
CHAPTER III 
METHODOLOGY

3.1 Materials and Equipment

3 .1 .1  E q u ip m e n t
1. L a p to p  (L e n o v o ,  Y 5 8 0  , ln t e l ( R )  C o r e (T M ) i7 - 3 6 3 0 Q M  C P U  @  

2 .4 0 G H z  R A M  4 .0 0  G B , M ic r o s o f t  O f f ic e  2 0 0 7 )

3 .1 .2  S o f t w a r e
1) A s p e n  P lu s  (v e r s io n  7 .1 )
2 )  O n l in e  C o s t  E s t im a to r

3.2 Process Simulation Procedures

3 .2 .1  L iter a tu re  S u r v e y
1) S tu d y  a n d  r e v ie w  th e  b a c k g r o u n d ,, te c h n ic a l  o p e r a t io n , f e a s ib i l i ty  and  

p r o b le m s  o f  th e  M E A -b a s e d  p o s t  c o m b u s t io n  C O 2 ca p tu re  p r o c e s s .
2 )  S tu d y  th e  p r o m is in g  IL s u se d  in C O 2 c a p tu r e  p r o c e s s  (r e p la c in g  

c o n v e n t io n a l  M E A -b a s e d  p r o c e s s )  b y  d e te r m in in g  th e ir  C O 2 s o lu b i l ity ,  C O 2 

s e le c t iv ity ,  e a s e  o f  r e g e n e r a tio n , v is c o s i t y  a n d  c o s t  o f  IL s.

3 .2 .2  P r o c e s s  S im u la t io n
3.2 .2 .1  D evelop ing  the M E A -based  C O 2  C ap ture  P rocess

B u ild  u p  M E A  f lo w  d ia g r a m  b y  u s in g  e le c tr o ly te  te m p la te  in 
A s p e n  P lu s . T h e  E N R T L  is u s e d  fo r  a  g lo b a l th e r m o d y n a m ic s  m o d e l .  T h e  f lo w s h e e t  
c o n s is t in g  o f  a b s o r b e r  and  s tr ip p er  is  m o d e le d  b y  u s in g  R A D F R A C  c o lu m n .  
T h e  d e s ig n  s p e c if ic a t io n s  in th e  s im u la t io n  a re  a s  fo l lo w s :

V e n t C O 2 : th e  a b so rb er  is  d e s ig n e d  to  m e e t  th e  s p e c if ic a t io n  o f  
th e  v e n t  g a s  w ith  9 0  %  C O 2 r e c o v e r y  (C O 2 c o n c e n tr a t io n  is  le s s  th an  1 .0  v o l .  % ). 
T h is  s p e c if ic a t io n  c a n  b e  a c h ie v e d  b y  v a r y in g  th e  lo a d in g  a n d  m a ss  f l o w  rate o f  
M E A .
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S tr ip p e r  R e f lu x  R a tio : c lo s e d - lo o p  s im u la t io n  ca n  b e  a c h ie v e d  
w h e n  th e  c o m p o s i t io n  b e tw e e n  tw o  s tr e a m s (o u t le t  fro m  s e c o n d  h e a t e x c h a n g e r  n e x t  
to  d e so r b e r  a n d  in le t  s trea m  to  th e  a b so r b e r ) a re  e q u iv a le n t .  T h is  is  d o n e  b y  
m a tc h in g  th e  lo a d in g  (m o l  C C V m o l M E A )  o f  th e s e  t w o  s tr e a m s . L o a d in g  is  d e f in e d  

a s  th e  ra tio  o f  C O 2 c a r r y in g  s p e c ie s  o v e r  M E A  c a r r y in g  s p e c ie s .  A f te r  th e  
s p e c if ic a t io n  o f  s tr ip p er  c o lu m n  is  s e t  to  str ip  o f f  9 0  %  o f  C O 2 , m a s s  r e f lu x  ra tio  o f  
s tr ip p er  c o lu m n  is  v a r ie d  u n til th e  lo a d in g  o f  s tr ip p er  o u t le t  an d  a m in e  in le t  stream  
are e q u iv a le n t .

