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APPENDIX A

APPENDIX A -l ะ Case Study 1.1 GAMS Code
S e t  i S o u r c e  s tr e a m  / i  1 * i 4 /  

j  S in k  s tr e a m  /j  1 * j4 /

P a r a m e te r

/ i l 5 0
i2 1 0 0
i3 1 5 0
i4 2 5 0  /

F S S o u r c e  f lo w r a te
/ i l 5 0
i2 1 0 0
i3 7 0
i4 6 0  /

C K L S in k  c o n c e n t r a t io n
/ j l 2 0
j 2 5 0
j 3 1 0 0
j 4 2 0 0  /

F K S in k  f lo w r a te
/ j l 5 0
J2 1 0 0
j 3 8 0
j 4 7 0  /

V a r ia b le O B J  O b j e c t iv e

P o s i t iv e  v a r ia b le  x ( i j )  S o u r c e  s p l i t  fr a c t io n  i to  j  
F W ( j )  F r e s h w a te r  f lo w r a te  
W W ( i)  W a s t e  o f  e a c h  so u r c e  
F ( i j )  S p l i t t in g  F lo w r a t e  i to  j 
C K (j )  S in k  s tr e a m  c o n c e n tr a t io n  
O F W  O v e r a l l  fr e s h w a te r  
oww O v e r a l l  w a s t e  
O F W C  O v e r a l l  fr e s h w a te r  c o s t  
owwc O v e r a l l  w a s t e  c o s t  
O P C

B in a r y  v a r ia b le  y ( i j )  
z ( j )
พ ( i )

S c a la r  O M E G A / 1 0 0 0 0 /
C F  C o s t  F r e s h w a te r  /  l /  
cw C o s t  w a s t e w a t e r  /l/ 
C P  C o s t  p ip in g  / ! /
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E q u a tio n  
M B l ( j )  
M B 2 ( j )  
C o n s l ( i )  
C o n s 2 ( j )  
F l o w ( i j )  
W a s te ( i )  
O F r e sh  
o  W a s te  
L o g ic a l  l ( i j )  
L o g ic a l  2  ( j )  
L o g ic a l3 ( i )  
F r e s h C o s t  
W a s te C o s t  
P ip in g C o s t  
O b je c t

M a s s  b a la n c e  ( f lo w r a t e )  
M a s s  b a la n c e  ( c o n ta m in a n t )  
C o n s tr a in t  fo r  X 
C o n c e n tr a t io n  c o n s tr a in t  

F lo w r a te  s o u r c e  i t o  s in k  j 
W a s te  o f  e a c h  s o u r c e  
O v e r a l l  fr e s h w a te r  
O v e r a l l  w a s t e  
L o g ic a l  c o n s t r a in t !
L o g ic a l  c o n s tr a in t2  
L o g ic a l  c o n s t r a in t s  
O v e r a l l  f r e s h w a te r  c o s t  
O v e r a l l  w a s t e  c o s t  
O v e r a l l  P ip in g  c o s t  

O b je c t iv e

M B l ( j ) .. s u m ( i ,C S ( i ) * F S ( i ) * x ( i j ) )  = e =  C K ( j ) * F K ( j )  ;
M B 2 ( j ) .. s u m ( i ,F S ( i ) * x ( i j ) )  +  F W ( j )  = e =  F K (j)  ;
C o n s l ( i )  .. s u m ( j , x ( i j ) )  = 1=  1 ;
C o n s 2 0  .. C K ( j )  = e =  C K L (j)  ;
F l o w ( i j ) .. F ( i j )  = e =  F S ( i ) * x ( i j )  ;
W a s t e ( i ) .. W W ( i )  = e =  ( l - s u m ( j ,x ( i j ) ) ) * F S ( i ) ;
O F r e s h  .. O F W  = e =  s u m (j ,F W (j ) ) ;
O W a s te  .. oww = e =  s u m ( i ,W W ( i ) ) ;
L o g ic a l  1 ( i j > .. F ( i  j ) - y ( i j ) * O M E G A  = 1 =  0;
L o g i c a l 2 ( j ) ..  F W ( j ) -  z ( j ) * O M E G A  = 1 =  0;
L o g i c a l 3 ( i ) ..  W W ( i ) -  พ ( i ) * O M E G A  = 1 =  0;
F r e s h C o s t .. O F W C  = e =  O F W * C F ;
W a s t e C o s t .. owwc = e =  O W W * C W ;
P ip in g C o s t .. O P C  = e =  s u m ( ( i , j ) ,y ( i  j ) * C P ) + s u m ( j ,z ( j ) * C P ) + s u m ( i ,พ ( i ) * C P ) ;
O b j e c t .. O B J  = e =  O F W C + O W W C + O P C ;

M o d e l  C A S E  11 /A L L /;
S o l v e  C A S E 1 1 U s in g  M 1P  M in im iz in g  O B J ;
D is p la y  O B J . l ,O F W .l ,O W W .! ,O F W C .I ,O W W C .I ,O P C .I ,F W .l ,W W .l ,x . l ,F . l ,y .! ,z . l ,C K .l;

APPENDIX A-2 ะ Case Study 1.1a GAM S Code
S e t  i S o u r c e  s tr e a m  / i  1 * i4 /  

j  S in k  s tr e a m  /j 1 * j 4 /

P a r a m e te r
cs S o u r c e  c o n c e n tr a t io n  

/ i l  5 0
12 100
13 1 5 0 '
14 2 5 0  /



FS Source flowrate
/ i l 5 0
i2 1 0 0
i3 7 0
i4 6 0  /

C K L S in k  c o n c e n tr a t io n
/ j l 2 0
j 2 5 0
J3 1 0 0
j 4 2 0 0  /

F K S in k  f lo w r a te
/ j l 5 0

- j 2 1 0 0
j 3 8 0
j 4 7 0  /

V a r ia b le O B J  O b j e c t iv e  :

P o s i t iv e  v a r ia b le  x ( i j )  S o u r c e  s p l i t  f r a c t io n  i to  j  
F W (j)  F r e s h w a te r  f lo w r a te  
W W ( i)  W a s te  o f  e a c h  s o u r c e  
F ( i j )  S p l i t t in g  F lo w r a te  i t o  j  
C K ®  S in k  s tr e a m  c o n c e n t r a t io n  
O F W  O v e r a l l  fr e s h w a te r  
oww O v e r a l l  w a s t e  
O F W C  O v e r a l l  fr e s h w a te r  c o s t  
O W W C  O v e r a l l  w a s t e  c o s t  
O P C

B in a r y  v a r ia b le  y ( i  j )
z(j)

พ®
S c a la r  O M E G A  / 1 0 0 0 0 /

C F  C o s t  F r e sh w a te r  / 1 0 /  
cw C o s t  w a s te w a te r  / 1 0 0 /  
C P  C o s t  p ip in g  / 1 0 /

E q u a t io n
M B l ( j )  M a s s  b a la n c e  ( f lo w r a t e )
M B 2 ®  M a s s  b a la n c e  ( c o n ta m in a n t )
C o n s l ( i )  C o n s tr a in t  fo r  X
C o n s 2 ( j )  C o n c e n tr a t io n  c o n s tr a in t
F l o w ( i j )  F lo w r a te  s o u r c e  i to  s in k  j
W a s te ( i )  W a s t e  o f  e a c h  s o u r c e
O F r e s h  O v e r a l l  fr e s h w a te r
O W a s te  O v e r a l l  w a s te
L o g ic a l  1 ( i j )  L o g ic a l  c o n s tr a in t !
L o g ic a I 2 ( j )  L o g ic a l  c o n s tr a in t2
L o g ic a l3 ( i )  L o g ic a l  c o n s t r a in t s
F r e sh C o s t  O v e r a l l  fr e s h w a te r  c o s t
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W a s te C o s t  O v e r a l l  w a s t e  c o s t
P ip in g C o s t  O v e r a l l  P ip in g  c o s t
O b je c t  O b j e c t iv e

M B l ( j ) .. s u m ( i ,C S ( i ) * F S ( i ) * x ( i j ) )  = e =  C K ( j ) * F K ( i )  ;
M B 2 ( j ) .. s u m ( i ,F S ( i ) * x ( i j ) )  +  F W ( j)  = e =  F K (j )  ;
C o n s l ( i )  .. s u m ( j ,x ( i j ) )  = 1 =  1 ;
C o n s 2 ( j ) .. C K (j )  = e =  C K L ( j )  ;
F l o w ( i j ) .. F ( i j )  = e =  F S ( i ) * x ( i j )  ;
W a s t e ( i ) .. W W ( i)  = e =  ( l - s u m ( j , x ( i j ) ) ) * F S ( i ) ;
O F r e sh  .. O F W  = e =  s u m ( j ,F W ( j ) ) ;
O W a s te  .. oww = e =  s u m ( i ,W W ( i ) ) ;
L o g ic a l  l ( i j ) . .  F ( i  j ) - y ( i  j ) * O M E G A  = 1 =  0 ;
L o g i c a l 2 ( j ) .. F W (J >  z Q ) * O M E G A  = 1 =  0;
L o g i c a B ( i ) .. W W ( i) -  w ( i ) * O M E G A  = 1 =  0:
F r e s h C o s t .. O F W C  = e =  O F W * C F ;
W a s t e C o s t .. owwc = e =  O W W * C W ;
P ip i n g C o s t .. O P C = e =  s u m ( ( i j ) ,y ( i j ) * C P ) + s u m ( j ,z ( j ) * C P ) + s u m ( i ,w ( i ) * C P ) ;
O b j e c t .. O B J  = e =  O F W C + O W W C + O P C ;

M o d e l  C A S E 1  l a / A L L / ;
S o l v e  C A S E 1  l a  U s in g  M I P  M in im iz in g  O B J :
D is p la y  O B J .I ,O F W .l ,O W W .l ,O F W C .l ,O W W C .l ,O P C .l ,F W .l ,W W .l ,x . l ,F .I ,y . l ,z . l ,C K .I ;

APPENDIX A-3 ะ Case Study 1.1b GAMS Code
S e t  i S o u r c e  s tr e a m  / i  1 * i4 /  

j  S in k  s tr e a m  /j 1 * j 4 /

P a r a m e te r
c s  S o u r c e  c o n c e n tr a t io n  

/ i l  5 0
12 100
13 1 5 0
14 2 5 0  /

F S  S o u r c e  f lo w r a te  
/ i l  5 0
12 100
13 7 0
14 6 0  /

C K L  S in k  c o n c e n tr a t io n  
/ j l  2 0  
j 2  5 0  
j 3  1 0 0  
j 4  2 0 0  /

F K  S in k  f lo w r a te  
/ j l  5 0
j2 100
J3 8 0



70 /j4

V a r ia b le  O B J  O b j e c t iv e  fu n c t io n

P o s i t iv e  v a r ia b le  x ( i j )  S o u r c e  s p li t  fr a c tio n  i to  j  
F W ( j)  F r e s h w a te r  f lo w r a te  
W W ( i)  W a s te  o f  e a c h  so u r c e  
F ( i j )  S p l i t t in g  F lo w r a t e  i to  j 
C K ( j )  S in k  s tr e a m  c o n c e n tr a t io n  
O F W  O v e r a l l  fr e s h w a te r  
0_ww O v e r a l l  w a s t e  
O F W C  O v e r a l l  fr e s h w a te r  c o s t  
owwc O v e r a l l  w a s t e  c o s t  
O P C

B in a r y  v a r ia b le  y ( i  j )
z ( i)
w ( i )

S c a la r  O M E G A / 1 0 0 0 0 /
C F  C o s t  F r e s h w a te r  / l /  
cw C o s t  w a s t e w a t e r  /10/ 
C P  C o s t  p ip in g  / 5 0 0 /

E q u a tio n  
M B l ( j )  
M B 2 ( j )  
C o n s l ( i )  
C o n s 2 ( j )  
F l o w ( i j )  
W a s t e ( i )  
O F r e s h  
O W a s te  
L o g ic a l  l ( i j )  
L o g i c a l 2 ( j )  
L o g i c a l 3 ( i )  
F r e s h C o s t  
W a s t e C o s t  
P ip in g C o s t  
O b je c t

M a s s  b a la n c e  ( f lo w r a te )  
M a s s  b a la n c e  (c o n ta m in a n t)  
C o n s tr a in t  fo r  X 
C o n c e n tr a t io n  c o n str a in t  

F lo w r a te  s o u r c e  i to  s in k  j  
W a s te  o f  e a c h  s o u r c e  
O v e r a l l  fr e s h w a te r  
O v e r a l l  w a s t e  
L o g ic a l  c o n s tr a in t  1 
L o g ic a l  c o n s tr a in t2  
L o g ic a l  c o n s tr a in t s  
O v e r a l l  fr e s h w a te r  c o s t  
O v e r a l l  w a s t e  c o s t  
O v e r a l l  P ip in g  c o s t  

O b je c t iv e

M B l ( j ) .. s u m ( i ,C S ( i ) * F S ( i ) * x ( i j ) )  = e =  C K .(j)* F K (j)  
M B 2 ( j ) .. s u m ( i ,F S ( i ) * x ( i j ) )  +  F W ( j )  = e =  F K (j )  ; 
C o n s l ( i )  .. s u m ( j ,x ( i j ) )  = 1 =  1 ;
C o n s 2 ( j )  .. C K ( j )  = e = C K L ( j )  ;
F lo w ( i j )  .. F ( i  j )  = 6 =  F S ( i ) * x ( i j )  ;
W a s t e ( i ) .. W W ( i )  = e =  ( l - s u m ( j ,x ( i j ) ) ) * F S ( i ) ;  
O F r esh  .. O F W  = 6=  s u m (j ,F W (j ) ) ;
O W a ste  .. oww = 6 =  s u m ( i7W W ( i) ) ;
L o g ic a l  1 ( i J )  .. F (i j ) - y ( i  j ) * O M E G A  = 1 =  0;



L o g ic a l2 ( i )  .. F W ( j ) -  z ( j ) * O M E G A  = 1 =  0;
L o g i c a l 3 ( i ) .. W W ( i ) -  พ ๑ * O M E G A  = 1 =  0;
F r e s h C o s t .. O F W C  = e =  O F W * C F ;
W a s t e C o s t .. owwc = e =  O W W * C W ;
P i p i n g C o s t .. O P C  = e =  s u m ( ( i j ) ,y ( i , j ) * C P ) + s u n i ( j ,z ( j ) * C P ) + s u m ( i ,w ( i ) * C P ) ;
O b j e c t .. O B J  = e =  O F W C + O W W C + O P C ;

M o d e l  C A S E 1  l b  /A L L / ;
S o l v e  C A S E 1  l b  U s in g  M IP  M in im iz in g  O B J ;
D is p la y  O B J .l ,O F W .l ,O W W .l ,O F W C .l ,O W W C .I ,O P C .l ,F W J ,W W J ,x J ,F . l ,y .I ,z . l .C K .I ;

APPENDIX A-4 ะ Case Study 1.1c GAMS Code
S e t  i S o u r c e  s t r e a m  / i  1 * i4 /  

j  S in k  s tr e a m  /j 1 * j 4 /  
r F r e s h w a te r  / r l * r 3 /

P a ra m e ter
cs S o u r c e  c o n c e n tr a t io n  

/ i l  5 0
12 100
13 1 5 0
14 2 5 0  /

F S  S o u r c e  f lo w r a te
/ i l 5 0
i2 1 0 0
i3 7 0
i4 6 0  /

C K L S in k  c o n c e n tr a t io n
/ j l 2 0
j 2 5 0
j 3 1 0 0
j 4 2 0 0  /

F K  S in k  f lo w r a te
/ j l 5 0
j 2 1 0 0
J3 8 0  -
j 4 7 0  /

C F  F r e s h w a te r  c o s t
/r  1 1 0 0
r2 5 0
r3 0  /

C o n F F r e s h w a te r  c o n c e n tr a t io n
/r  1 0
r2 2 0
r3 5 0  /

V a r ia b le O B J  O b j e c t iv e  fu n c t io n



P o s i t iv e  v a r ia b le  x ( i j )  S o u r c e  s p li t  fr a c t io n  i to  j 
F W ( r j )  F r e s h w a te r  f lo w r a te  
W W ( i)  W a s t e  o f  e a c h  s o u r c e  
F ( i j )  S p l i t t in g  F lo w r a te  i t o  j  
C K (j )  S in k  s tr e a m  c o n c e n tr a t io n  
O F W (r )  O v e r a l l  fr e s h w a te r  
oww O v e r a l l  w a s t e  
O F W C  O v e r a l l  f r e s h w a te r  c o s t  
owwc O v e r a l l  w a s t e  c o s t  
O P C

B in a r y  v a r ia b le  y ( i  j )  
z ( r j )
พ ( i )

S c a la r  O M E G A / 1 0 0 0 0 /
cw C o s t  w a s t e w a t e r  / 1 0 0 /
C P  C o s t  p i p i n g / 1 0 /

E q u a t io n
M B  l ( j )  M a s s  b a la n c e  ( f lo w r a t e )
M B 2 ( j )  M a s s  b a la n c e  ( c o n ta m in a n t )
C o n s l ( i )  C o n s tr a in t  fo r  X
C o n s 2 ( j )  C o n c e n t r a t io n  c o n s tr a in t
F l o w ( i j )  F lo w r a t e  s o u r c e  i to  s in k  j
W a s t e ( i )  W a s t e  o f  e a c h  s o u r c e  
O F r e s h (r )  O v e r a l l  fr e s h w a te r  
O W a s te  O v e r a l l  w a s t e
L o g i c a l l ( i j )  L o g ic a l  c o n s tr a in t  1 
L o g ic a l2 ( r  j )  L o g ic a l  c o n s tr a in t2  
L o g i c a l 3 ( i )  L o g i c a l  c o n s tr a in t s
F r e s h C o s t  O v e r a l l  f r e s h w a te r  c o s t
W a s te C o s t  O v e r a l l  w a s t e  c o s t
P ip in g C o s t  O v e r a l l  P ip in g  c o s t
O b je c t  O b j e c t iv e

M B l ( j ) .. s u m ( i ,C S ( i ) * F S ( i ) * x ( i j ) ) +  s u m ( r ,F W ( r j ) * C o n F ( r ) )  = e =  C K (j )* F K (j )  ;
M B 2 ( j ) .. s u m ( i ,F S ( i ) * x ( i . j ) )  +  s u m ( r ,F W ( r j ) )  = e =  F K (j )  ;
C o n s l ( i )  .. s u m ( j ,x ( i j ) )  = 1 =  I ;
C o n s 2 ( j ) .. C K (j )  = e =  C K L ( j )  ;
F l o w ( i j ) .. F ( i j )  = e =  F S ( i ) * x ( i j )  ;
W a s t e ( i )  .. W W ( i)  = e =  ( l - s u m ( j , x ( i j ) ) ) * F S ( i ) ;
O F r e s h ( r ) .. O F W (r )  = e =  s u m ( j ,F W ( r j ) ) ;
O W a s t e  .. O W W  = e =  s u m ( i ,พ พ (i) ) ;
L o g ic a l  1 ( i  j ) .. F ( i  j ) - y ( i  j ) * O M E G A  = 1 =  0 ;
L o g i c a l 2 ( r j ) .. F W ( r j ) - z ( r j ) * O M E G A  = 1 =  0;
L o g i c a l 3 ( i )  .. W W ( i ) -  พ ( i ) * O M E G A  = 1 =  0;
F r e s h C o s t .. O F W C  = e =  su m (r ,O F W (r )* C F (r ) );
W a s t e C o s t .. owwc = e =  O W W * C W ;
P i p i n g C o s t .. O P C  = e =  s u m ( ( i j ) , y ( i  j ) * C P ) + s u m ( ( r j ) , z ( r j ) * C P ) + s u m ( i ,พ ( i ) * C P ) ;
O b j e c t .. O B J  = e =  O F W C + O W W C + O P C ;



M o d e l  C A S E 1  l e  /A L L /;
S o l v e  C A S E 1  I c  U s in g  M IP  M in im iz in g  O B J ;
D is p la y  O B J .l ,O F W .l ,O W W .I ,O F W C .I ,O W W C .I ,O P C .I ,F W .l ,W W .I ,x . l ,F .I ,y . l ,z . l ,C K .l ;

APPENDIX A-5 ะ Case Study 1.2 GAMS Code
S e t  i S o u r c e  s tr e a m  / i  1 * i5 /  

j  S in k  str e a m  /j 1 * j 5 /

P a ra m e ter
cs S o u r c e  c o n c e n t r a t io n  (p p m )

/ i l 1 3 0
i2 108
i3 7 0

" i4 4 4
i5 2 2 /

F S S o u r c e  f lo w r a te  ( t o n  p e r  h )
/ i l 9
i2 9
i3 9
Ï4 9
i5 4 . 5 /

C K L S in k  c o n c e n t r a t io n  (p p m )
/ j l 1 2 7 .8
j 2 1 0 8
J3 6 3 .0 0 1 6 6 6 7
j 4 6 2 .9 7 5
j 5 4 5 .7 2  /

FK. S in k  f lo w r a te  ( t o n  p e r  h )
/ j l 10
j 2 4
j 3 12
j 4 8
j 5 6 . 5 /

5
V a r ia b le O B J  O b j e c t iv e  fu n c t io n

P o s i t iv e  v a r ia b le  x ( i j )  S o u r c e  s p li t  fr a c t io n  i to  j  
F W (j)  F r e s h w a te r  f lo w r a te  
W W (i)  W a s t e  o f  e a c h  s o u r c e  
F ( i j )  S p l i t t in g  F lo w r a te  i to  j 
C K (j)  S in k  s t r e a m  c o n c e n tr a t io n  
O F W  O v e r a l l  fr e s h w a te r  
oww O v e r a l l  w a s t e  
O F W C  O v e r a l l  fr e s h w a te r  c o s t  
owwc O v e r a l l  w a s t e  c o s t  
O P C



B in a r y  v a r ia b le  y ( i j )
z ( j )
พ ( i )

S c a la r  O M E G A / 1 0 0 0 /
C F  C o s t  F r e sh w a te r  /1  / 
cw C o s t  w a s t e w a t e r  /  l /  
C P  C o s t  p i p i n g / I /

E q u a tio n  
M B l ( j )  
M B 2 ( j )  
C o n s l ( i )  
C o n s 2 ( j )  
F l o w ( i j )  
W a s t e ( i )  
O F r e s h  
O W a s t e  
L o g i c a l  l ( i j )  
L o g i c a l 2 ( j )  
L o g i c a l 3 ( i )  
F r e s h C o s t  
W a s t e C o s t  
P ip in g C o s t  
O b je c t

M a s s  b a la n c e  ( f lo w r a t e )  
M a s s  b a la n c e  (c o n ta m in a n t)  

■ C o n str a in t  fo r  X 
C o n c e n tr a t io n  c o n s tr a in t  

F lo w r a te  s o u r c e  i to  s in k  j 
W a ste  o f  e a c h  s o u r c e  
O v e r a ll  fr e s h w a te r  
O v e r a ll  w a s t e  
L o g ic a l  c o n s tr a in t  1 
L o g ic a l  c o n s tr a in t2  
L o g ic a l  c o n s t r a in t s  
O v e r a ll  f r e s h w a te r  c o s t  
O v e r a ll  w a s t e  c o s t  
O v e r a ll  P ip in g  c o s t  

O b je c t iv e

M B l ( j ) .. s u m ( i ,C S ( i ) * F S ( i ) * x ( i j ) )  = e =  C K ( j ) * F K ( j )  ;
M B 2 ( j ) .. s u m ( i ,F S ( i ) * x ( i j ) )  +  F W ( j )  = e =  F K (j )  ;
C o n s l ( i )  .. s u m ( j , x ( i j ) ) = l =  1 ;
C o n s 2 ( j )  .. C K ( j )  = e =  C K L (j )  :
F l o w ( i j )  .. F ( i j )  = e =  F S ( i ) * x ( i j )  ;
W a s te ( i )  .. W W ( i )  = e =  ( l - s u m ( j .x ( i , j ) ) ) * F S ( i ) ;
O F r e sh  .. O F W  = e =  su m (j ,F W (j ) ) ;
O W a s te  .. oww = e =  s u m ( i ,W W ( i ) ) ;
L o g i c a l ! ( i j ) .. F ( i j ) - y ( i j ) * O M E G A  = 1 =  0;
L o g i c a l 2 ( j ) .. F W ( j ) - z ( j ) * O M E G A  = 1 =  0 ;
L o g ic a l3 ( i )  .. W W ( i) -  v v ( i )* O M E G A  = 1=  0;
F r e s h C o s t  .. O F W C  = e =  O F W * C F ;
W a s t e C o s t .. O W W C  = e =  O W W ’ C W ;
P ip in g C o s t  .. O P C  = e =  s u m ( ( i , j ) ,y ( i j ) * C P ) + s u m ( j , z ( j ) * C P ) + s u m ( i ,w ( i ) * C P ) ;
O b j e c t .. O B J  = e =  O F W C + O W W C + O P C ;
M o d e l  C A S E  1 2 /A L L /;
S o l v e  C A S E 1 2  U s in g  M IP  M in im iz in g  O B J ;
D is p la y  O B J .L O F W .I ,o w w .L O F W C .l ,O W W C .l ,O P C .l ,F W .I .W W .] ,x . l ,F . l ,y . l .z . i ,C K .l ;



APPENDIX A-6 ะ Case Study 1.3 GAMS Code
S e t  i S o u r c e  s tr e a m  / i  1 * i5 /  

j  S in k  s tr e a m  / j l * j 5 /

P a ra m eter
C S  S o u r c e  c o n c e n tr a t io n  ( p p m )

/ i l 1 3 0
i2 1 0 8
i3 7 0
i4 4 4
i5 2 2 /

F S S o u r c e  f lo w r a te  ( to n  p e r  h )
/ i l 9
i2 9
i3 9
i4 9

■® i5 4 . 5 /
C K L S in k  c o n c e n tr a t io n  ( p p m )

/ j l 2 0
j 2 2 0
j 3 2 0
j 4 2 0
j 5 2 0 /

F K S in k  f lo w r a te  ( to n  p e r  h )
/ j l 10
j 2 4
j 3 12
j 4 8
j 5 6 . 5 /

'
V a r ia b le O B J  O b j e c t iv e  f u n c t io n

P o s i t iv e  v a r ia b le  x ( i j )  S o u r c e  s p l i t  fr a c t io n  i to  j  
F W ( j )  F r e s h w a te r  f lo w r a te  
W W ( i )  W a s te  o f  e a c h  s o u r c e  
F ( i.j )  S p l i t t in g  F lo w r a te  i t o  j 
C K ( j )  S in k  s tr e a m  c o n c e n tr a t io n  
O F W  O v e r a l l  fr e s h w a te r  
oww O v e r a l l  w a s t e  
O F W C  O v e r a l l  f r e s h w a te r  c o s t  
owwc O v e r a l l  w a s t e  c o s t  
O P C

B in a r y  v a r ia b le  y ( i j )
z ( j)
w ( i )

S c a la r  O M E G A / 1 0 0 0 0 /
C F  C o s t  F r e s h w a te r  /  ! /



cw C o s t  w a s t e w a t e r  เ\ เ 
C P  C o s t  p ip in g  / ! /

E q u a tio n  
M B I ( j )  
M B 2 ( j )  
C o n s l ( i )  
C o n s 2 ( j )  
F lo w ( i j )  
W a s te ( i )  
O F r e sh  
O W a s te  
L o g ic a l  ] ( i j )  
L o g ic a l2 ( j )  
L o g ic a l3 ( i )  
F r e sh C o s t  
W a s te C o s t  
P ip in g C o s t  
O b je c t

M a s s  b a la n c e  ( f lo w r a te )  
M a s s  b a la n c e  ( c o n ta m in a n t )  
C o n s tr a in t  fo r  X 
C o n c e n tr a t io n  c o n s tr a in t  

F lo w r a t e  s o u r c e  i t o  s in k  j  
W a s t e  o f  e a c h  s o u r c e  
O v e r a l l  fr e sh w a te r  
O v e r a U  w a s te  
L o g ic a l  c o n s tr a in t  1 
L o g i c a l  c o n s tr a in t2  
L o g i c a l  c o n s tr a in ts  
O v e r a l l  fr e s h w a te r  c o s t  
O v e r a l l  w a s te  c o s t  
O v e r a l l  P ip in g  c o s t  

O b j e c t iv e

M B l ( j ) .. s u m ( i ,C S ( i ) * F S ( i ) * x ( i j ) )  = e =  C K ( j ) * F K ( j )  ;
M B 2 ( j ) .. s u m ( i ,F S ( i ) * x ( i j ) )  +  F W (j)  = e =  F K (j )  ;
C o n s l ( i )  .. s u m ( j ,x ( i j ) )  = 1 =  1 ;
C o n s 2 ( j ) .. C K ( j ) = e =  C K L (j )  ;
F l o w ( i j ) .. F ( i j )  = e =  F S ( i ) * x ( i j )  ;
W a s t e ( i )  .. W W ( i)  = e =  ( l - s u m ( j ,x ( i j ) ) ) * F S ( i ) ;
O F r e s h  .. O F W  = e =  s u m (j ,F W (j ) ) ;
O W a s t e  .. oww = e =  s u m ( i ,W W ( i) ) ;
L o g ic a l  1 (i j ) .. F ( i  j ) - y ( i  j ) * O M E G A  = 1 =  0 ;
L o g ic a l2 ( j )  .. F W (j) -  z ( j ) * O M E G A  = 1 =  0 :
L o g i c a l 3 ( i ) .. W W ( i ) -  w ( i ) * O M E G A  = 1 =  0;
F r e s h C o s t .. O F W C  = e =  O F W * C F ;
W a s t e C o s t .. O W W C  = e =  O W W * C W ;
P ip i n g C o s t .. O P C  = e =  s u m ( ( i j ) ,y ( i j ) * C P ) + s u m ( j ,z ( i ) * C P ) + s u m ( i ,พ ( i)* C P );  
O b j e c t .. O B J  = e =  O F W C + O W W C + O P C ;

M o d e l  C A S E  1 3 /A L L /;
S o l v e  C A S E 1 3  U s in g  M IP  M in im iz in g  O B J ;
D is p la y  O B J .I ,O F W .l ,O W W .I ,O F W C .l ,O W W C .l ,O P C .l ,F W .I ,W W .I ,x .L F .I ,y . l ,z . l ,C K .l;

APPENDIX A-7 ะ Case Study 2 before regeneration GAM S Code
S e t  i S o u r c e  s tr e a m  / i  1 * i4 /

j  S in k  s tr e a m  /j 1 * j6 /

P a r a m e te r
C S  S o u r c e  c o n c e n tr a t io n  (p p m )

/ i l  1 0 0



i2 2 3 0
i3 1 7 0
i4 2 5 0 /

F S S o u r c e  f lo w r a te  ( to n  p er h )
/ i l 1 5 5 .4
i2 1 3 0 5 .7 8
i3 2 0 1 .8 4
i4 4 6 9 .8  /

_  C K L S in k  c o n c e n t r a t io n  (p p m )
/ j l 2 0
j 2 8 0
j 3 1 0 0
j 4 2 0 0
j 5 2 0
j 6 2 0 0 /

F K S in k  f lo w r a te  ( t o n  p e r  h )
/ j l 1 5 5 .4
j 2 8 3 1 .1 2
J3 2 0 1 .8 4
j 4 1 1 4 9 .8 4
j 5 3 4 .6 8
j 6 6 8 . 7 /

V a r ia b le O B J  O b j e c t iv e  fu n c t io n

P o s i t iv e  v a r ia b le  x ( i  j )  S o u r c e  s p li t  fr a c t io n  1

F W ( j )  F r e s h w a t e r  f lo w r a te  
W W ( i)  W a s t e  o f  e a c h  so u r c e  
F ( i j )  S p l i t t in g  F lo w r a t e  i to  j 
C K (j )  S in k  s tr e a m  c o n c e n tr a t io n  
O F W  O v e r a l l  fr e s h w a te r  
oww O v e r a l l  w a s t e

B in a r y  v a r ia b le  y ( i  j )
z(i)

S c a la r  O M E G A / 1 0 0 0 0 /  .
G A M M A  / 1 0 0 /

F .fx ( ' i4 V j6 ' )= 5 4 ;F .lo ( ' i  17 j 4 ' ) =  1 5 5 .4 ;
F . lo ( ' i2 ' , ' j 4 ' ) = 4 1 .2 8 ; F . lo (  i3 ', j 4 ' ) = 2 0 1 .8 4 ;  
E q u a tio n

M B l ( j ) M a s s  b a la n c e  ( f lo w r a te )
M B 2 ( j ) M a s s  b a la n c e  (c o n ta m in a n t)
C o n s l ( i ) C o n s tr a in t  fo r  X
C o n s 2 ( j ) C o n c e n t r a t io n  c o n str a in t
F l o w ( i j ) F lo w r a te  s o u r c e  i to  s in k  j
W a s t e ( i ) W a s t e  o f  e a c h  so u r c e
O F r e s h O v e r a l l  f r e s h w a te r
O W a s t e O v e r a l l  w a s t e



126

L o g ic a l  l ( i  j )  L o g ic a l  c o n s tr a in t  
L o g ic a l2 ( j )  L o g ic a l  c o n s tr a in t  
O b je c t  O b j e c t iv e

M B l ( j ) .. s u m ( i ,C S ( i ) * F S ( i ) * x ( i  j)) = e =  C K (j )* F K (j )  ;
M B 2 ( j ) .. s u m ( i ,F S ( i ) * x ( i j ) )  +  F W ( j )  = e =  F K (j )  ;
C o n s l ( i )  .. s u m ( j ,x ( i  j ) )  = 1 =  1 ;
C o n s 2 Q ) .. C K ( j )  = e =  C K L (j )  ;
F l o w ( i j ) .. F ( i j )  = e =  F S ( i ) * x ( i  j )  ;
W a s t e ( i ) .. W W ( i )  = e =  ( ] - s u m ( j , x ( i j ) ) ) * F S ( i ) ;
O F r e sh  .. O F W  = e =  s u m O ,F W (j ) ) ;
O W a s te  .. oww = e =  s u m ( i ,W W ( i ) ) ;
L o g ic a l  1 ( i  j ) ..  F ( i  j ) - y ( i  j ) * O M E G A  = 1 =  0;
L o g i c a l 2 ( j ) .. F W ( j ) -  z ( j ) * O M E G A  = 1 =  0;
O b j e c t .. O B J  = e =  O F W + O W W + s u m ( ( i , j ) ,y ( i j ) * G A M M A ) + s u m ( j ,z ( j ) * G A M M A ) ;

M o d e l C A S E 2  /A L L /;
S o l v e  C A S E 2  U s in g  M IP  M in im i z in g  O B J ;
D is p la y  O B J .l .O F W .l ,O W W .] ,F W .! ,W W .l ,x . l ,F .I ,y . l ,z . l ,C K .l ;

A P P E N D IX  A -8  ะ C a se  S tu d y  2 w ith  regen era tion  G A M S  C od e
S e t  i S o u r c e  s tr e a m  / i  1 * i5 /  

j  S in k  s tr e a m  /j 1 * j6 /

P a ra m e ter
cs S o u r c e  c o n c e n t r a t io n

/ i l 1 0 0
i2 2 3 0
i3 1 7 0
i4 2 5 0  /

F S S o u r c e  f lo w r a te
/ i l 1 5 5 .4
i2 1 3 0 5 .7 8
i3 2 0 1  8 4
i4 4 6 9 .8  /

C K L  S in k  c o n c e n tr a t io n  l im it
/ j l 2 0
j 2 8 0
j 3 1 0 0
j 4 2 0 0
j 5 2 0
j 6 2 0 0  /

S in k  f lo w r a te
/ j l 1 5 5 .4
J2 8 3 1 .1 2
j 3 2 0 1 .8 4
j 4 1 1 4 9 .8 4
j 5 3 4 .6 8



1 2 7

j 6  6 8 .7  /

S c a la r
C R R e g e n e r a t io n  C o n c e n tr a t io n  (p p m )  / 3 0 /
H L H y d r a u lic  l o a d in g  ra te  ( to n  p er  m 3 h r )  / 1 .8 0 7 /
F C F r e sh w a te r  C o s t  (ร  p e r  m 3 )  / 0 .0 4 3 /
T C R iv e r  T r e a tm e n t  C o s t  (ร  p er  m 3 )  / 0 .2 9 7 /
R C O p e r a t io n  C o s t  ( ร  p er  to n )  /o .  1 5 /
R F C R e g e n e r a t io n  f ix  c o s t  (ร )  / 7 8 0 8 7 6 /

~  R V C R e g e n e r a t io n  v a r ia b le  c o s t  (ร  p e r  m 3 )  / 2 3 1 0 .6 /
H Y O p e r a t io n  t im e  (H o u r )  / 7 0 8 0 /

V a r ia b le s O B J O b j e c t iv e

P o s i t iv e  v a r ia b le s x ( i j ) S p l i t in g  fr a c tio n
y ( j ) S p l i t in g  fr a c tio n  a fte r  R e g e n e r a t io n

' F W (j) F r e s h w a te r  f lo w r a te  ( to n  p er  h )
F x ( i j ) S p l i t t in g  F lo w r a te  ( to n  p er  h )
F y (j) R e g e n e r a t io n  S p l i t t in g  F lo w r a te  ( to n  p e r  h )
F R R e g e n e r a t io n  F lo w r a te  ( to n  p er  h )
F K l ( j ) S in k  f lo w r a te  b e f o r e  R e g e n e r a t io n  ( t o n  p e r  h )

C K l ( j ) S in k  c o n c e n tr a t io n  b e f o r e  R e g e n e r a t io n  (p p m )
C K 2 ( j ) S in k  str e a m  c o n c e n tr a t io n  a fte r  R e g e n e r a t io n  (p p m )
W W (i) W a s te  f lo w r a te  o f  e a c h  s o u r c e  ( to n  p e r  h )
oww O v e r a l l  W a s te w a te r  ( to n  p e r  h )
O F W O v e r a ll  F r e sh w a te r  ( to n  p e r  h )
T W W a s te  to  treat f lo w r a te  ( to n  p er  h )
R a rea A r e a  o f  R e g e n e r a t io n  u n it  (m 3 )
R I N V R e g e n e r a t io n  in v e s t m e n t  C o s t  (ร )
P I N V  * P ip in g  in v e s tm e n t  c o s t  (ร )
IN V T o ta l  in v e s tm e n t  c o s t  (ร )
IN C In it ia l o p e r a t in g  C o s t  ( ร  p er  y e a r )
O p tC o s t N e w  o p e r a t in g  C o s t  (ร  p e r  y e a r )
S a v e S a v in g  C o s t  ( ร  p e r  y e a r )
P a y P a y b a c k  p e r io d  (y e a r )

♦ Fvîctino flnwrntp************* ********************************* ******
« ร ะ ^ ^ » . « พ - ไ . ^  **********************************************************************

E q u a t io n
M B R l ( j )
M B R 2 ( j )
C o n s l ( i )
C o n s 2 ( j )
M B R 3 ( j )
M B R 4 ( j )
C o n s 3 ( j )
F r e sh
F l o w ( i j )
W a s te ( i )
o  W a s te

O v e r a l l  m a te r ia l  b a la n c e  b e fo r e  R e g e n e r a t io n  (C o n ta m in a n t )  
O v e r a l l  m a te r ia l  b a la n c e  b e fo r e  R e g e n e r a t io n  ( M a s s  f lo w r a te )  
C o n s tr a in t  fo r  X v a lu e  
C o n s tr a in t  fo r  C K  1 a n d  C K 2
O v e r a ll  m a te r ia l  b a la n c e  a fte r  R e g e n e r a t io n  (C o n ta m in a n t )  
O v e r a ll  m a te r ia l  b a la n c e  s f te r  R e g e n e r a t io n  (M a s s  f lo w r a te )  
C o n str a in t  fo r  C K 2  an d  C K L  
O v e r a l l  F r e s h w a te r  u s a g e  o f  
F lo w r a te  e a c h  s in k  

W a s te  o f  e a c h  s o u r c e  
O v e r a l l  w a s t e



R e g e n F R e g e n e r a t io n  f lo w r a te
T r ea t T r e a tm e n t  f lo w r a te
C o n R C o n s tr a in t  fo r  y  v a lu e
A r e a R e g e n e r a t io n  a r e a  c a lc u la t io n
I N C o s t In it ia l  o p e r a t io n  c o s t
N e w C o s t N e w  o p e r a t io n  c o s t
R C o s t R e g e n e r a t io n  in v e s t m e n t  c o s t
P C o s t P ip in g  in v e s tm e n t  c o s t
In v e s t T o t a l  in v e s tm e n t  c o s t
S a v in g S a v i n g  c a lc u la t io n
O b j e c t iv e O b j e c t iv e  fu n c t io n

M B R l ( j ) .. s u m ( i ,C S ( i ) * F S ( i ) î x ( i j ) )  = e =  C K l ( j ) * F K l ( j )  ;
M B R 2 ( j ) .. s u m ( i ,F S ( i ) * x ( i j ) )  +  F W (j)  = e =  F K 1 (j)  ;
C o n s l ( i )  . .ร น m (j ,x ( i  j ) )  = 1 =  1 ;
C o n s 2 ( j ) .. ckl(j) = g =  C K 2 ( j ) ;
M B R 3 ( j )  .. C K I ( j ) * F K l ( j )  +  F y ( j )* C R  = e =  C K 2 ( j )* F K (j ) ;  -
M B R 4 ( j ) .. F K l ( j )  +  F y ( j )  = e =  F K (j);
C o n s 3 ( j ) .. C K 2 ( j )  = 1 =  C K .L (j);
F r e sh  .. O F W  = e =  s u m ( j ,F W ( j ) ) ;
F lo w ( i  j ) .. F x ( i  j )  = e =  F S ( i ) * x ( i , j )  ;
W a s t e d ) .. W W ( i)  = e =  ( 1- s u m ( j ,x ( i j ) ) ) * F S ( i ) ;  
o W a s t e  .. F R  = 1 =  s u m ( i .W W ( i ) ) ;
R e g e n F ( j ) .. F y ( j ) = e =  F R * y ( j ) ;
T r ea t .. T W  = e =  s u m ( i ,W W ( i ) ) - F R ;
C o n R  „ รนทา( j ,y ( j ) )  = 1=  1 ;
A r e a .. R a r e a = e =  F R * s u m ( j ,y ( j ) ) * H L ;
I N C o s t .. IN C  = e =  F C * H Y *  1 9 8 9 .1  +  T C * H Y *  1 6 8 0 .3 ;
N e w C o s t  .. O p tC o s t  = e =  F C * H Y * O F W  +  T C * T W * H Y  +  R C * F R * H Y ;
R C o s t .. R I N V  = e =  R F C + R V C * R a r e a ;
P C o s t .. P 1 N V  = e =  R I N V * 0 .1 6 ;
I n v e s t  .. I N V  = e =  R I N V  +  P IN V ;
S a v in g  .. S a v e  = e =  I N C  - O p tC o s t;
O b j e c t iv e  . .O B J  = e =  S a v e ;
M o d e l  C A S E 2  /A L L /;
S o l v e  C A S E 2  U s in g  N L P  M a x im iz in g  O B J ;
D is p la y  O B J .1,I N V .L I N C .l ,O p t c o s t .1,S a v e .I .F R .I .O F W .I ,F W -L W W  h T W  I .R a r e a .I ,x .l ,F x .l ,F y .l ,C K 2 .1 ;

A P P E N D IX  A -9  ะ C a se  S tu d y  3.1 G A M S C o d e
S E T S  i S o u r c e  s tr e a m s  / i  1 * Ï2 /

j  S in k  s t r e a m s  /j l * j 2 /
น T r e a tm e n t  u n it  / u l  * น2 /
พ  T r e a t  s t r e a m s  /v v l * พ 2 /  
r F r e s h w a te r  s o u r c e  / r l * r 2 /

ท T r e a tm e n t  s ta g e  /n  1 * n 3 /

P A R A M E T E R S
C S  S o u r c e  c o m p o s i t io n



/ i l 0 .0 3 5
Ï2 0 .0 2 4  /

F S S o u r c e  f lo w r a te  ( k g  p e r  h )
/ i l 2 5 0 0

i2 2 8 7 0  /
C K L S in k  c o m p o s i t io n  lim it

/jl 0 .0 1 4
j 2 0 .0 1 2  /

FK. S in k  f lo w r a te  ( k g  p er  h)
/ j l 2 8 0 0
j 2 2 3 0 0  /

C o s t F W F r e s h w a te r  c o s t  (ร  p er  k g )
/ r l 0 .0 0 1 9
r2 0 .0 0 1 4  /

C F W F r e sh w a te r  c o m p o s i t io n
/ r l 0
r2 0 .0 0 5  /

T F C 1 T r e a tm e n t  f ix  c o s t  e x tr a  (ร )
/ u  1 8 0 0
น2 9 0 0  /

T V C 1 T r e a tm e n t  v a r ia b le  c o s t  e x tr a  (ร  p e r  k g )
/ u  1 1 .1 3 6 7
น2 0 .9 5 4 8  /

O C T r e a tm e n t  o p e r a t io n  c o s t  (ร  p e r  k g )
/ u  1 0 .7 9 e - 3
น2 0 .6 3 e - 3  /

A lp h a T r e a tm e n t  e f f i c ie n c y
/ u l 0 .9 1
น2 0 .7 2  /

C P F 6 P ip in g  f ix  c o s t  s o u r c e  to  w a s t e  ( ร  p e r  y )
/ i l 0 .6

i2 1 .3  /
C P 6 P ip in g  v a r ia b le  c o s t  s o u r c e  to  w a s t e  (ร  p er  k g )

