
CHAPTER III 
PROCEDURES

3.1 Distillation Column Design

3 .1 .1  S y n th e s is  o f  D is t illa t io n  C o lu m n  S e q u e n c e s
T h e  d is tilla tio n  se q u e n c e s  w e r e  o b ta in ed  b y  e q u a tio n  2 .1 0 ,  

w h ic h  d e p e n d e d  o n  q u an tity  and n u m b er  o f  fe e d  c o m p o n e n ts . T h e  fe e d  o f  th is  
s tu d y  w a s  a liq u id  p e tro leu m  g a s  (L P G ) from  a g a s  sep a ra tio n  p la n t (G S P ) at 
R a y o n g  p r o v in c e . T h e  fe e d  stream s w e r e  d iv id e d  in to  s ix  d iffe r e n t  stream s  
in c lu d in g  L P G  fro m  G S P 1 , L P G  from  G S P 2 , L P G  fro m  G S P 3 , L P G  m ix tu re  
fro m  G S P 1  an d  G S P 2 , L P G  m ix tu re  fro m  G S P 1 and G S P 3  an d  L P G  m ix tu re  
fro m  G S P 2  an d  G S P 3 . E ach  fe e d  c o n s is te d  o f  th ree m a in  c o m p o s it io n s , w h ic h  
w a s  sep a ra ted  as p ro p a n e , iso b u ta n e  and n orm al b u tan e. T h e  c o m p o s it io n s  and  
o th er  p ro p er tie s  o f  e a c h  fe e d  are sh o w n  in T a b le  3 .1 .

3 .1 .2  S h o rtcu t C o lu m n  D e s ig n
S h o rtcu t d is t illa t io n  m eth o d  w a s  se le c te d  as a d e s ig n  a lg o r ith m  

sh o w n  in  F ig u re  3 .1 . T h e d e s ig n  p aram eters, w h ic h  h a v e  to  b e  c a lc u la te d , are 
th e m in im u m  n u m b er  o f  th eo re tica l s ta g e , th e m in im u m  r e flu x  ratio , th e  actu a l 
th e o r e tic a l s ta g e  and th e fe e d  s ta g e  lo c a tio n . P R O /II h a v e  a sh o rtcu t d is t illa t io n  
m o d u le  b ut n o t c o m p le te ly  su p p orted . For c a lc u la t io n , th is  m o d u le  is  im p o rted  
as an in p u t k e y w o r d  f ile . T h e  sh ortcu t d is t illa t io n  m o d u le  u se s  a g e n e r a liz e d  
F e n sk e  m e th o d  to  p red ic t p rod u ct d istr ib u tio n  fo r  m u lti-p ro d u c ts  fra c tio n a to rs , 
an d  U n d e r w o o d  m eth o d  to  d e term in e  th e m in im u m  r e flu x  ratio . T h e  P R O /II 
w ill  a lso  d e term in e  th e n u m b er  o f  th eo re tica l P a y s , th e  actu a l r e f lu x  rates, and



T a b le  3 .1  F eed  stream  c o m p o s it io n s  an d  p ro p erties  su m m a iy

C o m p o n e n ts F eed  1 F eed  2 F eed  3 F e e d  4 F eed  5 F e e d  6

S o u rce G S P  1 G S P  2 G S P  3 G S P  1& 2 G S P  1& 3 G S P  2& 3
M o la r  F ra ctio n s

1 E th an e 0 .0 0 0 4 0 ,0 0 5 8 0 .0 0 1 5 0 .0 0 2 9 0 .0 0 0 9 0 .0 0 3 8
2 P rop an e 0 .6 0 3 1 0 .6 5 9 8 0 .5 7 7 2 0 .6 2 8 9 0 .5 9 2 4 0 .6 2 1 9
3 Iso b u ta n e 0 . 2 0 2 2 0 .1 6 8 6 0 .2 2 1 9 0 .1 8 6 9 0 .2 1 0 4 0 .1 9 3 1
4  B u tan e 0 .1 8 2 2 0 .1 5 4 7 0 .1 9 4 0 0 .1 6 9 7 0 .1 8 7 1 0 .1 7 2 7
5 Iso p en ta n e 0 .0 1 0 7 0 .0 1 0 9 0 .0 0 4 5 0 .0 1 0 8 0 .0 0 8 1 0 .0 0 8 0
6  P en tan e 0 .0 0 1 4 0 . 0 0 0 2 0 .0 0 0 9 0 .0 0 8 5 0 . 0 0 1 2 0 .0 0 0 5

