
RESULT AND DISCUSSION
CHAPTER VI

Five examples of different sizes are presented to verify the proposed 
improved stage-wise superstructure model and to determine the efficiency of the 
proposed model. These examples were implemented in GAMS (version 24.2.1) and 
solved by DICOPT on a PC machine (i7 2.00GHz, 8 GB RAM, 64 bit-Operation 
system). The number of main-stage and sub-stage that were used for this work, are 
set at the solving limitation of GAMS program (4 main-stage and 5 sub-stage).

6.1 Examples from Literature

6.1.1 Example 1
This example was taken from Huang and Karimi (2012). It involves 

with one hot process stream (II), two cold process streams (J1-J2), one hot utility, 
and one cold utility. The data for this example is presented in Table 6.1. The Heat 
exchanger cost (ร) is 6,600+670(Area)°83.

Table 6.1 Example 1 data.

Stream TIN(°C) TOUT(°C) h(kW/m2-°C) F(kW/°C) Cost($/kW-yr)
11 167 77 2 22 -
J1 76 157 2 20 -
J2 47 95 0.67 7.5 -
c u 27 47 1 - 20
HU 227 227 1 - 120
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Figure 6.1 First Heat Exchanger Configuration result from First MILP, First NLP, and Second MILP of Example 1.
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Figure 6.2 First Heat Exchanger Configuration result from Second NLP of Example 1.
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Figure 6.3 Best Heat Exchanger Configuration result from MINLP of Example 1.
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Figure 6.4 Best Heat Exchanger Configuration result from Huang and Karimi (2012) of Example 1.
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Although we obtained the same number of exchangers as different 
from their HENs. Our TAC is $73,684 with a total area of 174 m2 which are lower 
than the results from Huang and Karimi (2012) ($76,327, area = 182.5 m2) It showed 
that with a better TAC and area at the first iteration. This example show that 
provinding arised due to solving MINLP with good feasible initial point can help 
obtianing better solution.

The HEN configuration obtained from First MILP, First NLP, and 
Second MILP (Figure 6.1) are the same. This case can be happened when the first 
initial flow variables satisfy the next NLP.

From Figure 6.2, all the by-pass streams are eliminated from all stages 
where no heat exchanger exists. From this step, the result from solving Second NLP, 
except branch flow variables, which are obtained from Second MILP, are used as 
initial values for solving MINLP.

By comparing our solution with the result from Huang and Karimi 
(2012) (Figures 6.3 and 6.4), this example illustrated that synthesizing HEN problem 
with good feasible initial points can result in obtaining a better solution.

Table 6.2 Comparison of example 1 result of our model with literature

Comparison Our model Huang and Karimi 
(2012)

Bjôrk and Westerlund 
(2002)

Total area(m2) 174 182.5 Not report
Number of HE 3 3 3
Annualized utility 
cost($) - - -

Investment cost($) 73,695 76,327 76,330
TAC($) 73,695 76,327 76,330
Max CPU time(s) 2,978 3,600 938
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6.1.2 Example 2
This example was taken from Bjôrk and Westerlund (2002). They 

used this example to illustrate the impact of non-isothermal mixing. The problem 
consists of three hot streams, two cold streams, one hot utility and one cold utility. 
The data for this example is presented in Table 6.3. The Heat exchanger cost (ร) is 
6,000+600(Area)°85. Our model yields a HEN with four exchangers and a TAC of 
$94,880 which is slightly lower than the best network reported in literature(Bjôrk e t  
a l . , 2002; Huang e t  a l ,  2012). While Bjôrk and Westerlund (2002) reported the same 
HEN configuration as their best network with a TAC of $96,001. Huang and Karimi 
(2012) also solved the same problem and obtained the same HEN configuration as 
Bjôrk and Westerlund (2002) with a TAC of $95,643 as summarized in Table 6.4.