C r o s s -h e a t  e x c h a n g e r  d u ty : at th e  s ta r tin g  o f  th e  s im u la t io n ,  
th e  c r o s s -h e a t  e x c h a n g e r  is  s im u la te d  a s  t w o  se p a r a te d  h e a t e x c h a n g e r s .  It is  

n e c e s s a r y  to  m a tc h  th e  h e a t  d u t ie s  b e tw e e n  tw o  h e a t  e x c h a n g e r s ,  s o  th e y  ca n  
e f f e c t iv e ly  fu n c t io n  a s  a c r o s s -h e a t  e x c h a n g e r . T h e  a p p r o a c h  te m p era tu r e  is  a ls o  se t
to  5 °c.

W a ter  an d  M E A  b a la n c e : w a te r  a n d  M E A  b a la n c e  is  n e c e s s a r y  
in o rd er  to  h a v e  th e  c lo s e d - lo o p  c o n v e r g e n c e .  F o r  th is  p u r p o s e , th e  f lo w  rate  o f  th e  
m a k e u p  w a te r  a n d  M E A  s trea m  a re  v a r ie d  to  a c h ie v e  a n  o v e r a l l  m a s s  b a la n c e .

3 .2 .2 .2  D eve lo p in g  the IL -b a sed  C O 2  C ap ture  P rocess
W h e n  d o in g  th e  s im u la t io n  u s in g  A s p e n  P lu s , th e  p ro p erty  

p a ra m eters  o f  s e le c te d  c o m p o n e n ts  w i l l  b e  a u to m a t ic a lly  r e tr ie v e d . S in c e  th e  
d a ta b a se s  o f  A s p e n  P lu s  d o  n o t  p r o v id e  a n y  p u re  c o m p o n e n t  d a ta  fo r  [ e m im ] [ A c ] ,  
th e  d irec t  in p u t in fo r m a tio n  o f  its  p r o p e r tie s  a n d  d a ta  r e g r e s s io n  m o d e  in  A s p e n  P lu s  
a re  e s s e n t ia l ly  e m p lo y e d .

F or th e  c r it ic a l p r o p e r t ie s  o f  IL s , th e  s o - c a l le d  g ro u p  
c o n tr ib u tio n  m e th o d , “ m o d if ie d  L y n d e r s e n -J o b a c k -R e id ” m e th o d  is u s e d  to  e s t im a te  

th e  cr itica l p r o p e r t ie s  o f  IL , s in c e  th e  IL s start to  d e c o m p o s e  at th e  te m p e r a tu r e  n ear  
th e ir  n o rm a l b o i l in g  p o in t . F or th e  te m p era tu r e  d e p e n d e n t  p r o p e r t ie s , th e  
p a ra m eters  o f  f i v e  p r o p er ty  m o d e ls  th at a re  s h o w n  in F ig u r e  3 .1  are r e g r e s s e d  b a sed  
o n  th e  rep o rted  p r o p e r t ie s  o f  [ e m im ] [ A c ]  a v a i la b le  in  th e  lite ra tu re . T h e  IL -b a se d  
s y s te m  in v o lv e s  th e  m ix tu r e  s y s t e m , w h ic h  is  c o m p o s e d  o f  th e  s o lu b i l i ty  o f  g a s e s  in 
IL  ( N 2 and  £ 0 2  in [ e m im ] [ A c ] )  and  s o lu b i l i ty  o f  liq u id  in liq u id  ( [ e m im ] [ A c ]  in  
w a te r ) .
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Figure 3.1 F lo w c h a r t  d e f in in g  in fo r m a tio n  a b o u t io n ic  liq u id  in to  A s p e n  P lu s .