/ i l 0 .7 e - 4
i2 1 ,4 e - 4  /

C P F 7 P ip in g  f i x  c o s t  treat to  w a s t e  ( ร  p e r  y )
/ w l 1.1
พ 2 0 .9  /

C P 7 P ip in g  v a r ia b le  c o s t  trea t to  w a s t e  (ร p e r  k g )
/ w l 0 .2 e - 4
พ 2 0 .2 e - 4  /

l n Y T ( u ,ท ) Y T  p a r a m e te r
I n Y T l( u ) Y T 1  p a r a m e te r
F T P ( w ) F T  p a r a m e te r
F T I P (u ) FT1 p a r a m e te r
C T I P ( u ) C T I p a r a m e te r
C T P ( w ) C T  p a r a m e te r
C K P ( j ) C K  p a r a m e te r
C W P cw p a r a m e te r
x F P ( i j ) x F  p a r a m e te r
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y F P ( i ,น)
z F P ( w j )
tF P (w ,น)
F R P (r j )
W W lP ( i )
W W 2 P (w )

y F  param eter  
z F  p aram eter  
tF p aram eter  

F W  param eter  
W W 1 p aram eter  
W W 2  param eter

T A B L E  T F C (u ,ท) T rea tm en t f ix  c o s t  (ร  per y )  
n l  ท2  ท3

น 1 9 8 7 5 .4 3  1 3 8 5 2 .9  1 6 1 2 5 .9 4
น2 7 8 2 2 .5 2  1 1 1 3 3 .5 6  1 3 0 2 5 .7 5  ;

T A B L E  T V C (u ,ท) T rea tm en t v a r ia b le  p ost (ร  per k g )  
n l  ท2  ท3

น 1 8 .5 8 2 6 9  6 .3 6 0 6 4  5 .7 2 5 7 1
น2 7 .1 4 4 6 6  5 .2 9 4 9 1  4 .7 6 6 3 7  ;

T A B L E  C P F  1 (i j )  P ip in g  fix  c o s t  so u r c e  to  s in k  (ร  per y )
j l  j 2

11 1.1 1.3
12 0 .8  1 .4  ;

T A B L E  C P  1 ( i  j )  P ip in g  v a r ia b le  c o s t  so u rc e  to s in k  (ร  per k g )
j l  j 2

11 l . l e - 4  1 .2 e -4
12 0 .8 e - 4  1 .3 e -4  ;

T A B L E  C P F 2 ( i,น) P ip in g  fix  c o s t  so u rc e  to treat (ร  per y )
u l  น2

11 1.2 1.4
12 1.1 1.5 ;

T A B L E  C P 2 ( i ,น) P ip in g  v a r ia b le  c o s t  so u rc e  to  treat (ร  per k g )  
u l  น2

11 1 .2 e -4  l . l e - 4
12 0 .9 e - 4  1 .0 e -4  ;

T A B L E  C P F 3 (\V ,น) P ip in g  fix  c o s t  treat! to treat2 (ร  p er  y )  
u l น2

w l  0 .6  0 .4
พ 2 0 6  0 .4  ;

T A B L E  G P 3 (w ,น) P ip in g  v a r ia b le  c o s t  treat 1 to treat2  (ร  per k g )  
u l  น2

w F  0 .4 e - 4  0 .5 e -4
พ 2 0 .4 e - 4  0 .5 e - 4  ;

T A B L E  C P F 4 ( w j )  P ip in g  fix  c o s t  treat to  sin k  (ร  per y )  
j l  J2 

w l  1 .4  1.3
พ2 1.2 1.0 ;

T A B L E  C P 4 ( w j )  P ip in g  v a r ia b le  c o s t  treat to  s in k  (ร  per  k g )
j l  j 2

w l  1 .3 e -4  l . l e - 4
พ 2 l . l e - 4  0 .8 e - 4  ;

T A B L E  C P F 5 (r  j )  P ip in g  fix  c o s t  fresh  to  s ink  (ร  per y )  
j l  J2  

rl 1 .4  1 .7
r2 1.3 1 .9  ;



T A B L E  C P 5 ( r j )  P ip in g  v a r ia b le  c o s t  fresh  to  sink  (ร  p er  k g )
j l  j2

rl l .6 e - 4  1 .7 e -4
r2 1 .4 e -4  l .5 e - 4

S C A L A R  C W L  W a ste  c o n c e n tr a tio n  lim it (p p m ) /o .o  1 5 / 
H Y  O p e ra tio n  tim e  (h  p er  y )  / 8 0 0 0 /
K.Y O p e ra tio n  y e a r  ( 1 per y )  /0 .3 3 3 /  

-O M E G A  /1 0 0 0 0 0 0 /

V A R IA B L E  O B J I, O B J 2 , O B J 3 , O B J 4 , T A C

P O S IT IV E  V A R I A B L E  
x ( i j )  

y ( i,น) 
y i ( i )
t (w , น)
z (w j)
F R ( r j )
W W I( i)
W W 2(w )
FT (vv)
F T I(u )
C T (W )
C T I(u )
oww
O F W
cw
C K (j)
F A C o s t
T F C o st
T F C o stI
T T C o s t
T O C o st
P A  I
P A 2
P A 3
P A 4
P A 5
P A 6
P A 7
P A C o s t
x F ( i j )
y F ( i ,น)
z F ( w j )
tF (w ,น)
A m (i)
B m (i)
A c ( i )
B c ( i)
A l t ( u )

S p lit  fra ctio n  so u r c e  to  s in k
S p lit  fra ctio n  so u r c e  to  treat
S p lit  fra ctio n  so u rc e  to  treat fo r  m o d e l 1
S p lit  fra ctio n  treat to  treat
S p lit  fra ctio n  treat to  s ink
F resh w a ter  f lo w r a te  (k g  per h )

W a ste  i f lo w r a te  (k g  p er  h )
W a ste  พ  f lo w r a te  (k g  p er  h )

T rea tm en t f lo w r a te  out (k g  p er  h)
T reatm ent f lo w r a te  in (k g  p er  h)
T rea tm en t c o m p o s it io n  ou t  
T rea tm en t c o m p o s it io n  in  

O v er a ll w a s te  f lo w r a te  (k g  per  h)
O v er a ll fr esh w a te r  f lo w r a te  (k g  p er  h)

W a ste  d isc h a r g e  c o m p o s it io n  
S in k  c o m p o s it io n  

F resh w a ter  an n u al c o st  (ร  p er  y )
T rea tm en t in v e stm e n t c o s t  (ร  per  y )
In crea se  c a p a c ity  trea tm en t in v e s tm e n t  c o st  (ร  p er  y )  
T o ta l trea tm en t in v e s tm e n t a n n u a l c o s t  (ร  per y )  
T rea tm en t o p e r a tio n  an n u a l c o s t  (ร  per y )

P ip in g  c o s t  so u r c e  to  s in k  (ร  p er  y )
P ip in g  c o s t  so u r c e  to  treat ($ -p er  y )
P ip in g  c o s t  treat to  treat (ร  p er  y )

P ip in g  c o s t  treat to s in k  (ร  per  y )
P ip in g  c o s t  fresh  to  s in k  ( ร  p er  y )
P ip in g  c o s t  so u r c e  to  w a s te  (ร  p er  y )

P ip in g  c o s t  treat to  w a s te  (ร  p er  y )
P ip in g  a n n u a l c o s t  (ร  per y )

S p lit  F lo w ra te  so u rc e  to s in k  (k g  p er  h)
S p lit  F lo w r a te  so u rc e  to treat (k g  p er  h)
S p lit  F lo w r a te  treat to  s in k  (k g  per  h)
S p lit  F lo w r a te  treat to  treat (k g  p er  h)



1 3 2

B l t ( u )
A 2 t(u )
B 2 t(u )
A 1 k(j)
B lk ( j )
C lk ( j )
A2k(J)
B 2 k (j)
C 2 k (j)

* * * *  * * * * B o u n  d in g * * * * * * * * * *
x .  l o ( i j ) = 0 ; x .u p ( i j ) = l ;
y .  Io ( i ,น)= 0 ;y .u p ( i ,น)=  I ;
z .  lo (w  j ) = 0 ; z .u p ( w  j ) =  1 ;
B I N A R Y  V A R IA B L E S

Y T (u ,ท) E x is t in g  T r ea tm e n t unit
Y T I(u ) E x is t in g  In crea se  c a p a c ity  trea tm en t unit
z x ( i  j )  E x is t in g  S p lit  F lo w ra te  so u rc e  to  s in k
z y ( i ,น) E x is t in g  S p lit  F lo w ra te  so u rc e  to  treat

z z ( w j )  E x is t in g  S p lit  F lo w ra te  treat to  s in k
z f r ( r j )  E x is t in g  F lo w ra te  fresh  to  s in k
z t (w ,น) E x is t in g  S p lit  F lo w ra te  treat to  treat

z w l ( i )  E x is t in g  S p lit  F lo w ra te  so u r c e  to  w a s te
z w 2 ( w )  E x is t in g  S p lit  F lo w ra te  treat to  w a s te

E Q U A T I O N S
‘ M o d e l 1 * * * * * * * *  L in ea r * * * * * * * * * * *

M I _ m a s s ( j ) L P  m a ss b a la n ce
M l__con t(j) L P  co n ta m in a n t b a la n ce
M l c o n s ( i ) X con stra in t
M l_ c o n s 2 ( j ) S in k  c o m p o s it io n  con stra in t
M l w a s t e ( i ) y  v a lu e

* * * * * * * * * * * * * * * * * * * * * * * *  B a la n c e * * * * * * * * * * * * *  =
S M B J ( i ) S o u r c e  M a ss  B a la n c e  e q l
S M B J ( i ) S o u r c e  M a ss  B a la n c e  e q 2
S M B J ( i ) S o u r c e  M a ss  B a la n c e
S C B J ( i ) S o u r c e  C o n ta m in a n t B a la n c e  e q l
S C B ~ 2 ( i) S o u r c e  C o n ta m in a n t B a la n c e  e q 2
S C B ~ 3 ( i ) S o u r c e  C o n ta m in a n t B a la n c e
C o n s x ( i) X v a r ia b le  co n stra in t

* * * * * * * * * * * * * * * * * * * * * * * * * * * ^ eafjyjgflt M a ss  B a la n c e * * * * * * * * * *
T M B 1 _ I (น) T reatm en t M a ss  B a la n c e  1 e q l
T M B l~ 2 ( u ) T rea tm en t M a ss  B a la n c e  I e q 2
T M B l~ 3 ( u ) T rea tm en t M a ss  B a la n c e  1 e q 3
T C B I J  (น) T rea tm en t C o n ta m in a n t B a la n c e  1 e q l
T C B I ~ 2 (u ) T rea tm en t C o n ta m in a n t B a la n c e  1 e q 2
T C B l~ 3 ( u ) T rea tm en t C o n ta m in a n t B a la n c e  1 e q 3
T M B 2 (w ) T rea tm en t M a ss  B a la n c e  2
T C B 2 (w ) T rea tm en t C o n ta m in a n t B a la n c e  3
T R (U , พ ) T reat unit C o n ta m ia n t b a la n ce
C o n sT I  (น ,พ ) T reat C o n str a in t!



C o n s T 2 (u ,w ) T reat C o n stra in t2
C o n s T 3 (w ) T rea t C o n str a in ts

'F ix  p a r a m e te r s* * * * * * * * * *
T M B 1 J P  (น) T rea tm en t M a ss  B a la n c e  1 e q l
T M B l~ 2 P ( u ) T rea tm en t M a ss  B a la n c e  1 e q 2
T M B l J P ( u ) T rea tm en t M a ss  B a la n c e  1 eq3
T C B l J P ( u ) T rea tm en t C o n ta m in a n t B a la n c e  1 e q l
T C B 1  ~ 2 P (u ) T rea tm en t C o n ta m in a n t B a la n c e  1 e q 2
T C B 1  J P ( u ) T rea tm en t C o n ta m in a n t B a la n c e  1 e q 3
T M B 2 P (w ) T rea tm en t M a ss  B a la n c e  2
T C B 2 P (w ) T rea tm en t C o n ta m in a n t B a la n c e  3
T R P (u ,พ ) T reat un it C o n ta m ia n t b a lan ce
C o n s T lP ( u ,พ ) T reat C o n stra in t 1
C o n s T 2 P (u ,พ ) T reat C o n str a in ts
C o n sT 3 P (v v ) T reat C o n str a in ts

c * * * * * * *  * * * * * * * * * * * * * * * * * : เ( :* -^ 0£ ^  M a ss  B â lc U ic c * * * * * * * * * * * * * *
W A S T E 'O v e r a ll  W a ste  F lo w ra te
c  W A S T E O v er a ll W a ste  C o n ce n tr a io n
C o n sW W a ste  co n stra in t
F R E S H O v er a ll fresh w a ter

■ Fix p a r a m e te r * * * * * * * * * * * *
W A S T E P O v era ll W a ste  F lo w ra te
C W A S T E P O v er a ll W a ste  C o n cen tra io n
F R E S H P O v era ll fresh w a ter

t * * * * * * * * * * * * * * * * * * * * * * * * *
******  1(ะ* * * * * * * * * * * * * * * * * * * * * S in k  M a ss  B a la n c e * * * * * * * * * * * * * * ’

S K M B J ( j ) S in k  M a ss  B a la n c e  e q l
S K M B  J ( j ) S in k  M a ss  B a la n c e  e q 2
S K M B J G ) S in k  M a ss  B a la n c e  e q 3
S K M B  J O ) S in k  M a ss  B a la n c e  e q 4
S K C B J G ) S in k  C o n ta m in a n t B a la n c e  e q l
S K C B ~ 2 (j ) S in k  C o n ta m in a n t B a la n c e  eq 2
S K C B J O ) S in k  C o n ta m in a n t B a la n c e  eq3
S K C B J G ) S in k  C o n ta m in a n t B a la n c e  eq4
C o n s S K lj ) S in k  C o n ta m in a n t C on stra in t

"Fix p a r a m e te r * * * * * * * * * * * *
S K M B  lP (j) S in k  M a ss B a la n c e  e q l
S K M B  ~ 2 P (j) S in k  M a ss  B a la n c e  eq 2
S K M B J P ( j ) S in k  M a ss  B a la n c e  eq 3
S K M B ~ 4 P (j) S in k  M a ss B a la n c e  e q 4
S K C B J P O ) S in k  C o n ta m in a n t B a la n c e  e q l
S K C B ~ 2 P (j) S in k  C o n ta m in a n t B a la n c e  eq2
S K C B J P O ) S in k  C o n ta m in a n t B a la n c e  eq3
S K C B J P O ) S in k  C o n ta m in a n t B a la n c e  eq 4
C o n sS K P O ) S in k  C o n ta m in a n t C on stra in t

) :^ * * * * * * * * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * * * * * * * p ] o w r a te  e x is t in g  a n d  c o n s tr a in t* * * * * * * * *  
D i s l ( i j )  S p l it  F lo w ra te  so u r c e  to  s in k i1
D is 2 ( i ,น) S p lit  F lo w ra te  so u rc e  to  treat
D is 3 ( w  j )  S p lit  F lo w ra te  treat to  s in k



D is 4 ( w ,น) S p lit  F lo w ra te  treat to  treat
x e x i s t ( i j )
y e x is t ( i ,น)
z e x i s t ( w j )
t e x is t (w ,น)
fr e x is t ( r j )
w w le x i s t ( i )
w w 2 e x is t ( w )
x c o n s ( i j )
y c o n s ( i ,  น)
z c o n s ( w j )
f r c o n s ( r j )
tc o n s (w .u )
w l c o n s ( i )

E x is t in g  S p lit F lo w ra te  so u rc e  to  sin k  
E x is t in g  S p lit  F lo w ra te  so u rc e  to  treat 
E x is t in g  S p lit  F lo w ra te  treat to  sin k  
E x is t in g  S p lit  F lo w ra te  treat to  treat 
E x is t in g  F lo w ra te  fresh  to  sink  
E x is t in g  F lo w ra te  so u r c e  to  w a ste  

E x is t in g  F lo w ra te  treat to  w a s te  
S p lit  F lo w ra te  so u rc e  to  s in k  con stra in t  
S p lit  F lo w ra te  so u rc e  to  treat con stra in t  
S p l it  F lo w ra te  treat to  s in k  con stra in t  
F lo w r a te  fresh  to  s in k  co n stra in t  
S p lit  F lo w ra te  treat to  treat con stra in t  
F lo w ra te  so u rc e  to  w a s te  co n stra in t

พ 2 c o n s ( w )  _  F lo w r a te  treat to  w a s te  con stra in t  
F ix  p a r a m e te r s * * * * * * * * * * * * * *

D i s l P ( i j ) S p lit  F lo w ra te  so u rc e  to  s in k
D is 2 P ( i ,u )  
D i s 3 P ( w j )  
D is 4 P ( w ,น)

S p lit  F lo w ra te  so u r c e  to  treat 
S p lit  F lo w ra te  treat to  s in k  
S p lit  F lo w ra te  treat to  treat

x e x i s t P ( i j )
y e x is t P ( i ,  น)
z e x i s t P ( w j )
t e x is t P ( w ,น)
f r e x is tP (r j )
w w le x i s t P ( i )
w w 2 e x is t P ( w )
x c o n s P ( i j )
y c o n s P ( i ,น)
z c o n s P ( w j )
f r c o n s P (r j )
t c o n s P (w ,u )
w lc o n s P t  i )

E x is t in g  S p lit  F lo w ra te  so u rc e  to  sin k  
E x is t in g  S p lit  F lo w ra te  so u rc e  to  treat 
E x is t in g  S p lit  F lo w ra te  treat to  sin k  
E x is t in g  S p lit  F lo w ra te  treat to treat 

E x is t in g  F lo w ra te  fresh  to  sink  
E x is t in g  F lo w ra te  so u r c e  to  w a s te  

E x is t in g  F lo w ra te  treat to  w a s te  
S p lit  F lo w ra te  so u rc e  to  s in k  co n stra in t  
S p lit  F lo w ra te  so u r c e  to  treat co n stra in t  
S p lit  F lo w ra te  treat to  s in k  con stra in t  
F lo w r a te  fresh  to  s in k  con stra in t  
S p lit  F lo w ra te  treat to  treat con stra in t  

-  F lo w r a te  so u rc e  to  w a s te  con stra in t
พ 2 c o n s P ( w )  F lo w ra te  treat to  w a s te  con stra in t******* ***********************

* * * * * * * * * * * * * * * * * * * * * * * *  * * * £ •0 C a lc u la tio n * * *  * * * * * *  * * * * * * * * *
rue 1 (น) T rea tm en t U n it C h o o s in g  0 -3 1 8 7
T U C 2 (u )
T U C 3 (U )
C o n s B  1
C o n s B 2
F re sh C o st
F r e sh C o st2
T r ea tC o st
T r ea tO C o st
P lP C o s t l
P IP C o st2
P IP C o st3
P IP C o st4
P IP C o st5

T rea tm en t U n it C h o o s in g  3 1 8 8 -6 3 7 4  
T r ea tm e n t U n it C h o o s in g  6 3 7 5 -IN F  
B in a r y  con stra in t  
F lo w r a te  con stra in t  
F re sh w a ter  c o s t l  
F re sh w a ter  co st2  

T r ea tm e n t unit c o st  
T r ea tm e n t O p era tio n  C o s t  

P ip in g  C o s t  so u rc e  to  s in k  
P ip in g  C o st so u rc e  to  treat 
P ip in g  C o s t  treat to  treat 
P ip in g  C o st treat to  s in k  
P ip in g  C o s t  fresh to s in k



P IP C o stô P ip in g  C o s t  so u rc e  to  w a s te
P IP C o st7 P ip in g  C o s t  treat to  w a s te
P IP C o st T ota l P ip in g  C o st
T ota l T o ta l a n n u a l c o st

m eter* * * * * * * * * * * * * *
T U C lP ( u ) T r ea tm e n t U n it  C h o o s in g  0 - 1 7 0 0
T U C 2 P (u ) T r ea tm e n t U n it  C h o o s in g  1 7 0 1 -3 5 8 0
T U C 3 P (u ) T r ea tm e n t U n it C h o o s in g  1 7 0 1 -3 5 8 0
C o n s B P l B in a r y  co n stra in t
C o n sB P 2 F lo w ra te  co n stra in t
F re sh C o stP F re sh w a ter  c o s t  f ix  p aram eter
T rea tC o stP T rea tm en t unit c o s t  f ix  p aram eter
T r ea tO C o stP T r ea tm e n t O p eration  C o s t  f ix  param eter
P IP C o st IP P ip in g  C o s t  so u rc e  to  s in k
P IP C o st2 P P ip in g  C o s t  so u rc e  to  treat
P IP C o st3 P P ip in g  C o s t  treat to  treat
P IP C o st4 P P ip in g  C o s t  treat to  sin k
P IP C o st5 P ~ P ip in g  C o s t  fresh  to  s in k
P IP C o stô P P ip in g  C o s t  so u rc e  to  w a s te
P IP C o st7 P P ip in g  C o s t  treat to  w a s te
P IP C o stP T o ta l P ip in g  C o stHe**************************

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 0 5 j e c t iv e  fu n c t io n * * * * * * * * * * * * * * * * * * * * * * * * * *  
O b je c t l  O b je c t iv e  F u n c tio n  1
O b je c t2  O b je c t iv e  F u n c tio n 2
O b je ct3  O b je c t iv e  F u n ctio n 3
O b je c t4  O b je c t iv e  F u n c tio n 4  :******************=*****************************************************

* M o d e l 1 * * * * * * * *  L in e a r * * * * * * * * * * * * * * * * *
M l_ m a s s ( j )  .. F K (j)  = e =  S U M (i ,F S ( i )* x ( ij ) )+ S U M (r ,F R (r .j ) ) ;
M  I ~ c o n t ( j ) .. F K (j)  C K (j)  = e =  S U M (i,F S ( i )* x ( ij )* C S ( i ) )+ S U M (r ,F R (r j )* C F W (r )> ;
M l _ c o n s ( i ) .. ร บ M ( j ,x ( i j ) )  =1= 1;
M  f  c o n s2 (j) .. C K (j ) = 1=  C K L (j);
M l w a s t e ( i ) .. y l ( i )  = e =  ( l - s u m ( j ,x ( i j ) ) > ;
* * * * * * * * * * * * * * * *  * * * * * * * * * * * £ 0 u rce  ^355  B a la n c e  * * * * * * * * * * * * * * * * * * * * * * * * * * *
S M B _ I ( i ) .. A m ( i)  = e =  s u m ( j ,F S ( i) * x ( i j ) ) ;
S M B _ 2 ( i ) .. B m (i)  = e =  su m (u ,F S ( i)* y ( i ,u ) ) ;
S M B J ( i ) .. F S ( i)  = e =  A m ( i ) + B m ( i ) + W W l( i ) ;
S C B _ l ( i ) .. A c ( i )  = e =  s u m (j ,F S ( i)* x ( i ,j )* C S ( i) ) ;
S C B _ 2 ( i ) .. B c ( i)  = e =  s u m (u ,F S ( i )* y ( i ,น )*c ร (i));
S C B J ( i ) .. F S ( i ) * C S ( i )  = e =  A c ( i )  +  B c ( i )  +  W W l( i)* C S ( i ) ;
C o n s x ( i ) .. s u m ( j ,x ( ij ) ) + s u m ( u ,y ( i ,น )) =1= 1;
**  * * * * * * * * * * *  * * * * * * * * * * * * * 'j 'j .e a {m e n j M a ss  g u J a n c e* * *  * * * * * * * * * * * * *  * * * * * * * *
T M B l _ l ( u ) .. A l t ( u )  =e= s u m ( i ,F S ( i )* y ( i ,น));
T M B 1 _ 2 ( น ) .. B l t ( u )  = e =  su m (v v ,F T (\v )* t(w ,น));
T M B l J ( u )  A 1 t (u )+ B  11 (น) = e =  F T I(u );
T C B 1 J ( น ) .. A 2 t (u )  = e =  s u m ( i ,F S ( i )* y ( i ,น )*c ร (i));
T C B 1 2 ( น ) .. B 2 t (u )  = e =  s u m (w ,F T (w )* t (w ,น )*C T (พ ));
T C B l J ( u ) .. A 2 t (u )+ B 2 t (u )  = e =  F T I(u )* C T I(u );
T M B 2 ( w ) .. F T (w ) = e =  s u m (u ,F T (w )* t (w ,น))+รนm (j ,F T (w )* z (w j))+ W W 2 (v v ) ;
T C B 2 ( w ) .. F T (w )* C T (w )  = e =  s u m (u ,F T (w )* t (w ,น )*C T (พ ))+ ร น m ( j ,F T (w )* z (w j )* C T (w ) )+ W W 2 (w )* C T (w ) ;



T R ( u ,พ ) $ ( o r d ( w )  e q  o r d ( u ) ) .. C T (w )  = e =  (1  - A lp h a ) น ))* C T i (น );
C o n s T l (น ,พ )$ ( o r d ( w )  e q  o r d ( u ) ) .. F T I (u )  = e =  F T (w );
C o n s T 2 ( u ,พ ) $ ( o r d ( w )  e q  o r d ( u ) ) .. C T l( u )  = g =  C T (vv);
C o n s T 3 ( w ) .. s u m ( u , t ( w ,น ))+ รน m ( j , z ( w j ) )  = 1 =  1;
* F ix p a r a m e t e r s * * * * * * * * * * * * * * *
T M B 1 _ 1 P (น ) .. A l t ( u )  = e =  รนทา( i ,F S ( i ) * y ( i ,น ));
T M B l _ 2 P ( u ) .. B l t ( u )  = e =  s u m ( w ,F T P ( w ) * t ( w ,น));
T M B l~ 3 P ( u )  -  A l t ( u ) + B l t ( u )  = e =  F T IP (u );
T C B 1  J  P ( u ) .. A 2 t ( u )  - e =  s u m ( i ,F S ( i ) * y ( i ,น )* c ร ๑ ) ;
T C B 1 _ 2 P ( น ) .. B 2 t ( u )  = e =  s u m ( w ,F T P ( w ) * t ( w ,น )* C T P (พ )) ;
T C B I J P ( U ) .. A 2 t ( u ) + B 2 t ( u )  = e =  F T I P (u )* C T I P (u );
T M B 2 P ( w ) .. F T P ( w )  = e =  s u m ( u ,F r P ( w ) * t ( w ,น ))+รน ท า)),F T P ( w ) * z ( w j ) ) + W W 2 ( w ) ;  
T C B 2 P ( w ) . F T P ( w ) * C T P ( w )  = e =
s u m ( u ,F T P ( w ) * t ( w ,น )* C T P (พ ))+ ร น เท )) ,F T P ( w ) * z ( w j ) * C T P ( w ) ) + W W 2 ( w ) * C T P ( w ) ;  
T R P ( u ,พ ) $ ( o r d ( w )  e q  o r d ( u ) ) .. C T P (w )  = e =  ( l - A lp h a ( u ) ) * C T I P ( u ) ;
C o n s T l P ( u ,พ ) ร ) o r d ( w )  e q  o r d ( u ) ) .. F T IP (u )  = e =  F T P (w );
C o n s T 2 P ( u ,พ ) ร ) o r d ( w )  e q  o r d ( u ) ) .. C T I P (u )  = g =  C T P (w );
C o n s T 3 P ( w ) .. s u m ( u , t ( w ,น ))+ รน m ( j , z ( w j ) )  = 1 =  1;
* * * * * * * * * * * * * * * * * * * * * * * * * * * ^ / ^ ê  B a la n c e * * * * * * * * * * * * * * * * * * * * * * * * * * *
W A S T E  .. oww = e =  s u m ( i ,W W l ( i ) ) + s u m ( w ,W W 2 ( w ) ) ;
C W A S T E  . . O W W ’ C W  = e =  s u m ( i ,W W l ( i ) * C S ( i ) ) + s u m ( w ,W W 2 ( w ) * C T ( w ) ) ;
C o n s W  .. c w  = 1 =  C W L ;
F R E S H  .. O F W  = e =  s u m ( ( r j ) ,F R ( r , j ) ) ;
* F ix  p a r a m e t e r * * * * * * * * * * * * *
W A S T E P  .. O W W  = e =  s u m ( i ,W W l P ( i ) ) + s u m ( w ,W W 2 P ( w ) ) ;
C W A S T E P  .. O W W * C W P  = e =  รนทา(เ, W W lP ( i ) * C S ( i ) ) + s u m ( w ,W W 2 P ( v v ) * C T P ( w ) ) ;  
F R E S H P  .. O F W  = e =  s u m ( ( r j ) ,F R P ( r j ) ) ;
* * * * * * * * * * * * * * * * * * * * * * * * * * * g j  1 Pv4ass B a la n c e * * *  * * * * * * * * * * * * * *  * * * * * * * * * * *  

S K M B J O ) .. A l k ( j )  = e =  s u m ( i ,F S ( i ) * x ( i j ) ) ;
S K M B _ 2 ( j ) .. B l k ( j )  = e =  s u m ( w ,F T ( w ) * z ( w j ) ) ;
S K M B _ 3 ( j ) .. c  1 k ( j )  = e =  s u m (r ,F R (r  j ) ) ;
S K M B J O ) .. F K ( j )  = e =  A l k ( j )  +  B l k ( j )  +  C lk ( j ) ;
S K C B J O ) .. A 2 k ( j )  = e =  s u m ( i ,F S ( i ) * x ( i j ) * C S ( i ) ) ;
S K C B _ 2 ( j ) .. B 2 k ) j )  = e =  s u m ( w ,F T ( w ) * z ( w j ) * C T ( w ) ) ;
S K C B ~ 3 ( j ) .. C 2 k ( j )  = e =  s u m ( r ,F R ( r j ) * C F W ( r ) ) ;
S K C B ~ 4 ( j ) .. F R ( j ) * C K ( j )  = e =  A 2 k ( j )  +  B 2 k ü )  +  C 2 k (j) ;
C o n s S K ( j ) .. C K (j )  = 1 =  C K L O );
* F ix  p a r a m e t e r * * * * * * * * * * * * * * * * * *
S K M B J P ( j ) .. A l k ( j )  = e =  s u m ( i ,F S ( i ) * x ( i . j ) ) ;
S K M B _ 2 P ( j ) .. B l k ( j )  = e =  s u m ( w ,F T P ( w ) * z ( w j ) ) ;
S K M B ~ 3 P ) j )  •- C l k ( j )  = e =  s u m ( r ,F R ( r j ) ) ;
S K M B ~ 4 P ( j ) .. F K ( j )  = e =  A l k ( j )  +  B l k ( j )  +  C l k ( j ) ;
S K C B J P ( j ) .. A 2 k ( j )  = e =  s u m ( i ,F S ( i ) * x ( i j ) * C S ( i ) ) ;
S K C B ~ 2 P ( j )  .. B 2 k ( | )  = e =  s u m ( w ,F T P ( w ) * z ( w j ) * C T P ( w ) ) ;
S K C B ~ 3 P ( j ) .. C 2 k ( j )  = e =  s u m ( r ,F R ( r j ) * C F W ( r ) ) ;
S K C B ~ 4 P ( j ) .. F K ( j ) * C K P ) j )  = e =  A 2 k ( j )  +  B 2 k ( j )  +  C 2 k (j) ;
* * * * * T * * * * * * * * * * * * * * * * * P | 0 W 1. a t e  e x i s t in g  an d  c o n s t r a in t * * * * * * * * * * * * * * * * * *  
D i s l ( i j ) .. x F ( i j )  = e =  x ( i j ) * F S ( i ) ;
D i s 2 ( i , u ) .. y F ( i ,น) = e =  y ( i , น )* F ร (i);
D i s 3 ( w j ) .. z F ( w j )  = e =  z ( w j ) * F T ( v v ) ;
D i s 4 ( w ,น ) .. t F ( w ,น) = e =  t ( w ,น )* F T (พ );



* F i x  p a r a m e t e r * * * * * * * * * * * * *
D i s l P ( i j ) .. x F P ( i j )  = e =  x ( i j ) * F S ( i ) ;
D i s 2 P ( i , น) .. y F P ( i , น) = e =  y ( i , น ) * F ร ( i ) ;
D i s 3 P ( w j ) .. z F P ( w j )  = e =  z ( w j ) * F T P ( v v ) ;
D i s 4 P ( \ v , u ) .. t F P ( w , น ) = e =  t ( v v ,น )* F T P ( พ ) ;  
x e x i s t ( i j ) .. x F ( i  j ) - O M E G A * z x ( i  j )  = 1 =  0  ; 
y e x i s t ( i , น ) .. y F ( i , u ) - O M E G A * z y ( i , น) = 1 =  0  ; 
z e x i s t ( w j ) .. z F ( w , j ) - O M E G A * z z ( w j )  = 1 =  0  ; 
t e x i s t ( w , น ) .. t F ( \ v , น ) - © M E G A * z t ( w , น) = 1 =  0  ; 
f r e x i s t ( r j )  .. F R ( r j ) - O M E G A * z f r ( r j )  = 1 =  0  ; 
w w l e x i s t ( i ) .. W W l ( i ) - O M E G A * z w l ( i )  = 1 =  0  ; 
v v w 2 e x i s t ( \ v ) .. W W 2 ( w ) - O M E G A * z w 2 ( w )  = 1 =  0  ; 
x c o n s ( i j ) .. x F ( i j )  = g =  3 0 0 * z x ( i j )  ; 
y c o n s ( i , น ) .. y F ( i , น ) = g =  3 0 0 * z y ( i , น) ; 
z c o n s ( v v j ) .. z F ( w j )  = g =  3 0 0 * z z ( w j )  ; 
f r c o n s ( r j ) .. F R ( r j )  = g =  3 0 0 * z f r ( r j )  ; 
t c o n s ( w , u )  .. t F ( w , น ) = g =  3 0 0 * z t ( w , น) ; 
w l c o n s ( i )  .. W W l ( i )  = g =  3 0 0 * z w l ( i )  ;
พ 2 c o n s ( w ) .. W W 2 ( v v )  = g =  3 0 0 * z v v 2 ( w )  ;
* * F i x  p a r a m e t e r s * * * * * * * * *  
x e x i s t P ( i  j ) .. x F P ( i  j ) - O M E G A * z x ( i  j )  = ! =  0  ; 
y e x i s t P ( i . u ) .. y F P ( i , น ) -O M E G A * z y ( i . u )  = 1 =  0  ; 
z e x i s t P ( w j ) .. z F P ( w j ) - O M E G A * z z ( w j )  = 1 =  0  ; 
t e x i s t P ( w , น ) .. t F P ( w , น ) -O M E G A  * z t ( พ ,น )  = 1 =  0  ; 
f r e x i s t P ( r j ) .. F R P ( r j ) - O M E G A * z f r ( r j )  = 1 =  0  ; 
w w l e x i s t P ( i ) .. W W I P ( i ) - O M E G A * z w l ( i )  = 1 =  0  ; 
w w 2 e x i s t P ( w )  .. W W 2 P ( w ) - O M E G A * z w 2 ( w )  = 1 =  0  ; 
x c o n s P ( i  j ) .. x F P ( i  j )  = g =  3 0 0 * z x ( i j )  ; 
y c o n s P ( i , น ) .. y F P ( i . u )  = g =  3 0 0 * z y ( i , u )  ; 
z c o n s P ( w j ) .. z F P ( w j )  = g =  3 0 0 * z z ( w j )  ; 
f r c o n s P ( r j ) .. F R P ( r j )  = g =  3 0 0 * z f r ( r , j )  ; 
t c o n s P ( w , u ) .. t F P ( w , u )  = g =  3 0 0 * z t ( w , u )  ; 
w l c o n s P ( i ) .. W W l P ( i )  = g =  3 0 0 * z w l ( i )  ;
พ 2 c o n s P ( w ) .. W W 2 P ( w ) = g =  3 0 0 * z w 2 ( w )  ;
* * * * * * * * * * * * * * * * * *  * * * * * *  * * * * Q Q g j  C a  I c  u l a t i o n * * * * *  * * * * * * * * * * * * *  * * * * * * * * * * *  
T U C 1  ( น ) . .  F T I ( u )  = 1 =  1 7 9 0 * Y T ( u , 'n l  ) + O M E G A * Y T ( u . 'n 2 ' ) + O M E G A * Y T ( u , ’n 3 ') ;  
T U C 2 ( u ) .. F T I ( u )  = 1 =  3 5 8 0 * Y T ( u , 'ท 2 ) + O M E G A * Y T ( u , 'n l ) + O M E G A * Y T ( u , n 3 ) ;  
T U C 3 ( u )  .. F T I ( u )  = 1 =  5 3 7 0 * Y T ( u , ,n 3 ' ) + O M E G A * Y T B i 'n 2 ') + G M E G A * Y T ( u , ,n l ' ) ;  
C o n s B l  ( น ) . , s u m ( n , Y T ( u , n ) ) = l = l  ;
C o n s B 2  .. s u m ( u , F T I ( u ) )  = 1 =  s u m ( i . F S ( i ) ) ;
* F ix  p a r a m e t e r * * * * * * * * * * * * * *
T U C l P ( u ) . .  F T I P ( u )  = 1 =  1 7 9 0 * Y T ( u , 'n  F ) + O M E G A * Y T ( u . 'n 2 ') + O M E G A * Y T ( u , ’ท 3 ') ;  
T U C 2 P ( u ) .. F T I P ( U )  = 1 =  3 5 8 0 * Y T ( u , 'n 2  ) + O M E G A * Y T ( u . 'n l  ) + O M E G A *  Y 7 (น , ท 3  ) ;  
T U C 3 P ( u ) .. F T I P ( u )  = 1 =  5 3 7 0 * Y T ( u , 'n 3 ’) + O M E G A * Y T ( u . ,n 2 ’) + O M E G A * Y T ( u , 'n F ) ;  
C o n s B P  1 ( น ) . , s u m ( n . Y T ( u , ท ) )= 1 =  1 ;
C o n s B P 2  .. s u m ( u , F T I P ( u ) )  = 1 =  s u m ( i .F S ( i ) ) ;
F r e s h C o s t  .. F A C o s t  = e =  s u m ( ( r j ) , F R ( r j ) * C o s t F W ( r ) * H Y ) ;
F r e s h C o s t 2  .. F A C o s t  = e =  s u m ( ( r j ) , F R ( r j ) * C o s t F W ( r ) * H Y * z f r ( r j ) ) ;
T r e a t C o s t .. T T C o s t  = e =  s u m ( ( u , ท ) ,( T F C ( u , ท )+ F T I (น ) * T V C (น ,n ) ) * K Y * Y T ( u , ท )) ;  
T r e a t O C o s t  .. T O C o s t  = e =  s u m ( u , O C ( u ) * F T l ( u ) * H Y ) ;
P I P C o s t I  .. P A 1  = e =  s u m ( ( i j ) , ( C P F l ( i j ) + C P l ( i j ) * x F ( i j ) * H Y ) * z x ( i j ) ) ;



P I P C o s t 2  .. P A 2  = e =  s u m ( ( i , น ),( C P F 2 ( i , น )+ C P 2 ( i , น )* y F ( i , น )* H Y ) * z y ( i , น )) ;
P I P C o s O  .. P A 3  = e =  s u m ( ( w , น ) ,( C P F 3 ( w , u ) + C P 3 ( w , น )* t F ( พ .น ) * H Y ) * z t ( w , น )) ;  
P I P C o s t 4  .. P A 4  = e =  รนทา( ( w j ) , ( C P F 4 ( w j ) + C P 4 ( w j ) * z F ( w j ) * H Y ) * z z ( w j ) ) ;
P I P C o s t 5  .. P A 5  = e =  s u m ( ( r j ) , ( C P F 5 ( r j ) + C P 5 ( r j ) * F R ( r . j ) * H Y ) * z f r ( r j ) ) ;
P I P C o s t ô  .. P A 6  = e =  s u m ( i , ( C P F 6 ( i ) + C P 6 ( i ) * W W l ( i ) * H Y ) * z w I ( i ) ) ;
P I P C o s t 7  .. P A 7  = e =  s u m ( w , ( C P F 7 ( w ) + C P 7 ( v v ) * W W 2 ( w ) * H Y ) * z w 2 ( w ) ) ;
P I P C o s t .. P A C o s t  = e =  P A  I + P A 2 + P A 3 + P A 4 + P A 5 + P A 6 + P A 7 ;
T o t a l .. T A C  = e =  F A C o s t  +  T T C o s t  +  T O C o s t  +  P A C o s t ;
* F i x  P a r a m e t e r * * * * * * * * * * * *  —
T r e a t O C o s t P  .. T O C o s t  = e =  s u m ( u , O C ( u ) * F T I P ( u ) * H Y ) ;
T r e a t C o s t P  .. T T C o s t  = e =  s u m ( ( u , ท ) ,( T F C ( u , ท )+ F T I P ( u ) * T V C ( u , ท ) ) * K Y * Y T ( u , ท )) ;  
F r e s h C o s t P  .. F A C o s t  = e =  s u m ( ( r j ) , F R P ( r j ) * C o s t F W ( r ) * H Y * z f r ( r j ) ) ;
P I P C o s t I P  .. P A 1  = e =  s u m ( ( i j ) , ( C P F I ( i j ) + C P l ( i j ) * x F P ( i j ) * H Y ) * z x ( i j ) ) ;
P I P C o s t 2 P  .. P A 2  = e =  s u m ( ( i , น ) ,( C P F 2 ( i , น)-K J P 2 ( i , น )* y F P ( i , u ) * H Y ) * z y ( i , u ) ) ;  
P I P C o s t 3 P  .. P A 3  = e =  ร น ท า ((พ ,น ) ,( C P F 3 ( w , น)+ C P 3 ( พ ,น ) * t F P ( พ ,น ) * H Y ) * z t ( w , น )) ;  
P I P C o s t 4 P  .. P A 4  = e =  s u m ( ( w j ) , ( C P F 4 ( w j ) + C P 4 ( w j ) * z F P ( w j ) * H Y ) * z z ( w j ) ) ;  
P I P C o s t 5 P  .. P A 5  = e = s u m ( ( r j ) , ( C P F 5 ( r j ) + C P 5 ( r j ) * F R P ( r j ) * H Y ) * z f r ( r j ) ) ;
P I P C o s t ô P  .. P A 6  = e =  s u m ( i , ( C P F 6 ( i ) + C P 6 ( i ) * W W l P ( i ) * H Y ) * z w l ( i ) ) ;
P I P C o s t 7 P  .. P A 7  = e =  s u m ( w . ( C P F 7 ( w ) + C P 7 ( w ) * W W 2 P ( w ) * H Y ) * z w 2 ( w ) ) ;
P I P C o s t P  .. P A C o s t  = e =  P A 1 + P A 2 + P A 3 + P A 4 + P A 5 + P A 6 + P A 7 ;  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * O b j e c t i v e  f u n c t i o n * * *  * * * * * * * * * * * * *  * * * * * * * * *  
O b j e c t ]  .. O B J 1  = e =  F A C o s t ;
O b j e c t 2  O B J 2  = e =  F A C o s t + T T C o s t + T O C o s t ;
O b j e c t 3  .. O B J 3  = e =  T A C ;
O b j e c t 4  .. O B J 4  = e =  T A C ;
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ Q i ^ Y g  ] * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

M O D E L  C A S E 3 1 C A L 1
/  M l _ m a s s , M  ] _ c o n t , M ]  c o n s , M l _ c o n s 2 , M l  w a s t e , F R E S H , O b j e c t  L F r e s h C o s t , D i s  1 /  
S O L V E  C A S E 3 1 C A L  1 U S I N G  L P  M I N I M I Z I N G  O B J ] ;
D I S P L A Y  O B J  1 T x . I . F R . I . y  1 l x F . I ;

H ( * * * * * * * * * * * * * * * ^ * * * * * * * * * * * * S O L V E  2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
P a r a m e t e r
I n x ( i j )  i n t e r m e d i a t e  p a r a m e t e r  X 
I n F R ( r j )  i n t e r m e d i a t e  p a r a m e t e r  F R  
I n y ( i )

I n x ( i j )  =  x . l ( i j ) ;
I n F R ( r j )  =  F R . l ( r j ) ;
I n y ( i )  =  y l . I ( i ) ;
x . l ( i , j )  =  l n x ( i j ) ;
F R . l ( r j )  =  I n F R ( r j ) ;

•๒»w ilร ...............................
W W l . l o f i 2 ) = 3 0 0 ;
W W 2 . 1 o ( 'w l ' ) = 3 0 0 ;
y F . f x ( ' i 2 ' , ' u r ) = 0 ;
F R . f x ( ' r 2  V j l ' ) = 0 ,
F R . f x ( ' r 2 , ' j 2 ’) = 0 ;  ,

M O D E L  C A S E 3 1 C A L 2



/  S M B _ l , S M B _ 2 , S M B _ 3 , S C B _ L S C B _ 2 , S C B _ 3 , C o n s x  
J M B l  J , T M B l _ 2 7 T M B I _ 3 , T C B r  l , T C B ~ l _ 2 , T C B l _ 3 , T M B 2 , T C B 2 , T R , C o n s T l .  
C o n s T 2 , C o n s T 3 , W A S T E , C W A S T E T c o n s W , F R E S H , S K M B _ 1 , S K M B _ 2 , S K M B _ 3 ,  
S K . M B _ 4 , S K C B  J  , S K C B _ 2 , S K C B _ 3 . S K C B _ 4 , C o n s S K . D i s  1 , D i s 2 , D i s 3 , D i s 4 , T U C  1, 
T U C 2 , ท J C 3 , C o n s B l , C o n s B 2 , F r e s h C o s t , T r e a t C o s t , T r e a t O C o s t , O b j e c t 2  /  ;

S O L V E  C A S E 3 1 C A L 2  U S I N G  M I N L P  M I N I M I Z I N G  O B J 2 :
D I S P L A Y  O B J  1 . l , O B J 2 . 1 , x F . I , y F . I , z F . I ,F R . I ,  W W  1 .1 ,W W 2 .1 ,C W .I ,F T I .1 ,Y T . I ;

* * * * * * * * * * * * * * * * * * * * * * * * : £ • * * * *  * * £ Q |^ y p :  ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

x F P ( i  j )  =  x F . I ( i j ) ;  
y F P ( i , น) =  y F . I ( i , น ); 
z F P ( x v j )  =  z F . I ( v v j ) ;  
t F P ( v v ,น ) =  t F . I ( w , น );
F R P ( r j )  =  F R . I ( r j ) ,
W W l P ( i ) =  W W l . l ( i ) ;
W W 2 P ( w )  =  W W 2 . 1 ( w ) ;
F T I P ( u )  =  F T I . l ( u ) ;
C T I P ( u )  =  C T L l ( u ) ;
C T P ( w )  =  C T . l ( w ) ;
C W P  =  c w . l ;
F T P ( w )  =  F T . I ( w ) ;
C K P Ü )  =  C K . l ( i ) ;
M O D E L  C A S E 3 1 C A L 3
/  S M B 1  S M B _ 2 , S M B _ 3 , S C B _ I , S C B _ 2 , S C B _ 3 , C o n s x
,T M B  1 1 P J M B 1 2 P . T M B I  _ 3 P , T C B  1J  R T C B  1 J P , T C B  1 _ 3 P ,T M B 2 P ,  l 'C B 2 P , T R P .
C o n s T l P , C o n s T 2 I L C o n s T 3 P , W A S T E P . F R E S H P . S K M B J P . S K M B _ 2 P , S K M B _ 3 P , S K M B _ 4 P , S K C B J P ,
S K C B _ 2 P , S K C B _ 3 P , S K C B  4 P , D i s  I P . D i s 2 P . D i s 3 P , D i s 4 P , T U C  1 P , T U C 2 P , T U C 3 P , C o n s B P 1.
x e x i s t P , y e x i s t P , z e x i s t P , t e x i s t P , f r e x i s t P . w w l e x i s t P , w w 2 e x i s t P , x c o n s P , y c o n s P ,
z c o n s P , t c o n s P , f r c o n s P , w l c o n s P , w 2 c o n s P . P l P C o s t I P , P I P C o s t 2 P . P I P C o s t 3 P , P I P C o s t 4 P ,
P I P C o s t 5 P , P I P C o s t 6 P . P I P C o s t 7 P , P l P C o s t P , F r e s h C o s t P , T r e a t C o s t P , T r e a t O C o s t P ,
T o t a I , O b j e c t 3  /  ;

S O L V E  C A S E 3 I C A L 3  U S I N G  M I P  M I N I M I Z I N G  O B J 3 ;
D I S P L A Y  O B J 2 . 1 , O B J 3 . 1 , F A C o s t . l , T O C o s t . l , T T C o s t . l , P A C o s t . l , C T . I , C T I . l , T A C . I ,  
x F P , y F P , z F P , F R P , W W l P . W W 2 P , Y  1 l . z x . l . z y . l , z z . I , z f r . l , z w l . l , z v v 2 .1 ;

* * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * S O L V  E  4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
p a r a m e t e r
I n z x ( i j )
I n z y ( i , u )
I n z t ( w ,  น)
I n z z ( w j )
I n z f r ( r j )
I n z v v l ( i )
I n z w 2 ( w )
I n Y T ( u , n )
I n x l ( i j )  i n t e r m e d i a t e  p a r a m e t e r  x  
I n y l ( i , น ) i n t e r m e d i a t e  p a r a m e t e r  y  
I n z l ( w j )  i n t e r m e d i a t e  p a r a m e t e r  z  
I n F R l ( r j )  i n t e r m e d i a t e  p a r a m e t e r  F R



1 4 0

I n z x ( i  j ) = z x . l ( i j ) ;
I n z y ( i , น )= z y . l ( i , น );
I n z t ( v v ,u ) = z t . l ( w ,น);
I n z z ( w j ) = z z . l ( w j ) ;
l n z f r ( r j ) = z f r . l ( r j ) ;
I n z w l ( i ) = z w l . ! ( i ) ;
I n z w 2 ( w ) = z w 2 .1 ( w ) ;
I n Y T ( u , ท )= Y T . l ( u , ท );
I n x  1 ( i  j )  =  x . l ( i j ) ;
I n y  1 ( i ,  น ) =  y . l ( i , น );
I n z l ( w j )  =  z . l ( w j ) ;
I n F R l ( r j )  =  F R P ( r j ) ;
* I n n i t i a l  v a r i a b l e * * * * * * * * * * * *
z x .  l ( i j ) = I n z x ( i j ) ;
z y .  l ( i , น )= I n z y ( i , น ); 
z t . l ( w , น )= I n z t ( w , น );
z z .  l ( w j ) = I n z z ( w j ) ;  
z f r . l ( r j ) = I n z f r ( r j ) ;  
z w l . l ( i ) = I n z w l ( i ) ;  
z w 2 .1 ( w ) = l n z w 2 ( w ) ;
Y T . l ( u , ท )= I n Y T ( u , ท );
x .  l ( i j ) = I n x l ( i j ) ;
y .  l ( i , น )= I n y l ( i , น );
z .  l ( w j ) = I n z l ( w j ) ;
F R . I ( r j ) = l n F R l ( r j ) ;  .