Table 6.3 Example 2 data

Stream TIN(°C) TOUT(°C) h(kW/mi-°C) F(kW/°C) Cost($/kW-yr)
11 155 30 2 8 -
12 80 40 2 15 -
13 200 40 2 15 -
J1 20 160 2 20 -
J2 20 100 2 15 -
c u 290 300 2 - 20
HU '680 680 2 - 120
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Total area (พ ) 3,142.5
Annualized utility cost $140,000
Investment cost $1,063,882
Total annualized cost $1,203,882

Figure 6.5 One of Heat Exchanger Configuration result from First M1LP and First NLP of Example 2.
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Figure 6.6 One of Heat Exchanger Configuration result from Second MILP of Example 2.
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Figure 6.7 One of Heat Exchanger Configuration result from Second NLP of Example 2.
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B y  C o m p a r in g  b e tw e e n  th e  F ir s t  M I L P  a n d  S e c o n d  M IL P  ( F ig u re s
6 .5  a n d  6 .6  r e s p e c t iv e ly ) ,  a l th o u g h  th e  to ta l  a r e a  a n d  T A C  o b ta in e d  f ro m  th e s e  tw o  
m o d e ls  a r e  e q u a l ,  th e  H E N  c o n f ig u r a t io n s  a r e  s l ig h t ly  d i f f e r e n t .  T h a t  is  b e c a u s e  
s o lv in g  M I L P  b y  u s in g  in i t ia l  v a lu e  c a n  r e su lt  in  r e a r r a n g in g  th e  r e s u l t ,  w h ic h  is  u s e d  
a s  in i t ia l  v a lu e  fo r  th e  n e x t  m o d e l .  H e n c e , g o o d  in i t i a l  v a lu e s  c a n  g r a d u a l ly  tu n e  th e  
m o d e l to  g iv e  s o lu t io n  to  a  d e s i r a b le  d i r e c t io n  c o r r e s p o n d in g  to  e a c h  s o lv in g  s te p .

W e  u s e  th e  T A C  ( $ 1 8 0 ,7 5 3 )  a s  a n  u p p e r  b o u n d  to  s o lv e  s e c o n d  
i te ra t io n  a n d  it o b ta in s  a  H E N  w i th  T A C  o f  $ 9 5 ,7 4 3  (F ig u re  6 .9 ) .  F in a l ly ,  f ro m  th is  
s tr a te g y , w e  o b ta in e d  th e  b e s t  r e s u l t  o f  th is  p r o b le m  ( F ig u r e  6 .1 0 )  w ith  a  T A C  o f  
$ 9 4 ,8 8 0 . T h e  r e s u l t  c o m p a r i s o n  o f  o u r  w o rk  a n d  l i te r a tu r e  a r e  s h o w n  in  T a b le  6 .4 . 
T h e  H E N  c o n f ig u r a t io n  a re  d i f f e r e n t  b u t  o u r  T A C  is  s l ig h ly  b e t te r .  T h is  l ik e ly  a r is e s  
b e c a u s e  o f  l i n e a r  a p p r o x im a t io n  te c h n iq u e  in  o u r  o b je c t iv e  f u n c t io n .

T a b l e  6 .4  C o m p a r i s o n  o f  e x a m p le  2  r e s u l t  o f  o u r  m o d e l  w i th  l i te r a tu r e

C o m p a r i s o n O u r  m o d e l H u a n g  a n d  K a r im  i 
( 2 0 1 2 )

B jô r k  a n d  W e s te r lu n d  
( 2 0 0 2 )