T ota l R ate, lb /hr 9 5 5 0 2 .4 9 7 7 9 8 1 .2 4 6 7 7 1 5 .0 4 1 7 3 4 8 3 .7 4 1 6 3 2 1 7 .5 3 1 4 5 6 9 6 .2 8
T em p era tu re , F 7 6 .4 6 5 9 .7 2 6 3 .1 4 6 8 .9 8 7 1 .0 1 6 1 .3 6
P ressu re, p s ia 2 3 2 .2 5 2 0 0 .3 4 2 6 1 .2 6 2 0 0 .3 4 2 3 2 .2 5 2 0 0 .3 4
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Figure 3.1 A lg o r ith m  fo r  m u lt i-c o m p o n e n t  d is t illa t io n  b y  sh o rtcu t d is t illa t io n  
m e th o d  (H e n le y  and S ea d er , 1 9 8 1 )
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c o n d e n se r  an d  re b o ile r  d u tie s , fo r  a g iv e n  R /R min v a lu e  w h ic h  is  s e le c te d  at 
e c o n o m ic s  c o n s id e r a tio n  v a lu e  o f  1.3 m u lt ip lie d  b y  m in im u m  r e flu x  ratio, 
b a se d  o n  a G illila n d -ty p e  co rre la tio n . T h e  m eth o d  o f  K irk b rid e is  u sed  to  
d eterm in e  th e  o p tim u m  fe e d  tray lo c a t io n  fo r  ea ch  op era tio n .

In ord er to  w r ite  in p u t k e y w o r d s , th e in p u t p aram eters h a v e  to  
b e  s p e c if ie d . T h e y  are fe e d  c o n d it io n s  and c o m p o s it io n s , k e y  c o m p o n e n ts ,  
c o lu m n  p ressu re , c o n d e n se r  ty p e , th erm o d y n a m ic  m e th o d s  and p rod u ct  
s p e c if ic a t io n s . T h e  fe e d  c o n d it io n  and c o m p o s it io n s  w e r e  tak en  fro m  G S P  and  
c a lc u la te d  fro m  th e  PR O /I1. T h e  sp e c if ic a t io n s  o f  k ey  c o m p o n e n ts  and n o n k e y  
c o m p o n e n ts  w e r e  a c c o m p lish e d  b y  an itera tive  p ro ced u re . T w o  k ey

S ta r t
Distillate and bottoms 
compositions known 

or estimated

F ig u r e  3 .2  A lg o r ith m  fo r  e s ta b lish in g  d is tilla tio n  c o lu m n  p ressu re  and ty p e  
c o n d e n se r  (H e n le y  and S ea d er , 1 9 8 1 )
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c o m p o n e n ts , l ig h t  k e y  and h e a v y  k e y  c o m p o n e n t are a lw a y s  a d ja cen t in the  
ord er  o f  v o la t il ity . T h e  c o lu m n  o p era tin g  p ressu re  and ty p e  o f  c o n d e n se r  w e r e  
e s ta b lish e d  b y  th e  p ro ced u re  sh o w n  in  F igu re  3 .2 . B o th  c o lu m n  an d  c o n d e n se r  
p ressu re  d ro p s o f  5 p s ia  are a ssu m ed . A  total c o n d e n se r  is  u se d  fo r  a re flu x  
drum  p ressu re  to  2 1 5  p sia . A  partia l c o n d e n se r  is  u sed  from  2 1 5  to  3 6 5  p sia .

A  refr igeran t is  u sed  for  o v erh ea d  c o n d e n se r  c o o la n t  i f  the  
p ressu re  te n d s  to  e x c e e d  3 6 5  p sia . W ith  o p era tin g  p ressu res  e s ta b lish e d  in the  
c o lu m n , th e  fe e d  can  b e  a d ia b a tic a lly  f la sh e d  at an e stim a ted  fe e d  tray p ressu re  
o f  the r e f lu x  drum  p ressu re  p lu s  7 .5  p s ia  to  d eterm in e  fe e d -p h a se  c o n d it io n .

T h e  S o a v e -R id lic h -K w o n g  (S R K ) eq u a tio n  o f  sta te  is  u se d  to  
c a lc u la te  e q u ilib r iu m  K -v a lu e s , e n th a lp ie s , and  v ap or d e n s it ie s . T h e  S R K  
m eth o d  h a s b e e n  fo u n d  to  p red ic t liq u id  d e n s it ie s  w h ic h  m a y b e  1 0 - 2 0 %  lo w e r  
than  th e a ccu ra te  v a lu e . F or th is  rea so n , th e L e e -K e s le r  m e th o d  h as b een  
s e le c te d  as th e  m o st  su ita b le  fo r  lig h t h y d ro ca rb o n  (S im u la tio n  S c ie n c e s  Inc., 
1 9 9 2 ; 1 9 9 4 ).