T h e  b in a ry  in tera c tio n  p a ra m eters  o f  N o n -R a n d o m  T w o  
L iq u id  (N R T L ) are u se d  to  c a lc u la te  th e  a c t iv ity  c o e f f ic ie n t  o f  th e  b in a ry  s y s te m  
( [ e m im ] [ A c ]  +  w a te r )  an d  H e n r y ’ s c o n s ta n t  m o d e l is u sed  to  c a lc u la te  th e  H e n r y ’s 
c o n s ta n t  o f  N 2 an d  C O 2 s o lu b le  in [ e m im ][A c ] .  B o th  b in a ry  in te r a c t io n  p a ra m eters  
and  p a ra m eters  o f  H e n r y ’s  c o n s ta n t  m o d e l are ta k en  fro m  th e  r e g r e s s io n  o f  th e  
e x p e r im e n ta l  d a ta  ( P - x  d ia g ra m ) a v a i la b le  in th e  literatu re . T h e  r e a c t io n  d a ta  o f  [e m -  
im ] [A c ]  w ith  C O 2 a re  ta k en  fro m  th e  litera tu re  fo r  e q u ilib r iu m  c a lc u la t io n . T h e  
a c c u r a c y  o f  a ll p a r a m e te r s  o b ta in e d  from  th e data  r e g r e ss io n  m u s t  b e  c h e c k e d  b y  u s ­
in g  th e s e  p a ra m eters  to  c a lc u la te  b a c k  fo r  e a c h  p ro p erty  and  th e n  c o m p a r e  it w ith  th e  
e x p e r im e n ta l  d a ta . B a s e d  on  a ll o f  th e s e  p a ra m eters , a  p r o c e s s  s im u la t io n  o f  IL 
[ e m im ] [ A c ]  ca n  b e  carr ied  o u t to  m e e t  th e  s a m e  ta rget o f  M E A -b a s e d  p r o c e s s .  
IL f lo w  d ia g ra m  is  s im ila r  to M E A  f lo w  d ia g r a m , but th ere  is  th e  d if fe r e n c e  in  th e  
r e g e n e r a t io n  s e c t io n ,  b y  r e p la c in g  th e  s tr ip p er  c o lu m n  in th e  M E A  to  th e  f la sh  ta n k  in 
IL f lo w  d ia g ra m  (A s p e n -R C S T R ) .  T h e r e fo r e , e q u ilib r iu m  m o d e l  in  th e  A s p e n  P lu s  is  
e m p lo y e d  to  c a lc u la te  th e  r e a c t io n s  o f  [ e m im ][A c ]  in th e rea c to r . IL  f lo w  d ia g r a m  in 
th is  s tu d y  is  s im ila r  to  th e  o n e  u s e d  b y  (S h if le t t  e t al., 2 0 1 0 ) .  T h e  o p t im iz a t io n  o f  IL  

f lo w  d ia g ra m  is  d o n e  b y  v a r y in g  th e  a b so rb er  p r essu re  and IL  f lo w  rate.
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3 .2 .3  T h e  C a p ita l I n v e s tm e n t  C o s t  E v a lu a tio n
T h e  s t e p s  o f  e v a lu a t io n  a re  a s  fo l lo w s :
3.2.3.1 E qu ipm ent C ost E stim ation

T o  e s t im a te  th e  e q u ip m e n t  c o s t ,  a m a jo r  e q u ip m e n t  lis t  w a s  
p rep ared  an d  fo l lo w e d  b y  q u a n tity  o f  e q u ip m e n t, ty p e  o f  e q u ip m e n t , m a ter ia l o f  
c o n s tr u c t io n  and  s iz e  o f  e q u ip m e n t in to  th e  p rog ra m . M a ter ia l o f  e q u ip m e n ts  is  
s e le c te d  b y  th e  ty p ic a l  s p e c if ic a t io n  fr o m  th e  lite ra tu re . S iz e  p a r a m e te r s  s u c h  as  
d ia m e te r , h e ig h t  and  a rea  are g iv e n  fro m  th e  s im u la t io n . A f t e r  g e t t in g  a ll th e  
in fo r m a tio n , an o n l in e  c o s t  e s t im a to r  ( h t tp : / /h ig h e r e d .m c g r a w -h i l l .c o m ) is  u s e d  to  
c a lc u la te  th e  c o s t  o f  e q u ip m e n t .