T o ta l a r e a ( m 2) 2 1 5 .5 2 1 7 .8 2 1 9 .2

N u m b e r  o f  H E 4 4 4

A n n u a l iz e d  u t i l i ty  
c o s t($ ) - - -

I n v e s tm e n t  c o s t ($ ) 9 4 ,8 8 0 9 5 ,6 4 3 9 6 ,0 0 1  -

T A C ($ ) - 9 4 ,8 8 0 9 5 ,6 4 3 9 6 ,0 0 1

M a x  C P U  t im e ( s ) 3 ,3 5 3 3 ,6 0 0 9 6

F ro m  e x a m p le s  1 a n d  2 , th e  o u t le t  te m p e r a tu r e  o f  h o t  a n d  c o ld  b ra n c h  
s tre a m s  c a n  b e  c o o le d  o r  h e a te d  to  a  te m p e r a tu r e  lo w e r  o r  h ig h  th a n  i ts  p a r e n t  
s tr e a m 's  f in a l  t e m p e r a tu r e .  A s  s h o w n  in  e x a m p le  1 ( F ig u r e  6 .3 ) , th e  o u t le t  
te m p e ra tu re  i f  th e  H E 3  s u b - s te a m  is  6 8 .9 ° c  w h ic h  lo w e r  th a n  i ts  p a r e n t  s t r e a m  II  
w i th  a  f in a l  t e m p e r a tu r e  o f  7 7 ° c .  S im ila r ly ,  a t  th e  c o ld  s t r e a m  J1 o f  e x a m p le  2
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(F ig u re  6 .1 0 ) ,  th e  o u t le t  te m p e r a tu r e  o f  H E 1  s u b  s t r e a m s  ( 1 7 8 .8 ° C )  is  h ig h e r  th a n  th e  
f in a l t e m p e r a tu r e  o f  its  p a r e n t  s tr e a m  J1 (1 6 0 °C ) . In  c o n t r a s t ,  m a n y  p r e v io u s  H E N s  
(Y e e  e t  a l . ,  1 9 9 0 ; B jô rk  e t  a l . ,  2 0 0 2 ;  B e r g a m in i  e t  a l . ,  2 0 0 8 ) ,  m o d e ls  d id  n o t  a l lo w  
th e s e  c a s e  to  h a p p e n . H u a n g  a n d  K a r im i  (2 0 1 2 )  d e m o n s t r a te d  th a t  b y  l im i ta t in g  th e  
s u b -s t re a m  te m p e r a tu r e s  to  b e  w i th in  th e  in i t ia l  a n d  f in a l  t e m p e r a tu r e s  o f  th e i r  p a r e n t  
s tr e a m  c a n  m is s  o th e r  p o s s ib ly  H E N  c o n f ig u ra t io n s .  T h e y  p r o v e d  e f f e c t  o f  b o u n d in g  
te m p e ra tu re  b y  p r o p o s in g  th e  m e th o d  fo r  s y n th e s i z in g  H E N  w i th  th e i r  n o n -  
is o th e rm a l m ix in g  s t r a te g y  b y  a d d in g  n e w  v a r ia b le s .  In  th is  w o rk ,  w e  b o u n d  a ll th e  
te m p e ra tu re  v a r ia b le s  b a s e d  o n  p o s s ib le  m a x im u m  a n d  m in im u m  te m p e r a tu r e  o f  th e  
tw o  m a tc h in g  p a r e n t  s t r e a m s .  F ro m  th is  te c h n iq u e , a ll  o u r  te m p e r a tu r e  v a r ia b le s  
w h e th e r  h o t  s t r e a m  o r  c o ld  s tr e a m  c a n  b e  lo c a te d  a t  a n y  p o s s ib l e  v a lu e s .

6 .1 .3  E x a m p le  3
T h is  e x a m p le  (T a b le  6 .5 )  w a s  a lso  t a k e n  f ro m  B jô r k  a n d  W e s te r lu n d  

(2 0 0 2 ) . I t in c lu d e s  tw o  h o t  a n d  f o u r  c o ld  p ro c e s s  s t r e a m s  w i th  o n e  h o t  a n d  o n e  c o ld  
u t i l i ty . T h e  e x c h a n g e r  c o s t  (ร )  is  8 ,0 0 0 + 5 0 ( A r e a ) ° 75. B jô rk  a n d  W e s te r lu n d  ( 2 0 0 2 )  
r e p o r te d  t h e i r  b e s t  m o d e l  w i th  s ix  H E s , o n e  h e a te r , o n e  c o o le r ,  a n d  th e  b e s t  T A C  o f  
$ 1 3 9 ,0 8 3  w i th  th ie r  n o n - is o th e r m a l  s t r a te g y . T h e ir  T A C  is  lo w e r  th a n  th e  $ 1 4 0 ,3 6 7  
re p o r te d  b y  B e r g a m in i  e t  a l . (2 0 0 7 )  a s  th e  g lo b a l o p t im a l  s o lu t io n  f ro m  th e i r  s t r a te g y  
w h ile  B jô rk  a n d  W e s te r lu n d  ( 2 0 0 2 )  d id  n o t  r e p o r t  th e i r  H E N  c o n f ig u r a t io n .  A ls o , 
H u a n g  a n d  K a r im i  ( 2 0 1 2 )  m o d e l  o b ta in e d  a  lo w e r  T A C  o f  $ 1 2 8 ,1 6 9  (F ig u re  6 .1 7 ) .  
C o m p a r in g  w i th  o u r  m o d e l ,  th e  T A C  is  a b o u t  $ 1 2 3 ,6 3 7  (F ig u re  6 .1 6 ) .