M O D E L  C A S E 3 1 C A L 4
/  S M B  J  , S M B _ 2 , S M B _ 3 , S C B _  1 , S C B _ 2 , S C B _ 3 , C o n s x
J M B l _ l , T M B l _ 2 7 T M B l _ 3 , T C B r  L T C B I  2 J C B 1 3 J M B 2 J C B 2 , T R , C o n s T l , C o n s T 2 , C o n s T 3 ,
W A S T E , C W A S T E 'c o n s u 7 F R E S H ^ S K M B _ ] . S K M B 3 . S K . M B _ 3 , S K M B _ 4 , S K C B J . S K C B _ 2 , S K C B _ 3 , S K C B _ 4 )
C o n s S K , D i s l , D i s 2 , D i s 3 . D i s 4 , T U C l , T U C 2 , T U C 3 , C o n s B I , C o n s B 2 , x e x i s t , y e x i s l , z e x i s t ,
f r e x i s t , t e x i s t , w w l  e x i s t ,  w w 2 e x i s t , x c o n s , y c o n s , z c o n s , f r c o n s , t c o n s , w  I c o n s ,  พ 2 c o n s ,
P I P C o s t l , P I P C o s t 2  P I P C o s t 3  P I P C e r s t 4 . P I P C o s t 5 , P I P C o s t 6 , P I P C o s t 7 , P I P C o s t , F r e s h C o s t ,
T r e a t C o s t , T r e a t O C o s t , T O t a l , 0 b j e c t 4  /
S O L V E  C A S E 3 I C A L 4  U S I N G  M I N L P  M I N I M I Z I N G  O B J 4 ;
D I S P L A Y  O B J 3 . l , O B J 4 . 1 , P A C o s t  I x F . I , y F . l . z F . I , F R . I , O F W . I , W W l . l , W W 2 . l , O W W . I ,
Y T .  I ,C T .  I .C T I  , l , c  W . I , z x . L z y . i , z f r .  1 ะ

APPENDIX A-10 ะ Case Study 3.2 GAMS Code
S E T S  i S o u r c e  s t r e a m s  / i  I * i 4 /

j  S i n k  s t r e a m s  / j l * j 2 /
น T r e a t m e n t  u n i t  / u !  * น3 /
พ  T r e a t  s t r e a m s  / w  1 * พ 3 /  
r  F r e s h w a t e r  s o u r c e  / r l * r 2 /
ท T r e a t m e n t  s t a g e  / n l * n 3 /

P A R A M E T E R S
C S  S o u r c e  c o n c e n t r a t i o n  ( p p m )



1 4 ]

/ i l 0
i2 14
i3 2 5
i4 3 4  /

F S S o u r c e  O o w r a t e  ( k g  p e r  h )
/ i l 2 8 8 0

i2 1 8 0 0 0
i3 2 1 2 4 0
i4 5 0 4 0  /

C K L S i n k  c o n c e n t r a t i o n  l i m i t  ( p p m )
/ j l 0

J 2 1 0  /
F K S i n k  f l o w r a t e  ( k g  p e r  h )

/ j l 4 3 2 0
j 2 2 0 8 8 0  /

C o s t F W F r e s h w a t e r  c o s t  ( ร  p e r  k g )
/ r l 0 . 0 0 1 4 5
r 2 0 . 0 0 0 9 4  /

C F W F r e s h w a t e r  c o n c e n t r a t i o n  ( p p m )
/ r l 0
r 2 5 /

O C T r e a t m e n t  o p e r a t i o n  c o s t  ( ร  p e r  k g )
/ u l 0 .9 e - 3
น2 0 .6 e - 3
น3 0 .5 e - 3  /

A l p h a T r e a t m e n t  e f f i c i e n c y
/ u l 0 .9 3

น2 0 .8 4
น3 0 .7 6  /

C P F 6 P i p i n g  f i x  c o s t  s o u r c e  t o  w a s t e  ( ร  p e r  y )
/ i l 0 .8 2

i2 0 .8 2
i3 0 .8 2
i4 0 .8 2  /

C P 6 P i p i n g  v a r i a b l e  c o s t  s o u r c e  t o  w a s t e  ( ร  p e r  k g )
/ i l 1 ,4 e - 3

i2 1 .4 e - 3
i3 1 .4 e - 3
i4 1 .4 e - 3  /

C P F 7 P i p i n g  f i x  c o s t  t r e a t  t o  w a s t e  ( ร  p e r  y )
/v v l 0 .8 9
พ 2 0 .8 9
พ ร 0 . 8 9  /

C P 7 P i p i n g  v a r i a b l e  c o s t  t r e a t  t o  w a s t e  ( ร  p e r  k g )
/ w l l . l l e - 3
พ 2 l . l l e - 3
พ ร l . l l e - 3  /

l n Y T ( u , ท ) Y T  p a r a m e t e r
I n Y T I  (น ) Y T I  p a r a m e t e r
F T P ( w ) F T  p a r a m e t e r
F T l P ( u ) F T I  p a r a m e t e r



1 4 2

C T I P ( u )
C T P ( w )
C K P ( j )
C W P
x F P ( i j )
y F P ( i , น)
z F P ( w j )
t F P ( w , น)
F R P ( r j )
W W l P ( i )
W W 2 P ( w )

C T I  p a r a m e t e r  
C T  p a r a m e t e r  

C K  p a r a m e t e r  
cw p a r a m e t e r  
x F  p a r a m e t e r  
y F  p a r a m e t e r  
z F  p a r a m e t e r  
t F  p a r a m e t e r  

F W  p a r a m e t e r  
W W 1  p a r a m e t e r  
W W 2  p a r a m e t e r

T A B L E  T F C ( u , n )  T r e a t m e n t  f i x  c o s t  ( ร  p e r  y )
n i ท2  ท 3

น 1 1 2 4 7 0 .7 1 1 9 4 3 8 .2 2 2 3 4 2 0 .0 5
น2 9 1 3 4 . 5 2 1 4 5 0 6 .7 8 1 7 5 7 6 .9 2
น3 7 8 7 3 . 4 8 1 2 9 0 8 .9 4 1 5 7 8 6 .6

T A B L E  T V C ( u . n )  T r e a t m e n t  v a r i a b l e  c o s t  ( ร  p e r  k g )  
n l  ท 2  ท 3

น1 8 . 4 4 4 3 6 .2 5 8 1 5 .6 3 3 4
น2 6 . 5 1 0 9 4 . 8 2 5 2 4 .3 4 3 6
น3 6 . 1 0 2 7 5 .5 2 2 7 4 .0 7 1 3

T A B L E C P F  1 ( i  j )  P i p i n g  f i x  c o s t  s o u r c e  t o  s i n k  ( ร  p e r  y )
j '  j 2

i l 0 . 8 2 0 .8 2
Ï2 0 .8 2 0 .8 2
i3 0 .8 2 0 .8 2
i4 0 . 8 2 0 .8 2

T A B L E C P l ( i j )  !P i p i n g  v a r i a b l e  c o s t  s o u r c e  t o  s i n k  ( ร  p e r  1
j l  j 2

i l 1 .4 e - 3 1 .4 e - 3
Ï2 1 .4 e - 3 1 .4 e - 3
i3 1 .4 e - 3 1 .4 e - 3 -
i4 1 ,4 e - 3 1,4 e - 3

T A B L E  C P F 2 ( i , น) P i p i n g  f i x  c o s t  s o u r c e  t o  t r e a t  ( ร  p e r  y )
u l น2  น3

i l 0 . 9 6 0 . 9 6  0 . 9 6
i2 0 . 9 6 0 . 9 6  0 . 9 6
i3 0 . 9 6 0 . 9 6  0 . 9 6
i4 0 . 9 6 0 . 9 6  0 .9 6

T A B L E  C P 2 ( i , น) P i p i n g  v a r i a b l e  c o s t  s o u r c e  t o  t r e a t  ( ร  p e r
u l น2  น3

i l 1 .2 e - 3 1 .2 e - 3 1 .2 e - 3
i2 1 .2 e - 3 1 .2 e - 3 1 , 2 e - 3
i3 1 .2 e - 3 1,2 e - 3  1 . 2 e - 3
i4 1 ,2 e - 3 1 ,2 e - 3  1 , 2 e - 3



TABLE CPF3(w,น) Piping fix cost treat 1 to treat2 (ร per y)
u l น2 น3

พ  1 0 .7 0 .7 0 .7
พ 2 0 .7 0 .7 0 .7
พ 3 0 .7 0 .7 0 .7

T A B L E  C P 3 ( w , น ) P i p i n g  v a r i a b l e  c o s t  t r e a t  1 t o  t r e a t 2  ( ร  p e r  k g )  
ul น2 น3

w ! 0 . 6 3 e - 3  0 . 6 3 e - 3 _ 0 . 6 3 e - 3
พ 2  0 .6 3 e - 3  0 .6 3 e - 3  0 . 6 3 e - 3
พ 3 0 . 6 3 e - 3  0 .6 3 e - 3  0 . 6 3 e - 3

T A B L E  C P F 4 ( w j )  P i p i n g  f ix  c o s t  t r e a t  t o  s i n k  ( ร  p e r  y )
j l  j 2

พ 1 0 . 8 9 0 .8 9
พ 2 0 . 8 9 0 .8 9
พ 3 0 .8 9 0 .8 9

T A B L E  C P 4 ( w j )  P i p i n g  v a r i a b l e  c o s t  t r e a t  t o  s i n k  ( ร  p e r  k g )
j l j 2

พ 1 1.1 l e - 3 l . l l e - 3
พ 2 l . l l e - 3 l . l l e - 3
พ 3 1.1 l e - 3 l . l l e - 3

T A B L E  C P F 5 ( r j )  P i p i n g  f i x  c o s t  f r e s h  t o  s i n k  ( ร  p e r  y )
. i l  J 2

r l  1 .6 3 5  1 .6 3 5
r2  1 .6 3 5  1 .6 3 5

T A B L E  C P 5 ( r j )  P i p i n g  v a r i a b l e  c o s t  f r e s h  t o  s i n k  ( ร  p e r  k g )
j l  j 2

r l  0 . 6 7 e - 3  0 .6 7 e - 3
r2  0 . 6 7 e - 3  0 .6 7 e - 3

S C A L A R  C W L  W a s t e  c o n c e n t r a t i o n  l i m i t  ( p p m )  / 5 /
H Y  O p e r a t i o n  t i m e  ( h  p e r  y )  / 8 0 0 0 /
K Y  O p e r a t i o n  y e a r  (  1 p e r  y ) / 0 . 3 3 3 /  

O M E G A  / 1 0 0 0 0 0 0 /

V A R I A B L E  O B J  1 , O B J 2 ,  O B J 3 ,  O B J 3 2 ,  O B J 4 r O B J 5 ,  T A G

P O S I T I V E  V A R I A B L E
x ( i j ) S p l i t  f r a c t i o n  s o u r c e  t o  s i n k
y ( i .  น) S p l i t  f r a c t i o n  s o u r c e  t o  t r e a t
y  1 ( 0 S p l i t  f r a c t i o n  s o u r c e  t o  t r e a t  f o r  m o d e l  1
t ( w , น) S p l i t  f r a c t i o n  t r e a t  to  t r e a t
z ( w j ) S p l i t  f r a c t i o n  t r e a t  t o  s i n k
F R ( r j ) F r e s h w a t e r  l l o w r a t e  ( k g  p e r  h )
W W l ( i ) W a s t e  i f l o w r a t e  ( k g  p e r  h )
W W 2 ( w ) W a s t e  พ  f l o w r a t e  ( k g  p e r  h )
F T ( พ ) T r e a t m e n t  f l o w r a t e  o u t  ( k g  p e r  h )



F T I ( u ) T r e a t m e n t  f l o w r a t e  in  ( k g  p e r  h )
C T ( w )
C T I ( u )
oww
O F W
cw
C K ( j )
F A C o s t
T F C o s t
T F C o s t I
T T C o s t
T O C o s t
P A  1
P A 2
P A 3
P A 4
P A 5
P A 6
P A 7
P A C o s t
x F ( i j )
y F ( i , น)
z F ( w j )
t F ( w , u )
A m ( i )
B m ( i )
A c ( i )
B e ( i  )
A l t ( u )

'  B l t ( u )  
A 2 t ( u )  
B 2 t ( u )  
A  l k ( j )  
B l k ( j )  c 1 k ( j )  
A 2 k ( j )  
B 2 k ( j )  
C 2 k ( j )

T r e a t m e n t  c o m p o s i t i o n  o u t  
T r e a t m e n t  c o m p o s i t i o n  in  

O v e r a l l  w a s t e  f l o w r a t e  ( k g  p e r  h )
O v e r a l l  f r e s h w a t e r  f l o w r a t e  ( k g  p e r  h )

W a s t e  d i s c h a r g e  c o m p o s i t i o n  
S i n k  c o m p o s i t i o n  

F r e s h w a t e r  a n n u a l  c o s t  ( ร  p e r  y )
T r e a t m e n t  i n v e s t m e n t  c o s t  ( ร  p e r  y )
I n c r e a s e  c a p a c i t y  t r e a t m e n t  i n v e s t m e n t  c o s t  ( ร  p e r  y )  
T o t a l  t r e a t m e n t  i n v e s t m e n t  a n n u a l  c o s t  ( ร  p e r  y )  
T r e a t m e n t  o p e r a t i o n  a n n u a ]  c o s t  ( ร  p e r  y )

P i p i n g  c o s t  s o u r c e  t o  s i n k  ( ร  p e r  y )
P i p i n g  c o s t  s o u r c e  t o  t r e a t  ( ร  p e r  y )
P i p i n g  c o s t  t r e a t  t o  t r e a t  ( ร  p e r  y )

P i p i n g  c o s t  t r e a t  t o  s i n k  ( ร  p e r  y )
P i p i n g  c o s t  f r e s h  t o  s i n k  ( ร  p e r  y )
P i p i n g  c o s t  s o u r c e  t o  w a s t e  ( ร  p e r  y )

P i p i n g  c o s t  t r e a t  t o  w a s t e  ( ร  p e r  y )
P i p i n g  a n n u a l  c o s t  ( ร  p e r  y )

S p l i t  F l o w r a t e  s o u r c e  to  s i n k  ( k g  p e r  h )
S p l i t  F l o w r a t e  s o u r c e  t o  t r e a t  ( k g  p e r  h )
S p l i t  F l o w r a t e  t r e a t  t o  s i n k  ( k g  p e r  h )
S p l i t  F l o w r a t e  t r e a t  t o  t r e a t  ( k g  p e r  h )

* * * * * * * *  B o u n d i  ท g  * * * * * * * * * *
x .  l o ( i j ) = 0 ; x . u p ( i j ) = l ;
y .  l o ( i , น )= 0 ; y . u p ( i , u ) = l ;
z .  l o ( w j ) = 0 ; z . u p ( w j ) = l  ;

B I N A R Y  V A R I A B L E S  
Y T ( u ,n )

Y T I ( u )
z x ( i j )  J1 
z y ( L u )  

z z ( w j )

E x i s t i n g  T r e a t m e n t  u n i t
E x i s t i n g  I n c r e a s e  c a p a c i t y  t r e a t m e n t  u n i t  

E x i s t i n g  S p l i t  F l o w r a t e  s o u r c e  t o  s i n k  
E x i s t i n g  S p l i t  F l o w r a t e  s o u r c e  t o  t r e a t  
E x i s t i n g  S p l i t  F l o w r a t e  t r e a t  t o  s i n k



z f r ( r j ) E x i s t i n g  F l o w r a t e  f r e s h  t o  s i n k
z t  ( พ ,น )  
z w l ( i )  

z w 2 ( w )

E x i s t i n g  S p l i t  F l o w r a t e  t r e a t  t o  t r e a t  
E x i s t i n g  S p l i t  F l o w r a t e  s o u r c e  t o  w a s t e  

E x i s t i n g  S p l i t  F l o w r a t e  t r e a t  t o  w a s t e

E Q U A T I O N S
* M o d e l  I * * * * * * * *  L i n e a r  * * * * * * * * * * *

M I _ m a s s ( j )  
M l _ c o n t ( j )  
M l  c o n s ( i )  
M l _ c o n s 2 ( j )  
M l w a s t e ( i )

L P  m a s s  b a l a n c e  
L P  c o n t a m i n a n t  b a l a n c e  
X c o n s t r a i n t
S i n k  c o m p o s i t i o n  c o n s t r a i n t  
y  v a l u e

* * * * * * * * * * * * * * * * * * * * * * * * * * * £ 0 B a l a  ท c e  * * * * * * * * * * * * * *  

S M B l ( i )  S o u r c e  M a s s  B a l a n c e  e q l
S M B J ( i ) S o u r c e  M a s s  B a l a n c e  e q 2
S M B J ( i )
S C B J ( i )
S C B ~ 2 ( i )
S C B J ( i )
C o n s x ( i )

S o u r c e  M a s s  B a l a n c e  
S o u r c e  C o n t a m i n a n t  B a l a n c e  e q l  
S o u r c e  C o n t a m i n a n t  B a l a n c e  e q 2  
S o u r c e  C o n t a m i n a n t  B a l a n c e  

x  v a r i a b l e  c o n s t r a i n t
* * * * * , * * * * , , * * * * * * * * * * * * * * * * - 1-r e a , 111e n t  [V1 a s s  B a l a n c e * * * * * * * * * * *

T M B 1 J  (น )
T M B I J ( u )
T M B I J ( u )
T C B I I  (น )
T C B I ~ 2 ( u )
T C B I ~ 3 ( u )
T M B 2 ( w )
T C B 2 ( w )
T R ( u .w )
C o n s T l ( u , พ )
C o n s T 2 ( u .w )

T r e a t m e n t  M a s s  B a l a n c e  1 e q l  
T r e a t m e n t  M a s s  B a l a n c e  1 e q 2  
T r e a t m e n t  M a s s  B a l a n c e  1 e q 3  

T r e a t m e n t  C o n t a m i n a n t  B a l a n c e  1 e q l  
T r e a t m e n t  C o n t a m i n a n t  B a l a n c e  1 e q 2  
T r e a t m e n t  C o n t a m i n a n t  B a l a n c e  1 e q 3  
T r e a t m e n t  M a s s  B a l a n c e  2 

T r e a t m e n t  C o n t a m i n a n t  B a l a n c e  3  
T r e a t  u n i t  C o n t a m i a n t  b a l a n c e '

T r e a t  C o n s t r a i n t !
T r e a t  C o n s t r a i n t 2

C o n s T 3 ( w )  T r e a t  C o n s t r a i n t s
* F i x  p a r a m e t e r s * * * * * * * * * *

T M B I J P ( u )
T M B 1 ~ 2 P ( U )
T M B I J P ( u )
T C B l J P ( u )
T C B l J P ( u )
T C B I ~ 3 P ( u )
T M B 2 P ( w )
T C B 2 P ( w )
T R P ( u ,  พ )
C o n s T l P ( u . w )
C o n s T 2 P ( u . w )
C o n s T 3 P ( w )

T r e a t m e n t  M a s s  B a l a n c e  1 e q l  
T r e a t m e n t  M a s s  B a l a n c e  1 e q 2  
T r e a t m e n t  M a s s  B a l a n c e  1 e q 3  

T r e a t m e n t  C o n t a m i n a n t  B a l a n c e  1 e q l  
T r e a t m e n t  C o n t a m i n a n t  B a l a n c e  1 e q 2  
T r e a t m e n t  C o n t a m i n a n t  B a l a n c e  1 e q 3  
T r e a t m e n t  M a s s  B a l a n c e  2  

T r e a t m e n t  C o n t a m i n a n t  B a l a n c e  3  
T r e a t  u n i t  C o n t a m i a n t  b a l a n c e  

T r e a t  C o n s t r a i n t  1 
T r e a t  C o n s t r a i n t 2  

T r e a t  C o n s t r a i n t s
* * * * * * * * * * * * * * * * * * * * * * * * * * * ^  M a s s  B a l a n c e * * * * * * * * * * * * * *

W A S T E O v e r a l l  W a s t e  F l o w r a t e
C W A S T E
C o n s W
F R E S H

O v e r a l l  W a s t e  C o n c e n t r a i o n  
W a s t e  c o n s t r a i n t  
O v e r a l l  f r e s h w a t e r



Fix parameter************
W A S T E P O v e r a l l  W a s t e  F l o w r a t e
C W A S T E P O v e r a l l  W a s t e  C o n c e n t r a i o n
F R E S H P O v e r a l l  f r e s h w a t e r

* * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * g j n j1, g a ja n c e * * * * * * * * * * * * * *

S K M B J O ) S i n k  M a s s  B a l a n c e  e q l
S K M B J G ) S i n k  M a s s  B a l a n c e  e q 2
S K M B J O ) S i n k  M a s s  B a l a n c e  e q 3
S K M B J ( j ) S i n k  M a s s  B a l a n c e  e q 4
S K C B J G ) S i n k  C o n t a m i n a n t  B a l a n c e  e q l
S K C B J G ) S i n k  C o n t a m i n a n t  B a l a n c e  e q 2
S K C B J O ) S i n k  C o n t a m i n a n t  B a ! a n c e - e q 3
S K C B J O ) S i n k  C o n t a m i n a n t  B a l a n c e  e q 4
C o n s S K O ) S i n k  C o n t a m i n a n t  C o n s t r a i n t

F i x  p a r a m e t e r * * * * * * * * * * * *
S K M B J P O ) S i n k  M a s s  B a l a n c e  e q l
S K M B J P O ) S i n k  M a s s  B a l a n c e  e q 2
S K M B J P O ) S i n k  M a s s  B a l a n c e  e q 3
S K M B J P O ) S i n k  M a s s  B a l a n c e  e q 4
S K C B J P O ) S i n k  C o n t a m i n a n t  B a l a n c e  e q l
S K C B J P O ) S i n k  C o n t a m i n a n t  B a l a n c e  e q 2
S K C B J P O ) S i n k  C o n t a m i n a n t  B a l a n c e  e q 3
S K C B J P O ) S i n k  C o n t a m i n a n t  B a l a n c e  e q 4
C o n s S K P O )  S i n k  C o n t a m i n a n t  C o n s t r a i n t  

* * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * * * * * * » * * * « * * p i o w r a t e  e x i s t i n g  a n d  c o n s t r a i n t * * * * * * * * *

D i s l ( i j ) S p l i t  F l o w r a t e  s o u r c e  t o  s i n k
D i s 2 ( i , น) S p l i t  F l o w r a t e  s o u r c e  t o  t r e a t
D i s 3 ( w j ) S p l i t  F l o w r a t e  t r e a t  t o  s i n k
D i s 4 ( w , u ) S p l i t  F l o w r a t e  t r e a t  t o  t r e a t
x e x i s t ( i j ) E x i s t i n g  S p l i t  F l o w r a t e  s o u r c e  t o  s i n k
y e x i s t ( i , น) E x i s t i n g  S p l i t  F l o w r a t e  s o u r c e  t o  t r e a t
z e x i s t ( w j ) E x i s t i n g  S p l i t  F l o w r a t e  t r e a t  t o  s i n k
t e x i s t ( w , น) E x i s t i n g  S p l i t  F l o w r a t e  t r e a t  t o  t r e a t
f r e x i s t ( r . j ) E x i s t i n g  F l o w r a t e  f r e s h  t o  s i n k
w w l e x i s t ( i ) E x i s t i n g  F l o w r a t e  s o u r c e  t o  w a s t e
w w 2 e x i s t ( w ) E x i s t i n g  F l o w r a t e  t r e a t  t o  w a s t e
x c o n s ( i j ) S p l i t  F l o w r a t e  s o u r c e  t o  s i n k  c o n s t r a i n t
y c o n s ( i , น) S p l i t  F l o w r a t e  s o u r c e  t o  t r e a t  c o n s t r a i n t
z c o n s ( v v j ) S p l i t  F l o w r a t e  t r e a t  t o  s i n k  c o n s t r a i n t
f r c o n s ( r j ) F l o w r a t e  f r e s h  t o  s i n k  c o n s t r a i n t
t c o n s ( v v ,น) S p l i t  F l o w r a t e  t r e a t  t o  t r e a t  c o n s t r a i n t
w l c o n s ( i ) F l o w r a t e  s o u r c e  t o  w a s t e  c o n s t r a i n t
พ  2 c o n s ( w ) F l o w r a t e  t r e a t  t o  w a s t e  c o n s t r a i n t

F i x  p a r a m e t e r s * * * * * * * * * * * * * *

D i s l P ( i j ) S p l i t  F l o w r a t e  s o u r c e  t o  s i n k
D i s 2 P ( i , น) S p l i t  F l o w r a t e  s o u r c e  t o  t r e a t
D i s 3 P ( w j ) S p l i t  F l o w r a t e  t r e a t  t o  s i n k
D i s 4 P ( w , น) S p l i t  F l o w r a t e  t r e a t  t o  t r e a t
x e x i s t P ( i j ) E x i s t i n g  S p l i t  F l o w r a t e  s o u r c e  t o  s i n k



y e x i s t P ( i , น) E x i s t i n g  S p l i t  F l o w r a t e  s o u r c e  t o  t r e a t
z e x i s t P ( w . j )
t e x i s t P ( w , น)
f r e x i s t P ( r j )
w w l e x i s t P ( i )
w w 2 e x i s t P ( w )
x c o n s P ( i j )
y c o n s P ( i , น)
z c o n s P ( w j )
f r c o n s P ( r j )
t c o n s P ( w , น)
w l c o n s P - f i )

E x i s t i n g  S p l i t  F l o w r a t e  t r e a t  t o  s i n k  
E x i s t i n g  S p l i t  F l o w r a t e  t r e a t  t o  t r e a t  

E x i s t i n g  F l o w r a t e  f r e s h  t o  s i n k  
E x i s t i n g  F l o w r a t e  s o u r c e  t o  w a s t e  

E x i s t i n g  F l o w r a t e  t r e a t  t o  w a s t e  
S p l i t  F l o w r a t e  s o u r c e  t o  s i n k  c o n s t r a i n t  
S p l i t  F l o w r a t e  s o u r c e  t o  t r e a t  c o n s t r a i n t  
S p l i t  F l o w r a t e  t r e a t  t o  s i n k  c o n s t r a i n t  

F l o w r a t e  f r e s h  t o  s i n k  c o n s t r a i n t  
S p l i t  F l o w r a t e  t r e a t  t o  t r e a t  c o n s t r a i n t  
F l o w r a t e  s o u r c e  t o  w a s t e  c o n s t r a i n t

พ 2 c o n s P ( w )  F l o w r a t e  t r e a t  t o  w a s t e  c o n s t r a i n t
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * *  Q q S{ C a l c u l a t i o n  * * * * * * * * * * * * * * * * * *

T U C 1  (น ) T r e a t m e n t  U n i t  C h o o s i n g  0 - 3 1 8 7
T U C 2 ( U )
T U C 3 ( u )
C o n s B l
C o n s B 2
F r e s h C o s t
F r e s h C o s t 2
T  r e a t C o s t
T r e a t O C o s t
P I P C o s t I
P I P C o s t 2
P l P C o s t 3
P I P C o s t 4
P I P C o s t 5
P I P C o s t 6
P I P C o s t ?
P I P C o s t

T r e a t m e n t  U n i t  C h o o s i n g  3 1 8 8 - 6 3 7 4  
T r e a t m e n t  U n i r C h o o s i n g  6 3 7 5 - I N F  

B i n a r y  c o n s t r a i n t  
F l o w r a t e  c o n s t r a i n t  
F r e s h w a t e r  c o s t l  
F r e s h w a t e r  c o s t 2  

T r e a t m e n t  u n i t  c o s t  
T r e a t m e n t  O p e r a t i o n  C o s t  

P i p i n g  C o s t  s o u r c e  t o  s i n k  
P i p i n g  C o s t  s o u r c e  t o  t r e a t  
P i p i n g  C o s t  t r e a t  t o  t r e a t  
P i p i n g  C o s t  t r e a t  t o  s i n k  
P i p i n g  C o s t  f r e s h  t o  s i n k  
P i p i n g  C o s t  s o u r c e  t o  w a s t e  
P i p i n g  C o s t  t r e a t  t o  w a s t e  

T o t a l  P i p i n g  C o s t
T o t a l  T o t a l  a n n u a l  c o s t

* F i x  p a r a m e t e r * * * * * * * * * * * * * *
T U C l P ( u ) T r e a t m e n t  U n i t  C h o o s i n g  0 - 1 7 0 0
T U C 2 P ( u )
T U C 3 P ( u )
C o n s B P l
C o n s B P 2
F r e s h C o s t P
T r e a t C o s t P
T r e a t O C o s t P
P I P C o s t  I P
P l P C o s t 2 P
P I P C o s t 3 P
P I P C o s t 4 P
P I P C o s t 5 P
P I P C o s t 6 P
P i P C o s t 7 P
P I P C o s t P

T r e a t m e n t  U n i t  C h o o s i n g  1 7 0 1 - 3 5 8 0  
T r e a t m e n t  U n i t  C h o o s i n g  1 7 0 1 - 3 5 8 0  
B i n a r y  c o n s t r a i n t  
F l o w r a t e  c o n s t r a i n t  
F r e s h w a t e r  c o s t  f ix  p a r a m e t e r  
T r e a t m e n t  u n i t  c o s t  f i x  p a r a m e t e r  

T r e a t m e n t  O p e r a t i o n  C o s t  f i x  p a r a m e t e r  
P i p i n g  C o s t  s o u r c e  t o  s i n k  
P i p i n g  C o s t  s o u r c e  t o  t r e a t  
P i p i n g  C o s t  t r e a t  t o  t r e a t  
P i p i n g  C o s t  t r e a t  t o  s i n k  
P i p i n g  C o s t  f r e s h  t o  s i n k  
P i p i n g  C o s t  s o u r c e  t o  w a s t e  
P i p i n g  C o s t  t r e a t  t o  w a s t e  

T o t a l  P i p i n g  C o s t



1 4 8

* * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * Q k j g ç { j y g  f u n c t i o n * * *  * * * * * * * * * * * * * * * * * * * * * * *

O b j e c t l  O b j e c t i v e  F u n c t i o n  I
O b j e c t 2  O b j e c t i v e  F u n c t i o n 2
O b j e c t 3  O b j e c t i v e  F u n c t i o n 3
O b j e c t 4  O b j e c t i v e  F u n c t i o n 4  ;

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
‘ M o d e l  1 * * * * * * * *  L i n e a r  * * * * * * * * * * * * * * * * *
M l _ m a s s ( j )  .. F K ( j )  - e =  S O M ( i , F S ( i ) * x ( i j ) ) + S U M ( r , F R ( r j ) ) ;
M l ~ c o n t ( j ) .. F K ( j ) * C K ( j )  = e =  S U M ( i , F S ( i ) * x ( i  j ) * C S ( i ) ) + S U M ( r , F R ( r j ) * C F W ( r ) ) ;
M l  c o n s ( i ) .. S U M ( j , x ( i j ) )  = 1 =  1;
M l ~ c o n s 2 0 ) . .  C K ( j )  = 1 =  C K L ( j ) ;
M l  w a s t e ( i ) .. y  l ( i )  = e =  ( l - s u m ( j , x ( i  j ) ) ) ;
* * * * * * * * * * * * * * * * * * * * * * * * * * * g 0 m -c e  I v ia s s  g - j i - i p c e * * * * * * * * * * * * * * * * * * * * * * * * * * *
S M B _ l ( i ) .. A m ( i )  = e =  s u m ( j , F S ( i ) * x ( i  J ) > ;
S M B _ 2 ( i ) .. B m ( i )  = e =  s u m ( u , F S ( i ) * y ( i , น ));
S M B J ( i )  -  F S ( i )  = e =  A m ( i ) + B m ( i ) + W W l ( i ) ;
S C B _ l ( i ) .. A c ( i )  = e =  s u m ( j , F S ( i ) * x ( i  , j ) * C S ( i ) ) ;
S C B ~ 2 ( i )  B c ( i )  = e =  s u m ( u , F S ( i ) * y ( i , u ) * C S ( i ) ) ;
S C B ~ 3 ( i ) .. F S ( i ) * C S ( i )  = e =  A c ( i )  +  B c ( i )  +  W W l ( i ) * C S ( i ) ;
C o n s x ( i ) .. s u m ( j , x ( i j ) ) + s u m ( u , y ( i , u ) )  = 1 =  1;
* * * * * * * * * * * * * * * * * * * * * * * * * * ' r r p a t r n p n t  D a jnnf+e * * * * * * * * * * * * * * * * * * * * * * * *

T M B l  J ( น ) .. A l t ( u )  = e =  s u m ( i , F S ( f ) * y ( i , น )) ;
T M B l _ 2 ( u ) .. B l t ( u )  = e =  s u m ( w , F T ( w ) * t ( w , u ) ) ;
T M B l ~ 3 ( u ) .. A l t ( u ) + B l t ( u )  = e =  F T I ( u ) ;
T C B 1 J  ( น ) .. A 2 t ( u )  = e =  s u m ( i , F S ( i ) * y ( i , น )* C ร ( i ) ) ;
T C B l ~ 2 ( u )  B 2 t ( u )  = e =  s u m ( w , F T ( w ) * t ( w . u ) * C T ( w ) ) ;
T C B 1  J ( u ) . A 2 t ( u ) + B 2 t ( u )  = e =  F T I ( u ) * C T I ( u ) ;
T M B 2 ( w ) .. F T ( w )  = e =  s u m ( u , F T ( w ) * t ( w , น ))+ ร น m ( j , F T ( w ) * z ( w j ) ) + W W 2 ( w ) ;
T C B 2 ( w ) .. F T ( w ) * C T ( w )  = e =  s u m ( u . F T ( w ) * t ( w , น )* C T ( พ ) )+ ร น ท า ( j , F T ( w ) * z ( w j ) * C T ( w ) ) + W W 2 ( w ) * C T ( w ) ;  
T R ( u , พ ) $ ( o r d ( w )  e q  o r d ( u ) ) .. C T ( w )  = e =  ( l - A l p h a ( u ) ) * C T l ( u ) :
C o n s T l ( u , พ ) $ ( o r d ( w )  e q  o r d ( u ) ) .. F T l ( u )  = e =  F T (v v ) ;
C o n s T 2 ( u , พ ) $ ( o r d ( w )  e q  o r d ( u ) ) .. C T I ( u )  = g =  C T ( w ) ;
C o n s T 3 ( w ) ..  s u m ( u , t ( w , น ))+ ร น m ( j , z ( w j ) )  = 1 =  1;
* F i x p a r a m e t e r s * * * * * * * * * * * * * * *
T M B l  l P ( u ) .. A l t ( u )  = e =  s u m ( i , F S ( i ) * y ( i , น )) ;
T M B 1 _ 2 P ( น ) .. B l t ( u )  = e =  s u m ( w , F T P ( w ) * t ( w , น ));
T M B I ~ 3 P ( u ) .. A I t ( u ) + B l t ( u ) = e =  F T I P ( u ) :
T C B 1  J P ( u ) .. A 2 t ( u )  = e = - s u m ( i , F S ( i ) * y ( i , น )* C ร ( i ) ) ;
T C B 1 ~ 2 P ( U)  -  B 2 t ( u )  = e =  s u m ( w , F T P ( w ) * t ( w , น )* C T P ( พ ) ) ;
T C B l J P ( u ) .. A 2 t ( u ) + B 2 t ( u )  = e =  F T l P ( u ) * C T l P ( u ) ;
T M B 2 P ( w ) .. F T P ( w )  = e =  s u m ( u , F T P ( w ) * t ( w , น ))+ ร น m ( j . F T P ( w ) * z ( w j ) ) + W W 2 ( w ) ;
T C B 2 P ( w ) . F T P ( w ) * C T P ( w )  = e =
s u m ( u , F T P ( w ) * t ( w , น ) * C T P ( พ ) ) + ร น m ( j , F T P ( w ) * z ( w j ) * C T P ( w ) ) + W W 2 ( v v ) * C T P ( w ) ;
T R P ( u , พ ) $ ( o r d ( w )  e q  o r d ( u ) ) .. C T P ( w )  = e =  ( l - A l p h a ( u ) ) * C T I P ( u ) ;
C o n s T l P ( u , พ ) $ ( o r d ( w )  e q  o r d ( u ) ) . .  F T l P ( u )  = e =  F T P ( w ) ;
C o n s T 2 P ( u , พ ) $ ( o r d ( w )  e q  o r d ( u ) ) .. C T I P ( u )  = g =  C T P ( w ) ;
C o n s T 3 P ( w ) .. s u m ( u , t ( w , น ))+ ร น m ( j , z ( w j ) )  = 1 =  1;

ะ ^ . . «
C W A S T E  . O W W ’ C W  = e =  s u m ( i , W W l ( i ) * C S ( i ) ) + s u m ( w , พ พ 2 ( พ ) * C T ( พ ) ) ;
C o n s W  .. C W  = 1 =  C W L ;



F R E S H  .. O F W  = e =  s u m ( ( r j ) , F R ( r j ) ) ;
* F i x  p a r a m e t e r * * * * * * * * * * * * *
W A S T E P  .. oww = e =  ร น ท น i , W W l P ( i ) ) + s u m ( w , W W 2 P ( w ) ) ;
C W A S T E P  .. O W W * C W P  = e =  s u m ( i , W W l P ( i ) * C S ( i ) ) + s u m ( w , W W 2 P ( w ) * C T P ( w ) ) ;  
F R E S H P  .. O F W  = e =  s u m ( ( r j ) , F R P ( r j ) ) ;
* * * * * * * * * * * * * * * * * * * * * * * * * * * £  jYiogg B a l a n c e * * *  * * * * * * * *  * * * * * * * * * * * * * * * * *

