/N 111,ท R/Rmin Reflux Duty(MM Btu/hr)
Condenser Reboiler

2 C o ll 42 21 1.983 1.3 2.098 -23.27 43.66
Col.2 94 69 1.803 1.3 7.892 -47.30 43.23

3 C o ll ll2 65 1.901 1.3 2.951 -67.82 74.34
Col.2 4 1 17 1.989 1.3 2.045 -22.69 36.06
C o ll 43 20 1.983 1.3 2.099 -23.28 43.67

4 Col.2 65 5 1.845 1.3 5.139 -38.49 34.68
Col.3 78 47 1.848 1.3 4.826 -30.99 30.85

Table 4.13 Shortcut design summary of feed 6

Scheme Unit Total Feed N / N m in R/Rmin Reflux Duty(MM Btu/hr)
tray tray Condenser Reboiler

2
C o ll 42 20 1.990 1.3 2.022 -21.24 40.71
Col.2 95 71 1.803 1.3 7.905 -39.21 35.77

3
C o ll 113 68 1.911 1.3 2.757 -58.62 65.22
Col.2 43 18 1.993 1.3 1.990 -20.92 33.39
C o ll 43 20 1.989 1.3 2.023 -21.25 40.72

4 Col.2 65 5 1.845 1.3 5.140 -31.89 28.67
Col.3 79 50 1.847 1.3 4.836 -25.70 25.58

X  i a $ < 5 C M 0 C |
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Table 4.14 Column rigorous simulation with feed stage correction

Feed Scheme Unit Total Feed Reflux Duty(MM Btu/hr)

tray tray Condenser Reboiler

2 Col. 1 41 16 2.013 -13.38 25.07
Col.2 102 54 7.730 -26.43 24.10

1 Col. 1 43 20 1.870 -12.43 24.12
4 Col.2 65 14 5.124 -21.83 19.66

Col.3 78 40 5.955 -21.05 20.98

2 C o ll 44 16 1.893 -11.50 22.24
Col.2 85 42 8.675 -20.33 18.66

2 Col. 1 43 20 1.707 -10.36 21.11
4 Col.2 65 13 5.199 -15.40 13.83

Col.3 80 50 5.872 -14.44 14.39

2 C o ll 42 21 2.052 -9.20 17.92
Col.2 94 56 8.394 -22.02 20.27

3 Col. 1 43 20 2.019 -9.06 17.78
4 Col.2 65 14 5.350 -17.48 15.84

Col.3 78 48 5.212 -14.57 14.50

4 2 Col.l 42 19 1.845 -23.45 45.90
Col.2 92 52 8.545 -48.96 44.94

5 2 Col.l 42 21 2.007 -22.38 42.82
Col.2 94 56 8.457 -50.80 46.67

6 2 Col.l 42 20 1.868 -19.73 39.17
Col.2 94 55 8.441 -41.97 38.55
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Table 4.15 Column sizing summary of the selected schemes

Feed Scheme Unit Total Tray Dia. Tray spacing Tray type
trays (in) (in)

2 C o ll 41 102 24 Valve
Col.2 102 96

1 Col. 1 43 96
4 Col.2 65 90 24 Valve

Col.3 78 90

2 Col. 1 44 96 24 Valve
Col.2 85 84

2 Col. 1 43 90
4 Col.2 65 72 24 Valve

Col.3 80 72

2 Col. 1 42 84 24 Valve
Col.2 94 90

3 Col. 1 43 84
4 Col.2 65 78 24 Valve

Col.3 78 72

4 2 Col. 1 42 138 24 Valve
Col.2 92 126

5 2 C o ll 42 132 24 Valve
Col.2 94 132

6 2 Col. 1 42 126 24 Valve
Col.2 95 120
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Table 4.16 Total purchased equipment and capital investment cost of all
selected schemes.

Feed Scheme Total purchased 
equipment cost, $

Total capital 
investment, $

1 2 1,755,749 9,832,192
4 2,015,708 11,287,966

2 2 1,320,305 7,393,706
4 1,533,898 8,589,829

3 2 1,390,081 7,784,454
4 1,521,558 8,520,725

4 2 2,527,008 14,151,242

5 2 2,634,984 14,755,909

6 2 2,355,788 13,192,413

Tables 4.17 Rate of return on investment and net present value of all selected
schemes.

Feed Scheme Annual cost,
ร

Annual
income, $

Annual 
profit, $ %ROI NPV, ร

1 2 97,044,685 101,101,109 3,560,206 22.4 11,739,211
2 2 79,242,636 81,870,458 2,254,671 18.7 6,598,322
3 2 68,916,560 72,046,900 2,737,468 21.8 8,880,087
4 2 176,313,724 182,970,823 5,942,904 26.0 20,889,295
5 2 166,034,457 173,148,265 6,369,096 26.8 22,727,066
6 2 148,113,091 153,917,870 5,138,974 24.1 17,172,875
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