O u r  s o lv in g  s tr a te g y  o f  th i s  p ro b le m  s ta r te d  w ith  g u e s s in g  in i t ia l  v a lu e  
o f  b ra n c h  f lo w . A f te r  c h a n g in g  in it ia l  v a lu e  w h e n  f i r s t  i t e r a t io n  is  in f e a s ib le ,  th e  f ir s t  
f e a s ib le  r e s u l t  T A C  is  $ 1 2 3 ,6 3 7 .  T h e n , th is  T A C  w a s  u s e d  a s  u p p e r  b o u n d  T A C  fo r  
n e x t  s o lv in g  i te ra t io n . A f te r  s o lv in g  b y  u s in g  u p p e r  b o u n d  T A C  o f  $ 1 2 3 ,6 3 7 ,  th e  
f in a l r e s u lt  is  in f e a s ib le  a l th o u g h  c h a n g in g  in itia l p o in t  b a s e d  o n  th e  a f o r e m e n t io n e d  
s o lv in g  s t r a te g y .  W e  th e n  c o n c lu d e  th a t  th e  f in a l r e s u l t  w i th  a  T A C  o f  $ 1 2 3 ,6 3 7  is  
th e  b e s t  r e s u l t .  F ig u r e s  6 .1 1  to  6 .1 5  a re  th e  r e s u lt s  o f  e a c h  s te p  to  th e  f in a l r e s u lt .
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C o m p a r i s o n  th e  re s u l t  b e tw e e n  s o lv in g  F i r s t  M IL P  ( F ig u r e  6 .1 2 )  a n d  
N L P  ( F ig u re  6 .1 3 ) ,  th e  h e a t  (F IU 1 ) a n d  c o ld  (C U 2 )  u t i l i t i e s  a r e  d e c r e a s e d  w h ile  h e a t  
e x c h a n g e  v a lu e  ( H E 2 )  in c re a s e s .  T h a t  is  b e c a u s e  th e  o b je c t iv e  f u n c t io n  o f  F ir s t  N L P  
is  to  m in im iz e  u t i l i ty  c o n s u m p t io n  w h ile  b r a n c h  f lo w  v a r ia b le  a re  n o t  f ix e d .

T a b le  6 .5  E x a m p le  3 d a ta

S tre a m T IN (° C ) T O U T (° C ) h ( k W W - ° C ) F (k W /° C ) C o s t($ /k W - y r )

11 1 8 0 7 5 -  2 3 0 -

12 2 4 0 - 6 0 2 4 0 -

J1 4 0 2 3 0 1.5 2 0 -

J2 1 2 0 2 6 0 1.5 15 -

J3 4 0 130 2 2 5 -

J4 8 0 1 9 0 2 2 0 -

c u 2 5 2 5 1 - 2 0

H U 3 2 5 3 2 5 2 - 1 2 0  '