S K M B J O ) .. A I  k (j>  = e =  s u m ( i , F S ( i ) * x ( i j ) ) ;
S K M B 2 0 ) .. B l k ( j )  = e =  s u m ( w . F T ( w ) * z ( w j ) ) ;
S K M B J O ) .. C l k O )  = e =  ร น ท น r , F R ( r j ) ) ; -  
S K M B ~ 4 ( j ) .. F K ( j )  = e =  A 1 k ( j )  + B 1 k ( j )  + c  1 k ( j ) ;
S K C B J O )  .. A 2 k ( j )  = e =  s u m ( i , F S ( i ) * x ( i j ) * C S ( i ) ) ;
S K C B 2 0 ) .. B 2 k ( j )  = e =  s u m ( w , F T ( w ) * z ( w j ) * C T ( w ) ) ;
S K C B J O )  .. C 2 k ( j )  = e =  ร น ท น r , F R ( r j ) * C F W ( r ) ) ;
S K C B J O ) .. F K 0 ) * C K 0 )  = e =  A 2 k ( j )  +  B 2 k 0 )  +  C 2 k 0 ) ;
C o n s S K O ) .. C K ( j )  = 1 =  C K L O ) ;
* F i x  p a r a m e t e r * * * * * * * * * * * * * * * * * *
S K M B 1 P 0 ) .. A l k O )  = e =  s u m ( i , F S ( i ) * x ( i j ) ) ;
S K M B  2 P 0 ) .. B l k t j )  = e =  s u m ( w , F T P ( w ) * z ( w , j ) ) ;
S K M B  3 P 0 )  C l k O )  = e =  s u m ( r . F R ( r . j ) ) ;
S K M B J P O ) .. F K O )  = e =  A l k O )  +  B l k ( j )  +  C l k O ) ;
S K C B J  P ( j ) .. A 2 k ( j )  = e =  s u m ( i , F S ( i ) * x ( i j ) * C S ( i ) ) ;
S K C B J P O ) .. B 2 k ( j )  = e =  s u m ( w , F T P ( w ) * z ( w j ) * C T P ( w ) ) ;
S K C B J P O ) .. C 2 k 0 )  = e =  s u m ( r , F R ( r j ) * C F W ( r ) ) ;
S K C B J P O ) .. F K 0 ) * C K P 0 )  = e =  A 2 k 0 )  +  B 2 k 0 )  +  C 2 k 0 ) ;
* * * * * * * * * * * * * * * * * * * * * * *  P I 0  w r a t e e ^x ist i n g a n d  c o n s t r a i n t * * * * * * * * * * * * * * * * * *  
D i s l ( i j ) .. x F ( i . j )  = e =  x ( i j ) * F S ( i ) ;
D i s 2 ( i , น ) .. y F ( i , น) = e =  y ( i , น )* F ร ( i ) ;
D i s 3 ( v v . j ) .. z F ( v v j )  = e =  z ( w j ) * F T ( v v ) ;
D i s 4 ( v v . u ) .. t F ( w , น ) = e =  t ( w . u ) * F T ( w ) :
* F ix  p a r a m e t e r * * * * * * * * * * * * *
D i s l P ( i j ) .. x F P ( i j )  = e =  x ( i j ) * F S ( i ) ;
D i s 2 P ( i , น ) .. y F P ( i . u )  = e =  y d น ) * F S ( i ) ;
D i s 3 P ( \ v j ) .. z F P ( w j )  = e =  z ( w j ) * F T P ( w ) ;
D i s 4 P ( w , u ) .. tF P ( v v ,น ) = e =  น พ ,น ) * F T P ( พ ) ;  
x e x i s t o  j ) .. x F ( i  j ) - O M E G A * z x ( i j )  = 1 =  0  ; 
y e x i s t o , น ) .. y F ( i , น ) -O M E G A * z y ( i , u )  = 1 =  0  ; 
z e x i s t ( w j ) .. z F ( w j ) - O M E G A * z z ( w j )  = 1 =  0  ; 
t e x i s t ( w , น ) . . t F ( w , น ) -O M E G A * z t ( w , น) = 1 =  0  ; 
f r e x i s t ( r . j )  .. F R ( r j ) - O M E G A * z f r ( r j )  = 1 =  0  ; 
w v v l e x i s t ( i ) .. W W l ( i ) - O M E G A * z w l ( i )  = 1 =  0  ;
พ พ 2 e x i s t ( v v ) .. W W 2 ( w ) - O M E G A * z w 2 ( w )  = 1 =  0  ; 
x c o n s ( i  j ) .. x F ( i j )  = g =  3 0 0 * z x ( i j )  ; 
y c o n s O ,น ) .. y F ( i , น ) = g =  3 0 0 * z y ( i , น) ; 
z c o n s ( w j )  .. z F ( w j )  = g =  3 0 0 * z z ( v v , j )  ; 
f r c o n s ( r j ) .. F R ( r . j )  = g =  3 0 0 * z f r ( r . j )  ; 
t c o n s ( w , น ) .. tF (v v ,น ) = g =  3 0 0 * z t ( v v ,น) ; 
w l c o n s ( i ) .. W W l ( i )  = g =  3 0 0 * z w l ( i )  ;
พ 2 c o n s ( w ) .. W W 2 ( w )  = g =  3 0 0 * z w 2 ( w )  ;
* F i x  p a r a m e t e r s *  * * * * * * * * * * *
x e x i s t P ( i j ) .. x F P ( i j ) - O M E G A * z x ( i j )  = 1 =  0  ;
y e x i s t P O ,น ) .. y F P ( i . u ) - O M E G A * z y ( i , u )  = 1 =  0  ;



z e x i s t P ( w j ) .. z F P ( w j ) - O M E G A * z z ( v v j )  =1= 0  ; 
t e x i s t P ( w , น ) .. t F P ( พ ,น ) - O M E G A * z t ( w , u )  = 1 =  0  ; 
f r e x i s t P ( r j ) .. F R P ( r . j ) - O M E G A * z f r ( r . j )  = 1 =  0  ; 
v v w l e x i s t P ( i ) .. W W l P ( i ) - O M E G A * z w l ( i ) = l =  0  ; 
v v w 2 e x i s t P ( w )  .. W W 2 P ( w ) - O M E G A * z w 2 ( w )  = 1 =  0  ะ 
x c o n s P ( i  j ) .. x F P ( i j )  = g =  3 0 0 * z x ( i , j )  ; 
y c o n s P ( i , น ) .. y F P ( i , น ) = g =  3 0 0 * z y ( i , น) ; 
z c o n s P ( w j ) .. z F P ( w j )  = g =  3 0 0 * z z ( w j )  ; 
f r c o n s P ( r j ) .. F R P ( r . j )  = g =  3 0 0 * z f r ( r . j )  ; 
t c o n s P ( w , น ) .. t F P ( w , u ) = g =  3 0 0 * z t ( w , u )  ; 
w l c o n s P ( i ) .. W W I P ( i )  = g =  3 0 0 * z w l ( i )  ;
พ 2 c o n s P ( w ) .. W W 2 P ( w )  = g =  3 0 0 * z w 2 ( w )  ;
* * * * * * * * * * * * * * * * * * * * * * * * * * * *  Q0 gj C a lc u la t io n * * *  * * * * * * * * * * * * *  * * * * * * * * * * * * *  

T U C l(u ) . .  F T I(u )  = N  3 18 7 * Y T (u ,'n  n + O M E G A *  Y T (u , 'ท2 ')+ O M E G A *  Y T (u ,'n 3 ’); 
T U C 2 (u ) .. F T I(u )  =1= 6 3 7 4 * Y T (u , 'ท2 )+ O M E G A * Y T (u , 'n l)+ O M E G A * Y T (u , 'n 3 ) ;  

T U C 3 (u ) .. F T l(u )  =1= O M E G A *Y T (u , 'n 3  )+ O M E G A *Y T (u , 'ท2 ,) + O M E G A * Y T ( u ,n l ') ;  

C o n s B ltu ) ..s u m (n ,Y T (u ,ท ))= 1 = 1  :
C o n s B 2  .. s u m ( u , F T I ( u ) )  = 1 =  รนทา( i ,F S ( i ) ) ;
* F ix  p a r a m e t e r * * * * * * * * * * * * * *
' ท ] C l p (น).. F T IP (u ) = 1 =  3 1 8 7 *Y T (u .'n  l ')+ O M E G A * Y T (u . ’n 2 ')+ O M E G A *Y T (u , 'n 3 ') ;  

T U C 2 P (u ) .. F T IP (u ) =1= 6 3 7 4 *Y T (u , 'ท2 ) + O M E G A *Y T (u , 'n l )+ O M E G A *Y T (u , 'n 3  ); 

T U C 3 P (u ) .. F T IP (u ) =1= O M E G A * Y T (u . 'n 3 ')+ O M E G A *Y T (u . 'n 2 ')+ O M E G A * Y T (u ,,n l ' ) ;  

ConsBP 1 (น )..su m (n ,Y T (u ,n ))= l=  I :

C o n s B P 2  .. s u m ( u , F T I P ( u ) )  = 1 =  s u m ( i ,F S ( i ) ) ;
F r e s h C o s t  .. F A C o s t  = e =  s u m ( ( r j ) , F R ( r j ) * C o s t F W ( r ) * H Y ) ;
F r e s h C o s t 2  .. F A C o s t  = e =  s u m ( ( r j ) , F R ( r j ) * C o s t F W ( r ) * H Y * z f r ( r , j ) ) ;
T r e a t C o s t .. T T C o s t  = e =  s u m ( ( u , ท ) ,( T F C ( u , n ) + F T I ( u ) * T V C ( u , ท ) ) * K Y * Y T ( u , ท )) ;  
T r e a t O C o s t .. T O C o s t  = e =  s u m ( u , O C ( u ) * F T I ( u ) * H Y ) ;
P I P C o s t I  .. P A 1  = e =  s u m ( ( i  j ) , ( C P F I ( i j ) + C P l ( i j ) * x F ( i j ) * H Y ) * z x ( i j ) ) ;
P I P C o s t 2  .. P A 2  = e =  s u m ( ( i , น ) ,( C P F 2 ( i , u ) + C P 2 ( i , น )* y F ( i , น )* H Y ) * z y ( i , น )) ;
IM P C o s t3  .. P A 3  = e =  s u m ( ( w , น ) ,( C P F 3 ( w . u ) + C P 3 ( w , น )* t F ( พ ,น ) * F l Y ) * z t ( w , น ));
P I P C o s t 4  .. P A 4  = e =  s u m ( ( w j ) , ( C P F 4 ( w j ) + C P 4 ( w j ) * z F ( w j ) * H Y ) * z z ( w j ) ) ;
P I P C o s t 5  .. P A 5  = e =  s u m ( ( r . j ) , ( C P F 5 ( r j ) + C P 5 ( r j ) * F R ( r j ) * H Y ) * z f r ( r j ) ) ;
P I P C o s t 6  .. P A 6  = e =  s u m ( i . ( C P F 6 ( i ) + C P 6 ( i ) * W W l ( i ) * H Y ) * z w l ( i ) ) ;
P I P C o s t 7  .. P A 7  = e =  s u m ( w , ( C P F 7 ( w ) + C P 7 ( w ) * W W 2 ( w ) * H Y ) * z w 2 ( w ) ) ;
P I P C o s t  .. P A C o s t  = e =  P A I + P A 2 + P A 3 + P A 4 + P A 5 + P A 6 + P A 7 ;
T o t a l .. T A C  = e =  F A C o s t  +  T T C o s t  +  T O C o s t  +  P A C o s t ;
*jpj-^ * * * * * * * * * *  *

T r e a t O C o s t P  .. T O C o s t  = e =  s u m ( u , O C ( u ) * F T I P ( u ) * H Y ) ;
T r e a t C o s t P  .. T T C o s t  = e =  s u m ( ( u , ท ) ,( T F C ( u , ท )+ F T I P ( u ) * T V C ( u , ท ) ) * K Y * Y T ( u , ท ) ) ;  
F r e s h C o s t P  .. F A C o s t  = e =  s u m ( ( r j ) , F R P ( r j ) * C o s t F W ( r ) * H Y * z f r ( r j ) ) ;
P I P C o s t I P  .. P A I  = e =  รน m ( ( i , j ) , ( C P F I ( i . j ) + C P l ( i j ) * x F P ( i j ) * H Y ) * z x ( i j ) ) ;
P I P C o s t 2 P  .. P A 2  = e =  s u m ( ( i , น ) ,( C P F 2 ( i , u ) + C P 2 ( i , น )* y F P ( i , น )* H Y ) * z y ( i , u ) ) ;
P l P C o s t 3 P  .. P A 3  = e =  s u m ( ( w , น ),( C P F 3 ( w , น )+ C P 3 ( พ ,น ) * t F P ( พ ,น ) * H Y ) * z t ( w , น )) ;  
P I P C o s t 4 P  .. P A 4  = e =  s u m ( ( v v j ) , ( C P F 4 ( w j ) + C P 4 ( w j ) * z F P ( w j ) * H Y ) * z z ( w j ) ) ;
P I P C o s t 5 P  .. P A 5  = e =  s u m ( ( r j ) , ( C P F 5 ( r j ) + C P 5 ( r j ) * F R P ( r j ) * H Y ) * z f r ( r j ) ) ;
P I P C o s t ô P  .. P A 6  = e =  s u n i ( i , ( C P F 6 ( i ) + C P 6 ( i ) * W W I P ( i ) * H Y ) * z w l ( i ) ) ;
P I P C o s t 7 P  .. P A 7  = e =  s u m ( w , ( C P F 7 ( w ) + C P 7 ( w ) * W W 2 P ( w ) * H Y ) * z w 2 ( w ) ) ;
P I P C o s t P  .. P A C o s t  = e =  P A  I + P A 2 + P A 3 + P A 4 + P A 5 + P A 6 + P A 7 ;

********************* *********Q^jec ĵve 011*************************
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O b j e c t l  .. O B J 1  = e =  F A C o s t ;
O b j e c t 2  .. O B J 2  = e =  F A C o s t + T T C o s t + T O C o s t ;
O b j e c t 3  .. O B J 3  = e =  T A C :
O b j e c t 4  .. O B J 4  = e =  T A C ;
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * s o l y e  ] * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
M O D E L  C A S E 3 2 C A L 1
/  M l _ m a s s , M l _ c o n t . M l _ c o n s , M l _ c o n s 2 , M l _ w a s t e , F R E S H . O b j e c t l , F r e s h C o s t , D i s l  /
S O L V E  C A S E 3 2 C A L 1  U S I N G  L P  M I N I M I Z I N G  O B J 1 :
D I S P L A Y  O B J ] . I , x . l , F R . I , y  l . I x F . I ;
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  5 0 L V E  2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
P a r a m e t e r
I n x ( i  j )  i n t e r m e d i a t e  p a r a m e t e r  X 
I n F R ( r j )  i n t e r m e d i a t e  p a r a m e t e r  F R  
I n v ( i )

I n x ( i j )  =  x . l ( i j ) ;
I n F R ( r j )  =  F R . I ( r j ) ;
I n y ( i )  =  y l . I ( i > ;
x . I ( i j )  =  I n x ( i j ) ;
F R . l ( r j )  =  I n F R ( r J ) ;

ร ่^ ^ . • . ^
M O D E L  C A S E 3 2 C A L 2
/  S M B _ l , S M B _ 2 , S M B _ 3 , S C B _ L S C B _ 2 , S C B _ 3 , C o n s x
J M B l  J , T M B l _ 2 / r M B l  3 ,T C B 1 ~  L T C B I  2 ,T C B 1  3 , T M B 2 , T C B 2 , T R , C o n s T L C o n s T 2 , C o n s T 3 ,
W A S T E ,C W A S T E , C o n s  W F R E S H . S K M  B  L S K M B _ 2 , S K M B 3 , S K . M B  4 . S K C B J , S K . C B _ 2 , S K . C B _ 3 , S K C B _ 4 ,  
C o n s S K . D i s  1 , D i s 2 , D i s 3 , D i s 4 , T U C  1 ,T U C 2 . T U C 3 . C o n s B  I , C o n s B 2 , F r e s h C o s t , T r e a t C o s t ,
T r e a t O C o s t , O b j e c t 2  /  ;
S O L V E  C A S E 3 2 C A L 2  U S I N G  M I N L P  M I N I M I Z I N G  O B J 2 ;
D I S P L A Y  O B J 1 . l , O B J 2 . 1 , x F . l , y F . I , z F . I , F R . I ,W W  1.1 ,W W 2 .1 ,C W .1 ,F T I . I ,Y T . I ,
F A C o s t . l , T T C o s t . l , T O C o s t . l :
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * C f A I  \ / p  D * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
x F P ( i j ) - =  x F . l ( i J ) ;  
y F P ( i , น ) =  y F . l ( i , น ); 
z F P ( w j )  =  z F . l ( w j ) ;  
t F P ( w , น ) =  t F . I ( w , น );
F R P ( r j )  =  F R . l ( r . j ) ;
W W l P ( i )  =  W W I . l ( i ) ;
W W 2 P ( w )  =  W W 2 . l ( w ) ;
F T I P ( u )  =  F T I . l ( u ) ;
C T I P ( u )  =  C T I . I ( u ) ;
C T P ( w )  =  C T . l ( v v ) ;
C W P  =  C W . l ;
F T P ( w )  =  F T . l ( w ) ;
CKP(j) = CK.l(j);

M O D E L  C A S E 3 2 C A L 3
/  S M B _ l , S M B _ 2 , S M B _ 3 , S C B _ l , S C B _ 2 , S C B _ 3 , C o n s x ,
TMB1 1 P,TMB 1 _2P,TMbT_3 P,TCB 1J  p7tCB 1_2P,TCB 1 3P,TMB2P,TCB2P,TRP, 
ConsT7p,ConsT2P,ConsT3p7wASTEp7cWASTEP,FRESHP,SKMB_lP,SKMB_2P,



S K M B _ 3 P , S K M B _ 4 P , S K C B _ l P , S K C B _ 2 P . S K C B _ 3 P , S K C B _ 4 P , D i s l P , D i s 2 P , D i s 3 P ,  
D i s 4 P , T U C l P , T U C 2 P , T U C 3 P , C o n s B P I , x e x i s t P , y e x i s t P , z e x i s t P , t e x i s t P , f r e x i s t P ,  
w v v  1 e x i s t P , w w 2 e x i s t P , x c o n s P , y c o n s P , z c o n s P , t c o n s P , f r c o n s P ,  พ  1 c o n s P . w 2 c o n s P .  
P I P C o s t  1 P , P I P C o s t 2 P , P l P C o s t 3 P , P I P C o s t 4 P . P I P C o s t 5 P . P I P C o s t 6 P , P I  P C o s t 7 P .  
P I P C o s t P , F r e s h C o s t P , T r e a t C o s t P , T r e a t O C o s t P , T o t a l , O b j e c t 3  /  ;

S O L V E  C A S E 3 2 C A L 3  U S I N G  M I P  M I N I M I Z I N G  O B J 3 :
D I S P L A Y  O B J 2 . 1 , O B J 3 . l , F A C o s t . l . T O C o s t . l . T T C o s t . l . P A C o s t . l . C T . l , C T l . l , T A C . I ,  
x F P , y F P , z F P , F R P , W W I  P ,W W 2 P ,Y T . I .Z X  l . z y . l , z z . l , z f r . l , z w l  I .z w 2 . l ;  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  S O L V E  4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
P a r a m e t e r  
I n z x ( i j )
I n z y ( i , น)
I n z t ( w ,น)
I n z z ( w j )
I n z f r ( r j )
I n z w l ( i )
In z v v 2 (v v )
I n Y T ( u ,ท)
I n x l ( i j )
I n y  1 ( i ,  น)
I n z l ( w j )
I n F R l ( r j )

I n z x ( i j ) = z x . l ( i  j ) ;
I n z y ( i , น)= z y . l ( i , น );
I n z t ( w , น)= z t . l ( w , u ) ;
I n z z ( w j ) = z z . l ( w j ) ;
I n z f r ( r j ) = z f r . l ( r j ) ;
I n z w l ( i ) = z w l . l ( i ) ;
I n z w 2 ( w ) = z w 2 .1 ( w ) ;
I n Y T ( u ,ท )= Y T . I ( u , ท );
I n x  1 ( i  j )  =  x . I ( i j ) ;
I n y l ( i , น) =  y . l ( i , น );
I n z l ( w j )  =  z . l ( w j ) ;
I n F R l ( r j )  =  F R P ( r j ) ;
z x .  l ( i j ) = I n z x ( i j ) ;
z y .  l ( i ,น)= I n z y ( i , น ); 
z t . l ( w , น)= l n z t ( w , u ) ;
z z .  l ( v v j ) = I n z z ( w j ) ;  
z f r . l ( r j ) = I n z f r ( r j ) ;  
z w l . l ( i ) = I n z v v l ( i ) ;
Z \v 2 . !( w ) = I  n z w 2 (  w ) ;
Y T . I ( u ,  ท )= I n Y T ( u , n ) ;
x .  l ( i j ) = I n x l ( i j ) ;
y .  l ( i , น )= I n y  l ( i , น );
z .  l ( w j ) = I n z l ( w j ) ;
F R . l ( r j ) = I n F R l ( r j ) ;
* B o u n d i n g * * * * * * * * * *
F T l . l o ( 'u 2 ') = 2 9 5 6 0 . 4 0 8 ;
W W l . l o ( ’i 2 ') = 3 0 0 ;



1 5 3

W W  1 . u p ( ' i 2 ') = 3 0 0 0 ;
W W 2 .1 o (  w 2  ) = 3 0 0 ;
W W 2  u p ( 'w 2  ) = 2 5 0 0 0 ;
F R . l o ( ’r i ,  j  1 ' ) - 1 4 4 0 ;
F R . u p C r l  7 j  I ) = 2 0 0 0 ;
M O D E L  C A S E 3 2 C A L 4
/  S M B _ l , S M B _ 2 , S M B _ 3 , S C B _ l , S C B _ 2 , S C B _ 3 , C o n s x  
,T M B 1  J , T M B l _ 2 7 T M B l _ 3 , T C B r  1 , T C B 1 _ 2 , T C B 1 _ 3 , T M B 2 , T C B 2 . T R , C o n s T l ,
C o n s T 2 , C o n s T 3 ,  W A S T E , C W  A S T E ^ C o n s W , F R E S H ,S K M B _ 1 , S K M B _ 2 , S K M B _ 3 ,
S K M B _ 4 , S K C B _ l , S K C B _ 2 , S K C B _ 3 , S K C B _ 4 , C o n s S K , D i s l , D i s 2 , D i s 3 , D i s 4 , T U C l ,
T U C 2 , T U C 3 , C o n s B l , C o n s B 2 , x e x i s t , y e x i s t , z e x i s t , f r e x i s t , t e x i s t , v v w l e x i s t , w w 2 e x i s t ,
x c o n s , y c o n s , z c o n s , f r c o n s , t c o n s , w l c o n s , w 2 c o n s , P I P C o s t l , P I P C o s t 2 , P I P C o s t 3 , P I P C o s t 4 , P I P C o s t 5 , P l P C o s t 6 , P I P C o s t 7  
, P I P C o s t , F r e s h C o s t , T  r e a t C o s t . T  r e a t O C o s t , T o t a l ,
O b j e c t 4  /  ;
S O L V E  C A S E 3 2 C A L 4  U S I N G  M 1 N L P  M I N I M I Z I N G  O B J 4 ;
D I S P L A Y  O B J l . l , O B J 2 . l , O B J 3 . 1 , O B J 4 . 1 , F A C o s t . l , T O C o s t . l , T T C o s t . l , P A C o s t . l , x F . l ,  
y F . I  z F  l , F R . I , O F W . I , W W l - l , w W 2 . I , O W W . I , Y T . I , C T . I , C T I . I , C W . l , z x . l , z y . l , z f r . l , P A 1 .1, 
P A 2 .1 ,P A 3 . I ,P A 4 . I ,P A 5 . 1 ,P A 6 . I ,P A 7 . I ;

A P P E N D IX  A - l  1 ะ C ase S tu d y  4 W H E N  w ith o u t H E N  d esign  G A M S  C ode
s e t  i S o u r c e  s t r e a m / i  I * i 5 /  

j  S i n k  s t r e a m / j  I * j 5 /
K  l o c a t i o n  /  f i r s t ! o c a t i o n , l o c a t i o n 2 * l o c a t i o n 4 , l a s t l o c a t i o n /  

P a r a m e t e r
c s / i l 1 3 0

i2 1 0 8
i3 7 0
i4 4 4
i5 2 2  /

F S / i l 9
i2 9
i3 9
i4 9
i5 4 . 5 /

T S / i l 1 2 0
i2 1 0 0
i3 1 3 0
i4 1 4 0
i5 8 0 /

C K JL / j l 2 0
J 2 2 0
j 3 2 0
j 4 2 0
j 5 2 0 /

F K / j l 10
j 2 4
J 3 12



1 5 4

j 4  8  
j 5  6 . 5 /

T O U T H ( I )  o u t l e t  t e m p e r a t u r e  o f  h o t  s t r e a m
/ i l 3 0
i2 3 0
i3 3 0
i4 3 0
i5 3 0 /

T O U T C ( J ) o u t l e t  t e m p e r a t u r e  o f  c o l d  s t r e a m
/ j l 1 0 0
j 2 1 0 0
J 3 1 0 0
j 4 1 0 0
j 5 1 0 0 /

C P F 2  P i p i n g  f i x  c o s t  f r e s h  t o  s i n k  ( ร  p e r  y e a r )
/ j l 2 0 0
J'2 3 0 0
j 3 1 5 0
j 4 1 2 0
j 5 2 5 0 /

C P 2  P i p i n g  v a r i a b l e  f r e s h  t o  s i n k  ( ร  p e r  t o n )
/ j l 0 . 7 e - 3
j 2 1 ,4 e - 3
j 3 1 .2 e - 3
j 4 l . l e - 3
j 5 1 .3 e - 3  /

C P F 3  P i p i n g  f i x  c o s t  s o u r c e  t o  w a s t e  ( $  p e r  y e a r )
/ i l 1 0 0
i2 2 0 0
i3 2 5 0
i4 1 5 0
i5 2 0 0 /

C P 3  P i p i n g  v a r i a b l e  c o s t  s o u r c e  t o  w a s t e  ( ร  p e r  t o n )
/ i l 0 . 7 e - 3
i2 1 ,4 e - 3
i3 l . l e - 3
i4 1 .2 e - 3
i5 1 ,3 e - 3  /

T I N C ( j )
T I N H ( i )
F H ( i )
F C ( j )

T A B L E  C P F  1 ( i  j )  P i p i n g  f i x  c o s t  s o u r c e  t o  s i n k  ( ร  p e r  y e a r )  
j )  J 2  J 3  j 4  j 5

11 1 0 0  3 0 0  1 5 0  2 0 0  2 0 0
12 2 0 0  2 5 0  1 0 0  2 2 0  1 5 0
13 2 2 0  3 0 0  3 3 0  3 0 0  n o
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14 1 1 0  4 0 0  2 0 0  2 0 0  2 5 0
15 2 0 0  3 0 0  1 0 0  3 0 0  2 5 0

T A B L E  C P l ( i j )  P i p i n g  v a r i a b l e  c o s t  s o u r c e  t o  s i n k  ( ร  p e r  t o n )

i l
j l  j 2  

L i e - 3
j 3

L 2 e - 3
j 4

1 .3 e - 3
J 5
1 ,4 e - 3 l . l e - 3

i2 0 .8 e - 3 1 .3 e - 3 l . l e - 3 l . 2 e - 3 0 .9 e - 3
i3 0 .9 e - 3 l . 3 e - 3 l . l e - 3 1 ,4 e - 3 l . l e - 3
i4 1 .3 e - 3 1 2 e - 3 l . 3 e - 3 l . 4 e - 3 l . l e - 3
i5 l . l e - 3 0 .8 e - 3 1 .3 e - 3 I . 4 e - 3 0 .9 e - 3

S c a l a r  O M E G A  1 / 1 0 0 0 0 /
T F W  / 2 5 /
O M E G A  u p p e r  b o u n d  f o r  h e a t  e x c h a n g e  / 1 0 0 0 0 0 0 /  
G A M M A  u p p e r  b o u n d  f o r  t e m p e r a t u r e  d i f f e r e n c e  / 1 0 0 0 0 0 0 /  
E M A T  e x c h a n g e r  m i n i m u m  a p p r o a c h  t e m p e r a t u r e  / 1 0 /
C P  h e a t  c a p a c i t y  / 4 . 2 /
F W C  F r e s h w a t e r  c o s t  ( ร  p e r  t o n )  / 0 . 3 7 5 /
H F 1  H e a t  E x c h a n g e r  f i x e d  c o s t  ( ร )  / 8 0 0 0 /
H F 2  H e a t  E x c h a n g e r  f i x e d  c o s t  ( ร )  / 1 9 9 6 5 . 8 9 /
H V  H e a t  E x c h a n g e r  v a r i a b l e  c o s t  ( ร  p e r  m 2 )  / 5 5 . 7 4 8 9 9 /  
H U O C  F lo t  u t i l i t y  o p e r a t i o n  c o s t  ( ร  p e r  k W  y )  / 3 7 7 /
C U O C  C o l d  u t i l i t y  o p e r a t i o n  c o s t  ( ร  p e r  k W  y )  / 1 8 9 /
บ  O v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t  / 0 . 5 /
W H  W o r k i n g  h o u r  / 8 0 0 0 /
W Y  A n n a u l i z e  f a c t o r / o . 3 3 3 /
T I N H U  H o t  u t i l i t y  i n l e t  t e m p e r a t u r e  / 1 2 0 /
T O U T H U  H o t  u t i l i t y  o u t l e t  t e m p e r a t u r e  / 1 2 0 /
T I N C U  C o l d  u t i l i t y  i n l e t  t e m p e r a t u r e  / 1 0 /
T O U T C U  C o l d  u t i l i t y  o u t l e t  t e m p e r a t u r e  / 2 0 /

V a r i a b l e s
O F W O v e r a l l  f r e s h w a t e r
O W W O v e r a l l  w a s t e w a t e r
F C o s t F r e s h w a t e r  c o s t
I N V I n v e s t m e n t  c o s t
T A C T o t a l  a n n u a l  c o s t
P I C  1 P i p i n g  c o s t  o f  s o u r c e  t o  s i n k
P I C 2 P i p i n g  c o s t  o f  f r e s h  t o  s i n k
P I C 3 P i p i n g  c o s t  o f  s o u r c e  t o  w a s t e
P I C o s t P i p i n g  c o s t
O i l O b j e c t i v e  1.1
0 1 2 O b j e c t i v e  1 .2
0 2 O b j e c t i v e  2
0 3 O b j e c t i v e  3

P o s i t i v e  v a r i a b l e s  x ( i j )
F F W ( j )  F r e s h w a t e r  f l o w r a t e  
F ( i j )  S p l i t t i n g  F l o w r a t e



C K ( j )  S i n k  s t r e a m  c o n c e n t r a t i o n  
T K ( j )  S i n k  t e m p e r a t u r e  
W W ( i )  S o u r c e  W a s t e  w a t e r

d t ( I , J , K )  T e m p e r a t u r e  a p p r o a c h  f o r  m a t c h  ij  a t  t h e  l e f t  o f  s t a g e  k  
d t c u ( I )  T e m p e r a t u r e  a p p r o a c h  f o r  m a t c h  h o t  s t r e a m  i a n d  c o l d  u t i l i t y  
d t h u ( J )  T e m p e r a t u r e  a p p r o a c h  f o r  m a t c h  c o l d  s t r e a m  j  a n d  h o t  u t i l i t y

q ( I , J , K )  H e a t  e x c h a n g e d  b e t w e e n  h o t  s t r e a m  i a n d  c o l d  s t r e a m  j  a t  s t a g e  k  
q c u ( I )  H e a t  e x c h a n g e d  b e t w e e n  h o t  s t r e a m  i a n d  c o l d  u t i l i t y  
q h u ( J )  H e a t  e x c h a n g e d  b e t w e e n  c o l d  s t r e a m  j  a n d  h o t  u t i l i t y  
A ( i j , K )
A h u ( j )
A c u ( i )

L M T D ( i j , K )
T M T D c u ( i )
L M T D h u Q
C o s t h
C o s t h u
C o s t c u
O C o s t h u
O C o s t c u
O q c u  O v e r a l l  h e a t  e x c h a n g e d  b e t w e e n  h o t  s t r e a m  i a n d  c o l d  u t i l i t y
O q h u  O v e r a l l  h e a t  e x c h a n g e d  b e t w e e n  c o l d  s t r e a m  j  a n d  h o t  u t i l i t y
t H ( I , K )  T e m p e r a t u r e  o f  h o t  s t r e a m  i a t  l o c a t i o n  k  
t C ( J . K )  T e m p e r a t u r e  o f  c o l d  s t r e a m  j  a t  l o c a t i o n  k

B I N A R Y  V A R I A B L E
y ( i  j )  B i n a r y  v r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  s o u r c e  t o  s i n k  i n  W N  
y F W ( j )  B i n a r y  v r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  F W  t o  s i n k  in  W N  
y W W ( i )  B i n a r y  v r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  w w  f r o m  s o u r c e  i n  W N  
z ( I , J , K )  B i n a r y  v a r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  ij in  s t a g e  k 
z c u ( I )  B i n a r y  v a r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  c o l d  u t i l i t y  w i t h  h o t  s t r e a m  i 
z h u ( J )  B i n a r y  v a r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  h o t  u t i l i t y  w i t h  c o l d  s t r e a m

E q u a t i o n

* * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * *  * W A T E R  N E T W O R K * * * * * * * * * *  
M B  1 ( j )  M a s s  b a l a n c e  ( f l o w r a t e )
M B 2 ( j )  M a s s  b a l a n c e  ( c o n t a m i n a n t )
C o n s l ( i )  C o n s t r a i n t  f o r  X 
C o n s 2 ( j )  C o n c e n t r a t i o n  c o n s t r a i n t  
F r e s h  F r e s h w a t e r  u s a g e  
W a s t e ( i )  W a s t e  o f  s o u r c e  
A l l w a s t e  W a s t e  d i s c h a r g e  
F l o w ( i . j )  F l o w r a t e  e a c h  s i n k  
L o g i c a l  I ( i j )  L o g i c a l  c o n s t r a i n t  
L o g i c a l 2 ( j )  L o g i c a l  c o n s t r a i n t  
L o g i c a l 3 ( i )  L o g i c a l  c o n s t r a i n t  
T e m p K ( j )  T e m p e r a t u r e  o f  s i n k



F R E S H C  F r e s h w a t e r  c o s t  
P I P  I P i p i n g  c o s t  o f  s o u r c e  t o  s i n k  
P I P 2  P i p i n g  c o s t  o f  f r e s h  t o  s i n k  
P I P 3  P i p i n g  c o s t  o f  s o u r c e  t o  w a s t e
P I P C  P i p i n g  c o s t

O B J F N 1 1  
O B J F N I 2

L in k  1 (J)
L i n k 2 ( j )  ~
L i n k 3 ( i )
L i n k 4 ( i )***************£********************** NEXV̂ OR-K.* *******

a b c ( U )  @ # @ $ $ #

O H B _ H ( I )  o v e r a l l  h e a t  b a l a n c e  f o r  e a c h  h o t  s t r e a m
O H B _ C ( J )  o v e r a l l  h e a t  b a l a n c e  f o r  e a c h - c o l d  s t r e a m

S H B _ H ( I , K )  h e a t  b a l a n c e  a t  e a c h  s t a g e  f o r  h o t  s t r e a m
S H B  C ( J , K )  h e a t  b a l a n c e  a t  e a c h  s t a g e  f o r  c o l d  s t r e a m

T I N H A S S G N ( I )  a s s i g n m e n t  o f  i n l e t  t e m p e r a t u r e  o f  h o t  s t r e a m  i 
T I N C A S S G N ( J )  a s s i g n m e n t  o f  i n l e t  t e m p e r a t u r e  o f  c o l d  s t r e a m  j

F H 1 ( 1 , K )  f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  e a c h  s t a g e  f o r  h o t  s t r e a m  
F H 2 ( I )  f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  l a s t  s t a g e  f o r  h o t  s t r e a m  
F C l ( J . K )  f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  e a c h  s t a g e  f o r  c o l d  s t r e a m  
F C 2 ( J )  f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  f i r s t  s t a g e  f o r  c o l d  s t r e a m

H U L O A D ( I )  h o t  u t i l i t y  l o a d
C U L O A D ( J )  c o l d  u t i l i t y  l o a d

H E C O U N T l ( I . J . K )  c o u n t  h e a t  e x c h a n g e r  
- H E C O U N T 2 ( l )  c o u n t  h o t  u t i i l i t y
1 1 E C 0 U N T 3 ( J )  c o u n t  c o l d  u t i l i t y

A P P T E M P L ( I , J , K )  a p p r o a c h  t e m p e r a t u r e  a t  t h e  l e f t  o f  s t a g e  k  
A P P T E M P R ( 1  , J , K )  a p p r o a c h  t e m p e r a t u r e  a t  t h e  r i g h t  o f  s t a g e  k  
A P P T E M P C U ( l )  a p p r o a c h  t e m p e r a t u r e  a t  c o l d  u t i l i t y  o f  h o t  s t r e a m  i 
A P P T E M P H U ( J )  a p p r o a c h  t e m p e r a t u r e  a t  h o t  u t i l i t y  o f  c o l d  s t r e a m  j

A P P T E M P L I M I T ( U , K )  l i m i t i n g  t e m p e r a t u r e  a p p r o a c h  
A P P T E M P L I M I T C U ( I )  l i m i t i n g  t e m p e r a t u r e  a p p r o a c h  
A P P T E M P L I M I T H U ( J )  l i m i t i n g  t e m p e r a t u r e  a p p r o a c h

L O G M H ( i j , K )
L O G M H U ( J )
L O G M C U ( I )
H A R E A ( i j . K )
H U A R E A ( J )

L o g  m e a n  t e m p e r a t u r e  d i f f e r e n t  o f  H E  
L o g  m e a n  t e m p e r a t u r e  d i f f e r e n t  o f  H L) 
L o g  m e a n  t e m p e r a t u r e  d i f f e r e n t  o f  c u  

H e a t  e x c h a n g e r  a r e a  
H o t  u t i l i t y  a r e a



C U A R E A ( I ) C o l d  u t i l i t y  a r e a
T O T A R E A T o t a l  a r e a

H A C O S T H e a t  e x c h a n g e r  a r e a  c o s t
H U A C O S T H o t  u t i l i t y  h e a t  e x c h a n g e r  a r e a  c o s t
C U A C O S T C o l d  u t i l i t y  h e a t  e x c h a n g e r  a r e a  c o s t
H U O C O S T H o t  u t i l i t y  o p e r a t i o n  c o s t
C U O C O S T C o l d  u t i l i t y  o p e r a t i o n  c o s t

O A Q C U O v e r a l l  C o l d  u t i l i t y
O A Q H U O v e r a l l  h o t  u t i l i t y
O B J F N 2 u t i l i t y  Q
O B J F N 3 u t i l i t y  A R E A
I n v e s t I n v e s t m e n t  c o s t
T o t a l T o t a l  a n n u a l  c o s t

M B 1 0 ) .. s u m ( i , C S ( i ) * F S ( i ) * x ( i . j ) )  = e =  C K 0 ) * F K ( j )  ! 
M B 2 0 ) .. s u m ( i , F S ( i ) * x ( i  j ) )  +  F F W O )  = e =  F K O )  ;
C o n s l ( i )  .. s u m ( j , x ( i . j ) ) - l  = 1 =  0  ;
C o n s 2 ( j ) .. C K O )  = 1 =  C K L O )  ;
F r e s h  .. O F W  = e =  s u m ( j . F F W ( j ) ) ;
W a s t e ( i ) .. W W ( i )  = e =  ( ] - s u m ( j , x ( i j ) ) ) * F S ( i ) ;
A l l w a s t e  .. oww = e =  s u m ( i . W W ( i ) ) ;
F l o w ( i j ) .. F ( i j )  = e =  F S ( i ) * x ( i j )  ;
L o g i c a l l ( i j )  .. F ( i j ) - O M E G A I * y ( i j )  = 1 =  0 :
L o g i c a l 2 ( j )  .. F F W ( j ) - O M E G A l * y F W ( j )  = 1 =  0 :
L o g i c a l 3 ( i ) .. W W ( i ) - O M E G A  1 * y W W ( i )  = 1 =  0 :
T e m p K O ) .. s u m ( i , T S ( i ) * F ( i  j ) ) + T F W * F F W ( j )  = e =  T K ( j ) * F K ( j ) ;
F R E S H C  ..  F C o s t  = e =  O F W * F W C * W H ;
P IP 1  .. P 1 C 1  = e =  s u m ( ( i j ) , y ( i j ) * ( C P F l ( i j ) + F ( i j ) * C P l ( i j ) * W H ) ) ;
P 1 P 2  .. P I C 2  = e =  s u m ( j , y F W ( j ) * ( C P F 2 ( j ) + F F W ( j ) * C P 2 ( j )  W H ) ) ;
P 1 P 3  .. P 1 C 3  = e =  s u m ( i , y W W ( i ) * ( C P F 3 ( i ) + W W ( i ) * C P 3 ( i ) * W H ) ) ;
P 1 P C  .. P I C o s t  = e =  P 1 C 1 + P I C 2 + P 1 C 3 :
O B J F N 1 1  . . O i l  = e =  F C o s t ;
O B J F N 1 2  .. 0 1 2  = e =  F C o s t + P I C o s t ;

L in k  1 0 ) . .  T K O )  = e =  T I N C ( J ) ;
L i n k 2 0 ) .. F K O )  = e =  F C ( J ) ;
L i n k 3 ( i ) .. T S ( i )  = e =  T I N H ( I ) ;
L i n k 4 ( i ) .. F H ( I )  = e =  W W ( i ) ;

a b c ( i  j ) . .  q ( i  j , ’l a s t l o c a t i o n ' )  = e =  0 ;

O H B _ H ( i ) .. ( T I N H ( i ) - T O U T H ( i ) ) * F H ( i ) * C P * (  1 0 0 0 / 3 6 0 0 )  = e =  S U M ( ( J , K ) . q ( I , J , K ) ) + q c u ( l ) ;  
O H B  C 'O ) .. ( T O U T C ( J ) - T l N C ( J ) ) * F C ( J ) * C P * (  1 0 0 0 / 3 6 0 0 )  = e =  S U M ( ( L K ) 'q ( L J , K ) ) + q h u ( J ) ;

S H B _ H ( l , K ) S ( O R D ( K ) N E C A R D ( K ) ) . . ( t H ( L K ) - t H ( L K + l ) ) * F H ( I ) * C P * ( 1 0 0 0 / 3 6 0 0 )
= e =  ร บ M ( J , q ( I , J , K ) ) ;

S H B _ C ( J , K ) $ ( O R D ( K )  N E  C A R D ( K ) ) .. ( t C ( J , K ) - t C ( J , K + l ) ) * F C ( J ) » C P * (  1 0 0 0 / 3 6 0 0 )
= e =  S U M O . q t l . J . K ) ) ;
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T I N H A S S G N ( I ) .. T I N H ( ] )  = e =  t H ( l , ' f i r s t l o c a t i o n ') ;
TTNCASSGN(J).. TINC(J) =e= tca’lastlocation');

F H 1 ( l , K ) $ ( O R D ( K )  N E  C A R D ( K ) ) .. t H ( I ,K )  = g =  t H ( I , K + l ) ;
F H 2 ( I ) .. T O U T H ( I )  = ] =  t H ( I , ' l a s t l o c a t i o n ' ) ;
FCl(J,K)$(ORD(K) NE CARD(K)).. tC(J.K) =g= tC(J,K+l );
FC2(J).. TOUTC(J) =g= t C ( J ,  firstlocation');

H U L O A D ( I ) .. ( t H ( I , ,l a s t l o c a t i o n ' ) - T O U T H ( l ) ) * F H ( I ) * C P * (  10 0 0 / 3 6 0 0 )  = e =  q c u ( I ) ;  
C U L O A D ( J ) .. ( T O U T C ( J ) - t C ( J , ' f i r s t l o c a t i o n ) ) * F C ( J ) * C P * (  1 0 0 0 / 3 6 0 0 )  = e =  q h u ( J ) ;

H E C O U N T l ( I , J , K ) $ ( O R D ( K )  N E  C A R D ( K ) ) .. q ( U , K . ) - O M E G A * z ( I , J , K )  = 1 =  0 ;  
H E C O U N T 2 ( I ) .. q c u ( I ) - O M E G A * z c u ( I )  = 1 =  0 ;
H E C O U N T 3 ( J ) .. q h u ( J ) - O M E G A * z h u ( J )  = 1 =  0 ;

A P P T E M P L ( I , J , K ) $ ( O R D ( K )  N E  C A R D ( K ) ) .. d t ( I , J , K )  = 1 =  t H ( I ,K ) - t C ( J , K ) + G A M M A ~ * (  1 - z ( I , J ,K ) ) ;  
A P P T E M P R ( I , J , K ) $ ( O R D ( K )  N E  C A R D ( K ) ) .. d t ( I , J , K + l )  = 1 =  t H ( I , K + l ) - t C ( J , K + l ) + G A M M A * ( ] - z ( I , J , K ) ) ;  
A P P T E M P C U ( I ) .. d t c u ( I )  = ! =  t H ( l , ' l a s t l o c a t i o n ’) - T O U T C U  + G A M M A * ( ] - z c u ( I ) ) ;
A P P T E M P H U ( J ) .. d t h u ( J )  = 1 =  T O U T H U  - t C ( J , ' f i r s t l o c a t i o n ,) + G A M M A * (  1 - z h u ( J ) ) ;

A P P T E M P L I M I T ( I , J , K ) $ ( O R D ( K )  N E  C A R D ( K ) )  .. d t ( I , J , K )  = g =  E M A T ;
A P P T E M P L I M I T C U ( i ) .. d t c u ( I )  = g =  E M A T ;
A P P T E M P L I M 1 T H U 0 ) .. d t h u ( J )  = g =  E M A T ;

L O G M H ( i j , K ) .. L M T D ( i j , K )  = e =  ( ( ( d t ( i . j . K ) * d t ( i j , K + ] ) ) * ( d t ( i j , K ) + d t ( i j , K + l ) ) / 2 ) ) * * ( l / 3 ) ;
L O G M H U C j ) .. L M T D h u ( j )  = e =  ( ( ( ( T O U T H U - t C ( J ; f i r s t l o c a t i o n ') ) * ( T I N H U - T O U T C ( J ) ) ) * ( ( T O U T H U -  
t C ( J ,  f i r s t l o c a t i o n  ) ) + ( T l N H U - T O U T C ( J ) ) ) / 2 ) ) * * (  1 /3 ) ;
L O G M C U ( i ) .. L M T D c u ( i )  = e =  ( ( ( ( t H ( l . ' l a s t ] o c a t i o n ,) - T O U T C U ) * ( T O U T H ( l ) - T l N C U ) ) * ( ( t H ( i , ' l a s t l o c a t i o n ,) -  
T O U T C U ) + ( T O U T F 1  ( I ) - T I N c u ) ) / 2 ) )*  * (  I / 3 ) ;
H A R E A ( i j . K )  .. A ( i j , K ) * U * L M T D ( i j , K )  = e =  q ( U . K ) :
H U A R E A ( j ) .. A h u ( j )  บ * L M T D h u ( j )  = e =  q h u ( j ) ;
C U A R E A ( i ) .. A c u ( i ) * U * L M T D c u ( i )  = e =  q c u ( i ) ;
T O T A R E A  .. A t o t  = e =  s u m ( ( i j , k ) , A ( i  j , K ) ) + s u m ( J , A h u ( j ) ) + s u m ( i , A c u ( i ) ) ;

H A C O S T  .. C o s t h  = e =  s u m ( ( i j , k ) , ( ( H F l + H F 2 ) * z ( i j , k ) + H V * A ( i j , k ) ) * W Y ) ;
H U A C O S T  . C o s t h u  = e =  s u m ( j , ( ( F l F I + H F 2 ) * z h u ( i ) + H V * A h u ( j ) ) * W Y ) ;
C U A C O S T  .. C o s t c u  = e =  s u m ( i , ( ( H F l + H F 2 ) * z c u ( i ) + H V * A c u ( i ) ) * W Y ) ;
F I U O C O S T  .. O C o s t h u  = e =  s u m ( j , H U O C * q h u ( j ) ) ;
C U O C O S T  .. O C o s t c u  = e =  รนทา( i , C U O C * q c u ( i ) ) ;