3.2 .3 .2  C ap ita l Investm en t C ost E va lua tion
C a p ita l in v e s tm e n t  c o s t  is  c la s s i f i e d  in to  t w o  g r o u p s , f ix e d  

ca p ita l in v e s tm e n t  a n d  w o r k in g  c a p ita l c o s t s .  F ix e d  c a p ita l in v e s tm e n t  c o s t  is  
d iv id e d  in to  m a n u fa c tu r in g  f ix e d -c a p ita l  in v e s tm e n t  c o s t ,  o r  d ir e c t  c o s t ,  a n d  
n o n m a n u fa c tu r in g  f ix e d -c a p ita l  in v e s tm e n t  c o s t ,  o r  in d ir e c t  c o s t .  T h e r e  are m a n y  
m e th o d s  to  c a lc u la te  th e  in v e s tm e n t  c o s t .  In th is  s tu d y  th e  p e r 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  is  u s e d . T h e  c o s t  o f  d e l iv e r in g  th e  e q u ip m e n t  is  
re p r e se n ts  a s  a  p e r c e n ta g e  o f  th e  d e liv e r e d -e q u ip m e n t  c o s t .  T h e  p e r c e n ta g e  o f  e a c h  
e le m e n t  is  s h o w n  in T a b le  3 . 1 . '

Table 3.1 T o ta l C a p ita l I n v e s tm e n t (T C I )

Manufacturing Fixed-Capital Investment 
(Direct Cost)

Percentage

P u r c h a se d  E q u ip m e n t D e l iv e r e d 1 . 1

P u rch a sed  E q u ip m e n t In sta lla tio n 0 .4 7
In stru m en ta tio n  and C o n tr o ls  ( in s ta l le d ) 0 .3 6
P ip in g  ( in s ta l le d ) 0 . 6 8

E le c tr ic a l S y s te m s  ( in s ta l le d ) 0 . 1 1

B u ild in g s  ( I n c lu d in g  S e r v ic e s ) 0 .1 8
Y ard  Im p r o v e m e n t 0 . 1

http://highered.mcgraw-hill.com
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Manufacturing Fixed-Capital Investment 
(Direct Cost)

Percentage

S e r v ic e  F a c i l i t ie s  ( in s ta l le d ) 0 .7
M a n u fa c tu r in g  F ix e d -C a p ita l  I n v e s tm e n t  (D ir e c t  C o s t ) 2 . 8

Nonmanufacturing Fixed-Capital Investment 
(Indirect Cost)

E n g in e e r in g  and  S u p e r v is io n 0 .3 3
C o n s tr u c tio n  E x p e n s e s 0 .4 1
L e g a l E x p e n s e s 0 .0 4
C o n t r a c t o r s  F e e s 0 . 2 2

C o n t in g e n c y 0 .4 4
Fixed-Capital Investment

F ix e d -C a p ita l  I n v e s tm e n t  (F C I)
Working Capital Investment

W o r k in g  C a p ita l I n v e s tm e n t  (W C ) 0 .8 9
Total Capital Investment (TCI)

A n o th e r  c o s t  th at n e e d s  to  b e  a c c o u n te d  in th e  in v e s tm e n t  c o s t  
is  c o s t  o f  a b so r b e n t . In th is  s tu d y , M E A  a n d  IL p r ic e  is  o n  th e  b a s is  o f  $ 2 .2 5 /k g  a n d  
$ 2 0 /k g , r e s p e c t iv e ly .  A f te r  f in is h in g  th e  in v e s tm e n t  c o s t  e v a lu a t io n , th e  c o s t s  o f  
M E A  an d  IL -b a se d  p r o c e s s e s  are c o m p a r e d  to  lo o k  at th e  p o te n tia l o f  IL  c o s t  b e n e f it .
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