EMAT = l°c

T h e  r e s u l t s  f ro m  S e c o n d  M I L P  a n d  S e c o n d  N L P  ( F ig u r e s  6 .1 4  a n d  
6 .1 5 )  i l lu s t r a te  th a t  th e s e  a r e  s u b -o p t im a l  r e s u l t s  c o m p a r e  w ith  th e  f in a l  M IN L P  
r e s u l t .  In  c o n t r a s t ,  to  e x a m p le  1 w h e re , o p t im u m  s o lu t io n  w a s  o b ta in e d  a f te r  s o lv in g  
th e  S e c o n d  N L P  s te p . T h is  is  s o le ly  c a u s e d  b y  th e  s iz e  o f  th e  p r o b le m . S o lv in g  a  
b ig g e r  s iz e  p r o b le m  is  m o r e  c h a l le n g e  s in c e  th e re  a re  m o r e  a l t e r n a t iv e  p o s s ib i l i ty  
r e s u l t s .  M o r e o v e r ,  d u e  to  s o lv in g  e a c h  s te p  w i th  f ix in g  o n e  v a r ia b le  to  f in d  th e  o th e r  
c a n  c a u s e  s u b - o p t im a l  r e s u l t  o f  e a c h  s te p . T h e r e fo re ,  u s in g  a ll in i t ia l  v a lu e  f ro m  
S e c o n d  N L P  f o r  s o lv in g  M I N L P  c a n  c a u s e  th e  m o d e l  f a i l s  b e c a u s e  o f  s u p -o p t im a l  
r e s u l t  th a t  o c c u r  f ro m  e a c h  s te p .
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T o ta l  a r e a  ( m 2) 8 ,0 6 7 .7
A n n u a l iz e d  u t i l i ty  c o s t $ 4 6 9 ,0 0 0
I n v e s tm e n t  c o s t $ 1 4 9 ,6 6 6
T o ta l  a n n u a l iz e d  c o s t $ 6 1 8 ,6 6 6

Figure 6.12  H ea t E x ch an g e  C o n f ig u ra tio n  re su lt fro m  F irs t M IL P  o f  E x a m p le  3.
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10 10 10 180°c 10

T o ta l  a r e a  ( m 2) 7 ,3 2 8 .4
A n n u a l iz e d  u t i l i ty  c o s t $ 2 9 6 ,8 0 0
I n v e s tm e n t  c o s t $ 1 4 1 ,0 8 3
T o ta l  a n n u a l iz e d  c o s t $ 4 3 7 ,8 8 3

Figure 6.13 H eat E x c h a n g e  C o n fig u ra tio n  re su lt fro m  F irs t N L P  o f  E x a m p le  3.
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T o ta l  a r e a  ( m 2) 9 ,2 3 4
A n n u a l iz e d  u t i l i ty  c o s t $ 2 9 4 ,0 0 0
I n v e s tm e n t  c o s t $ 1 5 5 ,2 0 6
T o ta l  a n n u a l iz e d  c o s t $ 4 4 9 ,2 0 6

Figure 6 .1 4  H ea t E x ch an g e  C o n fig u ra tio n  re su lt fro m  S eco n d  M IL P  o f  E x a m p le  3.
o \
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Figure 6.15 H eat E x c h a n g e  C o n fig u ra tio n  re su lt fro m  S eco n d  N L P  o f  E x a m p le  3.
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Figure 6.16 F inal H e a t E x ch an g e  C o n fig u ra tio n  re su lt fro m  M IN L P  o f  E x a m p le  3.
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Figure 6.17 B est H ea t E x c h a n g e  C o n fig u ra tio n  re su lt fro m  H u an g  and  K a rim i (2 0 1 2 ) fo r E x a m p le  3.
O '
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Table 6 .6  C o m p a riso n  o f  ex am p le  2 resu lt o f  o u r  m o d e l w ith  lite ra tu re

C o m p a r i s o n O u r  m o d e l H u a n g  a n d  K a r im i  
( 2 0 1 2 )

B e r g a m in i  e t  a l. 
( 2 0 0 7 )

T o ta l  a r e a ( m 2) 1 ,3 3 8 .3 1 7 2 8 .4 1 1 9 0 .3

N u m b e r  o f  H E 8 8 10

A n n u a l iz e d  u t i l i ty  
c o s t ($ ) 4 4 ,1 0 0 4 4 ,1 0 0 4 4 ,1 0 0

I n v e s tm e n t  c o s t ($ ) 7 9 ,5 3 7 8 4 ,0 6 9 9 6 ,2 6 7

T A C ($ ) 1 2 3 ,6 3 7 1 2 8 ,1 6 9 1 4 0 ,3 6 7

M a x  C P U  t im e ( s ) 1 9 ,1 0 8 7 ,2 0 0 N o t  r e p o r t

6 .1 .4  E x a m p le  4
T h i s  e x a m p le  ( T a b le  6 .7 )  w a s  o r ig in a l ly  ta k e n  f ro m  Y e e  a n d  