O A Q C U  .. O Q C U  = e =  S U M ( l , q c u ( I ) ) ;
O A Q F 1 U  .. O Q H U  = e =  S U M ( J , q h u ( J ) ) ;
O B J F N 2  .. 0 2  = e =  O C o s t h u + O C o s t c u ;

* + s u m ( ( i j , k ) , z ( i j . k ) * ( H F l + H F 2 ) ) ;
O B J F N 3  .. 0 3  = e =  C o s t h + C o s t h u + C o s t c u + O C o s t h u + O C o s t c u ;

I n v e s t .. I N V  = e =  C o s t h + C o s t h u + C o s t c u ;
T o t a l .. T A C  = e =  C o s t h + C o s t h u + C o s t c u + O C o s t h u + O C o s t c u + F C o s t . l + P I C o s t . l ;
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M o d e l  M I X I N G  1 / M B I  , M B 2 , C o n s I , C o n s 2 , F r e s h , L o g i c a l  I , L o g i c a l 2 , L o g i c a l 3 ,  
W a s t e , A l l w a s t e . F l o w , T e m p K , F R E S H C , O B J F N  1 1/;
S o l v e  M I X I N G 1  u s i n g  M I P  m i n i m i z i n g  0 1 1 ;
D i s p l a y  F C o s t . L O F W  L O W W .L F F W  L y F W . I , w w . I , y W W  I ,x . l ,F . l , y . l ,C K . . I ,T K . l ;

P a r a m e t e r
x i n ( i j )
F F W i n ( j )
W W i n ( i )
y i n ( i j )
y F W i n ( j )
y W W i n ( i )

x i n ( i j )  =  x . l ( i j ) ;
F F W i n ( j )  =  F F W .I C i ) ;
W W i n ( i )  =  w w . l ( i ) ;  
y i n ( i j )  =  y . l ( i j ) ;  
y F W i n ( j )  =  y F W . l ( j ) ;  
y W W i n ( i )  =  y W W . I ( i ) ;

x .  l ( i j )  =  x i n ( i j ) ;
F F W .K J )  =  F F W i n ( j ) ;  
w w . l ( i )  =  W W i n ( i ) ;
y .  l ( i j )  =  y i n ( i j ) ;  
y F W . l ( j )  =  y F W i n ( j ) ;  
y W W . I ( i )  =  y W W i n ( i ) ;

M o d e l  M I X I N G 2  / M  B I , M B 2 , C o n s  I , C o n s 2 , F r e s h , L o g i c a l  I , L o g i c a l 2 , L o g i c a l 3 .
W a s t e , A l l w a s t e , F l o w  J e m p K  F R E S H C , P I P  I , P I P 2 , P I P 3 , P 1 P C , 0 B J F N  1 2 / ;
S o l v e  M I X I N G 2  u s i n g  M I N L P  m i n i m i z i n g  0 1 2 ;
D i s p l a y  P I C l . l , P l C 2 . L P l C 3 . 1 . P I C o s t . l , F C o s t . I , O F W . L O W W . L F F W . I ,  
y F W . I , W W . ! , y W W . I  x . I  F . l  y . l ,C K . I  T K . l ;

T I N C O )  =  T K .K j ) ;
T I N H ( i )  =  T S ( i ) ;
FH(i) = ww.l(i);
FC(j) = FK(j);

q . f x ( i j , k ) = 0 ;

M O D E L  S T A G E M O D E L 1  / a b c , O H B _ H , O H B _ C , S H B _ H , S H B _ C , T I N H A S S G N , T I N C A S S G N , F H l , F H 2 ,  
F C I , F C 2 , H U L O A D , C D L O A D , H E C O U N T I . H E C O U N T 2 . H E C O U N T 3 , A P P T E M P L , A P P T E M P R , A P P T E M P C U ,  
A P P T E M P H U , A P P T E M P L I M I T . A P P T E M P L l M I T C U , A P P T E M P L I M I T H U , O A Q C U , O A Q H U ,  
H U O C O S T , C U O C O S T , I n v e s t , O B J F N 2 /

S O L V E  S T A G E M O D E L I  U S I N G  M I P  M I N I M I Z I N G  0 2 ;
D I S P L A Y  z . l , z c u . l , z h u  1,t i l . L t C . I , q . L q c u . L q h u . I . O Q H U . L O Q C U . L I N V . 1 .0 2 .1 ;

P a r a m e t e r
q i n ( i j , k )
q c u i n ( i )
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q h u i n ( j )
T H i n ( i , k )
T C i n ( j , k )
z i n ( i j , k )
z c u i n ( i )
z h u i n f j )

q i n ( i j , k )  =  q . I ( i j , k ) ;  
q c u i n ( i )  =  q c u . l ( i ) ;  
q h u i n ( j )  =  q h u .K j ) ;  
T H i n ( i , k )  =  T H . l ( i , k ) ;  
T C i n ( j , k )  =  T C . I ( j , k ) ;  
z i n ( i j , k )  =  z . l ( i j , k ) ;  
z c u i n ( i )  =  z c u . l ( i ) ;  
z h u i n ( j )  =  z h u . l ( j ) ;

q . l ( i j , k )  =  q i n ( i j , k ) ;  
q c u . l ( i )  =  q c u i n ( i )  ; 
q h u . K j )  =  q h u i n ( j ) ;  
T H . I ( i , k )  =  T H i n ( i , k ) :  
T C . 1 0 ,k )  =  T C i n ( j  k ) ;

z . f x ( i  j , k )  =  z i n ( i j , k ) ;  
z c u . f x ( i )  =  z c u i n ( i ) ;  
z h u . t 'x ( j )  =  z h u i n ( j ) ;

L M T D . l ( i j . k )  =  ( ( ( d t . l ( i , j , K . ) * d t . l ( i j , K . +  l ) ) * ( d t . l ( i j , K ) + d t . l ( i j , K . +  l ) ) / 2 ) ) * * ( l / 3 ) ;
L M T D h u . l ( j )  =  ( ( ( ( T O U T H U - t C . l ( J , ' r i r s t l o c a t i o n j ) * ( T I N H U - T O U T C ( J ) ) ) * ( ( T O U T H U -  
t C . I ( J , ' f l r s t l o c a t i o n ) ) + ( T I N H U - T O U T C ( J ) ) ) / 2 ) ) * * (  1 /3 ) ;
L M T D c u . l ( i )  =  ( ( ( ( t H . l ( i , ' l a s t l o c a t i o n j - T O U T C U ) * ( T O U T H ( l ) - T l N C U ) ) * ( ( t H . l ( i , ' l a s t l o c a t i o n j -  
T 0 U T C U ) + ( T 0 U T H ( I ) - T I N C U ) ) / 2 ) ) * * (  1 /3 ) ;
A . l ( i j . k )  =  q i n ( i j , k ) / ( U * L M T D . I ( i j , k ) + 0 . 0 0 1 ) ;
A h u . l ( j )  =  q h u i n ( j ) / ( U * L M T D h u . l ( j ) + O . O O I ) ;
A c u . l ( i )  =  q c u i n ( i ) / ( U * L M T D c u . l ( i ) + 0 . 0 0 1 );

M O D E L  S T A G E M O D E L 2  / a b c , O H B _ H , O H B _ C , S H B _ H , S H B _ C , T T N H A S S G N , T T N C A S S G N , F H l , F H 2 ,  
F C l , F C 2 , H U L O A D , C U L O A D  H E C O U N T I , H E C O U N T 2  H E C O U N T 3 , A P P T E M P L , A P P T E M P R , A P P T E M P C U ,  
A P P T E M P H U , A P P T E M P L 1 M I T . A P P T E M P L I M I T C U , A P P T E M P L I M 1 T H U , L O G M H . L O G M H U , L O G M C U ,  
H A R E A , H U A R E A , C U A R E A , T O T A R E A , H A C O S T H U A C O S T , C U A C O S T , H U O C O S T . C U O C O S T , O A Q C G , O A Q  
H U , O B J F N 3 ,
I n v e s t , T o t a l /

S O L V E  S T A G E M O D E L 2  U S I N G  M I N L P  M I N I M I Z I N G  0 3 ;
D I S P L A Y  x . I , T K . I , z . l , z c u , l , z h u . l , t H . I , t C . l , q . l . q c u . l , q h u . I , O Q U U . I ,  
O Q C U . l , O C o s t h u . I , O C o s t c u . I , A . I , A h u . l , A c u . l , A t o t . l , 0 3 . 1 , I N V . l , F c o s t . l , T A C . l ;
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A P P E N D I X  A  l 2 ะ C a s e  S tu d y  4  W H E N  w ith o u t  W N  d e s ig n  G A M S  C o d e

s e t  i S o u r c e  s t r e a m  / i  1 * i 5 /  
j  S i n k  s t r e a m  / j l * j 5 /
K  l o c a t i o n  /  f i r s t l o c a t i o n , l o c a t i o n 2 * l o c a t i o n 4 , l a s t l o c a t i o n /

P a r a m e t e r
/ i l 1 3 0
i2 1 0 8
i3 7 0
i4 4 4
i5 2 2 /
/ i l 9

i2 9
i3 9
i4 9
i5 4 . 5 /

/ i l 1 2 0
i2 1 0 0
i3 1 3 0
i4 1 4 0
i5 8 0 /

C K L  / j  1 2 0
j 2  2 0  
j 3  2 0  
J 4  2 0  
j 5  2 0 /

F K  / j l 10
j 2 4
j 3 12
j 4 8
j 5 6 . 5 /

T O U T H ( l )  o u t l e t  t e m p e r a t u r e  o f  h o t  s t r e a m
/ i l 3 0
i2 3 0
i3 3 0
i4 3 0
i5 3 0 /

T O U T C ( J )  o u t l e t  t e m p e r a t u r e  o f  c o l d  s t r e a m
/ j l 1 0 0
j 2 1 0 0
j 3 1 0 0
J 4 1 0 0
j 5 1 0 0 /

C P F 2  P i p i n g  f i x  c o s t  f r e s h  t o  s i n k  ( ร  p e r  y e a r )
/ j l 2 0 0
j 2 3 0 0
j 3 1 5 0
j 4 1 2 0



j 5  2 5 0 /
C P 2  P i p i n g  v a r i a b l e  f r e s h  t o  s i n k  ( ร  p e r  t o n )

/ j  1 0 .7 e - 3
j 2  1 .4 e - 3
j 3  l . 2 e - 3
j 4  l . l e - 3
j 5  1 3 e - 3  /

C P F 3  P i p i n g  f i x  c o s t  s o u r c e  t o  w a s t e  ( ร  p e r  y e a r )
/ i l  1 0 0
12 200
13 2 5 0
14 1 5 0
\รุ, 200 /

C P 3  P i p i n g  v a r i a b l e  c o s t  s o u r c e  t o  w a s t e  ( ร  p e r  t o n )  
/ i l  0 . 7 e - 3
12 l . 4 e - 3
13 l . l e - 3
14 1 .2 e - 3
15 1 .3 e - 3  /

T I N C ( j )
T I N H ( i )
F H ( i )
F C ( j )

T A B L E  C P F l ( i j )  P i p i n g  f i x  c o s t  s o u r c e  t o  s i n k  (ร  p e r  y e a r )  
j l  j 2  j 3  j 4  j 5

11 1 0 0  3 0 0  1 5 0  2 0 0  2 0 0
12 2 0 0  2 5 0  1 0 0  2 2 0  1 5 0
13 2 2 0  3 0 0  3 3 0  3 0 0  1 1 0
14 n o  4 0 0  2 0 0  2 0 0  2 5 0
15 2 0 0  3 0 0  1 0 0  3 0 0  2 5 0

T A B L E  C P l ( i j )  P i p i n g  v a r i a b l e  c o s t  s o u r c e  t o  s i n k  ( ร  p e r  t o n )
J l  j 2 j 3 J 4 j 5

i l l . l e - 3 1 ,2 e - 3 1 .3 e - 3 1 .4 e - 3 l . l e - 3
i2 0 .8 e - 3 l . 3 e - 3 l . l e - 3 1 .2 e - 3 0 .9 e - 3
i3 0 .9 e - 3 1 - 3 e - 3 l . l e - 3 1 4 e - 3 l . l e - 3
i4 1 .3 e - 3 1 - 2 e - 3 1 .3 e - 3 1 ,4 e - 3 l . l e - 3
i5 l . l e - 3 0 .8 e - 3 l . 3 e - 3 1 .4 e - 3 0 .9 e - 3

S c a l a r  O M E G A  1 / 1 0 0 0 0 /
T F W  / 2 5 /
O M E G A  u p p e r  b o u n d  f o r  h e a t  e x c h a n g e  / 1 0 0 0 0 0 0 /  
G A M M A  u p p e r  b o u n d  f o r  t e m p e r a t u r e  d i f f e r e n c e  / 10 0 0 0 0 0 /  
E M A T  e x c h a n g e r  m i n i m u m  a p p r o a c h  t e m p e r a t u r e  / 1 0 /
C P  h e a t  c a p a c i t y  / 4 . 2 /
F W C  F r e s h w a t e r  c o s t  ( ร  p e r  t o n )  / 0 . 3 7 5 /
H F 1  H e a t  E x c h a n g e r  f i x e d  c o s t  ( ร )  / 8 0 0 0 /
H F 2  H e a t  E x c h a n g e r  f i x e d  c o s t  ( ร )  / 1 9 9 6 5 .8 9 /



H V  H e a t  E x c h a n g e r  v a r i a b l e  c o s t  ( ร  p e r  m 2 )  / 5 5 . 7 4 8 9 9 /  
H U O C  H o t  u t i l i t y  o p e r a t i o n  c o s t  ( ร  p e r  k W  y )  / 3 7 7 /  
c u o c  C o l d  u t i l i t y  o p e r a t i o n  c o s t  ( ร  p e r  k W  y )  / 1 8 9 /
บ  O v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t  / 0 . 5 /
W H  W o r k i n g  h o u r  / 8 0 0 0 /
W Y  A n n a u l i z e  f a c t o r / o . 3 3 3 /
T I N H U  H o t  u t i l i t y  i n l e t  t e m p e r a t u r e  / 1 2 0 /
T O U T H U  H o t  u t i l i t y  o u t l e t  t e m p e r a t u r e  / 1 2 0 /
T f N C U  C o l d  u t i l i t y  i n l e t  t e m p e r a t u r e  / ] 0 /
T O U T C U  C o l d  u t i l i t y  o u t l e t  t e m p e r a t u r e  / 2 0 /

V a r i a b l e s
O F W O v e r a l l  f r e s h w a t e r
oww O v e r a l l  w a s t e w a t e r
F C o s t F r e s h w a t e r  c o s t
I N V I n v e s t m e n t  c o s t
T A C T o t a l  a n n u a l  c o s t
P I C 1 P i p i n g  c o s t  o f  s o u r c e  t o  s i n k
P I C 2 P i p i n g  c o s t  o f  f r e s h  t o  s i n k
P I C 3 P i p i n g  c o s t  o f  s o u r c e  t o  w a s t e
P I C o s t P i p i n g  c o s t
O i l O b j e c t i v e  1.1
012 O b j e c t i v e  1 .2
02 O b j e c t i v e  2
0 3 O b j e c t i v e  3

P o s i t i v e  v a r i a b l e s  x ( i  j )
F F W ( j )  F r e s h w a t e r  f l o w r a t e  
F ( i j )  S p l i t t i n g  F l o w r a t e  
C K ( j )  S i n k  s t r e a m  c o n c e n t r a t i o n  
T K ( j )  S i n k  t e m p e r a t u r e  
W W ( i )  S o u r c e  W a s t e  w a t e r

d t ( I , J , K )  T e m p e r a t u r e  a p p r o a c h  f o r  m a t e h  ij  a t  t h e  l e f t  o f  s t a g e  k  
d t c u ( I )  T e m p e r a t u r e  a p p r o a c h  f o r  m a t c h  h o t  s t r e a m  i a n d  c o l d  u t i l i t y  
d t h u ( J )  T e m p e r a t u r e  a p p r o a c h  f o r  m a t c h  c o l d  s t r e a m  j  a n d  h o t  u t i l i t y

q ( I , J , K )  H e a t  e x c h a n g e d  b e t w e e n  h o t  s t r e a m  i a n d  c o l d  s t r e a m  j  a t  s t a g e  k  
q c u ( I )  H e a t  e x c h a n g e d  b e t w e e n  h o t  s t r e a m  i a n d  c o l d  u t i l i t y  
q h u ( J )  H e a t  e x c h a n g e d  b e t w e e n  c o l d  s t r e a m  j  a n d  h o t  u t i l i t y  
A ( i j , K )
A h u ( j )
A c u ( i )
A t o t
L M T D ( i j , K )
L M T D c u ( i )
L M T D h u ( j )
C o s t h
C o s t h u
C o s t c u
O C o s t h u



O C o s t c u
O q c u  O v e r a l l  h e a t  e x c h a n g e d  b e t w e e n  h o t  s t r e a m  i a n d  c o l d  u t i l i t y
O q h u  O v e r a l l  h e a t  e x c h a n g e d  b e t w e e n  c o l d  s t r e a m  j  a n d  h o t  u t i l i t y
t H ( I , K )  T e m p e r a t u r e  o f  h o t  s t r e a m  i a t  l o c a t i o n  k  
t C ( J , K )  T e m p e r a t u r e  o f  c o l d  s t r e a m  j  a t  l o c a t i o n  k

B I N A R Y  V A R I A B L E
y ( i  j )  B i n a r y  v r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  s o u r c e  t o  s i n k  i n  W N  
y F W ( j )  B i n a r y  v r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  F W  t o  s i n k  in  W N  
y W W ( i )  B i n a r y  v r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  ww f r o m  s o u r c e  in  W N  
z ( I , J , K )  B i n a r y  v a r i a b l e  to  d e n o t e  e x i s t e n c e  o f  m a t c h  ij in  s t a g e  k  
z c u ( I )  B i n a r y  v a r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  c o l d  u t i l i t y  w i t h  h o t  s t r e a m  i 
z h u ( J )  B i n a r y  v a r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  h o t  u t i l i t y  w i t h  c o l d  s t r e a m

E q u a t i o n

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ y ^ x e r  n e t w o r k * * * * * * * *
M B l ( j )  M a s s  b a l a n c e  ( f l o w r a t e )
M B 2 ( j )  M a s s  b a l a n c e  ( c o n t a m i n a n t )
C o n s l ( i )  C o n s t r a i n t  f o r  X 
C o n s 2 ( j )  C o n c e n t r a t i o n  c o n s t r a i n t  
F r e s h  F r e s h w a t e r  u s a g e  
W a s t e ) i )  W a s t e  o f  s o u r c e  
A l l w a s t e  W a s t e  d i s c h a r g e  
F l o w ( i  j )  F l o w r a t e  e a c h  s i n k  
L o g i c a l  1 ( i j )  L o g i c a l  c o n s t r a i n t  
L o g i c a l 2 ( j )  L o g i c a l  c o n s t r a i n t  
L o g i c a B ( i )  L o g i c a l  c o n s t r a i n t  
T e m p K ( j )  T e m p e r a t u r e  o f  s i n k  
F R E S F 1 C  F r e s h w a t e r  c o s t  
P I P 1  P i p i n g  c o s t  o f  s o u r c e  t o  s i n k  
P I P 2  P i p i n g  c o s t  o f  f r e s h  t o  s i n k  
P 1 P 3  P i p i n g  c o s t  o f  s o u r c e  t o  w a s t e
P I P C  P i p i n g  c o s t

O B J F N 1 1  
O B J F N 1 2

L i n k l ( j )
L i n k 2 ( j )
L i n k 3 ( i )
L i n k 4 ( i )
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * J - I E A T E X  N E T W O R K * * * * * * *  

a b c ( I , J )  @ # @ $ $ #

O H B _ F ) ( l )  o v e r a l l  h e a t  b a l a n c e  f o r  e a c h  h o t  s t r e a m
O F J B _ C ( J )  o v e r a l l  h e a t  b a l a n c e  f o r  e a c h  c o l d  s t r e a m

S H B _ H ( 1 ,K )  h e a t  b a l a n c e  a t  e a c h  s t a g e  f o r  h o t  s t r e a m
S H B _ C ( J , K )  h e a t  b a l a n c e  a t  e a c h  s t a g e  f o r  c o l d  s t r e a m

T I N H A S S G N ( l )  a s s i g n m e n t  o f  i n l e t  t e m p e r a t u r e  o f  h o t  s t r e a m  i



TINCASSGN(J) assignment of inlet temperature of cold stream j
FH1(I,K)
FH2(I)
F C 1 ( J , K )
F C 2 ( J )

f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  e a c h  s t a g e  f o r  h o t  s t r e a m  
f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  l a s t  s t a g e  f o r  h o t  s t r e a m  

f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  e a c h  s t a g e  f o r  c o l d  s t r e a m  
f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  f i r s t  s t a g e  f o r  c o l d  s t r e a m

H U L O A D ( I )  h o t  u t i l i t y  l o a d  
C U L O A D ( J )  c o l d  u t i l i t y  l o a d

H E C O U N T l ( I , J , K )  c o u n t  h e a t  e x c h a n g e r  
H E C O U N T 2 ( I )  c o u n t  h o t  u t i i l i t y  
H E C O U N T 3 ( J )  c o u n t  c o l d  u t i l i t y

A P P T E M P L ( L L K )  a p p r o a c h  t e m p e r a t u r e  a t  t h e  l e f t  o f  s t a g e  k  
A P P T E M P R ( L L K )  a p p r o a c h  t e m p e r a t u r e  a t  t h e  r i g h t  o f  s t a g e  k 
A P P T E M P C U ( I )  a p p r o a c h  t e m p e r a t u r e  a t  c o l d  u t i l i t y  o f  h o t  s t r e a m  i 
A P P T E M P H U ( J )  a p p r o a c h  t e m p e r a t u r e  a t  h o t  u t i l i t y  o f  c o l d  s t r e a m  j

A P P T E M P L I M I T ( 1 , J , K )  l i m i t i n g  t e m p e r a t u r e  a p p r o a c h  
A P P T E M P L I M l T C U ( l )  l i m i t i n g  t e m p e r a t u r e  a p p r o a c h  
A P P T E M P L I M I T H U ( J )  l i m i t i n g  t e m p e r a t u r e  a p p r o a c h

L O G M H ( i j , K ) L o g  m e a n  t e m p e r a t u r e  d i f f e r e n t  o f  H E
L O G M H U ( J ) L o g  m e a n  t e m p e r a t u r e  d i f f e r e n t  o f  H U
L O G M C U ( l ) L o g  m e a n  t e m p e r a t u r e  d i f f e r e n t  o f  cu
H A R E A ( i j . K ) H e a t  e x c h a n g e r  a r e a
H U A R E A ( J ) H o t  u t i l i t y  a r e a
C U A R E A ( l ) C o l d  u t i l i t y  a r e a
T O T A R E A T o t a l  a r e a

H A C O S T H e a t  e x c h a n g e r  a r e a  c o s t
H U A C O S T H o t  u t i l i t y  h e a t  e x c h a n g e r  a r e a  c o s t
C U A C O S T C o l d  u t i l i t y  h e a t  e x c h a n g e r  a r e a  c o s t
H U O C O S T H o t  u t i l i t y  o p e r a t i o n  c o s t
C U O C O S T C o l d  u t i l i t y  o p e r a t i o n  c o s t

O A Q C U O v e r a l l  C o t d  u t i l i t y
O A Q F m O v e r a l l  h o t  u t i l i t y
O B J F N 2 u t i l i t y  Q
O B J F N 3 u t i l i t y  A R E A
I n v e s t I n v e s t m e n t  c o s t
T o t a l T o t a l  a n n u a l  c o s t

M B l ( j ) .. s u m ( i , C S ( i ) * F S ( i ) * x ( i j ) )  = e =  C K ( j ) * F K ( j )  : 
M B 2 ( j ) .. s u m ( i , F S ( i ) * x ( i j ) )  +  F F W ( j )  = e =  F K ( j )  ; 
C o n s l ( i )  .. s u m ( j , x ( i j ) ) - l  = 1 =  0  ;
C o n s 2 ( j ) .. C K O )  = 1 =  C K L O )  ;
F r e s h  .. O F W  = e =  s u m < j ,F F W ( j ) ) ;
W a s t e ) i ) .. W W ( i )  = e =  ( l - s u m O , x ( i , j ) ) ) * F S ( i ) ;  
A l l w a s t e  .. o w w  = e =  s u m ( i , W W ( i ) ) ;



F l o w ( i j ) .. F ( i j )  = e =  F S ( i ) * x ( i j )  ;
L o g i c a l  1 ( i  j ) .. F ( i  j ) - O M E G A  1 * y ( i . j )  = 1 =  0 ;
L o g i c a l 2 ( j ) .. F F W ( j ) - O M E G A  I * y F W ( j )  = 1 =  0 ;
L o g i c a l 3 ( i )  .. W W ( i ) - O M E G A I * y W W ( i )  = 1 =  0 ;
T e m p K G ) .. s u m ( i , T S ( i ) * F ( i  j ) ) + T F W * F F W ( j )  = e =  T K ( j ) * F K ( j ) ;
F R E S H C  .. F C o s t  = e =  O F W * F W C * W H ;
P I P I  .. P I C 1  = e =  รน m ( ( i j ) , y ( i j ) * ( C P F l ( i j ) + F ( i j ) * C P l ( i j ) * W H ) ) ;
P I P 2  . .  P I C 2  = e =  s u m ( j , y F W ( j ) * ( C P F 2 ( j ) + F F W G ) * C P 2 ( j ) * W F l ) ) ;
P I P 3  .. P I C 3  = e =  s u m ( i , y W W ( i ) * ( C P F 3 ( i ) + W W ( i ) * C P 3 ( i ) * W H ) ) ;
P I P C  .. P I C o s t  = e =  P I C  1 + P I C 2 + P I C 3 ;
O B J F N l l  . . O i l  = e =  F C o s t ;
O B J F N I 2  . . 0 1 2  = e =  F C o s t + P I C o s t ;

L i n k l ( j ) .. T K ( j )  = e =  T I N C ( J ) ;
L i n k 2 ( j ) .. F K ( j )  = e =  F C ( J ) ;
L i n k 3 ( i ) .. T S ( | )  = e =  T I N H ( l ) ;
L i n k 4 ( i ) .. F H ( 1 )  = e =  W W ( i ) .

a b c ( i  j ) .. q ( i . j , ' l a s t I o c a t i o n ' )  = e =  0 ;

O H B _ H ( i ) .. ( T I N H ( i ) - T O U T H ( i ) ) * F H ( i ) * C P * (  1 0 0 0 / 3 6 0 0 )  = e =  S U M ( ( J , K ) , q ( I . J , K ) ) + q c u ( I ) ;
O H B ^ C ( j ) .. ( T O U T C ( J ) - T I N C ( J ) ) * F C ( J ) * C P * (  10 0 0 / 3 6 0 0 )  = e =  S U M ( ( I . K ) , q ( l , J , K ) ) + q h u ( J ) ;

S H B _ H ( I , K ) $ ( O R D ( K )  N E  C A R D ( K ) ) .. ( t H ( l , K ) - t H ( l , K + l ) ) * F H ( l ) * C P * ( 1 0 0 0 / 3 6 0 0 )
= e =  S U M ( J , q ( I , J ,K . ) ) ;

S H B _ C ( J , K ) $ ( O R D ( K )  N E  C A R D ( K ) ) .. ( t C ( J , K ) - t C ( J , K + l  ) ) * F C ( J ) * C P * (  1 0 0 0 / 3 6 0 0 )
= e =  ร บ M ( l , q ( I , J , K ) ) ;

T I N H A S S G N ( I )  .. T I N H ( I )  = e =  t H ( I . T i r s t l o c a t i o n ’) ;
T I N C A S S G N ( J ) .. T I N C ( J )  = e =  t C ( J . ' l a s t l o c a t i o n ' ) ;

F H l ( l , K ) S ( O R D ( K )  N E  C A R D ( K ) )  .. t H ( l . K )  = g =  t H ( l , K + l ) ;
F H 2 ( I )  .. T O U T H ( I )  = 1 =  t H ( I . ’l a s t l o c a t i o n ' ) ;
F C l ( J , K ) $ ( O R D ( K )  N E  C A R D ( K ) ) .. t C ( J , K )  = g =  t C ( J . K + l ) ;
F C 2 ( J ) .. T O U T C ( J )  = g =  t C ( J , ' f i r s t l o c a t i o n  ) ;

H U L O A D ( I ) .. ( t H ( I , ’l a s t l o c a t i o n ' ) - T O U T H ( I ) ) * F H ( I ) * C P * (  1 0 0 0 / 3 6 0 0 )  = e =  q c u ( I ) ;
C U L O A D ( J ) . ( T O U T C ( J ) - t C ( J , ' f i r s t l o c a t i o n  ) ) * F C ( J ) * C P * (  1 0 0 0 / 3 6 0 0 )  = e =  q h u ( J ) ;

H E C O U N T 1 ( I , J , K ) $ ( O R D ( K )  N E  C A R D ( K ) )  .. q ( U , K ) - O M E G A * z ( U , K )  = 1 =  0 ;
H E C O U N T 2 ( I )  .. q c u ( l ) - O M E G A * z c u ( l )  = 1 =  0 ;
H E C O U N T 3 ( J ) .. q h u ( J ) - O M E G A * z h u ( J )  = 1 =  0 ;

A P P T E M P L ( U , K ) S ( O R D ( K )  N E  C A R D ( K ) ) .. d t ( I . J . K )  = 1 =  t H ( I , K ) - t C ( J , K ) + G A M M A * ( l - z ( I J , K ) ) ;  
A P P T E M P R ( l , J , K ) $ ( O R D ( K )  N E  C A R D ( K ) )  .. d t ( l , J , K + l )  = 1 =  t H ( I , K + l ) - t C ( J , K + l ) + G A M M A * ( l - z ( U , K ) ) ;  
A P P T E M P C U ( I ) .. d t c u ( I )  = 1 =  t H ( I , ' l a s t l o c a t i o n ’) - T O U T C U  + G A M M A * ( l - z c u ( I ) ) ;
A P P T E M P H U ( J ) .. d t h u ( J )  = 1 =  T O U T H U  - t C ( J , ' f i r s t l o c a t i o n ’) + G A M M A * ( l - z h u ( J ) ) ;

A P P T E M P L I M I T ( l . J , K ) $ ( O R D ( K )  N E  C A R D ( K ) )  .. d t ( U , K )  = g =  E M A T ;
A P P T E M P L I M I T C U ( i )  .. d t c u ( I ) = g =  E M A T ;
A P P T E M P L I M I T H U f j ) .. d t h u ( J )  = g =  E M A T ;
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L O G M H ( i j j K ) .. L M T D ( i j , K )  = e =  ( ( ( d t ( i j , K ) * d t ( i j , K + l ) ) * ( d t ( i j , K ) + d t ( i j , K + l ) ) / 2 ) ) * * ( l / 3 ) ;
L O G M H U ( j ) .. L M T D h u O )  = e =  ( ( ( ( T O U T H U - t C ( J , f i r s t l o c a t i o n ,) ) * ( T I N H U - T O U T C ( J ) ) ) * ( ( T O U T H U -  
t C ( J , ' f i r s t l o c a t i o n ' ) ) + ( T I N H U - T O U T C ( J ) ) ) / 2 ) ) * * ( I / 3 ) ;
L O G M C U ( i ) .. L M T D c u ( i )  = e =  ( ( ( ( t H ( i ,  l a s t l o c a t i o n ,) - T O U T C U ) * ( T O U T H ( I ) - T I N C U ) ) * ( ( t H ( i , ,l a s t ] o c a t i o n ' ) -  
T O U T C U ) + ( T O U T H ( I ) - T I N C U ) ) / 2 ) ) * * ( l / 3 ) ;
H A R E A ( i j , K )  .. A ( i  j , K ) * U * L M T D ( i j , K )  = e =  q ( I . J . K ) ;
H U A R E A ( j ) .. A h u ( j ) * U * L M T D h u ( j )  = e =  q h u ( j ) ;
C U A R E A ( i ) .. A c u ( i ) * U * L M T D c u ( i )  = e =  q c u ( i ) ;
T G T A R E A  .. A t o t  = e =  s u m ( ( i j , k ) , A ( i j , K ) ) + s u m ( j , A h u ( j ) ) + s u n i ( i , A c u ( i ) ) ;

H A C O S T  .. C o s t h  = e =  s u m ( ( i j , k ) , ( ( H F I + H F 2 ) * z ( i j , k ) + H V * A ( i j , k ) ) * W Y ) ;
H G A C O S T  .. C o s t h u  = e =  s u m ( j , ( ( H F I + H F 2 ) * z h u ( j ) + F I V ‘ A h u ( j ) ) * W Y ) ;
C U A C O S T  .. C o s t c u  = e =  s u m ( i , ( ( H F I + H F 2 ) * z c u ( i ) + H V * A c u ( i ) ) * W Y ) ;
F f U O C O S T  .. O C o s t h u  = e =  s u m ( j ,F I U O C * q h u ( j ) ) ;
C U O C O S T  .. O C o s t c u  = e =  s u m ( i , C U O C * q c u ( i ) ) ;

O A Q C U  .. O Q C U  = e =  S U M ( I , q c u ( l ) ) ;
O A Q H G  .. O Q H U  = e =  S U M ( J , q h u ( J ) ) ;
O B J F N 2  .. 0 2  = e =  O C o s t h u + O C o s t c u  

+ s u m ( ( i  j , k ) , z ( i  j , k ) * (  E iF  I + F I F 2 ) ) ;
O B J F N 3  .. 0 3  = e =  C o s t h + C o s t h u + C o s t c u + O C o s t h u + O C o s t c u ;

I n v e s t  .. I N V  = e =  C o s t h + C o s t h u + C o s t c u ;
T o t a l .. T A C  = e =  C o s t h + C o s t h u + C o s t c u + O C o s t h u + O C o s t c u + F C o s t . I + P I C o s t . l ;

x . f x ( i j ) = 0 :

M o d e l  M I X I N G  1 / M B I , M B 2 , C o n s l . C o n s 2 , F r e s h , L o g i c a l  I , L o g i c a l 2 . L o g i c a l 3 ,  
W a s t e , A l h v a s t e , F l o v v . T e m p K . F R E S H C . O B J F N  1 1 /;
S o l v e  M I X 1 N G 1  u s i n g  M I P  m i n i m i z i n g  0 1 1  ;
D i s p l a y  F C o s t . l , O F W d , O W W . l , F F W . I , y F W . I , W W . l , y W W . I , x . l , F . I , y . l , C K . l , T K . I ;

P a r a m e t e r
x i n ( i j )
F F W i n ( j )
W W i n ( i )
y i n ( i j )
y F W i n ( j )
y W W i n ( i )

x i n ( i j )  =  x . l ( i j ) ;
FFWin(j) = FFW.10; 
W W i n ( t )  =  w w . l ( i ) ;
y i n ( i j )  =  y . I ( i j ) ;  
y F W i n ( j )  =  y F W . ! ( j ) ;  
y W W i n ( i )  =  y  w w . l ( i ) :

x . l ( i j )  =  x i n ( i j ) ;
FFW.10) = FFWinO); 
W W .I O )  =  W W i n ( i ) ;
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y . ! ( i j )  =  y i n ( i j ) ;  
y F W . I ( j )  =  y F W i n ( j ) :  
y W W . l ( i )  =  y W W i n ( i ) ;

M o d e l  M I X I N G 2  / M  B 1 , M B 2 , C o n s  1 ,C o ก ร2 , F r e s h , L o g i c a l  I . L o g i c a l 2 ,L o g i c a I 3 ,  
W a s t e , A I l w a s t e , F l o w , T e m p K , F R E S H C , P I P I , P l P 2 , P I P 3 , P I P C , O B J F N  1 2 / ;  
S o l v e  M I X I N G 2  u s i n g  M 1 N L P  m i n i m i z i n g  0 1 2 ;
D i s p l a y  P I C l . I , P I C 2 . l , P I C 3 . l , P I C o s t . l , F C o s t . l , O F W . I , O W W . l , F F W . I ,  
y F W . I , W W . l , y W W . I , x . l , F . I , y . l , C K . l , T K . I ;

T I N C ( j )  =  T K . l ( j ) ;
T I N H ( i )  =  T S ( i ) ;
F H ( i )  -  w w . l ( i ) ;
F C Ü )  =  F K ( i ) ;

M O D E L  S T A G E M O D E L I  / a b c , O H B _ H , O H B _ C , S H B _ + l , S H B _ C , T l N H A S S G N , T I N C A S S G N , F H l , F H 2 ,  
F C L F C 2 , H U L O A D , C U L O A D , H E C O U N T I . H E C O U N T 2 , H E C O U N T 3 , A P P T E M P L , A P P T E M P R >A P P T E M P C U ) 
A P P T E M P H U , A P P T E M P L I M I T , A P P T E M P L l M I T C U , A P P T E M P L I M I T H U , O A Q C U , O A Q F I U ,  
H U O C O S T , C U O C O S T . I n v e s t . O B J F N 2 /

S O L V E  S T A G E M O D E L I  U S I N G  M I P  M I N I M I Z I N G  0 2 ;
D I S P L A Y  z . l , z c u . l . z h u . l , t H . l , t C . l . q . I . q c u . l . q h u . l , 0 Q H U . I , 0 Q C U . I , I N V . l , 0 2 . l ;

P a r a m e t e r  
j q i n ( i j , k )  
q c u i n ( i )  
q h u i n ( j )
T H i n ( i , k )
T C in O  k )  
z i n ( i j . k )  
z c u i n ( i )  
z h u i n l j )

q i n ( i j , k )  =  q . l ( i j , k ) ;  
q c u i n ( i )  =  q c u . l ( i ) ;  
q h u i n ( j )  =  q h u . l ( j ) ;  
T H i n ( i . k )  =  T H . l ( i , k ) ;  
T C i n ü 'k )  =  T C . K j .k ) ;  
z i n ( i j , k )  =  z . l ( i j , k ) ;  
z c u i n ( i )  =  z c u . l ( i ) ;  
z h u i n ( j )  =  z h u . l ( j ) ;

q l ( i j . k )  =  q i n ( i  j . k ) :  
q c u . l ( i )  =  q c u i n ( i )  ; 
q h u . l ( j )  =  q h u i n ( i ) ;  
T H . l ( i , k )  =  T H i n ( i , k ) ;  
T C . I ü 'k )  =  T C i n ( j , k ) ;

z . f x ( i j , k )  =  z i n ( i j , k ) ;  
z c u . f x ( i )  =  z c u i n ( i ) ;



1 7 0

z h u . f x ( j )  =  z h u i n ( j ) ;

L M T D . l ( i  j , k )  =  ( ( ( d t . l ( i j , K ) * d t . l ( i j , K + 1 ) ) * ( d t . l ( i  j , K ) + d t . l ( i  j , K + 1  ) ) / 2 ) ) * » (  1 /3 ) ;
L M T D h u . I ( j )  =  ( ( ( ( T O U T H U - t C . I ( j } f i r s t l o c a t i o n ' ) ) * ( T I N H U - T O U T C ( J ) ) ) * ( ( T O U T H U -  
t C . l ( J , ' f i r s t l o c a t i o n ) ) + ( T I N H U - T O U T C ( J ) ) ) / 2 ) ) * * ( l / 3 ) ;
L M T D c u . l ( i )  =  ( ( ( ( t H . I ( i , ' l a s t l o c a t i o n ’) - T O U T C U ) * ( T O U T H ( I ) - T I N C U ) ) * ( ( t H . I ( i , ' l a s t I o c a t i o n ') -  
TOUTCU)+(TOUTH(I)-TrNCU))/2))**(l/3);
A . l ( i j . k )  =  q i n ( i j , k ) / ( U * L M T D . I ( i  j , k ) + 0 . 0 0 I  ):
Ahu.l(j) = qhuin(j)/(U*LMTDhu.l(i)+0.00l );
A c u . l ( i )  =  q c u i n ( i ) / ( U * L M T D c u . 1 ( 0 + 0 .0 0 1 ) ;

M O D E L  S T A G E M O D E L 2  / a b c , O H B _ H . O H B _ C , S H B _ H , S H B _ C , T I N H A S S G N , T I N C A S S G N , F H  1 ,F H 2 ,
F C 1 , F C 2 , H U L O A D C U L O A D . H E C O U N T 1 , H E C O U N T 2 , H E C O U N T 3 , A P P T E M P L , A P P T E M P R , A P P T E M P C U ,
A P P T E M P H U , A P P T E M P L I M I T , A P P T E M P L I M l T C U , A P P T E M P L I M I T H U . L O G M H , L O G M H U , L O G M C U ,
H A R E A , H U A R E A , C U A R E A , T O T A R E A . H A C O S T , H U A C O S T . C U A C O S T , H U O C O S T , C U O C O S T , O A Q C U , O A Q
H U , O B J F N 3 ,
I n v e s t , T o t a t /

S O L V E  S T A G E M O D E L 2  U S I N G  M 1 N L P  M I N I M I Z I N G  0 3 :
D I S P L A Y  x . ! , T K . I , z . l , z c u . l , z h u . l , t H . ! , t C . l . q . l , q c u . l , q h u . l , O Q H U . I ,  
O Q C U . l , A . I , A h u . l , A c u . l . A t o t . l , 0 3 . l , I N V . l . F c o s t . l , C o s t h . l , C o s t h u . l , C o s t c u . l ,
O C o s t h u . I , O C o s t c u . l , T A C . l ;

APPENDIX A-13 ะ Case Study 4 .  WHEN by two-step design Code
s e t  i S o u r c e  s t r e a m / i l  * i 5 /  

j  S i n k  s t r e a m  / j l * ) 5 /
K  l o c a t i o n  /  f i r s t l o c a t i o n , l o c a t i o n 2 * l o c a t i o n 4 , l a s t l o c a t i o n /

P a r a m e t e r
C S  S o u r c e  c o n c e n t r a t i o n  ( p p m )

/ i l  1 3 0
12 1 0 8
13 7 0  
id  4 4  
i5  2 2  /

F S  S o u r c e  f l o w r a t e  ( t o n  p e r  h )
/ i l  9

12 9
13 9
14 9
15 4 .5  /

T S  S o u r c e  t e m p e r a t u r e  ( d e g r e e  c e l c i u s )
/ i l  1 2 0
12 100
13 1 3 0
14 1 4 0
15 8 0 /



C K .L 1  S i n k  c o n c e n t r a t i o n  l i m i t  ( p p m )
/ j l  70 
j2  70 
j3  70 
j4  70 
J5 7 0 /

C K L 2  S i n k  c o n c e n t r a t i o n  l i m i t  ( p p m )
/jl 20 
j2 20
J3 20 
J4 20 
j5  2 0 / .