3.2 Distillation Column Sequencing

F or s c r e e n in g  se q u e n c e s  o f  d is t illa t io n  c o lu m n s , A n  o v era ll b o il in g  
c a p a c ity  v a r ia b le  w a s  u sed . T h is  v a r ia b le  is  th e w e ig h t  a v era g e  o f  th e  ca p a c ity  
v a r ia b le s  c a lc u la te d  b y  u s in g  th e e x is t in g  resu lts  from  th e sh o rtcu t c o lu m n  
d e s ig n . T h e  c a lc u la t io n  p aram eters c o n s is te d  o f  th e n u m b er  o f  s ta g e s  and  
in tern a l f lo w  ra tes in th e c o lu m n s .

3.3 Stage Efficiency and Column Sizing

F rom  su r v e y , th e v a lu e s  o f  s ta g e  e f f ic ie n c ie s  for  s ie v e  and v a lv e  f in ite -  
s ta g e  c o n ta c to r  in th e d e s ig n  p rod u ct c o lu m n s  are in the ran ge o f  1 0 0  to  1 2 0  

p ercen t. T h e  v a lv e  s ta g e  c o n ta c to r  w ith  o v era ll s ta g e  e f f ic ie n c ie s  eq u a l to 100
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p e r c e n t w a s  s e le c te d  to  c a lc u la te  th e c o lu m n  ca p a c ity . F rom  th e  d e f in e d  s ta g e  
e f f ic ie n c y ,  th e  actu a l to ta l n u m b er  o f  s ta g e  w a s  e q u a le d  to  th e  n u m b er  o f  
a ctu a l th e o r e tic a l s ta g e . C o lu m n  ca p a c ity  or c o lu m n  d ia m eter  w a s  d e term in ed  
b y  P R O /II u s in g  th e c o lu m n  s iz in g  m o d u le  w h ic h  b a se d  o n  G litsc h  m e th o d s . In 
ord er  to  u se  th is  m o d u le , th e  r ig o ro u s c o lu m n  m o d e l w a s  d e v e lo p e d  b y  u s in g  
th e sh o r tcu t d e s ig n  re su lts , sp e c if ie d  s ta g e  sp a c in g  o f  2 4  in c h e s , f lo o d in g  
fa c to r  o f  7 8  p e r c e n t and a sy s te m  lo a d in g  fa c to r  o f  1 (S im u la t io n  S c ie n c e s  Inc., 
1 994; W a la s , 1 9 9 0 ).

3 . 4  C o l u m n  C o s t  a n d  P r o f i t a b i l i t y  E s t i m a t i o n

3 .4 .1  C ap ita l In v estm en t
T h e  to ta l d irect p lan t c o s t  and to ta l in d irec t to ta l cap ita l 

in v e s tm e n t  w a s  e s tim a ted  b y  u s in g  th e p er c e n ta g e  o f  d e liv e r e d -e q u ip m e n t  c o s t  
m eth o d . T h e  c a lc u la t io n  w a s  b a sed  on  th e d e liv e r e d  e q u ip m e n t c o s t  c a lc u la te d  
b y  th e  e q u ip m e n t c o s t  cu rv e  and M arsh all and S w ift  e q u ip m e n t c o s t  in d e x  in  
th e 3 rd quarter o f  1 9 9 9  fo r  c o s t  u p d ate , and the a v era g e  v a lu e s  o f  th e  v a r io u s  
p e r c e n ta g e s  w h ic h  are sh o w n  in T a b le  2 .1 .

3 .4 .2  R eturn  o n  In v estm en t and N e t  P resen t V a lu e
T h e  rate o f  return on  in v e s tm e n t an d  th e n e t p resen t v a lu e  w ere  

c a lc u la te d  b y  e q u a tio n s  2 .1 6  and 2 .1 7  r e sp e c t iv e ly . T h e  c a lc u la t io n  a ssu m ed  
16 y e a r s  fo r  th e  se r v ic e  life  o f  d is tilla tio n  c o lu m n s , 5%  o f  th e  f ix e d  ca p ita l 
in v e s tm e n t  fo r  th e  sa v a g e  v a lu e , 3 0 %  fo r  th e tax  rate and 10%  fo r  th e  in terest
rate.
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