G r s s m a n n  ( 1 9 9 0 ) .  I t  in v o lv e s  f iv e  h o t  (11-15) a n d  o n e  c o ld  ( J l )  p r o c e s s  s t r e a m s  w ith  
o n e  h o t  a n d  o n e  c o ld  u t i l i ty . A  m a in  p r o p o s e  o f  th is  e x a m p le  is  to  c o m p a re  th e  
is o th e r a m l  a n d  n o n - is o th e r m a l  s t r a te g ie s .  T h e  e x c h a n g e r  c o s t  is  1 2 0 0 ( A r e a ) ° 6 $ /m 2. 
H u a n g  a n d  K a r im i  ( 2 0 1 2 )  r e p o r te d  th e ir  b e s t  m o d e l  w i th  s ix  H E s , o n e  h e a te r ,  o n e  
c o o le r ,  a n d  th e  b e s t  T A C  o f  $ 5 7 1 ,6 5 7  ( F ig u re  6 .1 8 )  w h i le  th e  b e s t  r e s u l t  r e p o r te d  
( F ig u r e  6 .2 0 )  b y  K h o r a s a n y  a n d  F e s a n g h a r y  ( 2 0 0 9 )  w a s  $ 5 7 2 , '4 7 6 - T h e s e  r e s u l t s  a re  
lo w e r  th a n  th e  tw o  s o lu t io n s  th a t  r e p o r te d  b y  Y e e  a n d  G r o s s m a n n  ( 1 9 9 0 )  ($ 5 7 6 ,6 4 0  
v ia  th e  i s o th e r m a l  s tr a te g y  a n d  $ 5 7 5 ,5 9 5  b y  th e  s e q u e n t ia l  a p p ro a c h ) .  C o m p a r in g  
w i th  o u r  m o d e l ,  th e  H E N  c o n f ig u r a t io n  c o n s is t s  o f  s e v e n  H E s ,  o n e  h e a te r ,  a n d  o n e  
c o o le r ,  th e  o u r  b e s t  T A C  is  o f  $ 5 6 5 ,7 0 4  ( F ig u re  6 .1 8 ) .
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Figure 6 .18  F in a l H ea t E x ch an g e  C o n fig u ra tio n  re su lt fro m  M IN L P  o f  E x a m p le  4. O'o>
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Figure 6 .19  B est H ea t E x c h a n g e  C o n fig u ra tio n  re su lt fro m  H u a n g  an d  K a rim i (2 0 1 2 )  fo r  E x a m p le  4.
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Figure 6.20 B est H e a t E x c h a n g e  C o n fig u ra tio n  re su lt fro m  K h o ra sa n y  an d  F e sa n g h a ry  (2 0 0 9 ) fo r  E x a m p le  4.

i
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Table 6 .7  E x a m p le  4 d a ta

S tre a m T IN (° C ) T O U T (° C ) h ( k W /m “-°C ) F (k W /° C ) C o s t ( $ /k W - y r )

11 2 2 7 4 7 2 6 -

12 2 0 7 1 0 7  . 2 4 -

13 187 8 7 2 6 -

14 10 7 8 7 2 2 0 -

15 10 7 4 7 2 12 -

J1 17 3 8 7 2 18 -

c u 2 7 4 7 2 - 10

H U 4 2 7 4 2 7 2 - 1 4 0

E M A T  =  5 ° c

T h is  e x a m p le  c o n s i s t s  o n ly  o n e  la rg e  c o ld  s te a m , g iv in g  a  h ig h  p o s s ib i l i ty  
o f  s p l i t t in g  th e  c o ld  s t r e a m . T h e r e fo re ,  th e  o u t le t  t e m p e r a tu r e  o f  s u b - s t r e a m  c a n  
a f f e c t  th e  H E N  c o n f ig u r a t io n  s ig n if ic a n ly  ( H u a n g  et al., 2 0 1 2 ) .  O u r  s o lu t io n  u s e s  
h ig h e r  n u m b e r  o f  H E s  a n d  a n n u a l iz e d  u t i l i ty  c o n s u m p t io n ,  b u t  lo w e r  h e a t  e x c h a n g e r
a re a .
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Table 6.8  C o m p a riso n  o f  e x a m p le  4 re su lt o f  o u r m o d e l w ith  lite ra tu re