F K . S i n k  f l o w r a t e  ( t o n  p e r  h )
/jl 10 
J'2 4j3 12 
j4  8 
j5  6 .5 /

T O U T H ( I )  o u t l e t  t e m p e r a t u r e  o f  h o t  s t r e a m  ( d e g r e e  c e l c i u s )
/il 30
12 30
13 30
14 30
Ï5 3 0 /

T O U T C ( J )  o u t l e t  t e m p e r a t u r e  o f  c o l d  s t r e a m  ( d e g r e e  c e l c i u s )  
/ j l  100
j2 100
j3  100 
j4  100 
j5  100/

C P F 2  P i p i n g  f i x  c o s t  f r e s h  t o  s i n k  ( $  p e r  y e a r )
/jl 200 
j2  300 
j3  150 
j4  120 
j5  250 /

C P 2  P i p i n g  v a r i a b l e  f r e s h  t o  s i n k  ( ร  p e r  t o n )
/ j l  0.7e-3 
j2  1.4e-3 
|3 I 2e-3 
i4 1.1 e-3 
j5  1 3e-3 /

C P F 3  P i p i n g  f i x  c o s t  s o u r c e  t o  w a s t e  ( ร  p e r  y e a r )
/il 100
12 200
13 250
14 150
15 200 /

C P 3  P i p i n g  v a r i a b l e  c o s t  s o u r c e  t o  w a s t e  ( ร  p e r  t o n )
. /i 1 0.7e-3
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12 1 .4 e - 3
13 l . l e - 3
14 1 .2 e - 3
15 1 .3 e - 3  /

T I N C ( j )
T I N H ( i )
F H ( i )
F C ( j )

T A B L E  C P F l ( i . j )  P i p i n g  f ix  c o s t  s o u r c e  t o  s i n k  ( ร  p e r  y e a r )  
j l  j 2  j 3  j 4  j 5

11 1 0 0  3 0 0  1 5 0  2 0 0  2 0 0
12 2 0 0  2 5 0  1 0 0  2 2 0  1 5 0
13 2 2 0  3 0 0  3 3 0  3 0 0  n o
14 n o  4 0 0  2 0 0  2 0 0  2 5 0
15 2 0 0  3 0 0  1 0 0  3 0 0  2 5 0

T A B L E  C P l ( i . j )  P i p i n g  v a r i a b l e  c o s t  s o u r c e  t o  s i n k  ( ร  p e r  t o n )
j l  J 2 j 3 j 4 j 5

i l l . l e - 3 1 .2 e - 3 l . 3 e - 3 l . 4 e - 3 l . l e - 3
i2 0 .8 e - 3 1 .3 e - 3 l . l e - 3 1 ,2 e - 3 0 .9 e - 3
i3 0 .9 e - 3 I . 3 e - 3 l . l e - 3 1 ,4 e - 3 l . l e - 3
i4 1,3 e - 3 1 .2 e - 3 1 .3 e - 3 1 ,4 e - 3 l . l e - 3
i5 l . l e - 3 0 .8 e - 3 1,3 e - 3 l . 4 e - 3 0 .9 e - 3

S c a l a r  O M E G A  1 / 1 0 0 0 0 /
T F W  / 2 5 /
O M E G A  u p p e r  b o u n d  f o r  h e a t  e x c h a n g e  / 1 0 0 0 0 0 0 /  
G A M M A  u p p e r  b o u n d  f o r  t e m p e r a t u r e  d i f f e r e n c e  / 1 0 0 0 0 0 0 /  
E M A T  e x c h a n g e r  m i n i m u m  a p p r o a c h  t e m p e r a t u r e  7 1 0 /
C P  h e a t  c a p a c i t y  / 4 . 2 /
F W C  F r e s h w a t e r  c o s t  ( ร  p e r  t o n )  / 0 . 3 7 5 /
H F 1 H e a t  E x c h a n g e r  f i x e d  c o s t  ( ร )  / 8 0 0 0 /
H F 2  H e a t  E x c h a n g e r  f i x e d  c o s t  ( ร )  / 1 9 9 6 5 .8 9 /
H V  1 l e a t  E x c h a n g e r  v a r i a b l e  c o s t  ( ร  p e r  m 2 )  / 5 5 . 7 4 8 9 9 /  
H U O C  H o t  u t i l i t y  o p e r a t i o n  c o s t  ( ร  p e r  k w  y )  / 3 7 7 /  
c u o c  C o l d  u t i l i t y  o p e r a t i o n  c o s t  ( ร  p e r  k w  y )  / 1 8 9 /
บ  O v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t  7 0 .5 /
W H  W o r k i n g  h o u r  / 8 0 0 0 /
W Y  A n n a u l i z e  f a c t o r  7 0 .3 3 3 /
T 1 N H U  H o t  u t i l i t y  i n l e t  t e m p e r a t u r e  / 1 2 0 /
T O U T H U  H o t  u t i l i t y  o u t l e t  t e m p e r a t u r e  7 1 2 0 /
T 1 N C U  C o l d  u t i l i t y  i n l e t  t e m p e r a t u r e  / 1 0 /
T O U T C U  C o l d  u t i l i t y  o u t l e t  t e m p e r a t u r e  / 2 0 /

V a r i a b l e s
O F W  O v e r a l l  f r e s h w a t e r  
o w w  O v e r a l l  w a s t e w a t e r



F C o s t F r e s h w a t e r  c o s t
I N V I n v e s t m e n t  c o s t
T A G T o t a l  a n n u a l  c o s t
P 1 C 1 P i p i n g  c o s t  o f  s o u r c e  t o  s i n k
P 1 C 2 P i p i n g  c o s t  o f  f r e s h  t o  s i n k
P 1 C 3 P i p i n g  c o s t  o f  s o u r c e  t o  w a s t e
P I C o s t P i p i n g  c o s t
O i l O b j e c t i v e  1.1
0 1 2 O b j e c t i v e  1 .2
0 2 O b j e c t i v e  2
0 3 O b j e c t i v e  3

P o s i t i v e  v a r i a b l e s  x ( i  j )
F F W ( j )  F r e s h w a t e r  f l o w r a t e  
F ( i . j )  S p l i t t i n g  F l o w r a t e  
C K ( j )  S i n k  s t r e a m  c o n c e n t r a t i o n  
T K ( j )  S i n k  t e m p e r a t u r e  
W W ( i )  S o u r c e  W a s t e  w a t e r

d t ( l . J , K )  T e m p e r a t u r e  a p p r o a c h  f o r  m a t c h  ij a t  t h e  l e f t  o f  s t a g e  k  
d t c u ( I )  T e m p e r a t u r e  a p p r o a c h  f o r  m a t c h  h o t  s t r e a m  i a n d  c o l d  u t i l i t y  
d t h u ( J )  T e m p e r a t u r e  a p p r o a c h  f o r  m a t c h  c o l d  s t r e a m  j  a n d  h o t  u t i l i t y

q ( l , J , K )  H e a t  e x c h a n g e d  b e t w e e n  h o t  s t r e a m  i a n d  c o l d  s t r e a m  j  a t  s t a g e  k  
q c u ( l )  H e a t  e x c h a n g e d  b e t w e e n  h o t  s t r e a m  i a n d  c o l d  u t i l i t y  
q h u ( J )  H e a t  e x c h a n g e d  b e t w e e n  c o l d  s t r e a m  j  a n d  h o t  u t i l i t y  
A ( i . j . K )
A h u ( j )
A c u ( i )
A t o t
L M T D ( i j . K )
L M T D c u ( i )
L M T D h u ( j )
C o s t h
C o s t h u
C o s t c u
O C o s t h u
O C o s t c u
O q c u  O v e r a l l  h e a t  e x c h a n g e d  b e t w e e n  h o t  s t r e a m  i a n d  c o l d  u t i l i t y
O q h u  O v e r a l l  h e a t  e x c h a n g e d  b e t w e e n  c o l d  s t r e a m  j  a n d  h o t  u t i l i t y
t H ( I , K )  T e m p e r a t u r e  o f  h o t  s t r e a m  i a t  l o c a t i o n  k  
t C ( J , K )  T e m p e r a t u r e  o f  c o l d  s t r e a m  j  a t  l o c a t i o n  k

B r N A R Y  V A R I A B L E
y ( i j )  B i n a r y  v r i a b i e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  s o u r c e  t o  s i n k  i n  W N  
y F W ( j )  B in a r y  v r i a b i e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  F W  t o  s i n k  i n  W N  
y W W ( i )  B i n a r y  v r i a b i e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  ww f r o m  s o u r c e  i n  W N  
z ( I , J , K )  B i n a r y  v a r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  ij in  s t a g e  k  
z c u ( I )  B i n a r y  v a r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  c o l d  u t i l i t y  w i t h  h o t  s t r e a m  i 
z h u ( J )  B i n a r y  v a r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  h o t  u t i l i t y  w i t h  c o l d  s t r e a m

E q u a t i o n



************************************** /̂ -̂NETWORK******
M B l ( j )  M a s s  b a l a n c e  ( f l o w r a t e )
M B 2 ( j )  M a s s  b a l a n c e  ( c o n t a m i n a n t )
C o n s  I ( i ) C o n s t r a i n t  f o r  X 
C o n s 2 ( j )  C o n c e n t r a t i o n  c o n s t r a i n t  
F r e s h  F r e s h w a t e r  u s a g e  
W a s t e ( i )  W a s t e  o f  s o u r c e  
A l l w a s t e  W a s t e  d i s c h a r g e  
F I o w ( i  j )  F l o w r a t e  e a c h  s i n k  
L o g i c a l  t ( i  j )  L o g i c a l  c o n s t r a i n t  
L o g i c a l 2 ( j )  L o g i c a l  c o n s t r a i n t  
L o g i c a l 3 ( i )  L o g i c a l  c o n s t r a i n t  
T e m p K f j )  T e m p e r a t u r e  o f  s i n k  
F R E S H C  F r e s h w a t e r  c o s t
P 1 P 1
P I R 2
P I P ?
P I P C

O B J F N 1 1
O B J F N 1 2

P i p i n g  c o s t  o f  s o u r c e  t o  s i n k  
P i p i n g  c o s t  o f  f r e s h  to  s i n k  
P i p i n g  c o s t  o f  s o u r c e  t o  w a s t e  
P i p i n g  c o s t

L i n k l Q
L i n k 2 ( j )
L i n k 3 ( i )
L i n k 4 ( i )
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * H E A T E X  N E T W O R K * * * * *  

a b c ( I , J )  @ # @ $ $ #

O H B  H ( I )  o v e r a l l  h e a t  b a l a n c e  f o r  e a c h  h o t  s t r e a m
O H B _ C ( J )  o v e r a l l  h e a t  b a l a n c e  f o r  e a c h  c o l d  s t r e a m

S H B _ H ( I , K )  h e a t  b a l a n c e  a t  e a c h  s t a g e  f o r  h o t  s t r e a m
S H B C ( J K )  h e a t  b a l a n c e  a t  e a c h  s t a g e  f o r  c o l d  s t r e a m

T I N H A S S G N ( I )  a s s i g n m e n t  o f  i n l e t  t e m p e r a t u r e  o f  h o t  s t r e a m  i 
T I N C A S S G N ( J )  a s s i g n m e n t  o f  i n l e t  t e m p e r a t u r e  o f  c o l d  s t r e a m  j

F H 1 ( I , K )  f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  e a c h  s t a g e  f o r  h o t  s t r e a m
F H 2 ( I )  f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  l a s t  s t a g e  f o r  h o t  s t r e a m  
F C  1 ( J .K )  f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  e a c h  s t a g e  f o r  c o l d  s t r e a m  
F C 2 ( J )  f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  f i r s t  s t a g e  f o r  c o l d  s t r e a m

L I U L O A D ( I )  h o t  u t i l i t y  lo a d
C U L O A D ( J )  c o l d  u t i l i t y  l o a d

H E C O U N T l ( L J K )  c o u n t  h e a t  e x c h a n g e r  
H E C O U N T 2 ( I )  c o u n t  h o t  u t i i l i t y
H E C O U N T 3 ( J )  c o u n t  c o l d  u t i l i t y

A P P T E M P L ( L L K )  a p p r o a c h  t e m p e r a t u r e  a t  t h e  l e f t  o f  s t a g e  k



A P P T E M P R ( l . L K )  a p p r o a c h  t e m p e r a t u r e  a t  t h e  r i g h t  o f  s t a g e  k  
A P P T E M P C U ( I )  a p p r o a c h  t e m p e r a t u r e  a t  c o l d  u t i l i t y  o f  h o t  s t r e a m  
A P P T E M P H U ( J )  a p p r o a c h  t e m p e r a t u r e  a t  h o t  u t i l i t y  o f  c o l d  s t r e a m

A P P T E M P L I M I T ( I J . K )  l i m i t i n g  t e m p e r a t u r e  a p p r o a c h  
A P P T E M P L I M I T C U ( I )  l i m i t i n g  t e m p e r a t u r e  a p p r o a c h  
A P P T E M P L I M I T H U ( J )  l i m i t i n g  t e m p e r a t u r e  a p p r o a c h

L O G M H ( i J , K ) L o g  m e a n  t e m p e r a t u r e  d iT f e r e n t  o f  H E
L O G M H U ( J ) L o g  m e a n  t e m p e r a t u r e  d i f f e r e n t  o f  H U
L O G M C U ( l ) L o g  m e a n  t e m p e r a t u r e  d i f f e r e n t  o f  cu
H A R E A ( i j , K ) - H e a t  e x c h a n g e r  a r e a
H U A R E A ( J ) H o t  u t i l i t y  a r e a
Q U A R E A ( I ) C o l d  u t i l i ty ' a r e a
T O T A R E A T o t a l  a r e a

H A C O S T H e a t  e x c h a n g e r  a r e a  c o s t
H U A C O S T H o t  u t i l i t y  h e a t  e x c h a n g e r  a r e a  c o s t
C U A C O S T C o l d  u t i l i t y  h e a t  e x c h a n g e r  a r e a  c o s t
H U O C O S T H o t  u t i l i t y  o p e r a t i o n  c o s t
C U O C O S T C o l d  u t i l i t y  o p e r a t i o n  c o s t

O A Q C U O v e r a l l  C o l d  u t i l i t y
O A O H T J O v e r a l l  h o t  u tility -
O B J F N 2 u t i l i t y  Q
O B . I F N 3 u t i l i t y  A R E A
I n v e s t I n v e s t m e n t  c o s t
T o t a l T o t a l  a n n u a l  c o s t

M B l ( j )  .. s u m ( i . C S ( i ) * F S ( i ) * x ( i . j ) )  = e =  C K ( j | * F K ( j )  :
M B 2 ( j )  .. s u m ( i . F S ( i ) * x ( i . j ) )  +  F F W ( j ) = e =  F K ( j )  ;
C o n s l ( i )  .. s u m ( i . . \ ( i , j ) ) - l  = 1 =  0  ะ 
C o n s 2 f j )  .. C K ( j )  = 1 =  C K L 2 ( j )  ;
F r e s h  .. O F W  = e =  s u m ( ] , F F W ( j ) ) ;
W a s t e ( i )  .. W W ( i )  = e =  ( l - s u m ( j . x ( i , j ) ) ) * F S ( i ) ;
A l l w a s t e  .. oww = e =  s u m ( i . W W ( i ) ) :
F l o w ( i , j )  .. F ( i . j )  = e =  F S ( i ) * x ( i j )  :
L o g i c a l  1 ( i , j ) .. F ( i , j ) - O M E G A  I * y ( i  j )  = 1 =  0 ;
L o g i c a l 2 ( j )  .. F F W f j  ( - O M E G A  1 * y F W ( j )  = 1 =  0 :
L o g i c a l 3 ( i )  .. W W ( i ) - O M E G A I * v W W ( i )  = 1 =  0 ;
T e m p K G ) .. s u m ( i , T S ( i ) * F ( i j ) ) + T F W * F F W G )  = e =  T K ( j ) * F K ( j ) ;  
F R E S H C  .. F C o s t  = e =  O F W * F W C * W H ;
P I P 1  .. P I C 1  = e =  s u m ( ( i j ) , y ( i j ) * ( C P F l ( i j ) + F ( i j ) * C P l ( i j ) * W H ) ) ;  
P I P 2  .. P 1C 2 = e =  s u m G , y F W ( j ) * ( C P F 2 ( j ) + F F W ( j ) * C P 2 ( j ) * W H ) ) ;  
P 1 P 3  .. P I C 3  = e =  s u m ( i 'y W W ( i ) * ( C P F 3 ( i ) + W W ( i ) * C P 3 ( i ) * W H ) ) ;  
P 1 P C  .. P I C o s t  = e =  P 1 C 1 + P I C 2 + P I C 3 ;
O B J F N 1 1  . . O i l  = e =  F C o s t :
O B J F N I 2  . . 0 1 2  = e =  F C o s t + P I C o s t ;

L i n k l G ) .. T K ( j )  = e =  T I N C ( J ) ;
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L i n k 2 ( j ) .. F K ( j )  = 6 =  F C ( J ) ;
L i n k 3 ( i ) .. T S ( i )  = e =  T I N H ( I ) ;
L i n k 4 ( i ) .. F H ( l ) = e =  W W ( i ) ;

a b c ( i j )  . .  q ( i  j , ' l a s t l o c a t i o n ' )  = 6 =  0 ;

O H B  H ( i )  .. ( T I N H ( i ) - T O U T H ( i ) ) * F H ( i ) * C P * ( l 0 0 0 / 3 6 0 0 )  = e = S U M ( ( J . K ) , q ( I , J , K ) ) + q c u ( l ) ;  
O H b I c O ) . .  ( T O U T C ( J ) - T I N C ( J ) ) * F C ( J ) * C P * (  1 0 0 0 / 3 6 0 0 )  = e =  S U M ( ( I , K ) , q ( l , J , K ) ) + q h u ( J ) ;

S H B _ H ( I , K ) $ ( O R D ( K )  N E  C A R D ( K ) ) .. ( t H ( I , K ) - t H ( l , K + l ) ) * F H ( I ) * C P * (  1 0 0 0 / 3 6 0 0 )  *
= 6 =  S U M ( J ,q ( I , J ,K . ) ) ;

S H B _ C ( J , K ) $ ( O R D ( K )  N E  C A R D ( K ) ) .. ( t C ( J , K ) - t C ( J , K + l  ) ) * F C ( J ) * C P * (  10 0 0 / 3 6 0 0 )
= 6 =  S U M ( I , q ( U , K ) ) ;

T I N H A S S G N ( l ) .. T I N F I ( l )  = 6 =  t H ( l . ’f i r s t l o c a t i o n ' ) ;
T I N C A S S G N ( J ) .. T I N C ( J )  = 6 =  t C ( J , ' l a s t l o c a t i o n ’) ;

F H h ( I , K ) $ ( O R D ( K )  N E  C A R D ( K ) ) .. t H ( I ,K )  = g =  t H ( I . K + l ) ;
F H 2 ( I ) .. T O U T H ( l )  = 1 =  t H d . ' l a s t l o c a t i o n ' ) ;
F C l ( J , K ) S ( O R D ( K )  N E  C A R D ( K ) ) .. t C ( J ,K )  = g =  t C ( J . K + l ) ;
F C 2 ( J ) .. T O U T C ( J )  = g =  t C ( J , ' f i r s t l o c a t i o n ' ) ;

H U L O A D ( l )  .. ( t H ( I . ' l a s t l o c a t i o n ') - T O U T H ( l ) ) * F H ( l ) * C P * ( l 0 0 0 / 3 6 0 0 )  = 6 =  q c u ( l ) ;
C U L O A D ( J ) .. ( T O U T C ( J ) - t C ( J , ' f i r s t l o c a t i o n  ) ) * F C ( J ) * C P * (  1 0 0 0 / 3 6 0 0 )  = 6 =  q h u ( J ) ;

H E C O U N T 1  ( บ , K ) $ ( O R D ( K )  N E  C A R D ( K ) ) .. q ( U , K ) - O M E G A * z ( I J , K )  = 1 =  0 ;
H E C O U N T 2 ( l )  .. q c u ( I ) - O M E G A * z c u ( l )  = 1 =  0 ;
H E C O U N T 3 ( J ) .. q h u ( J ) - O M E G A * z h u ( J )  = 1 =  0 ;

A P P T E M P L ( l , J . K ) $ ( O R D ( K )  N E  C A R D ( K ) ) .. d t ( I , J , K )  = 1 =  t H ( I . K ) - t C ( J , K ) + G A M M A * (  l - z ( I , J , K ) ) ;  
A P P T E M P R ( 1 . J  K ) $ ( O R D ( K )  N E  C A R D ( K ) ) .. d t ( U  K + l )  = 1 =  t H ( I , K + l  ) - t C ( J . K + l ) + G A M M A * (  1 - 

Z ( U , K ) ) ;
A P P T E M P C U ( l ) .. d t c u ( l )  = 1 =  t H ( I / l a s t l o c a t i o n ') - T O U T C U  + G A M M A * ( l - z c u ( l ) ) ;
A P P T E M P H U ( J ) .. d t h u ( J )  = 1 =  T O U T H U  - t C ( J , ' f i F S t l o c a t i o n ') + G A M M A * ( I - z h u ( J ) ) ;

A P P T E M P L l M I T ( I , J , K ) S ( O R D ( K ) N E  C A R D ( K ) )  .. d t ( U , K )  = g =  E M A T ;
A P P T E M P L I M I T C U ( i ) .. d t c u ( l )  = g =  E M A T ;
A P P T E M P L I M I T H U O ) .. d t h u ( J )  = g =  E M A T ;

L O G M H ( i j , K ) .. L M T D ( i j , K )  = 6 =  ( ( ( d t ( i j , K ) * d t ( i j , K + l ) ) * ( d t ( i j , K ) + d t ( i j , K + l ) ) / 2 ) ) * * ( l / 3 ) ;  
L O G M H U C j ) .. L M T D h u ( j )  = 6 =  ( ( ( ( T O U T H U - t C ( J , ,f i r s t l o c a t i o n ' ) ) * ( T I N H U - T O U T C ( J ) ) ) * ( ( T O U T H U -  
t C ( J , ' f i r s t l o c a t i o n ' ) ) + ( T I N H U - T O U T C ( J ) ) ) / 2 ) ) * * ( l / 3 ) ;
L O G M C U ( i ) .. L M T D c u ( i )  = 6 =  ( ( ( ( t H ( i / l a s t l o c a t i o n ' ) - T O U T C U ) * ( T O U T H ( l ) -  
T l N C U ) ) * ( ( t H ( i , ' l a s t I o c a t i o n ') - T O U T C U ) + ( T O U T H ( I ) - T l N C U ) ) / 2 ) ) * * ( l / 3 ) ;
H A R E A ( i j  K )  .. A ( i  j , K ) * U * L M T D ( i j , K )  = 6 =  q ( l . J . K ) ;
H U A R E A 0 ) .. A h u O ) * U * L M T D h u ( j )  = 6 =  q h u ( j ) ;
C U A R E A ( i ) .. A c u ( i ) * บ * L M T D c u ( i )  = 6 =  q c u ( i ) ;
T O T A R E A  .. A t o t  = 6 =  s u m ( ( i  j , k ) , A ( i j . K ) ) + s u m ( j . A h u ( j ) ) + s u m ( i , A c u ( i ) ) ;

H A C O S T  .. C o s t h  = 6 =  s u m ( ( i j , k ) , ( ( H F l + H F 2 ) * z ( i j , k ) + H V * A ( i j , k ) ) * W Y ) ;
H U A C O S T  .. C o s t h u  = 6 =  s u m ( j , ( ( H F l + H F 2 ) * z h u ( j ) + H V * A h u ( j ) ) * W Y ) ;
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C U A C O S T  .. C o s t c u  = e =  รนทา( i , ( ( H F I + H F 2 ) * z c u ( i ) + H V * A c u ( i ) ) * W Y ) ;  
H U O C O S T  .. O C o s t h u  = e =  s u m ( j , H U O C * q h u ( j ) ) ;
C U O C O S T  .. O C o s t c u  = e =  s u m ( i , C U O C * q c u ( i ) ) ;

O A Q C U  .. O Q C U  = e =  S U M ( I , q c u ( D ) ;
O A Q H U  . O Q H U  = e =  S U M ( J , q h u ( J ) ) ;
O B J F N 2  .. 0 2  = e =  O C o s t h u + O C o s t c u + s u m ( ( i j , k ) , z ( i j , k ) * ( H F l + H F 2 ) ) ;  
0 B J F N 3 . 0 3  = e =  C o s t h + C o s t h u + C o s t c u + O C o s l h u + O C o s t c u ;

I n v e s t .. I N V  = e =  C o s t h + C o s t h u + C o s t c u ;
T o t a l .. T A C  = e =  ( C o s t h + C o s t h u + C o s t c u ) + O C o s t h u + O C o s t c u + F C o s t . l + P I C o s t . l ;

M o d e l  M I X I N G  1 / M B 1 1 M B 2 , C o n s 1 1C o n s 2 , F r e s h , L o g i c a l  1 , L o g i c a l 2 , L o g i c a l 3 ,  
W a s t e , A I I w a s t e , F l o w , T e m p K  F R E S H C , O B J F N 1 1 / ;
S o l v e  M I X I N G !  u s i n g  M I P  m i n i m i z i n g  0 1 1 ;
D i s p l a y  F C o s t . l . O F W d , O W W . l , F F W . I , y F W . I , W W . I , y W W . l , x . l , F . I , y . l , C K . I , T K . l ;

P a r a m e t e r
x i n ( i j )
F F W i n ( j )
W W i n ( i )
y i n ( i j )
y F W i n ( j )
y W W i n ( i )

x i n ( i j )  =  x . l ( i j ) ;
F F W i n ( j )  =  F F W . k j ) :
W W i n ( i )  =  w w . l ( i ) ;
y i n ( i j )  =  y . l ( i j ) ;  
y F W i n ( j )  =  y F W , l ( i ) ;  
y W W i n ( i )  =  y  w w . l ( i ) ;

x .  l ( i j )  =  x i n ( i j ) ;
F F W  l ( j )  =  F F W i n ( i ) ;  
w w . l ( i )  =  W W i n ( i ) ;
y .  l ( i j )  =  y i n ( i j ) ;  
y F W . l ( j )  =  y F W i n ( j ) ;  
y W W . I ( i )  =  y  W W i n ( i ) ;

M o d e l  M I X I N G 2  / M B l , M B 2 , C o n s l , C o n s 2 . F r e s h , L o g i c a I I , L o g i c a I 2 , L o g i c a l 3 ,  
W a s t e , A l l w a s t e , F l o w . T e m p K , F R E S H C , P I P I . P I P 2 , P I P 3 , P I P C , O B J F N  1 2 / ;
S o l v e  M I X 1 N G 2  u s i n g  M I N L P  m i n i m i z i n g  0 1 2 ;
D i s p l a y  P l C l . l , P I C 2 . I , P I C 3 . l , P l C o s t . ! , F C o s t . l , O F W . I . O W W . I , F F W . l ,  
y F W . l ”w W . I , y  W W . l , x . I ,F . I , y . l ,C K . l , T K . I ;

T I N C ( j )  =  T K .. ! ( j ) :
T I N H ( i )  =  T S ( i ) ;
F H ( i )  — w w . l ( i ) ;
F C ( j )  =  F K ( j ) ;

M O D E L  S T A G E M 0 D E L 1  / a b c . O H B  H .O H B  C . S H B  H ,S H B  C , T I N H A S S G N , T I N C A S S G N , F H 1 , F H 2 ,
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F C l , F C 2 , H U L O A D , C U L O A D , H E C O U N T L H E C O U N T 2 , H E C O U N T 3 , A P P T E M P L , A P P T E M P R , A P P T E
M P C U ,
A P P T E M P H U , A P P T E M P L I M I T , A P P T E M P L I M 1 T C U , A P P T E M P L I M I T H U , 0 A Q C U , 0 A Q H U ,  
H U O C O S T , C U O C O S T , I n v e s t , 0 B J F N 2 /

S O L V E  S T A G E M O D E L 1  U S I N G  M I P  M I N I M I Z I N G  0 2 ;
D I S P L A Y  z . l , z c u . l , z h u . l , t H . l , t C . l , q . l , q c u  I , q h u . l , O Q H U . I , O Q C U . I , I N V . l , 0 2 . 1 ;

P a r a m e t e r
q i n ( i j , k )
q c u i n ( i )
q h u i n ( j )
T H i n ( t , k )
T C i n ( j , k )
z i n ( i j . k )
z c u i n ( i )
z h u i n ( j )

q i n ( i . j , k )  =  q . l ( i j , k ) ;  
q c u i n ( i )  =  q c u . l ( i ) ;  
q h u i n t j )  =  q h u . l t j ) :
T H i n ( i , k )  =  T H . l ( i . k ) ;
T C i n ( j , k )  =  T C . l ( j , k ) :  
z i n ( i j . k )  =  z . l ( i j , k ) ;  
z c u i n ( i )  =  z c u . I ( i ) ;  
z h u i n l j )  =  z h u . l ( j ) ;

q . l ( i j . k )  =  q i n ( i j . k ) ;  
q c u . l ( i )  =  q c u i n ( i )  ; 
q h u . l ( j )  =  q h u i n f j ) :
T H . l ( i , k )  =  T H i n ( i . k ) ;
T C . l ( j , k )  =  T C i n ( j , k ) ;

z . f x ( i j . k )  =  z i n ( i  j , k ) ;  
z c u . f x ( i )  =  z c u i n ( i ) ;  
z h u . f x ( j )  =  z h u i n ( j ) ;

L M T D . I ( i j , k )  =  ( ( ( d t . l ( i j , K ) * d t . 4 < i  j . K + 1  ) ) * ( d t . l ( i  j , K ) + d t . l ( i  j , K + l ) ) / 2 ) ) * * (  1 /3 ) ;
L M T D h u . l ( i )  =  ( ( ( ( T O U T H U - t C . I ( J . ,f i r s t l o c a t i o n ,) ) * ( T r N H U - T O U T C ( J ) ) ) * ( ( T O U T H U -  
t C . I ( J , ’f i r s t l o c a t i o n  ) ) + ( T I N H U - T 0 U T C ( J ) ) ) / 2 ) ) * * (  1 /3 ) ;
L M T D c u . ] ( i )  =  ( ( ( ( t H . I ( i , ’l a s t l o c a t i o n , ) - T O U T C U ) * ( T O U T H ( I ) - T I N C U ) ) * ( ( t H . I ( i . ' l a s t l o c a t i o n ') -  
T O U T C U ) + ( T O U T H ( I ) - T I N C U ) ) / 2 ) ) * * ( I / 3 ) ;
A . l ( i j . k )  =  q i n ( i j , k ) / ( U * L M T D  I ( i j , k ) + 0 . 0 0 1 ) ;
A h u . l ( j )  =  q h u i n ( j ) / ( U * L M T D h u . l ( j ) + 0 . 0 0 1 ) ;
A c u . l ( i )  =  q c u i n ( i ) / ( U * L M T D c u . 1 ( 0 + 0 .0 0 1 ) ;

M O D E L  S T A G E M O D E L 2 / a b c . O H B  J L O H B _ C , S H B  I I , S H B _ C , T I N H A S S G N , T 1 N C A S S G N , F H L F H 2 ,  
F C 1 , F C 2 , H U L 0 A D C U L 0 A D , H E C 0 U N T L H E C 0 U N T 2 , H E C 0 U N T 3 , A P P T E M P L , A P P T E M P R , A P P T E  
M P C U ,
A P P T E M P H U , A P P T E M P L 1 M I T . A P P T E M P L I M I T C U , A P P T E M P L I M I T H U . L 0 G M H , L 0 G M H U , L 0 G M
cu,
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H A R E A , H U A R E A . C U A R E A , T O T A R E A , H A C O S T , H U A C O S T , C U A C O S T , H U O C O S T , C U O C O S T , O A  
Q C U , O A Q H U , O B J  F N 3 , I n v e s t , T o t a l /

S O L V E  S T A G E M O D E L 2  U S I N G  M I N L P  M I N I M I Z I N G  0 3 ;
D I S P L A Y  F . I , F F W . I , W W . l , T K . I , z . l , z c u , l , z h u . l , t H . l , t C . l , q . l , q c u . l , q h u . l , O Q H U . l ,  
O Q C U . l , A . I , A h u . l , A c u . l , A t 0 t . l , F c o s t . l , O I 2 . 1 , O 2 . 1 , O C o s t h u . l , O C o s t c u . l , I N V . l , T A C . l

APPENDIX A-14 ะ Case Study 4 WHEN by four-step design Code
s e t  i S o u r c e  s t r e a m  / i l  * i 5 /  

j  S i n k  s t r e a m  / j l * j 5 /
K  l o c a t i o n  / f i r s t l o c a t i o n , i o c a t i o n 2 * l o c a t i o n 4 , l a s t l o c a t i o n /

P a r a m e t e r
cs S o u r c e  c o n c e n t r a t i o n  ( p p m )

/ i l  1 3 0
12 1 0 8
13 7 0
14 4 4
15 2 2 /

F S  S o u r c e  f l o w r a t e  ( t o n  p e r  h )
/ i l  9

12 9
13 9
14 9
15 4 . 5 /

T S  S o u r c e  t e m p e r a t u r e  ( d e g r e e  c e l c i u s )
/ i l  1 2 0
12 100
13 1 3 0
14 1 4 0
15 8 0 /

C K L 1  S i n k  c o n c e n t r a t i o n  l i m i t  ( p p m )
/ j  1 7 0
j 2  7 0  
j 3  7 0
j 4  7 0  -
j 5  7 0 /

'  C K L  S i n k  c o n c e n t r a t i o n  l i m i t  ( p p m )
/ j  1 2 0
j2 20
j 3  2 0  
j 4  2 0  
J 5  2 0 /

F K  S i n k  t J o w r a t e  ( t o n  p e r  h )
/ j l  1 0  
j 2  4  
j 3  1 2  
j 4  0
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j 5  0 /
F K L  S i n k  f l o w r a t e  ( t o n  p e r  h )

/ j  1 1 0
J2 4 
j 3  12  
j 4  8  
j 5  '  6 . 5 /

T O U T H ( I )  o u t l e t  t e m p e r a t u r e  o f  h o t  s t r e a m  ( d e g r e e  c e l c i u s )
/ i l  3 0  

-  i2  3 0
13 3 0
14 3 0
15 3 0  /

T O U T H I P ( I )  o u t l e t  t e m p e r a t u r e  o f  h o t  s t r e a m  ( d e g r e e  c e l c i u s )  
/ i l  1 0 0
12 8 0
13 -  1 0 0
14 1 0 0
15 8 0 /

T O U T C ( J )  o u t l e t  t e m p e r a t u r e  o f  c o l d  s t r e a m  ( d e g r e e  c e l c i u s )  
/ j ]  1 0 0
j2 100
j 3  1 0 0
j 4  1 0 0
j 5  1 0 0 /

C P F 2  P i p i n g  f i x  c o s t  f r e s h  t o  s i n k  ( ร  p e r  y e a r )
/ j  1 2 0 0
j 2  3 0 0  
J 3  1 5 0
j 4  1 2 0
j 5  2 5 0 /

C P 2  P i p i n g  v a r i a b l e  f r e s h  t o  s i n k  ( ร  p e r  t o n )
/ j  1 0 .7 e - 3
j 2  1 .4 e - 3
j 3  1 .2 e - 3
j 4  l . l e - 3
j 5  1 .3 e - 3  /

C P F 3  P i p i n g  f ix  c o s t  s o u r c e  t o  w a s t e  ( ร  p e r  y e a r )
/ i l  1 0 0
12 200
13 2 5 0
14 1 5 0
15 2 0 0 /

C P 3  P i p i n g  v a r i a b l e  c o s t  s o u r c e  t o  w a s t e  ( ร  p e r  t o n )
/ i l  0 .7 e - 3
Ï 2  1 .4 e - 3
13 l . l e - 3
14 1 ,2 e - 3
15 1 .3 e - 3  /



T A B L E  C P F l ( i j )  P i p i n g  f i x  c o s t  s o u r c e  t o  s i n k  ( ร  p e r  y e a r )  
j '  j 2  j 3  j 4  )5

11 1 0 0  3 0 0  1 5 0  2 0 0  2 0 0
12 2 0 0  2 5 0  1 0 0  2 2 0  1 5 0
13 2 2 0  3 0 0  3 3 0  3 0 0  1 1 0
14 1 1 0  4 0 0  2 0 0  2 0 0  2 5 0
15 2 0 0  3 0 0  1 0 0  3 0 0  2 5 0

T A B L E  C P l ( i  j )  P i p i n g  v a r i a b l e  c o s t  s o u r c e  t o  s i n k  ( ร  p e r  t o n )
J l  j 2 j 3 j 4 j 5

i l L i e - 3 1 .2 e - 3 l . 3 e - 3 1 .4 e - 3 l . l e - 3
i2 0 . 8 e - 3 1 .3 e - 3 l . l e - 3 1 .2 e - 3 0 .9 e - 3
i3 0 . 9 e - 3 1 ,3 e - 3 L i e - 3 1 .4 e - 3 l . l e - 3
i4 - 1 ,3 e - 3 1 .2 e - 3 l . 3 e - 3 1 .4 e - 3 l . l e - 3
i5 L i e - 3 0 .8 e - 3 l . 3 e - 3 1 .4 e - 3 0 .9 e - 3

S c a l a r  O M E G A  I / 1 0 0 /
T F W  / 2 5 /
O M E G A  u p p e r  b o u n d  f o r  h e a t  e x c h a n g e  / 1 0 0 0 0 0 0 /  
G A M M A  u p p e r  b o u n d  f o r  t e m p e r a t u r e  d i f f e r e n c e  / 1 0 0 0 0 0 0 /  
E M A T  e x c h a n g e r  m i n i m u m  a p p r o a c h  t e m p e r a t u r e  / 1 0 /
C P  h e a t  c a p a c i t y  / 4 . 2 /
F W C  F r e s h w a t e r  c o s t  ( ร  p e r  t o n )  / Ü .3 7 5 /
1 IF 1  H e a t  E x c h a n g e r  f i x e d  c o s t  ( ร )  / 8 0 0 0 /
H F 2  H e a t  E x c h a n g e r  f i x e d  c o s t  ( ร )  / 1 9 9 6 5 . 8 9 /
H V  H e a t  E x c h a n g e r  v a r i a b l e  c o s t  ( ร  p e r  m 2 )  / 5 5 . 7 4 8 9 9 /  
H U O C  H o t  u t i l i t y  o p e r a t i o n  c o s t  ( ร  p e r  k W  y )  / 3 7 7 /  
cuoc C o l d  u t i l i t y  o p e r a t i o n  c o s t  ( ร  p e r  k W  y )  / 1 8 9 /
บ  O v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t  / 0 . 5 /
W H  W o r k i n g  h o u r  / 8 0 0 0 /
W Y  A n n a u l i z e  f a c t o r / o . 3 3 3 /
T f N H U  H o t  u t i l i t y  i n l e t  t e m p e r a t u r e  / 1 2 0 /
T O U T F I L  H o t  u t i l i t y  o u t l e t  t e m p e r a t u r e  / 1 2 0 /
T 1 N C U  C o l d  u t i l i t y  i n l e t  t e m p e r a t u r e  / 1 0 /
T O U T C L  C o l d  u t i l i t y  o u t l e t  t e m p e r a t u r e  / 2 0 /

V a r i a b l e s  T A C 1  T o t a l  a n n u a l  c o s t  1
T A C 2 T o t a l  a n n u a l  c o s t  2
A R E A T o t a l  A r e a
O F W O v e r a l l  f r e s h w a t e r
o w w O v e r a l l  w a s t e w a t e r
F C o s t
P I C  I P i p i n g  c o s t  o f  s o u r c e  t o  s i n k
P 1 C 2 P i p i n g  c o s t  o f  f r e s h  t o  s i n k
P 1 C 3 P i p i n g  c o s t  o f  s o u r c e  t o  w a s t e
P I C o s t P i p i n g  c o s t
O i l O b j e c t i v e  1.1
0 1 2 O b j e c t i v e  1 .2
0 2 O b j e c t i v e  2



0 2 2 O b j e c t i v e  2 .2
0 3 O b j e c t i v e  3
0 3 2 O b j e c t i v e  3 .2
0 4 O b j e c t i v e  3
0 F W 1 O v e r a l l  f r e s h w a t e r
0 W W 1 O v e r a l l  w a s t e w a t e r
F C o s t l  
P I C 1 1 P i p i n g  c o s t  o f  s o u r c e  t o  s i n k
P I C 2 1 P i p i n g  c o s t  o f  f r e s h  t o  s i n k
P I C 3 1 P i p i n g  c o s t  o f  s o u r c e  t o  w a s t e
P I C o s t I P i p i n g  c o s t
0 B J W N 1
0 F W 2 O v e r a l l  f r e s h w a t e r
0 W W 2 O v e r a l l  w a s t e w a t e r
F C o s t 2
P I C  1 2 P i p i n g  c o s t  o f  s o u r c e  t o  s i n k
P 1 C 2 2 P i p i n g  c o s t  o f  f r e s h  t o  s i n k
P I C 3 2 P i p i n g  c o s t  o f  s o u r c e  t o  w a s t e
P I C o s t 2 P i p i n g  c o s t
0 B J W N 2

P o s i t i v e  v a r i a b l e s  x ( i j )
F F W ( j )  F r e s h w a t e r  f l o w r a t e  
F ( i j )  S p l i t t i n g  F l o w r a t e  
C K ( j )  S i n k  s t r e a m  c o n c e n t r a t i o n  
T K ( j )  S i n k  t e m p e r a t u r e  
W W ( i )  S o u r c e  W a s t e  w a t e r

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

x l ( i j )
F F W l ( j )  F r e s h w a t e r  f l o w r a t e  
F l ( i j )  S p l i t t i n g  F l o w r a t e  
C K l ( j )  S i n k  s t r e a m  c o n c e n t r a t i o n  
T K l ( j )  S i n k  t e m p e r a t u r e  
W W l ( i )  S o u r c e  W a s t e  w a t e r  
F K H j )

TINHl(i)
T O U T H l ( i )
TINCl(j)
T O U T C l ( j )
F H l ( i )
FC10)
d t l ( I , J , K )  T e m p e r a t u r e  a p p r o a c h  f o r  m a t c h  ij a t  t h e  l e f t  o f  s t a g e  k  
d t c u l ( I )  T e m p e r a t u r e  a p p r o a c h  f o r  m a t c h  h o t  s t r e a m  i a n d  c o l d  u t i l i t y  
d t h u l ( J )  T e m p e r a t u r e  a p p r o a c h  f o r  m a t c h  c o l d  s t r e a m  j  a n d  h o t  u t i l i t y

q l ( I , J , K )  H e a t  e x c h a n g e d  b e t w e e n  h o t  s t r e a m  i a n d  c o l d  s t r e a m  j  a t  s t a g e  k  
q c u l ( l )  H e a t  e x c h a n g e d  b e t w e e n  h o t  s t r e a m  i a n d  c o l d  u t i l i t y  
q h u l ( J )  H e a t  e x c h a n g e d  b e t w e e n  c o l d  s t r e a m  j  a n d  h o t  u t i l i t y  
A l ( i j , K )



A h u  1 < j)
A c u l ( i )
A t o t l
L M T D l ( i j , K )
L M T D c u l ( i )
L M T D h u  1 ( j )
C o s t h l  
C o s t h u  1 
C o s t c u l  
O C o s t h u l  
O C o s t c u l
t H l ( I , K )  T e m p e r a t u r e  p f  h o t  s t r e a m  i a t  l o c a t i o n  k  
t C l ( J , K )  T e m p e r a t u r e  o f  c o l d  s t r e a m  j  a t  l o c a t i o n  k  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

x 2 ( i j )
F F W 2 ( j )  F r e s h w a t e r  f l o w r a t e  
F 2 ( i j )  S p l i t t i n g  F l o w r a t e  
C K 2 ( j )  S i n k  s t r e a m  c o n c e n t r a t i o n  
T K 2 ( j )  d d d d d
W W 2 ( i )  S o u r c e  W a s t e  w a t e r  
F K 2 G )
T S 2 ( i )
F S 2 ( i )

T I N H 2 ( i )
T O U T H 2 ( i )
T I N C 2 ( j )
T O U T C 2 ( j )
F H 2 ( i )
F C 2 ( j )
d t 2 ( I , J , K )  T e m p e r a t u r e  a p p r o a c h  f o r  m a t c h  ij a t  t h e  l e f t  o f  s t a g e  k  
d t c u 2 ( I )  T e m p e r a t u r e  a p p r o a c h  f o r  m a t c h  h o t  s t r e a m  i a n d  c o l d  u t i l i t y  
d t h u 2 ( J )  T e m p e r a t u r e  a p p r o a c h  f o r  m a t c h  c o l d  s t r e a m  j  a n d  h o t  u t i l i t y  
q 2 ( I , J , K )  H e a t  e x c h a n g e d  b e t w e e n  h o t  s t r e a m  i a n d  c o l d  s t r e a m  j  a t  s t a g e  k  
q c u 2 ( I )  H e a t  e x c h a n g e d  b e t w e e n  h o t  s t r e a m  i a n d  c o l d  u t i l i t y  
q h u 2 ( J )  H e a t  e x c h a n g e d  b e t w e e n  c o l d  s t r e a m  j  a n d  h o t  u t i l i t y  
A 2 ( i j , K )
A h u 2 ( j )
A c u 2 ( i )
A t o t 2
L M T D 2 ( i j , K )
L M T D c u 2 ( i )
L M T D h u 2 ( j )
C o s t h 2
C o s t h u 2
C o s t c u 2
O C o s t h u 2
O C o s t c u 2
t H 2 ( I , K )  T e m p e r a t u r e  o f  h o t  s t r e a m  i a t  l o c a t i o n  k  
t C 2 ( J , K )  T e m p e r a t u r e  o f  c o l d  s t r e a m  j  a t  l o c a t i o n  k
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O q c u l  O v e r a l l  h e a t  e x c h a n g e d  b e t w e e n  h o t  s t r e a m  i a n d  c o l d  u t i l i t y
O q h u l  O v e r a l l  h e a t  e x c h a n g e d  b e t w e e n  c o l d  s t r e a m  j  a n d  h o t  u t i l i t y
O q c u 2  O v e r a l l  h e a t  e x c h a n g e d  b e t w e e n  h o t  s t r e a m  i a n d  c o l d  u t i l i t y
O q h u 2  O v e r a l l  h e a t  e x c h a n g e d  b e t w e e n  c o l d  s t r e a m  j  a n d  h o t  u t i l i t y

B I N A R Y  V A R I A B L E
y ( i j )  B i n a r y  v r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  s o u r c e  t o  s i n k  in  W N  
y F W ( j )  B i n a r y  v r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  F W  t o  s i n k  in  W N  
y W W ( i )  B i n a r y  v r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  w w  f r o m  s o u r c e  in  W N

y  l ( i j )  B i n a r y  v r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  s o u r c e  t o  s i n k  in  W N  -  
y F W l ( j )  B i n a r y  v r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  F W  t o  s i n k  in  W N  
y W W l ( i )  B i n a r y  v r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  w w  f r o m  s o u r c e  i n  พ N  
z l ( l , J , K )  B i n a r y  v a r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  ij  i n  s t a g e  k  
z c u l ( I )  B i n a r y  v a r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  c o l d  u t i l i t y  w i t h  h o t  s t r e a m  i 
z h u l ( J )  B i n a r y  v a r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  h o t  u t i l i t y  w i t h  c o l d  s t r e a m

y 2 ( i j )  B i n a r y  v r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  s o u r c e  t o  s i n k  in  W N  
y F W 2 ( j )  B i n a r y  v r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  F W  t o  s i n k  in  W N  
y  W W 2 ( i )  B i n a r y  v r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  w w  f r o m  s o u r c e  i n  W N  
z 2 ( I , J , K )  B i n a r y  v a r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  m a t c h  ij in  s t a g e  k  
z c u 2 ( I )  B i n a r y  v a r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  c o l d  u t i l i t y  w i t h  h o t  s t r e a m  i 
z h u 2 ( J )  B i n a r y  v a r i a b l e  t o  d e n o t e  e x i s t e n c e  o f  h o t  u t i l i t y  w i t h  c o l d  s t r e a m