C o m p a r i s o n O u r  m o d e l H u a n g  a n d  K a r im i 
( 2 0 1 2 )

K h o r a s a n y  a n d  
F e s a n g h a r y  (2 0 0 9 )

T o ta l  a r e a ( m 2) 1 8 6 .9 2 5 7 .9 2 6 5 .9

N u m b e r  o f  H E 9 8 8

A n n u a l iz e d  u t i l i ty  
c o s t ($ ) 5 1 0 ,1 7 1 4 9 9 ,2 6 3 4 9 8 ,9 5 0

I n v e s tm e n t  c o s t ( $ ) 5 5 ,5 3 3 -  7 2 ,3 9 4 7 3 ,5 2 6

T A C ( $ ) 5 6 5 ,7 0 4 5 7 1 ,6 5 7 5 7 2 ,4 7 6

M a x  C P U  t im e ( s ) 4 1 7 3 6 0 0 '  9 3 0

6 .2  E x a m p le  f r o m  R e a l I n d u s t r ia l  P r o c e s s

T h is  e x a m p le  c o n s i s t s  o f  e le v e n  h o t  a n d  tw o  c o ld  p r o c e s s  s t r e a m s  w i th  o n e  
h o t  a n d  o n e  c o ld  u t i l i ty .” T h e  d a ta  fo r  th e  e x a m p le  is  p r e s e n te d  in  T a b le  6 .1 0 . th e  
f ix e d  c o s t  o f  u n i t s  is 1 2 7 ,1 2 9 $ /u n i t ,  a n d  th e  a r e a  c o s t  c o e f f ic ie n t  is  2 7 1 .2  $ /m 2. O u e  
m o d e l  y ie ld s  n in e  H E s , o n e  h e a te r ,  f o u r  c o o le r ,  a n d  th e  b e s t  T A C  o f  $ 6 ,7 5 1 ,3 3 0  
( F ig u r e  6 .2 1 )  a n d  th e  m a x im u m  P C  t im e  is  2 5 ,7 7 5  ร T h e  m a in  p r o p o s e  o f  th is  
e x a m p le  is  to  c o m p a r e  th e  e f f e c t  e f  p r o b le m  s iz e  w ith  c o m p u ta t io n a l  t im e .
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Table 6 .9  E x a m p le  fro m  rea l in d u stria l p ro cess

S tre a m T IN (° C ) T O U T (° C ) h ( k W /m 2-°C ) F (k W /° C ) C o s t ( $ /k W - y r )

11 1 4 0 .2 3 9 .5 2 3 8 2 .3 -

12 2 4 8 .8 1 1 0 2 1 1 5 .2 -

13 1 7 0 .1 6 0 2 1 2 1 .6 -

14 2 7 7 1 2 1 .9 2 9 0 .1 -

15 2 5 0 .6 9 0 2 4 7 1 .2 -

16 2 1 0 163 2 4 2 4 .3  - -

17 3 0 3 .6 2 7 0 .2 2 8 4 0 .7 -

18 3 6 0 115 2 1 4 0 .8 -

19 1 1 7 .7 5 0 2 4 4 1 .9 -

n o 1 7 8 .6 1 0 8 .9 2 1 7 0 .4 -

111 3 5 9 .6 2 8 0 2 8 7 .3 -

J1 3 0 1 3 0 2 7 2 0 -

J2 1 3 0 3 5 0 2 1051 -

c u 2 5 2 5 2 - 2 .7 8

H U 3 7 0 3 7 0 2 - 2 7 .7 8

E M A T  =  1 0 ° c
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