E q u a t i o n

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * : j= * * * * * * : (ะy v a T̂ E R  i n i t i a l * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
M B l ( j )  M a s s  b a l a n c e  ( f l o w r a t e )
M B 2 ( j )  M a s s  b a l a n c e  ( c o n t a m i n a n t )
C o n s l ( i )  C o n s t r a i n t  f o r  X 
C o n s 2 ( j )  C o n c e n t r a t i o n  c o n s t r a i n t  
C o n s 3 ( j )
C o n s F
F r e s h  F r e s h w a t e r  u s a g e  
W a s t e ( i )  W a s t e  o f  s o u r c e  
A l l w a s t e  W a s t e  d i s c h a r g e  
F l o w ( i  j )  F l o w r a t e  e a c h  s i n k  -  
L o g i c a l  1 ( ï J )  L o g i c a l  c o n s t r a i n t  
L o g i c a l 2 ( j )  L o g i c a l  c o n s t r a i n t  
L o g i c a l 3 ( i )  L o g i c a l  c o n s t r a i n t  
T e m p K ( j )  T e m p e r a t u r e  o f  s i n k  
F R E S H C  F r e s h w a t e r  c o s t  
P I P  1 P i p i n g  c o s t  o f  s o u r c e  t o  s i n k
P I P 2  P i p i n g  c o s t  o f  f r e s h  t o  s i n k  
P I P 3  P i p i n g  c o s t  o f  s o u r c e  t o  w a s t e
P I P C  P i p i n g  c o s t

O B J F N 1 1  
O B I F N 1 2
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ********************************** ] *****************************************



M B l _ l ( j )  M a s s  b a l a n c e  ( f l o w r a t e )  
M B 2 _ l ( j )  M a s s  b a l a n c e  ( c o n t a m i n a n t )  
C o n s l  l ( i )  C o n s t r a i n t  f o r  X 
C o n s 2 _ l ( j )  C o n c e n t r a t i o n  c o n s t r a i n t  
C o n s 3 _ l ( j )
C o n s F l

W a s t e l ( i )  W a s t e  o f  s o u r c e  
A l l w a s t e _ l  W a s t e  d i s c h a r g e  
F ! o w _ l ( i j )  F l o w r a t e  e a c h  s i n k  
L o g i c a l  1 _ 1  ( i  j )  L o g i c a l  c o n s t r a i n t  
L o g i c a l 2 _ l ( j )  L o g i c a l  c o n s t r a i n t  
L o g i c a l 3 _ l ( i )  L o g i c a l  c o n s t r a i n t  
T e m p K _ l ( j )  T e m p e r a t u r e  o f  s in k

P I P 1 1  P i p i n g  c o s t  o f  s o u r c e  t o  s i n k  
O B J E C T W N l

L i n k l l ( i )
L i n k 2 J ( i )
L i n k 3 _ l ( j )
L i n k 4 J 0 )
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  |_j ] * * * * * * * * * * * * * * * * * * * * * * * * * *

a b c _ l  (บ) @#@$s#

O H B  H  1 (1 ) o v e r a l l  h e a t  b a l a n c e  f o r  e a c h  h o t  s t r e a m
O H B  C  l ( J )  o v e r a l l  h e a t  b a l a n c e  f o r  e a c h  c o l d  s t r e a m

S H B F M ( L K )  h e a t  b a l a n c e  a t  e a c h  s t a g e  f o r  h o t  s t r e a m
S H B _ C _ 1 ( J , K )  h e a t  b a l a n c e  a t  e a c h  s t a g e  f o r  c o l d  s t r e a m

T I N H A S S G N _ I ( I )  a s s i g n m e n t  o f  i n l e t  t e m p e r a t u r e  o f  h o t  s t r e a m  i 
T I N C A S S G N _ 1 ( J )  a s s i g n m e n t  o f  i n l e t  t e m p e r a t u r e  o f  c o l d  s t r e a m  j

F H I J ( L K )
F H 2 J U )
F C I J ( J . K )
F C 2 J ( J )

f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  e a c h  s t a g e  f o r  h o t  s t r e a m  
f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  l a s t  s t a g e  f o r  h o t  s t r e a m  

f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  e a c h  s t a g e  f o r  c o l d  s t r e a m  
f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  f i r s t  s t a g e  f o r  c o l d  s t r e a m

H U L O A D  l ( i )  h o t  u t i l i t y  l o a d
C U L O A D  l ( J )  c o l d  u t i l i t y  l o a d

H E C O U N T I  l ( L L K )  c o u n t  h e a t  e x c h a n g e r  
H E C O U N T 2 _ l ( I )  c o u n t  h o t  u t i i l i t y
H E C O U N T 3 _ l ( J )  c o u n t  c o l d  u t i l i t y

A P P T E M P L  l ( L L K )  a p p r o a c h  t e m p e r a t u r e  a t  t h e  l e f t  o f  s t a g e  k  
A P P T E M P R  1 ( บ , K )  a p p r o a c h  t e m p e r a t u r e  a t  t h e  r i g h t  o f  s t a g e  k  
A P P T E M P C U  l ( I )  a p p r o a c h  t e m p e r a t u r e  a t  c o l d  u t i l i t y  o f  h o t  s t r e a m  i 
A P P T E M P H L M ( J )  a p p r o a c h  t e m p e r a t u r e  a t  h o t  u t i l i t y  o f  c o l d  s t r e a m  j



A P P T E M P L I M I T l  ( i , J , K )  l i m i t i n g  t e m p e r a t u r e  a p p r o a c h  
A P P T E M P L I M I T C U l ( l )  l i m i t i n g  t e m p e r a t u r e  a p p r o a c h  
A P P T E M P L I M I T H U I ( J )  l i m i t i n g  t e m p e r a t u r e  a p p r o a c h

L O G M H _ l ( i j , K )  L o g  m e a n  t e m p e r a t u r e  d i f f e r e n t  o f  H E  
L O G M H U l ( J )  L o g  m e a n  t e m p e r a t u r e  d i f f e r e n t  o f  H U  
L O G M C U l ( I )  L o g  m e a n  t e m p e r a t u r e  d i f f e r e n t  o f  cu 
H A R E A _  1 ( i  j , K )  H e a t  e x c h a n g e r  a r e a
H U A R E A l ( J )  H o t  u t i l i t y  a r e a
C U A R E A  l ( I )  C o l d  u t i l i t y  a r e a
T O T A R E A  1 T o t a l  a r e a

H A C O S T 1
H U A C O S T J
C U A C O S T J
H U O C O S T J
C U O C O S T J

H e a t  e x c h a n g e r  a r e a  c o s t  
H o t  u t i l i t y  h e a t  e x c h a n g e r  a r e a  c o s t  
C o l d  u t i l i t y  h e a t  e x c h a n g e r  a r e a  c o s t  
H o t  u t i l i t y  o p e r a t i o n  c o s t  
C o l d  u t i l i t y  o p e r a t i o n  c o s t

L in k  1 2_1 ( i )
L in k  1 2 _ 2 ( i )
L in k  12 ~ 3 ( j>
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  W N 2  * * * * * * * * * * * * * * *

M B l _ 2 ( j )  M a s s  b a l a n c e  ( f l o w r a t e )
M B 2 _ 2 ( j )  M a s s  b a l a n c e  ( c o n t a m i n a n t )
C o n s l _ 2 ( i )  C o n s t r a i n t  f o r  x  
C o n s 2 _ 2 ( j )  C o n c e n t r a t i o n  c o n s t r a i n t  
C o n s 3 _ 2 ( j )
C o n s F _ 2
F r e s h _ 2  F r e s h w a t e r  u s a g e  
W a s t e _ 2 ( i )  W a s t e  o f  s o u r c e  
A l l w a s t e _ 2  W a s t e  d i s c h a r g e  
F l o w _ 2 ( i j )  F l o w r a t e  e a c h  s i n k  
L o g i c a l l _ 2 ( i j )  L o g i c a l  c o n s t r a i n t  
L o g i c a l 2 _ 2 ( j )  L o g i c a l  c o n s t r a i n t  
L o g i c a l 3 _ 2 ( i )  L o g i c a l  c o n s t r a i n t  
T e m p K _ 2 ( j )  T e m p e r a t u r e  o f  s i n k  
F R E S H C  2  F r e s h w a t e r  c o s t  
P I P  1 2  P i p i n g  c o s t  o f  s o u r c e  t o  s i n k
P 1 P 2  2  P i p i n g  c o s t  o f  f r e s h  to  s i n k  -
P I P 3 _ 2  P i p i n g  c o s t  o f  s o u r c e  t o  w a s t e
P I P C  2  P i p i n g  c o s t
O B J E C T W N 2  

L i n k l  2 ( i )
L in k 2  2 ( i )
L i n k 3 _ 2 ( j )
L i n k 4 ~ 2 ( j )
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  } _ J 2  * * * * * * * * * * * * * *

a b c _ 2 ( l , J )  @#@ss#
O H B _ H _ 2 ( l )  o v e r a l l  h e a t  b a l a n c e  f o r  e a c h  h o t  s t r e a m



o v e r a l l  h e a t  b a l a n c e  f o r  e a c h  c o l d  s t r e a mO H B _ C _ 2 ( J )

S H B _ H _ 2 ( I , K )  h e a t  b a l a n c e  a t  e a c h  s t a g e  f o r  h o t  s t r e a m
S H B _ C _ 2 ( J , K )  h e a t  b a l a n c e  a t  e a c h  s t a g e  f o r  c o l d  s t r e a m

T I N H A S S G N _ 2 ( I )  a s s i g n m e n t  o f  i n l e t  t e m p e r a t u r e  o f  h o t  s t r e a m  i 
T f N C A S S G N _ 2 ( J )  a s s i g n m e n t  o f  i n l e t  t e m p e r a t u r e  o f  c o l d  s t r e a m  j

F H 1 _ 2 ( I , K )
F H 2 ~ 2 ( I )
F c O c h K . )
F C 2 ~ 2 ( J )

f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  e a c h  s t a g e  f o r  h o t  s t r e a m  
f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  l a s t  s t a g e  f o r  h o t  s t r e a m  

f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  e a c h  s t a g e  f o r  c o l d  s t r e a m  
f e a s i b i l i t y  o f  t e m p e r a t u r e  a t  f i r s t  s t a g e  f o r  c o l d  s t r e a m

F 1 U L 0 A D _ 2 ( 1 )  h o t  u t i l i t y  lo a d
. C U L O A D  2 ( J )  c o l d  u t i l i t y  lo a d

F 1 E C 0 U N T 1 _ 2 ( 1 , J ,K )  c o u n t  h e a t  e x c h a n g e r  
H E C O U N T 2 _ 2 ( l )  c o u n t  h o t  u t i i l i t y
F I E C O U N T 3 _ 2 ( J )  c o u n t  c o l d  u t i l i t y

A P P T E M P L _ 2 ( 1 , J , K )  a p p r o a c h  t e m p e r a t u r e  a t  t h e  l e f t  o f  s t a g e  k  
A P P T E M P R  2 ( I . J . K )  a p p r o a c h  t e m p e r a t u r e  a t  t h e  r i g h t  o f  s t a g e  k  
A P P T E M P C U _ 2 ( 1 )  a p p r o a c h  t e m p e r a t u r e  a t  c o l d  u t i l i t y  o f  h o t  s t r e a m  i 
A P P T E M P H U _ 2 ( J )  a p p r o a c h  t e m p e r a t u r e  a t  h o t  u t i l i t y  o f  c o l d  s t r e a m  j

A P P T E M P L I M 1 T _ 2 ( L J . K )  l i m i t i n g  t e m p e r a t u r e  a p p r o a c h  
A P P T E M P L I M 1 T C U  2 (1 )  l i m i t i n g  t e m p e r a t u r e  a p p r o a c h  
A P P T E M P L I M I T 1 f U _ 2 ( J )  l i m i t i n g  t e m p e r a t u r e  a p p r o a c h

L O G M H _ 2 ( i j , K ) L o g  m e a n  t e m p e r a t u r e  d i f f e r e n t  o f  H E
L O G M H U 2 ( J ) L o g  m e a n  t e m p e r a t u r e  d i f f e r e n t  o f  H U
L O G M C U ~ 2 ( I ) L o g  m e a n  t e m p e r a t u r e  d i f f e r e n t  o f  cu
H A R E A _ 2 f i j , K ) H e a t  e x c h a n g e r  a r e a
H U A R E A _ 2 ( J ) H o t  u t i l i t y  a r e a
C U A R E A ~ 2 ( I ) C o l d  u t i l i t y  a r e a
T O T A R E A 2 T o t a l  a r e a

H A C O S T 2 H e a t  e x c h a n g e r  a r e a  c o s t
H U A C O S T 2 H o t  u t i l i t y  h e a t  e x c h a n g e r  a r e a  c o s t
C U A C O S T ’3 C o l d  u t i l i t y  h e a t  e x c h a n g e r  a r e a  c o s t
H U O C O S T ~ 2 H o t  u t i l i t y  o p e r a t i o n  c o s t
C U O C O S T J C o l d  u t i l i t y  o p e r a t i o n  c o s t

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

L i n k W N ( i )

O A Q C U 1
O A Q H U 1

O v e r a l l  C o l d  u t i l i t y  
O v e r a l l  h o t  u t i l i t y



O A Q C U 2 O v e r a l l  C o l d  u t i l i t y
O A Q H U 2 O v e r a l l  h o t  u t i l i t y
O B J F N 2 u t i l i t y  Q
O B J F N 2 2 u t i l i t y  Q
O B J F N 3 u t i l i t y  A R E A
O B J F N 3 2
I n v e s t I n v e s t m e n t  c o s t
T o t a l ! T o t a l  a n n u a l  c o s t
T o t a l  2 T o t a l  a n n u a l  c o s t
T o t a l A -
U T I L I T Y

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ ] 'ร] I N I T I A L * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
M B  1 ( j ) .. s u m ( i , C S ( i ) * F S ( i ) * x ( i j ) )  = e =  C K G ) * F K L ( j )  ;
M B 2 ( j ) .. s u m ( i , F S ( i ) * x ( i j ) )  +  F F W G )  = e =  F K L ( j )  ;
C o n s l ( i )  .. s u m ( j , x ( i . j ) )  = 1 =  1 ;
C o n s 2 ( j ) .. C K ( j )  = 1 =  C K L ( j )  ;
F r e s h  . . 'O F W  = e =  s u m ( j , F F W ( j ) ) ;
W a s t e ( i ) .. W W ( i )  = e =  ( l - s u m ( j >x ( i j ) ) ) * F S ( i ) ;
A l l w a s t e  .. oww = e =  s u m ( i , W W ( i ) ) :
F l o w ( i j ) .. F ( i j )  = e =  F S ( i ) * x ( i j )  ;
L o g i c a l  1 ( Ï j ) .. F ( i j ) - O M E G A l * y ( i j )  = 1=  0 ;
L o g i c a l 2 ( j ) .. F F W ( j ) - O M E G A l  * y F W ( j ) = l =  0 :
L o g i c a l 3 ( i ) .. W W ( i ) - O M E G A l * y W W ( i )  = 1 =  0 ;
T e m p K ( j ) . .  s u m ( i , T S ( i ) * F ( i j ) ) + T F W * F F W ( j )  = e =  T K ( j ) * F K L ( j ) :
F R E S H C  .. F C o s t  =e= O F W * F W C * W H ;  _
P 1P 1  .. P 1 C 1  = e =  s u m ( ( i j ) , y ( i j ) * ( C P F l ( i t j ) + F ( i . j ) * C P l ( i j ) * W H ) ) ;
P I P 2  .. P I C 2  = e =  s u m ( j , y F W ( j ) * ( C P F 2 ( j ) + F F W ( j ) * C P 2 ( j ) * W F I ) ) ;
P I P 3  .. P I C 3  = e =  s u m ( i , y W W ( i ) * ( C P F 3 ( i ) + W W ( i ) * C P 3 ( i ) * W H ) ) ;
P I P C  .. P I C o s t  = e =  P I C 1 + P 1 C 2 + P I C 3 ;
O B J F N 1 1  . . O i l  = e =  F C o s t ;
O B J F N 1 2  .. 0 1 2  = e =  F C o s t + P I C o s t ;******************************************************************************* 
**********************************YVTsI ]*****J*= ************************************
M B l _ l ( j ) .. s u m ( i , C S ( i ) * F S ( i ) * x l ( i . j ) ) + F K 2 ( j ) * C K 2 ( j )  = e =  C K I ( j ) * F K L ( j )  ; 
M B 2 J 0 ) .. s u m ( i , F S ( i ) * x l ( i j ) )  +  F K 2 ( j )  = e =  F K L ( j )  ;
C o n s l  l ( i )  .. s u m ( j , x l ( i j ) )  = 1 =  1 ;
C o n s 2 J ( j ) .. C K l ( j )  = 1 =  C K L ( j )  ;

W a s t e  l ( i ) .. W W l ( i )  = e =  ( l - s u m ( J , x I ( i j ) ) ) * F S ( i ) ;
A l l w a s t e _ l  .. O W W 1  = e =  s u m ( i , W W l ( i ) ) ;
F l o w  l ( i j ) .. F l ( i j )  = e =  F S ( i ) * x l ( i j )  ;
L o g i c a l l _ l ( i j > .. F I ( i j ) - O M E G A l * y l ( i j )  = 1 =  0 ;
* L o g i c a l 2 _ l ( j ) .. F F W l ( j ) - O M E G A l * y F W I ( j )  = 1 =  0 ;
* L o g i c a l 3  J ( i )  .. พ พ  1 ( i ) - O M E G A  1 * y พ พ  I ( i )  = 1 =  0 ;
T e m p K J G )  .. s u m ( i , T S ( i ) * F l ( i j ) ) + F K 2 ( j ) * T O U T C 2 0 )  = e =  T K l G ) * F K L ( i ) ;  
P 1 P 1 1  .. P I C 1 1 = e =  s u m ( ( i j ) , y l ( i j ) * ( C P F I ( i j ) + F l ( i . j ) * C P l ( i j ) * W H ) ) ;  
O B J E C T W N 1  .. O B J W N 1  = e =  s u m ( ( i j ) , F l ( i j ) ) ;

L i n k l  l ( i ) .. T I N H l ( i )  = e =  T S ( i ) ;



1 8 9

L ink2_l(i).. FH l(i) =e= WWl(i);
L in k 3 J 0 ) .. TINCHj) =e= TKl(j);
L in k 4 J (j).. FCl(j) -e =  FKL(j);
********************************* HEN ]******************************************* 

a b c_ l(ij) .. ql(ij,'lastlocation') =e= 0;

O H B H l ( i ) .. (TS(i)-TOUTH 1 ( i ) ) * w w  1 (i)*CP*( 1000/3600) =e= SUM((J,K),q I ( บ ,K))+qcu I (I);
O H B ~C J(j).. (TOUTC(J)-TK 1(J))*FKL(J)*CP*( 1000/3600) =e= SUM((I,K),q 1 ( บ ,K.))+qhu 1 (J);

SHB_H_l(I,K)$(ORD(K) NE CARD(K)).. (tl 11 (I,K)-tH 1(1,K+I))*WW1(I)*CP*( 1000/3600)
= ef SUM(J,ql (บ ,K));

SHB_C_ 1 (J,K)S(ORD(K) NE CARD( K )).. (tC l(J.K)-tC 1 (J,K+1 ))*FC 1 (J)*CP*( 1000/3600)
=e= SUM(l,ql (บ ,K));

TIN H A SSG N J(I).. TS(I) =e= tH I(1,'firstlocation');
T IN C A SSG N J(J).. TK1(J) =e= tC1(J,'lastlocation’);

FH1_1(I,K)$(0RD(K) NE CARD(K)).. tHl(I,K) =g^tH l(I,K +l);
F H 2 J (I ) .. TOUTHl(l) =1= tHUF'lastlocation');
FC 1J  (J,K)$(ORD(K) NE CARD(K)).. tC 1 (J.K.) =g= tC I (J,K+1 );
FC2JCJ).. TOUTC(J) =g= tC 1 (J,'firstlocation);

HULOADJ ( I ) .. (tH I (l,'lastlocation')-3 OUTH I (I ))*พ พ  1 ( 1)*CP*( 1000/3600) =e= qcu 1(1);
C U L O A D J(J).. (TOUTC(J)-tCl(J,'firstlocation'))*FKL(J)*CP*( 1000/3600) =e= qhul(J);

HECOUNTl_l(l,J.K)$(ORD(K) NE CARD(K)).. ql(l,J,K)-OMEGA*zl(I,J,K) =1= 0;
H E C O U N T 2J(I).. qcul(I)-OMEGA*zcul(I) =1= 0;
HECOUNT3J(J) . qhul(J)-OMEGA*zhul(J) =1= 0;

APPTEM PLJ( บ .K)S(ORD(K)NECARD(K)).. dtl(IJ.K) =1= tHl(I,K)-tCl(J,K)+GAMMA*(l-zl(I,J.K)); 
APPTEMPR_l(I,J.K)$(ORD(K) NE CARD(K)).. dtl(l J.K+1) =1= tHl(I,K+l)-tCl(J,K+l)+GAM M A*(l- 

z l (บ ,K));
APPTEMPCU_ 1(1).. dtcul(I) =1= till(I,'lastlocation')-TOUTCU +GAMMA*(l-zcul(D);
APPTEMPHu” 1 (J ).. dthu 1 (J) =1= TOUTHU - tC 1 (J.'Orstlocation’l+GAMMA*) 1 -zhu 1 (J));

- APPTEMPLIMrrj(I,J,K)$(ORD(K) NE CARD(K)) .. dtl(I.J.K) =g= EMAT;
APPTEMPLHVHTCUJ(i).. dtcul(l) =g= EMAT;
APPTEMPL1M1THUJU).. dthul(J) =g= EMAT;

L O G M H J(ij.K ).. LM TDl(ij,K) =e= (((dtl(ij,K )*dtl(ij,K +l))*(dtl(ij.K )+dtl(ij,K +l))/2))**(l/3); 
LOGMHUJCj).. LMTDhuHj) =e= ((((TOUTHU-tCl(J,'nrstlocation,))*(TINHU-TOGTCl(J)))*((TOUTHG- 
tCl(J,,firstiôcation'))+(TINHU-TOUTC(J)))/2))**(l/3);
LOGMCU l ( i ) .. LMTDcul(i) =e= ((((tHl(i,,lastlocation,)-TOUTCU)*(TOUTHl(I)-TINCU))*((tHI(i,'lastlocation’)- 
TOUTCU)+(TOUTHl (I)-TlNCU))/2))**( 1/3);
HAREA l(ij.K ) .. A 1 (ij,K)*U*LMTD 1 (i.j,K) =e= ql(I.J.K);
H U A R E A JO ).. Ahu 1 (j)*บ*LMTDliu 1 (j) =e= qhul(j);
CUAREAJ(i) .. Acul(i)*U*LMTDcuI(]) =e= qcu 1 (i);
TOTAREA l .. Atotl =e= sum((ij,k),Al(i.j,K))+sum(J.Ahul(j))+sum(i,Acul(i));

FLACOST1 .. Costhl =e= sum((ij,k),((HFI+HF2)*zl(ij,k)+HV*Al(ij,k))*W Y);
HUACOST_l .. Costhu! =e= sumO,((HFI+HF2)*zhul(j)+HV*Ahul(j))*WY);



C U A C O S T J  .. C o s t c u l  = e =  s u m ( i , ( ( H F I + H F 2 ) * z c u l ( i ) + H V * A c u l ( i ) ) * W Y ) ;
แ บ O C O S T J  .. O C o s t h u l  = e =  s u m O , H U O C * q h u l O ) ) ;
C U O C O S T J  .. O C o s t c u l  = e =  s u m ( i , C U O C * q c u I ( i ) ) ;

L i n k l 2 _ l ( i ) .. T O U T H  l ( i )  = e =  T S 2 ( i ) ;
L i n k  1 2  J O ) .. W W l ( i )  = e =  F S 2 ( i ) ;

* * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * *  W N 2  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  *  * * * *  * 

M B l _ 2 ( j ) .. s u m ( i , C S ( i ) * F S 2 ( i ) * x 2 ( i  j ) )  = e =  C K 2 ( j ) * F K 2 0 )  ;
M B 2 J 0 ) .. s u m ( i , F S 2 ( i ) * x 2 ( i  j ) )  +  F F W 2 ( j )  = e =  F K 2 ( j )  ;
C o n s l _ 2 ( i )  .. s u m G , x 2 ( i j ) )  = 1 =  1 ;
C o n s 2  J O )  -  C K 2 ( j )  = 1 =  C K L ( j )  ;
F r e s h J  .โ ( ว F พ 2  = e =  s u m ( j , F F W 2 ( i ) ) ;
W a s t ë j O ) .. W W 2 ( i )  = e =  ( I - s u m ( j , x 2 ( i j ) ) ) * F S 2 ( i ) ;
A i l w a s t e _ 2  .. 0 W W 2  = e =  s u m ( i , W W 2 ( i ) ) ;
F l o w J O j )  .. F 2 ( i j )  = e =  F S 2 ( i ) * x 2 ( i j )  ;
L o g i c a l l _ 2 ( i j ) . .  F 2 ( i j ) - O M E G A l * y 2 ( i j )  = 1 =  0 ;
L o g i c a l 2  J O ) .. F F W 2 ( j ) - O M E G A  1 * y F W 2 0 )  = 1 =  0 ;
L o g i c a D J O ) .. W W 2 ( i ) - O M E G A l * y W W 2 ( i )  = 1 =  0 ;
T e m p K J O )  -  s u m ( i , T S 2 ( i ) * F 2 ( i  j ) ) + T F W * F F W 2 0 )  = e =  T K . 2 0 ) * F K 2 0 ) ;
F R E S H C J  .. F C o s t 2  = e =  O F W 2 * F W C * W H ;
P I P I  J  .. P 1 C 1 2  = e =  s u m ( ( i  j ) , y 2 ( i j ) * ( C P F I ( r j ) + F 2 ( i j ) * C P l ( i j ) * W H ) ) ;
P I P 2  2  .. P I C 2 2  = e =  s u m Ô , y F W 2 0 ') * ( C P F 2 ( j ) + F F W 2 0 ) * C P 2 0 ) * W H ) ) ;
P I P 3 J  .. P I C 3 2  = e =  s u m ( i , y W W 2 ( i ) * ( C P F 3 ( i ) + W W 2 ( i ) * C P 3 ( i ) * W H ) ) ;
P I  P C  J  .. P I C o s t 2  = e =  P I C 1 2 + P I C 2 2 + P I C 3 2 ;

O B J E C T W N 2  .. O B J W N 2  = e =  s u m ( ( i j ) , F 2 ( i j ) ) ;

L i n k  1 J O ) .. T I N H 2 ( i )  = e =  T S 2 ( i ) ;
L i n k 2 J ( i ) .. F H 2 ( i )  = e =  W W 2 ( i ) ;
L i n k 3  J O ) .. T I N C 2 0 )  = e =  T K 2 0 ) ;
L i n k 4  J O ) .. F C 2 0 )  = é =  F K 2 0 ) ;
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  J--] J 2 ]q  2* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

a b c j o  j ) .. q 2 ( i j , ' I a s t l o c a t i o n ' )  = e =  0 ;

O H B H J 0 ) .. ( T I N H 2 ( i ) - T O U T H ( i ) ) * F H 2 ( i ) * C P * (  1 0 0 0 / 3 6 0 0 )  = e =  S U M ( ( J , K ) . q 2 ( U , K ) ) + q c u 2 ( I ) ;  
O H b I c J O )  . ( T O U T C 2 ( J ) - T I N C 2 ( J ) ) * F C 2 ( J ) * C P * (  1 0 0 0 / 3 6 0 0 )  = e =  S U M ( ( L K ) , q 2 ( U , K ) ) + q h u 2 ( J ) ;

S H B  H  2 ( I , K ) $ ( O R D ( K )  N E  C A R D ( K ) ) .. ( t H 2 ( l , K ) - t H 2 ( I . K . + l ) ) * F H 2 ( I ) * C P * (  1 0 0 0 / 3 6 0 0 )
= e =  S U M ( J , q 2 ( l , J , K ) ) ;

S H B _ C J ( J , K ) $ ( O R D ( K )  N E  C A R D ( K ) ) .. ( t C 2 ( J , K ) - t C 2 ( J , K + l ) ) * F C 2 ( J ) * C P * (  1 0 0 0 / 3 6 0 0 )
= e =  S U M ( I , q 2 ( I , J , K ) ) ;

T I N H A S S G N J ( I )  .. T 1 N H 2 ( 1 )  = e =  t H 2 ( l , ' f i r s t l o c a t i o n ’) ;  
T I N C A S S G N J ( J ) .. T I N C 2 ( J )  = e =  t C 2 ( J , l a s t l o c a t i o n ' ) ;

F H 1  2 ( I , K ) $ ( O R D ( K )  N E  C A R D ( K ) )  .. t H 2 ( I . K )  = g =  t H 2 ( I . K + l  ); 
F H 2 J ( I ) .. T O U T H ( I )  = 1 =  t H l ( L ’l a s t l o c a t i o n ' ) ;
F C 1  J ( J , K ) $ ( O R D ( K )  N E  C A R D ( K ) )  .. t C 2 ( J . K )  = g =  t C 2 ( J , K + l ) ;  
F C 2 J ( J ) .. T O U T C 2 ( J )  = g =  t C 2 ( J , T i r s t l o c a t i o n ') ;
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HULOAD_2(I).. (tH2(I,'Iastlocation')-TOUTH(I))*FH2(I)*CP*( 1000/3600) =e= qcu2(I); 
CULOAD~2(J) .. (TOUTC2(J)-tC2(J,’flrstlocation'))*FC2(J)*CP*( 1000/3600) =e= qhu2(J);

HECOUNTl_2(U,K)$(ORD(K) NE CARD(K)).. q2(UK)-OMEGA*z2(I,J,K) =1= 0; 
HECOUNT2~2(I) qcu2(I)-0MEGA*zcu2(I) =1= 0;
HECOUNT3~2(J).. qhu2(J)-OMEGA*zhu2(J) =1= 0;

APPTEMPL_2(l,J,K)$(ORD(K) NE CARD(K)).. dt2(I,J,K) =1= tH2(I,K)-tC2(J,K)+GAMMA*(l-z2(U,K.)); 
APPTEMPR~2(l,J,K)$(ORD(K)NE CARD(K)),. dt2(I,J,K+l) =1= tH2(I,K.+l)-tC2(J,K+l)+GAMMA*(l- 

z2(I,J,K));
APPTEMPCU_2(I).. dtcu2(l) =1= tH2(l,'lastlocation')-TOUTCU +GAMMA*(l-zcu2(I)); 
APPTEMPHU~2(J).. dthu2(J) =1= TOUTHU - tC2(J>'firstlocation,)+GAMMA*(l-zhu2(J));

APPTEMPL1MIT_2( บ ,K)$(ORD(K)NE CARD(K)) .. dt2(U,K) =g=  EMAT;
APPTEMPLIMlTCU_2(i).. dtcu2(l)=g= EMAT;
APPTEMPLlMlTHU~2(j).. dthu2(J) =g= EMAT;

LOGMH_2(ij,K).. LMTD2(ij,K) =e= (((dt2(i.j,K)*dt2(ij,K+l))*(dt2(ij,K)+dt2(ij,K+l))/2))**(l/3); 
LOGMHU_2(i).. LMTDhu2(J) =e= ((((TOUTFlU-tC2(j;firstlocation'))*(TlNHU-TOUTC2(J)))*((TOUTHU- 
tC2(J>,firstl0cation'))+(TINHU-TOUTC(J)))/2))**(l/3);
LOGMCU_2(i).. LMTDcu2(i) =e= ((((tH2(i;iastlocation,)-TOUTCG)*(TOUTH(l)-TlNCU))*((tH2(i,,lastlocation')- 
TOUTCTJ)+(TOUTH( l)-TlNCU))/2))**( 1 /3);
HAREA_2(ij,K) .. A2(i j,K)*U*LM TD2(ij,K) =e= q2(l,J,K):
HUAREA_2(j).. Ahu2(j)*U*LMTDhu2(j) -e =  qhu2(j);
CUAREA^li) -  Acu2(i)*U*LMTDcu2(i) =e= qcu2(i):
TOTAREA_2 .. Atot2 =e= sum((ij,k).A2(ij,K.))+sum(j,Ahu2(j))+sum(i,Acu2(i));

HACOST_2 .. Costh2 =e= sum((ij,k).((HFI+HF2)*z2(ij,k)+HV*A2(ij,k))*WY); 
MllACOS 1 2 .. Costhu2 =e= s um(j,( ( H F1 + H F2 ) *zhu20')+H V * A hu2(j ))* w  Y); 
CUACOST~2 . Costcu2 =e= sum(i,((HFI+HF2)*zcu2(i)+HV*Acu2(i))*WY); 
IIITK O Sl 2 OCosthu2 =e= sum(j,HUOC*qhu2(j));
CUOCOST 2 .. OCostcu2 =e= sum(i,CUOC*qcu2(i));

OAQCUl .. OQCU1 =e= SUM(I,qcul(I)): 
OAQHUl .. OQHU1 =e= SUM(J,qhul(J)); 
OAQCU2 .. OQCU2 =e= SUM(l,qcu2(l)); 
OAQHU2 .. OQHU2 =e= SUM(J,qhu2(J));

OBJFN2 .. 0 2  =e= OCosthul+OCostcul 
+sum((i j,k ),z 1 (ij,k)*( I IF 1+HF2)* WY);
*+sum(i.zcu 1 (i)*(HF I +HF2))+sum(j,zhu 1 (j)*(HF 1+HF2));
OBJFN22 .. 022  =e= Costhl+Costhul+OCosthul+Costcul+OCostcul; 
OBJFN3 .. 0 3  =e= OCosthu2+OCostcu2 
+sum((ij,k),z2(ij,k) (HFl+HF2)*WY); 
*+sum(i,zcu2(i)*(HFl+FIF2))+sum(j,zhu2(j)*(FlFl+HF2));

.OBJFN32 .. 032  =e= Costh2+Costhu2+OCosthu2+Costcu2+OCostcu2; 
Total 1 .. TAC1 =e= FCost2+PlCost2+PlCl 1 ;
Total2 .. TAC2 =e= FCost2+PICost2+PlCl 1+022+032;



UTILITY .. 0 4  =e= 02+03;
********************************* initial *************************
Model INITIAL 1 /MBI,MB2,Consl,Cons2,Fresh.LogicaI I,LogicaI2,Logical3, 
Waste,Allwaste,Flow,TempK.FRESHC,OBJFNl 1/;
Solve INITIAL 1 using MIP minimizing o i l ;
Display FCost.I,OFWd,OWW.LFFW.ljyFW.l,WW.!,yWW.I,x.LF.I,y.l,CK.I,TK.I;

Parameter ~ 
xin(ij)
FFWin(j)
WWin(i)
yin(ij)
yFWinG)
yWWin(i)

xin(ij) = x.l(ij);
FFWin(j) = FFW.I(j);
WWin(i)= w w . l ( i ) ;  
yin(ij) = y.l(ij); 
yFWin(j) = yFW.l(j): 
yWWin(i) = yWW.I(i);

TotalA .. AREA =e= Atotl+Atot2;

x.l(ij) = xin(ij); 
FFW.l(j) = FFWin(j): 
w w . l ( i ) =  WWin(i); 
yd(ij) = yin(ij); 
yFW.Ifj) = yFWin(j); 
yWW.I(i) = yWWin(i):

Model INITIAL2 /M B!,MB2,Consl,Cons2,Fresh,Logical 1 ,Logical2,LogicaI3, 
Waste,Allwaste,Flow JempK,FRESHC,PIP I ,P1P2.P1P3,PIPC,0BJFN 12/; 
Solve INITIAL2 using M1NLP minimizing 012;
Display PICl.l,PIC2.!,PIC3.l,PICost.l,FCost l,0FW.I,0WW.I,FFW.l, 
yFW.l,WW.I,yWW.I.x.l,F.l.y.l.CK.I,TK.l;
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Fl.fx(ij)=0;F2.fx(ij)=0; 
Fl.fx('i3YjT)=F.I('i3,j l  ); 
FLfx('i3Vj5')=F.l('i3'.’j5’); 
Fl.fx('i4 YjT)=F.l('i4','jl'). 
F2 fx('i4','j3')=F.l('i4','j3'); 
F2.fx('i4 ,j4')=F.l('i4 ,j4');

F1 .fx(’i5','j3’)=F.I('i5',’j3'); 
Fl.fx('i5Vj2’)=F.l('i5','j2’);

WW2.fx(i) = w w . l ( i ) ;  
FFW2.fx(j) = FFW.I(j);
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* O B J W N l . I o  =  4 ;
* O B J W N 2 . l o  =  4 ;
* C K 2 .1 ( j )  =  C K L I  ( j ) ;
^ T S 2
T 0 U T C 2 . f x ( ' j  1 ')  =  7 0 ; T O U T C 2 T x ( ' j 3 ' )  =  7 0 ; T O l J T C 2 . f 'x ( ' j 5 ' )  =  7 0 ;
T O U T C 2 . f x ( ' j 2 ' )  =  7 0 ; T O U T C 2 . f x ( ' j 4 ’)  =  7 0 ;
* T O U T C 2 . l o ( j )  =  6 0 ;
*TKl.up(j)= 100;
M o d e l  M I X I N G !  / M B I  _ 1 , M B 2 1 , C o n s  1 1 , C o n s 2 _ l , W a s t e _ l , A l l w a s t e _ l , F l o w ] ,
T e m p K J ,  P I P 1 1 ,  L o g i c a l  1 J ,
L i n k l 2 ~ 2 >
M B  1 _ 2 7 M B 2 _ 2 , C o n s  I _ 2 , C o n s 2 _ 2 .
F r e s h _ 2 ,W a s t e _ _ 2 ,A l l v v a s t e _ 2 .F I o w _ 2 ,
L o g i c a l  1 _ 2 , L o g i c a l 2 _ 2 , L o g i c a l 3 _ 2 ,
T e m p K _ 2 , F R E S H C J ! , P > P l  2 ,P I P 2  2 ,P I P 3 _ 2 , P 1 P C _ 2 ,
T o t a l  I / ;

S o l v e  M I X I N G  1 u s i n g  M I N L P  m i n i m i z i n g  T A C I ;
D i s p l a y  x l . I , F l . l , W W l . ] , O W W I . I , F S 2 . 1  x 2 . 1 ,F 2 . 1 , F F W 2 . l ,W W 2 . l ,O W W 2 . l , C K l . l ,T K 1 .1 ,F K 2 . I ,  
T K 2 . l , C K 2 . l , F c o s t 2 . 1 , T A C I  -I;

p a r a m e t e r
x l i n ( i j )
W W l i n ( i )
x 2 i n ( i j )
T K I i n t j ) ;

x l i n ( i j ) =  x l . l ( i j ) r  
W W l i n ( i )  =  W W l . l ( i ) ;  
x 2 i n ( i j )  =  x 2 . 1 ( i j ) ;
T K l i n ( j )  =  T K I . l ( j ) ;

* x l  . f x ( i j )  =  x l i n ( i . j ) ;
W W I . f x ( i ) =  W W l i n ( i ) ;
* x 2 . f x ( i  j )  =  x 2 i n ( i  j ) ;
T K l . f x G )  =  T K I i n t j ) ;
♦ T O U T H 1 , l ( i )  =  T O U T !  I l P ( i ) ;
* q  1 . f x ( 'i 4 ', ' j  1 V l o c a t i o n 4 ' ) =  16 . 18 8 ;

M o d e l  W H E N  1
/
a b c J , O H B _ H _ l , O H B _ C _ l . S H B  H J . S H B _ C J , T I N H A S S G N J , T I N C A S S G N J . F H I _ 1 , F H 2 J , F C 1 J , F C 2 J ,  
แ ข  L O A d T x I J I . O A D  L H E C O U N T ! _ l , H E C O U N T 2 _ I - H E C O U N T 3 _  1,
A P P T E M P L  l . A P P T E M P R _ L A P P T E M P C U _ l , A P P T E M P H U _ l ,  
A P P T E M P L r M I T I . A P P T E M P L l M I T C U J . A P P T E M P L l M l T H U J ,
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H U O C O S T J  . C U O C O S T J ,
O A Q C U l , Q A Q H U I , O B J F N 2  /

S o l v e  W H E N 1  u s i n g  M I N I . P  m i n i m i z i n g  0 2 ;
d i s p l a y  F 1 , l , F F W 2 . l , q  1 A , Z 1 . l , q h u  1 . l , z h u  1 l , q c u  1 l , z c u  1 .1 .O C o s t h u  1.1,
O C o s t c u l . l ,
T S 2 .1 ,T K  1 . l , T O U T C . t H  1 . l , t C  1 I .T O U T H  I . l , F K 2 . l ,W W 2 . l , x 2 .1 ,F F W 2 . l ;

P a r a m e t e r  -
q l i n ( i j , k )
q c u  1 i n ( i )
q h u l i n ( j )
T H  1 i n ( i , k )
T C l i n O , k )
z l i n ( i j , k )
z c u l i n ( i )
z h u l i n ( j )

q l i n ( i j . k )  =  q l . l ( i j . k ) ;  
q c u l i n ( i )  =  q c u l . l ( i ) :  
q h u l i n ( j )  =  q h u l . l ( j ) ;
T H  1 i n ( i , k )  =  T H  I , l ( i , k ) ;
T C l i n G , k )  =  T C l . l ( j , k ) ;  
z l i n ( i j , k )  =  z l . l ( i j , k ) ;  
z c u l i n ( i )  =  z c u l . l ( i ) :  
z h u l i n ( j )  =  z h u l . l ( j ) ;

q l . f x ( i j , k )  =  q l i n ( i j , k ) ;  
q c u l  , f x ( i )  =  q c u  1 i n ( i )  ; 
q h u l  , f x ( j )  =  q h u l  i n ( j ) :
T H  l . f x ( i . k )  =  T U  I i n ( i . k ) ;
T C 1 . f x ( j , k )  =  T C  1 i n ( j , k ) ;  
z l  , f x ( i  j , k )  =  z l  i n ( i  j . k ) ;  
z c u l  , f x ( i )  =  z c u l i n ( i ) ;
* z l . f x ( ' i 3 ' , ' j r , ' l o c a t i o n 3 ' ) = 0 ;
* z  1 . f x C i S ' . ' j S V l o c a t i o n S ' ) ^ ;
* z l . f x ( ' i 3 ’, ' j 5 ' , ' l o c a t i o n 2 ') = 0 ;

ะ : = . . 0 , ,  = » * , . w 55-, = .:

L M T D l . l ( i j , k )  =  ( ( ( d t l . l ( i j , K ) * d t l . l ( i . j , K + l ) ) * ( d t l . l ( i j , K ) + d t l . l ( i j , K + l ) ) / 2 ) ) * * ( l / 3 ) ;
L M T D h u l  .1 0 )  =  ( ( ( ( T O U T H U - t C  I . l ( J , ' f i r s t l o c a t i o n ') ) * ( T I N H U - T O U T C ( J ) ) ) * ( ( T O U T H U -  
t C l . l ( J , ' f i r s t l o c a t i o n  ) ) + ( T l N H U - T O U T C ( J ) ) ) / 2 ) ) * * ( l / 3 ) ;
A l . l ( i j , k )  =  q l i n ( i j , k ) / ( บ * L M T D 1  , l ( i  j , k ) + 0 . 0 0 1 ) ;
A h u  1 .1 0 )  =  q h u  1 i n ( j ) / ( U * L M T D h u  1 . l ( j ) + 0 . 0 0 1 );

M o d e l  W H E N  1A
/ L i n k  1 _ I  ,L i n k 2 _  I , L i n k 3 _ l  1L i n k 4 _  1 ,
a b c l  , O H B _ H  1 , O H B _ C  J  ,S H B ~  H  J , S H  B _ c  J  ,T I N H  A S S G N  J  . T I N C A S S G N  J  ,F H  1J  ,F H 2  J  ,F C  1J  , F C 2  J ,



H U L O  A D _  1 , C U L O A D _  1 , H E C O U N T  1 _  L  H E C O U N T 2  J  ,H  E C O U N T 3 _  1, 
A P P T E M P L J  , A P P T E M P R  J  , A P P T E M P C U _  1 .A P P T E M P H U  J , 
A P P T E M P L Ï M I T J , A P P T E M P L I M I T C U J , A P P T E M P L I M I T H U J ,  
H U O C O S T 1 , L O G M H _  1 .L O G M H U  J . H A R F . A  1 , H U A R E A _ 1 , T O T A R E A _  I , 
H A C O S T _  1 1 H U A C O S T _  1,
O A Q C U  l ^ O A Q H U  1 , O B J F N 2 , O B J F N 2 2  /

S o l v e  W H E N ]  A  u s i n g  M I N L P  m i n i m i z i n g  0 2 2 ;
d i s p l a y  q l . l , z l  l , q h u l . I , z h u l . L q c u l . l . z c u l  l ,O Q H U  1 ,1 ,0 Q C U  1.1,A I . I . A H U l . l ,  
C o s t h l . l ' c o s t h u  1 .1 .O C o s t h u  1 . l . T O U T H  1.1.
022.1,02.1,
t H l . l , t C l . l , T K l . ] , T O U T C 2 . l , T S , F l . l , F K 2 . 1 , T K l . l , F K L ;

P a r a m e t e r
T S 2 i n 2 ( i )
x 2 i n 2 ( i j )
F F W 2 i n 2 ( j )
W W I i n 2 ( 0
F K 2 i n 2 ( j )
C K 2 i n 2 0  '

T S 2 i n 2 ( i )  =  T O U T H 1 l ( i ) ;  
x 2 i n 2 ( i j )  =  x 2 .1 ( i  j ) ;
F F W 2 i n 2 ( j )  =  F F W 2 . l ( j ) ;
W W I i n 2 ( 0  =  W W l . l ( i ) ;
F K 2 i n 2 ( j )  =  F K 2 . l ( j ) ;
C K 2 i n 2 ( j )  =  C K 2 . l ( j ) ;

T S 2 . f x ( i )  =  T S 2 i n 2 ( i ) ;  
x 2 . f x ( i j )  =  x 2 i n 2 ( i  j ) ;
F F W 2 . f x ( j )  =  F F W 2 i n 2 ( j ) ;
w w 1. f x ( i )  = w w 1 i n 2 ( i ) ,
F K 2 . f x ( j )  =  F K 2 i n 2 ( j ) ;
* C K 2 . 1 ( j ) ~  C K 2 i n 2 ( j ) ;

M o d e l  IV H X 2
/
L i n k  1 2 _ 1 , L i n k  1 2 _ 2 ,
M B l _ 2 , M B 2 _ 2 , C o n s l _ 2 , F r e s h _ 2 , W a s t e _ 2 , A l l v v a s t e _ 2 , F I o w _ 2 ,  
* L o g i c a l l _ 2 , L o g i c a l 2 _ 2 , L o g i c a l 3 _ 2 ,  
T e m p K _ 2 , F R E S H C _ 2 , O B J E C T W N 2  /
S o l v e  M I X 2  u s i n g  N L P  m i n i m i z e  F c o s t 2 ;  
d i s p l a y  T S 2 . I , F 2 . I ,F F W 2 .1 , T S 2 . I ,T K  1.1,T K 2 . I ;

P a r a m e t e r
T K 2 i n ( j )
W W 2 i n ( i )
T 0 U T C 2 i n ( j ) ;
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T K 2 i n ( j )  =  T K 2 .1 ( j ) ;
W W 2 i n ( i )  =  W W 2 . l ( i ) ;
T O U T C 2 i n ( j )  =  T 0 U T C 2 . K J ) ;

T K 2 . f x ( j )  =  T K 2 i n ( i ) ;
W W 2 . f x ( i )  =  W W 2 i n ( i ) ;

T 0 U T C 2 . f x ( j )  =  T 0 U T C 2 i n ( j ) ;

M o d e l  W H E N 2
/
L i n k l _ 2 , L i n k 2 _ 2 , L i n k 3 _ 2 , L i n k 4 _ 2 ,
a b c _ 2 , O H B _ H 3 , O H B _ C  2 , S H B  H _ 2 ,S H B _ C _ 2 , T I N H A S S G N _ 2 . T 1 N C A S S G N _ 2 ,  
F H 1 2  F H 2  2  F C  1 2  F C 2  2
H U L O A D _ 2 , C U l 0 a D _ 2 , H E C O U N T I _ 2 , H E C O U N T 2 _ 2 . H E C O U N T 3 _ 2 ,  
A P P T E M P L _ 2 , A P P T E M P R _ 2 , A P P T E M P C U _ 2 , A P P T E M P H U _ 2 ,  
A P P T E M P L r M l T _ 2 , A P P T E M P L I M l T C U _ 2 , A P P T E M P L I M l T H U _ 2 ,  
H U O C O S T _ 2 , C U 0 C O S T _ 2 , O A Q C U 2 , O A Q H U 2 , O B J F N 3 , O B J F N 2 , U T I L I T Y  /

S o l v e  W H E N 2  u s i n g  M I N L P  m i n i m i z e  0 3 ;  
d i s p l a y  q 2 . 1 ,z 2 .1 ,q h u 2 .1 ,z h u 2 .1 ,q c u 2 . l , z c u 2 . l ,
O Q H U 2 . k O Q C U 2 . l , t H 2 . 1 , t C 2  l .T S 2 . I . F 2 . I , F F W 2 . l , T K 2 .1 ,T S 2 . 1 . T O U T C 2 . 1 ,  
0 3 . 1 ,O C o s t h u 2 .1 ,O C o s t c u 2 .1 ;
P a r a m e t e r
q 2 i n ( i j , k )
q c u 2 i n ( i )
q h u 2 i n ( j )
T H 2 i n ( i . k )
T C 2 i n ( i , k )  
z 2 i n ( i  j , k )  
z c u 2 i n ( i )  
z h u 2 i n ( j )

q 2 i n ( i j , k )  =  q 2 . 1 ( i j . k ) :  
q c u 2 i n ( i )  =  q c u 2 . I ( i ) ;  
q h u 2 i n ( j )  =  q h u 2 . l ( j ) ;
T H 2 i n ( i , k )  =  T H 2 . I ( i , k ) ;
T C 2 i n G ,k )  =  T C 2 .1 ( j ,k ) ;  
z 2 i n ( i j , k )  =  z 2 . l ( i j , k ) ;  
z c u 2 i n ( i )  =  z c u 2 . l ( i ) ;  
z h u 2 i n ( j )  =  z h u 2 . l ( j ) ;

q 2 . f x ( i j , k )  =  q 2 i n ( i j , k ) ;  
q c u 2 . f x ( i )  =  q c u 2 i n ( i )  ; 
q h u 2 . f x ( j )  =  q h u 2 i n ( j ) :
T H 2 . f x ( i , k )  — T H 2 i n ( i , k ) ;
T C 2 . f x ( j , k )  =  T C 2 i n ( j , k ) ;  
z 2 . f x ( i  j , k )  =  z 2 i n ( i  j , k ) ;  
z c u 2 . f x ( i )  =  z c u 2 i n ( i ) ;

z h u 2 . f x ( j ) = 0 ;
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L M T D 2 . 1 ( i j , k )  =  ( ( ( d t 2 . I ( i j , K ) * d t 2 . l ( i j , K + l ) ) * ( d t 2 . 1 ( i j , K ) + d t 2 . 1 ( i j , K + l ) ) / 2 ) ) * * ( l / 3 ) ;  
L M T D h u 2 . 1 ( j )  =  ( ( ( ( T O U T H U - t C 2 . 1 ( J , ' f i r s t l o c a t i o n ’) ) * ( T r N H U - T O U T C 2 . 1 ( J ) ) ) * ( ( T O U T H U -  
t C 2 . ] ( J , ' f i r s t l o c a t i o n ) ) + ( T F N H U - T O U T C 2 . l ( J ) ) ) / 2 ) ) * * ( l / 3 ) ;
A 2 . 1 ( i j , k )  =  q 2 i n ( i j , k ) / ( U * L M T D 2 . 1 ( i j , k ) + 0 . 0 0 1 ) ;
A h u 2 . I ( j )  =  q h u 2 i n ( j ) / ( U * L M T D h u 2 . I ( j ) + 0 . 0 0 1 ) ;

M o d e l  W H E N 2 A
/
a b c _ 2 , O H B _ H _ 2 , O H B _ C _ 2 , S H B _ H _ 2 , S H B _ C _ 2 , T l N H A S S G N _ 2 , T I N C A S S G N _ 2 , F H l _ 2 , F H 2 _ 2 , F C l _ 2 , F C 2 _ 2 ,
H U L O A d I 2 , C U L O A D _ 2 T h E C O Ü n T 1 _ 2 . h Ë c O U N T 2 _ 2 , H E C Ô u N T 3 _ 2 , H U O C O S T _ I
A P P T E M P L _ 2 , A P P T E M P R _ 2 , A P P T E M P C U _ 2 , A P P T E M P H U _ 2 ,
A P P T E M P L r M I T _ 2  A P P T E M P L I M I T C U _ 2 , A P P T E M P L I M I T H U _ 2 ,
H U O C O S T _ 2 , C U O C O S T _ 2 X O G M H _ 2 , L O G M H U _ 2 , L O G M C U _ 2 )H A R E A _ 2 )H U A R E A _ 2 , C U A R E A _ 2 ,
h a c o s t _ £ h u a c o s t _ 2 , c u a c o s t _ 2 ,
O A Q C U 2 , O A Q H U 2 , O B J F N 3 2 , T o t a l 2 , T O T A R E A J , T O T A R E A _ 2 , T o t a l A  /

S o l v e  W H E N 2 A  u s i n g  M I N L P  m i n i m i z i n g  0 3 2 ;
d i s p l a y  q l . l , z l . l , q h u l . l . z h u l . k q c u l , l , z c u l . l . O Q H U  1 , l ,O Q C U 1 .1 ,A 1 ,1 ,A H U  1.1, 
tH  l . l . t C  1.1, w w 1.1 ,T K  1, 1 , T 0 U T C ,
q 2 .1 , z 2 . l , q h u 2 .1 , z h u 2 .1 ,q c u 2 .1 , z c u 2 d ,O Q H U 2 . I . O Q C U 2 . l ,A 2 . l ,A C U 2 . l ,A H U 2 . 1 ,
C o s t h l . ] , C o s t h u l . l , O C o s t h u l  l , 0 3 2 . I . C o s t h 2 . l , C o s t h u 2 . l , O C o s t h u 2 . 1 , C o s t c u 2 . 1 , O C o s t c u 2 . l , 0 2 2 . l , 0 3 2 . l , F c o s t 2 . l , P I C I  1
.1,
P I C o s t2 . 1 , tH 2 .1 , t C 2 . 1 , w w 2 . l ,F F  W 2 .1 ,F 2 . I ,T K .2 .1 ,T O U T C 2 .1 , 0 3 . 1 , 0 3 2 . l , A t o t l . l , A t o t 2 . 1 , A R E A . I .T A C 2 .1 ,
T S , F S 2 . i , F 1 ,1 ,T K 2 . I  F K 2 . L T K l . l . F K L ;
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APPENDIX B-l ะ Case Study 1.1 GAMS Solve summary

M O D E L  S T A T I S T I C S

BLOCKS OF EQUATIONS II SINGLE EQUATIONS 59
BLOCKS OF VARIABLES 10 SINGLE VARIABLES 67
NON ZERO ELEMENTS 185 DISCRETE VARIABLES 20 
GENERATION TIME = 0,062 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
EXECUTION TIME = 0.062 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 01/23/14 11:18:48 Page 5 
General Algebraic Modeling System 
Solution Report SOLVE CASEI1 Using MIP From line 71 

SOLVE SUMMARY 
MODEL CASEI 1 OBJECTIVE OBJ

TYPE MIP DIRECTION MINIMIZE
SOLVER CPLEX FROM LINE 71

**** SOLVER STATUS 1 Normal Completion 
**** MODEL STATUS 8 Integer Solution 
**** OBJECTIVE VALUE 210.0000
RESOURCE USAGE, LIMIT 0.516 1000.000
ITERATION COUNT, LIMIT 13 2000000000
IBM I LOG CPLEX 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows 
Cplex 12.6.0.0
Space for names approximately 0.00 Mb 
Use option 'names no' to turn use of names off 
MIP status! 102): integer optimal, tolerance 
Cplex Time: 0.31sec (det. 0.46 ticks)
Fixing integer variables, and solving final LP...
Fixed MIP status! 1 ): optimal 
Cplex Time: O.OOsec (det. 0.05 ticks)



Solution satisfies tolerances.
MIP Solution: 210.000000 (13 iterations, 0 nodes)
Final Solve: 210.000000 (0 iterations)
Best possible: 193.000000
Absolute gap: 17 000000
Relative gap: 0.080952
**** REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 
0 UNBOUNDED

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 01/23/14 11:18:48 Page 6 
General Algebraic Modeling System
Execution
— 72 VARIABLE OBJ.L = 210 000 Objective function

VARIABLE OFW.L = 70.000 Overall freshwater
VARIABLE OWW.L - 50.000 Overall wast

— 72 VARIABLE FW.L Freshwater flowrate 
jl 30.000, j2 40.000
— 72 VARIABLE พพ.L Waste of each source 
i3 25.000, i4 25.000

72 VARIABLE X.L Source split fraction i to j 
jl j2 j3 j4

11 0.400 0.600
12 0.200 0 800
13 0.143 0.500
14 0583
— 72 VARIABLE F L Splitting Flowrate i to j

jl J2 j3 J4
il 20.000 30.000
i2 20.000 80.000
i3 10.000 35.000
i4 35.00

72 VARIABLE y.L
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Jl J2 J3 j4
il 1.000 1.000
i2 1.000 1.000
i3 1.000 1.000
i4 1.000
— 72 VARIABLE Z.L 
jl 1.000, j2 1.000
— 72 VARIABLE CK.L Sink stream concentration 
jl 20.000, j2 50.000, j3 100.000, j4 200,000
EXECUTION TIME = 0.000 SECONDS 3 MB 24.2.1 r435~72 WEX-WEI
USER: The Petroleum and Petrochemical College G131219:2228AS-WIN

Chulalongkom University DC4365
License for teaching and research at degree granting institutions 

**** FILE SUMMARY
Input C:\Users\Sarut\Desktop\Thesiswater network\GAMS 24.2\casel withLogic. gms 
Output C:\Users\Sarut\Documents\gamsdir\projdir\caselwithLogic.lst

APPENDIX B-2 : Case Study 1.1a GAMS Solve summary

MODEL STATISTICS
BLOCKS OF EQUATIONS 15 SINGLE EQUATIONS 66
BLOCKS OF VARIABLES 14 SINGLE VARIABLES 74
NON ZERO ELEMENTS 203 DISCRETE VARIABLES 24
GENERATION TIME = 0.032 SECONDS 4MB 24.2.1 r43572 WEX-WEI
EXECUTION TIME = 0.032 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/31/14 05:15:23 Page 5 
General Algebraic Modeling System 
Solution Report SOLVE CASE! I Using MIP From line 83 

SOLVE SUMMARY 
MODEL CASE 11 OBJECTIVE OBJ
TYPE MIP DIRECTION MINIMIZE



SOLVER CPLEX FROM LINE 83
**** SOLVER STATUS 1 Normal Completion 
***♦  MODEL STATUS 8 Integer Solution 
**** OBJECTIVE VALUE 5810.๓๓
RESOURCE USAGE, LIMIT 0.219 10๓ .๓0
ITERATION COUNT, LIMIT 15 2000๓00๓
IBM ILOG CPLEX 24.2.1 r43572 Released Dec 9, 2013 WEI x86_64/MS Windows 
Cplex 12.6.0 0
Space for names approximately 0.00 Mb 
Use option 'names no' to turn use of names off 
MIP status(102): integer optimal, tolerance 
Cplex Time: 0.14sec (det. 0.53 ticks)
Fixing integer variables, and solving final LP...
Fixed MIP status) 1): optimal 
Cplex Time: O.OOsec (det. 0.06 ticks)
Solution satisfies tolerances.

MIP Solution: 5810.๓0๓ 0 ( 15 iterations, 0 nodes)
Final Solve: 5810.000๓0 (0 iterations)
Best possible: 5786 571389
Absolute gap: 23.428611
Relative gap: 0.004032
**** REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 
0 UNBOUNDED

GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/31/14 05:15:23 Page 6 
General  Al g e b r a i c  Mo d e l i n g  Sys t em
Ex e c ut i on  
—  84 VARIABLE OBJ,L

VARIABLE OFW.L 
VARIABLE OWW.L

= 5810.000 Objective function
= 70 0๓  Overall freshwater
= 50.000 Overall waste

VARIABLE OFWC.L 7๓.0๓  Overall freshwater cost
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VARIABLE OWWC.L = 5000.000 Overall waste cost
VARIABLE OPC.L = 110.000

—  84 VARIABLE FW.L Freshwater flowrate 
jl 30.000, j2 40.000
-— 84 VARIABLE WW. L Waste of each source
i3 25.000, i4 25.000
—  84 VARIABLE X.L Source split fraction i to j

jl j2 J3 J4
il 0.400 0.600
i2 0.200 0.800
i3 0.143 0.500
i4 0.583

— 84 VARIABLE F.L Splitting Flowrate i to j
Jl J2 J3 J4

il 20.0๓ 30.000
i2 20.000 80.000
i3 10,000 35.000
i4 35.0๓
— 84 VARIABLE y.L

Jl J2 j3 j4
il 1.000 1.000
i2 1 000 1.000
i3 1.000 1 000
i4 1.000
—- 84 VARIABLE Z.L 
jl 1.000, j2 1.000
—  84 VARIABLE CK..L Sink stream concentration
jl 20.000, j2 50.000, j3 100.000, j4 200.๓0



APPENDIX B-3 ะ Case Study 1.1b GAMS Solve summary

MODEL STATISTICS
BLOCKS OF EQUATIONS 15 SINGLE EQUATIONS 66
BLOCKS OF VARIABLES 14 SINGLE VARIABLES 74
NON ZERO ELEMENTS 203 DISCRETE VARIABLES 24 
GENERATION TIME = 0 015 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
EXECUTION TIME = 0.015 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI X86 64/MS Windows 03/31/14 05:18:24 Page 5 
General  Al g e b r a i c  Mo d e l i n g  Sys t em 
Solution Report SOLVE CASE! lb Using MIP From line 83 

SOLVE S UMMARY  
MODEL CASElIb OBJECTIVE OBJ
TYPE MIP DIRECTION MINIMIZE
SOLVER CPLEX FROM LINE 83

**** SOLVER STATUS 1 Normal Completion 
* * * * MODEL STATUS 8 Integer Solution 
**** OBJECTIVE VALUE 5753.3333 
RESOURCE US AGE, LIMIT 0.141 1000.000
ITERATION COUNT, LIMIT 57 20๓000000
IBM I LOG CPLEX 24.2.1 r43572 Released Dec 9, 2013 WEI x86_64/MS Windows 
Cplex 12.6.0.0
Space for names approximately 0.00 Mb 
Use option 'names no' to turn use of names off
MIP status(102): intéger optimal, tolerance 
Cplex Time: 0.08sec (det. 1.39 ticks)
Fixing integer variables, and solving final LP... 
Fixed MIP status(l): optimal 
Cplex Time: 0.06sec (det. 0.06 ticks)
Solution satisfies tolerances.
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MIP Solution: 5753 333333 (57 iterations, 0 nodes)
Final Solve: 5753 333333 (0 iterations)
Best possible: 5259.357630
Absolute gap: 493.975703
Relative gap: 0.085859
♦ *** REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 
0 UNBOUNDED

GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/31/14 05:18:24 Page 6
General  Al g e b r a i c  Mo d e l i n g  Sys t em
Execution
—  84 VARIABLE OBJ.L

VARIABLE OFW.L 
VARIABLE OWW.L 
VARIABLE OFWC L 
VARIABLE OWWC.L 
VARIABLE OPC L

= 5753.333 Objective function
= 86.667 Overall freshwater
= 66.667 Overall waste
= 86.667 Overall freshwater cost
= 666.667 Overall waste cost

= 5000.000
—  84 VARIABLE FW.L Freshwater flowrate 
j 146 000, j2 26.667, j4 14.000
—  84 VARIABLE WW L Waste of each source 
i3 66.667
—  84 VARIABLE X.L Source split fraction i to j

jl J2 J3 J4
il 1.000
i2 0,200 0.800
i3 0048
|4 0.067 0.933



jl J2 j3 j'4
11 50.000
12 20.000 80.000
13 3.333

— 84 VARIABLE F.L Splitting Flowrate i to j

i4 4.0๓  56000
—  84 VARIABLE y.L

jl j2 J3 j4
11 1.000
12 1.๓0 1.000
13 1.000
i4 1.000 1.000
—  84 VARIABLE Z.L
jl 1 000, j2 1.000, j4 1.000
—  84 VARIABLE CK.L Sink stream concentration 
jl 20.000, j2 50.000, j3 100.000, j4 200.000

APPENDIX B-4 ะ Case Study 1.1c GAMS Solve summary

MODEL STATISTICS
BLOCKS OF EQUATIONS '15 SINGLE EQUATIONS 76
BLOCKS OF VARIABLES 14 SINGLE VARIABLES 92
NON ZERO ELEMENTS 254 DISCRETE VARIABLES 32
GENERATION TIME = 0.046 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
EXECUTION TIME = 0.046 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/31/14 05.21:30 Page 5 
General  Al g e b r a i c  Mo d e l i n g  Sys t e m  
Solution Report SOLVE CASE! lc Using MIP From line 91 

SOLVE S UMMARY  
MODEL CASEllc OBJECTIVE OBJ
TYPE MIP DIRECTION MINIMIZE



SOLVER CPLEX FROM LINE 9!
**** SOLVER STATUS 1 Normal Completion 
**** MODEL STATUS 8 Integer Solution 
*♦ ** OBJECTIVE VALUE 10287.5000 
RESOURCE USAGE, LIMIT 0.063 10๓ .000
ITERATION COUNT, LIMIT 14 20๓0๓0๓
IBM ILOG CPLEX 24 2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows 
Cplex 12.6.0.0
Space for names approximately 0.00 Mb 
Use option 'names no' to turn use of names off 
MIP status( 102): integer optimal, tolerance 
Cplex Time: 0.05sec (det. 0.69 ticks)
Fixing integer variables, and solving final LP...
Fixed MIP status(l): optimal 
Cplex Time: O.OOsec (det. 0.07 ticks)
Solution satisfies tolerances.

MIP Solution: 10287.500๓0 (14 iterations, 0 nodes)
Final Solve: 10287 5000๓  (0 iterations)
Best possible: 10248 616071
Absolute gap: 38.883929
Relative gap: 0.003780
♦ *** REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 
0 UNBOUNDED

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/31/14 05:21:30 Page 6
General  Al g e b r a i c  Mo d e l i n g  Sys t em
Execution
—  92 VARIABLE OBJ.L = 10287.500 Objective function
—  92 VARIABLE OFW.L Overall freshwater
r2 81.250

92 VARIABLE OWW.L 61.250 Overall waste
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VARIABLE OFWC.L = 4062.500 Overall freshwater cost
VARIABLE OWWC.L = 6125 000 Overall waste cost
VARIABLE OPC.L = 100.000

—  92 VARIABLE FW.L Freshwater flowrate
jl f t

r2 50.000 31.250
—  92 VARIABLE WW.L Waste of each source 
i3 36.875, i4 24.375
—  92 VARIABLE X.L Source split fraction i to j

f t f t  j4
il 1.000
i2 0.187 0.800 0.
i3 0.473
i4 0.594

—  92 VARIABLE F.L Splitting Flowrate i to j
f t j3 j4

il 50.000
i2 18.750 80.000 1
i3 33.125
i4 35*625
— 92 VARIABLE-y-.L

f t f t  J4
il 1.000
i2 1.000 1,000 1.
i3 1.000
i4 1.000
— 92 VARIABLE Z.L

jl f t

r2 1.0๓ 1.000



92 VARIABLE CK.L Sink stream concentration
jl 20.000, j2 50.000, j3 100.000, j4 200.000

APPENDIX B-5 ะ Case Study 1.2 GAMS Solve summary

MODEL STATISTICS
BLOCKS OF EQUATIONS 15 SINGLE EQUATIONS 91
BLOCKS OF VARIABLES 14 SINGLE VARIABLES 106
NON ZERO ELEMENTS 296 DISCRETE VARIABLES 35
GENERATION TIME = 0.031 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
EXECUTION TIME = 0.031 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/31/14 05:2402 Page 5
General  Al g e b r a i c  Mo d e l i n g  Sys t em 
Solution Report SOLVE CASE 12 Using MIP From line 86 

SOLVE S UMMARY  
MODEL CASE12 OBJECTIVE OBJ
TYPE MIP DIRECTION MINIMIZE
SOLVER CPLEX FROM LINE 86

**** SOLVER STATUS 1 Normal Completion 
»*** MODEL STATUS 8 Integer Solution 
**»* OBJECTIVE VALUE 11.0000
RESOURCE USAGE, LIMIT 0.390 1000.000
ITERATION COUNT, LIMIT 82 2000000000
IBM I LOG CPLEX 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows
Cplex 12.6.0.0
Space for names approximately 0.00 Mb 
Use option 'names no' to turn use of names off 
MIP status(102): integer optimal, tolerance 
Cplex Time: 0.36sec (det. 2.57 ticks)
Fixing integer variables, and solving final LP...
Fixed MIP status(l): optimal
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Cplex Time: 0 00sec (det. 0.09 ticks) 
Solution satisfies tolerances.

MIP Solution: 11.000000 (81 iterations, 4 nodes)
Final Solve: 11.000000 (1 iterations)
Best possible: 10.000000
Absolute gap: 1.000000
Relative gap: 0.090909
**** REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 
0 UNBOUNDED

GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/31/14 05:24:02 Page 6 
Ge ne r a l  Al g e b r a i c  Mo d e l i n g  Sys t e m
Ex e c u t i o n
—  87 VARIABLE OBJ.L = 11.000 Objective function

VARIABLE OFW.L = 0.000 Overall freshwater
VARIABLE OWW.L = 0.000 Overall waste
VARIABLE OFWC.L = 0.000 Overall freshwater cost

' VARIABLE OWWC.L = 0.000 Overall waste cost
VARIABLE OPC.L = 11.000

—  87 VARIABLE FW.L Freshwater flowrate
( ALL 0.000 )

—  87 VARIABLE WW L Waste of each source
( ALL 0 000 )

—  87 VARIABLE X.L Source split fraction i to j 
jl J2 j3 J4 j5

il 1.000
i2 0.111 0.444 0.409 0.035
i3 0.974 0.026
i4 0.359 0 641
i5 0.908 0.092



— 87 VARIABLE F.L Splitting Flowrate i to j
Jl J2 J3 J4 J5

il 9.000
i2 1.000 4.000 3.683 0.317
i3 8770 0.230
i4 3.230 5.770
i5 4.087 0.413
—- 87 VARIABLE y L '

jl j2 j3 j4 j5
it 1.000
i2 1.000 10๓ 1.000 1 0๓
i3 1.000 1.000
i4 1.๓0 1.000
i5 1.000 1.000
—- 87 VARIABLE Z.L

( ALL 0 000 )
. . . - 87 VARIABLE CK ]L Sink stream concentration
Jl 127.800, j2 108.0๓, j3 63.002, j4 62.975, j5

APPENDIX B-6 ะ Case Study 1.3 GAMS Solve summary

MODEL STATISTICS
BLOCKS OF EQUATIONS 15 SINGLE EQUATIONS 91
BLOCKS OF VARIABLES 14 SINGLE VARIABLES 106
NON ZERO ELEMENTS 296 DISCRETE VARIABLES 35
GENERATION TIME = 0.016 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
EXECUTION TIME = 0.016 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/31/14 05:26:29 Page 5
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General  Al g e b r a i c  Mo d e l i n g  Sys t em 
Solution Report SOLVE CASE11 Using M1P From line 86 

SOLVE S UMMARY  
MODEL CASE11 OBJECTIVE OBJ
TYPE MIP DIRECTION MINIMIZE
SOLVER CPLEX FROM LINE 86

**** SOLVER STATUS 1 Normal Completion 
**** MODEL STATUS 8 Integer Solution 
* * * * OBJECTIVE VALUE 60.0000
RESOURCE USAGE, LIMIT - 0 078 1000000
ITERATION COUNT, LIMIT 21 2000000000
IBM ILOG CPLEX 24 2 1 r43572 Released Dec 9, 2013 WEI x86_64/MS Windows
Cplex 12.6.0.0
Space for names approximately 0.00 Mb 
Use option 'names no1 to turn use of names off 
MIP status(102): integer optimal, tolerance 
Cplex Time: 0.06sec (det. 0.55 ticks)
Fixing integer variables, and solving final LP...
Fixed MIP status(l): optimal 
Cplex Time: 0 00sec (det. 0.08 ticks) 
Solution satisfies tolerances.
MIP Solution: 60.000000 (21 iterations, 0 nodes)
Final Solve: 60.000000 (0 iterations)
Best possible: 57.545765
Absolute gap: 2.454235
Relative gap: 0.040904
**♦ * REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 
0 UNBOUNDED

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/31/14 05:26:29 Page 6 
General  Al g e b r a i c  Mo d e l i n g  Sys t em
Ex e c ut i o n
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87 VARIABLE OBJ L = 60.000 Objective function
VARIABLE OFW.L = 22.5๓  Overall freshwater
VARIABLE OWW.L = 22.500 Overall waste
VARIABLE OFWC.L = 22.500 Overall freshwater cost
VARIABLE OWWC.L = 22.5๓  Overall waste cost
VARIABLE OPC L = 15.0๓

—  87 VARIABLE FW.L Freshwater flowrate
jl ร.826, j2 0.364, j3 6.545, j4 5.714, j5 4.051
—  87 VARIABLE WWL Waste of each source 
il 9.000, 12 9.000, 13 4 5๓
—  87 VARIABLE xL Source split fraction i to j

jl j2 j3 j4 j5
13 0.070 0 254 0.176
14 0.394 0.606
15 0.808 0.192
—  87 VARIABLE F.L Splitting Flowrate i to j

jl j2 j3 j4 j5
13 0.629 2.286 1.586
14 3.545 5.455
15 3.636 0.864

—  87 VARIABLE y.L
jl j2 j3 j4 j5

13 1.000 1.000 1.000
14 1.000 1.๓0
15 1.000 1.000
—  87 VARIABLE Z.L
jl 1.0๓, j2 1.000, j3 1.000, j4 1.000, j5 1.0๓
—  87 VARIABLE CK..L Sink stream concentration
j 1 20.000, j2 20.000, j3 20.000, j4 20.0๓, j5 20.000
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APPENDIX B-7 ะ Case Study 2 before regenerationGAMS Solve summary

MODEL STATISTICS
BLOCKS OF EQUATIONS 11 SINGLE EQUATIONS 83
BLOCKS OF VARIABLES 10 SINGLE VARIABLES 97 3 projected
NON ZERO ELEMENTS 271 DISCRETE VARIABLES 30
GENERATION TIME = 0.015 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
EXECUTION TIME = 0.015 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/03/14 16:36:40 Page 5 
General  Al g e b r a i c  Mo d e l i n g  Sys t em
Solution Report SOLVE CASE2 Using MIP From line 80 

SOLVE SUMMARY  
MODEL CASE2 - OBJECTIVE OBJ 
TYPE MIP DIRECTION MINIMIZE
SOLVER CPLEX FROM LINE 80

**** SOLVER STATUS 1 Normal Completion 
**** MODEL STATUS I Optimal 
**** OBJECTIVE VALUE 2896.8730 
RESOURCE USAGE, LIMIT 0.031 1000.000
ITERATION COUNT, LIMIT 1 2000000000
IBM I LOG CPLEX 24,2.1 r43572 Released Dec 9, 2013 WEI x86_64/MS Windows
Cplex 12.6.0.0
Space for names approximately 0.00 Mb 
Use option 'names no' to turn use of names off 
MIP status(ioi): integer optimal solution 
Cplex Time: 0.01 sec (det 0 20 ticks)
Fixing integer variables, and solving final LP... 
Fixed MIP status(l): optimal
Cplex Time: 0.02sec (det. 0.07 ticks)
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Proven optimal solution.
MIP Solution: 2896.873043 ( I iterations, 0 nodes)
Final Solve: 2896.873043 (0 iterations)
Best possible: 2896.873043
Absolute gap: 0.000000
Relative gap: 0.000000
* * * * REPORT SUMMARY : 0 

0 INFEASIBLE
NONOPT

0 UNBOUNDED
GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WE1 x86_64/MS Windows 03/03/14 16:36:40 Page 6 
General  Al g e b r a i c  Mo d e l i n g  Sys t em
Exe c ut i o n
—  81 VARIABLE OBJ L = 2896.873 Objective function

VARIABLE OFW.L = 852.817 Overall freshwater
VARIABLE OWW.L = 544.057 Overall waste

—  81 VARIABLE FW.L Freshwater flowrate
jl 141.887, j2 542.035, j3 114.083, ]4 9.490, j5 31.664 j6 13.657
—  81 VARIABLE WW.L Waste of each source 
i2 128.257, i4 415.800
—  81 VARIABLE X.L Source split fraction i to j

Jl j2 j3 j4 j5 j6
il 1.000
i2 0.010 0.221 0.067 0.600 0.002 7.991226E-4
i3 1.000
i4 0.115
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81 VARIABLE F.L Splitting Flowrate i to j 
jl j2 j3 j4 j5

155.400
j6

i2 13.513 289.085 87.757 783.110 3.016 1.043
13
14

201.840
54.000

—  81 VARIABLE y.L
jl j2 J3 J4 j5 j6

il 1.000
i2 1.000 1.000 1000 1.000 1.000 1.000
i3 1.000
i4 1.000
—  81 VARIABLE Z.L
jl 1.000, j2 1.000, j3 1.000, j4 1.000, j5 1.000, j6 1.000
—  81 VARIABLE CK.L Sink stream concentration
jl 20.000, j2 80.000, j3 100.000, j4 200.000, j5 20.000 j6 200.000

APPENDIX B-8 ะ Case Study 2 with regeneration GAMS Solve summary

MODEL STATISTICS
BLOCKS OF EQUATIONS 22 SINGLE EQUATIONS 94
BLOCKS OF VARIABLES 20 SINGLE VARIABLES 112 3 projected
NON ZERO ELEMENTS 308 NON LINEAR N-Z 43 
DERIVATIVE POOL 10 CONSTANT POOL 17
CODE LENGTH 96
GENERATION TIME = 0.016 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
EXECUTION TIME = 0.016 SECONDS 4MB 24.2.1 r43572 WEX-WEI
GAMS 24 2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/03/14 16:33:23 Page 5 
General  Al g e b r a i c  Mo d e l i n g  Sys t e m



Solution Report SOLVE CASE2 Using NLP From line 116
SOLVE S UMMARY  

MODEL CASE2 OBJECTIVE OBJ
TYPE NLP DIRECTION MAXIMIZE
SOLVER CONOPT FROM LINE 116

**** SOLVER STATUS I Normal Completion 
**** MODEL STATUS 2 Locally Optimal 
***_♦  OBJECTIVE VALUE 3386108.9076 
RESOURCE USAGE, LIMIT 0.016 10๓ .000
ITERATION COUNT, LIMIT 28 20๓ ๓00๓
EVALUATION ERRORS 0 0
CONOPT 3 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows

CON OP T3 version 3.15M
Copyright (C) ARK.I Consulting and Development A/S 

Bagsvaerdvej 246 A 
DK-2880 Bagsvaerd, Denmark

The model has 112 variables and 94 constraints 
with 308 Jacobian elements, 43 of which are nonlinear.
The Hessian of the Lagrangian has 0 elements on the diagonal, 
12 elements below the diagonal, and 19 nonlinear variables.

** Warning ** The variance of the derivatives in the initial 
point is large (= 4.8 ). A better initial 
point, a better scaling, or better bounds on the 
variables will probably help the optimization.

** Optimal solution. There are no superbasic variables.
**** REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 
0 UNBOUNDED
0 ERRORS



GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WE1 x86_64/MS Windows 03/03/14 16:33:23 Page 6
General  Al g e b r a i c  Mo d e l i n g  Sys t em 
Exe c ut i o n

117 VARIABLE OBJ.L 
VARIABLE INV.L 
VARIABLE INC.L 
VARIABLE OptCost.L 
VARIABLE Save.L 
VARIABLE FR.L

= 3386108.908 Objective 
= 3909942.454 Total investment cost ($)
= 4138829.232 Initial operating Cost ($ per year) 

= 752720.324 New operating Cost (ร per year) 
= 3386108.908 Saving Cost ($ per year)
= 620.265 Regeneration Flowrate (ton per h)

VARIABLE OFW.L = 308.760 Overall Freshwater (ton per h)
117 VARIABLE FW.L Freshwater flowrate (ton per h)

jl 141.887, j2 126.248, j5 31.664, j6 8.961
—  117 VARIABLE WW.L Waste flowrate of each source (ton per h) 
i2 150.465, i4 469.800
—  117 VARIABLE TW L = 0.000 Waste to treat flowrate (ton per h)

VARIABLE Rarea.L = 1120.819 Area of Regeneration unit (m3)

—  117 VARIABLE X L Spliting fraction
jl f t f t f t  - f t f t

il 1.000
i2 0.010 0.174 0.054 0.599 0๓2 0.046
i3 1.000

—  117 VARIABLE Fx.L Splitting Flowrate (ton per h)
jl f t  j3 f t  j5 j6

11 155.400
12 13.513 226.717 70.644 781.686
13 201.840

3.016 59.739

117 VARIABLE Fy.L Regeneration Splitting Flowrate (ton per h)
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j2 478.155, j3 131.196, j4 10.914
—  117 VARIABLE CK.2.L Sink stream concentration after Regeneration (ppm)
Jl 20.000, j2 80.000, j3 100.000, j4 200.000, j5 20.000 j6 200.000 
EXECUTION TIME = 0.000 SECONDS 3 MB 24.2.1 r43572 WEX-WEI
USER: The Petroleum and Petrochemical College G131219:2228AS-W1N 

Chulalongkom University DC4365
License for teaching and research at degree granting institutions

APPENDIX B-9 ะ Case Study 3,1 GAMS Solve summary’

MODEL STATISTICS 
BLOCKS OF EQUATIONS 
BLOCKS OF VARIABLES 
NON ZERO ELEMENTS 
GENERATION TIME =

9 SINGLE EQUATIONS 17
8 SINGLE VARIABLES 19

48
0.000 SECONDS 4MB 24.2.1 r43572 WEX-WEI

EXECUTION TIME = 0.000 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/03/14 20:10:13 Page 5 
General  Al g e b r a i c  Mo de l i ng  Sys t em 
Solution Report SOLVE CASE31CAL1 Using LP From line 588 

SOLVE SUMMARY  
MODEL CASE31CAL1 OBJECTIVE OBJ1
TYPE LP DIRECTION MINIMIZE
SOLVER CONOPT FROM LINE 588

* * * * SOLVER STATUS 1 Normal Completion 
**** MODEL STATUS 1 Optimal 
**** OBJECTIVE VALUE 32774.7368
RESOURCE USAGE, LIMIT 0.000 1000.000
ITERATION COUNT, LIMIT 4 20000000๓

CONOPT 3 24.2.1 r43572 Released Dec 9, 2013 WEI x86_64/MS Windows



CON OPT 3 version 3.15M
Copyright (C) ARKI Consulting and Development A/S 

Bagsvaerdvej 246 A 
DK-2880 Bagsvaerd, Denmark 

** Optimal solution. There are no superbasic variables.
**** REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 
0 UNBOUNDED

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/03/14 20:10:13 Page 6
General  Al g e b r a i c  Mo d e l i n g  Sys t e m
Execution
—  589 VARIABLE OBJ l.L = 32774 737
—  589 VARIABLE X.L Split fraction source to sink

Jl j2
i2 0.462 0.295
—  589 VARIABLE FR L Freshwater flowrate (kg per h)

jl j2
r2 1473.684 1452.632
—  589 VARIABLE y l.L Split fraction source to treat for model 1
11 1000, i2 0.243
—  589 VARIABLE xF L Split Flowrate source to sink (kg per h)

jl J2
12 1326.316 847.368
MODEL STATISTICS
BLOCKS OF EQUATIONS 45 SINGLE EQUATIONS 89
BLOCKS OF VARIABLES 38 SINGLE VARIABLES 91 2 projected
NON ZERO ELEMENTS 314 NON LINEAR N-Z 98
DERIVATIVE POOL 10 CONSTANT POOL 28
CODE LENGTH 240 DISCRETE VARIABLES 6
GENERATION TIME 0.047 SECONDS 3 MB 24.2.1 r43572 WEX-WEI



EXECUTION TIME 0.094 SECONDS 3 MB 24.2.1 r43572 WEX-WEI
GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/04/14 01:25:10 Page 10 
General  Al g e b r a i c  Mo d e l i n g  Sys t e m  
Solution Report SOLVE CASE31CAL2 Using MINLP From line 588 

SOLVE S UMMARY  
MODEL CASE31CAL2 OBJECTIVE OBJ2 
TYPE MINLP DIRECTION MINIMIZE
SOLVER DICOPT FROM LINE 588

* * * * SOLVER STATUS 1 Normal Completion 
**»* MODEL STATUS 8 Integer Solution 
**** OBJECTIVE VALUE 31870.5818
RESOURCE USAGE, LIMIT 0.062 1000.000
ITERATION COUNT, LIMIT 100 2000000000 
EVALUATION ERRORS 0 0
**** REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 
0 UNBOUNDED 
0 ERRORS

GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/04/14 01:25:10 Page 11
General  Al g e b r a i c  Mo d e l i n g  ร y ร t e m E X e c น t i 0 ท
—  589 VARIABLE OBJ LL = 32774.737

VARIABLE OBJ2.L = 31870.582
—  589 VARIABLE xF L Split Flowrate source to sink (kg per h)

Jl J2
i2 1457.074 1037.509
—  589 VARIABLE yF.L Split Flowrate source to treat (kg per h)

ul
il 2500.000

589 VARIABLE zF.L Split Flowrate treat to sink (kg per h)
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Ji j2
พ ! 1342 926 857.074
—  589 VARIABLE FR.L Freshwater flowrate (kg per h)

J2
rl 405.417
—  589 VARIABLE WWI.L Waste 1 flowrate (kg per h) 
i2 375.417

—  589 VARIABLE WW2 L Waste พ flowrate (kg per h) 
wl 300.000
—  589 VARIABLE CW.L = 0 015 Waste discharge composition
—  589 VARIABLE FT1.L Treatment flowrate in (kg per h) 
ul 2500 000
—  589 VARIABLE YT.L Existing Treatment unit

n2
ul 1.000 
MODEL STATISTICS
BLOCKS OF EQUATIONS 64 SINGLE EQUATIONS 130
BLOCKS OF VARIABLES 44 SINGLE VARIABLES 97
NON ZERO ELEMENTS 275 DISCRETE VARIABLES 30
GENERATION TIME = 0.016 SECONDS 3 MB 24,2.1 r43572 WEX-WE
EXECUTION TIME = 0.016 SECONDS 3 MB 24.2.1 r43572 WEX-WEI
GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/04/14 01:25:10 Page 15 
General  Al g e b r a i c  Mo d e l i n g  Sys t e m 
Solution Report SOLVE CASE31CAL3 Using MIP From line 616 

SOLVE S UMMARY  
MODEL CASE31CAL3 OBJECTIVE OBJ3 
TYPE MIP DIRECTION MINIMIZE
SOLVER CPLEX FROM LINE 616

**** SOLVER STATUS 1 Normal Completion



**** MODEL STATUS 1 Optimal
♦ **♦  OBJECTIVE VALUE 39463.0202 
RESOURCE USAGE, LIMIT 0.032 10๓ .000
ITERATION COUNT, LIMIT 0 200๓000๓
IBM ILOG CPLEX 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows
Cplex 12.6.0.0
Space for names approximately 0.00 Mb 
Use option inames no' to turn use of names off 
MIP status(ioi): integer optimal solution 
Cplex Time: 0.03sec (det. 0.09 ticks)
Fixing integer variables, and solving final LP...
Fixed MIP status(l): optimal 
Cplex Time: O.OOsec (det. 0 08 ticks)
Proven optimal solution.
MIP Solution: 39463.020203 (0 iterations, 0 nodes)
Final Solve: 39463.020203 (0 iterations)
Best possible: 39463.020203
Absolute gap: 0.000000
Relative gap: 0.000๓0

/*** REPORT SUMMARY : 0 NONOPT
0 INFEASIBLE 
0 UNBOUNDED

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/04/14 01:25:10 Page 16
General  Al g e b r a i c  Mo d e l i n g  Sys t em
Execution
—  617 VARIABLE OBJ2.L 

VARIABLE OBJ3 L 
VARIABLE FACost L 
VARIABLE TOCost L 
VARIABLE TTCost.L

= 31870.582 
= 39463.020
= 6162.333 Freshwater annual cost (ร per y)
= 158๓.0๓  Treatment operation annual cost ($ per y)
= 9908.248 Total treatment investment annual cost ($per y)
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VARIABLE PACost.L = 7592.438 Piping annual cost ($per y)
—  617 VARIABLE CT.L Treatment composition out 
wl 0.003
—  617 VARIABLE CTI L Treatment composition in 
ul 0.035
—  617 VARIABLE TAC.L = 39463.020

-— 617 PARAMETER xFP xF parameter 
jl J2

i2 1457.074 1037.509
—  617 PARAMETER yFP yF parameter

ul
11 2500.000
—  617 PARAMETER zFP zF parameter

jl J2
wl 1342 926 857.074
—  617 PARAMETER FRP FW parameter

J2
rl 405.417
—  617 PARAMETER WW1P WW1 parameter
12 375.417
—  617 PARAMETER WW2P WW2 parameter 
wl 300.000
—  617 VARIABLE YT.L Existing Treatment unit

ท2
ul 1.000
—  617 VARIABLE ZX.L Existing Split Flowrate source to sink

Jl J2
i2 1.000 1.000



617 VARIABLE zy.L Existing Split Flowrate source to treat
ul

11 1.000
—  617 VARIABLE ZZ.L Existing Split Flowrate treat to sink

jl J2
wl 1.000 1.000

—  617 VARIABLE zfr.L Existing Flowrate fresh to sink
j2

rl 1.000
—  617 VARIABLE zwl L Existing Split Flowrate source to waste
12 1.000
—  617 VARIABLE zw2.L Existing Split Flowrate treat to waste 
wl 1.000
MODEL STATISTICS
BLOCKS OF EQUATIONS 68 SINGLE EQUATIONS 146
BLOCKS OF VARIABLES 54 SINGLE VARIABLES 124
NON ZERO ELEMENTS 476 NON LINEAR N-Z 146
DERIVATIVE POOL 10 CONSTANT POOL 50
CODE LENGTH 374 DISCRETE VARIABLES 30
GENERATION TIME = 0.015 SECONDS 3 MB 24.2.1 r43572 WEX-WEI
EXECUTION TIME = 0 015 SECONDS 3 MB 24.2.1 r43572 WEX-WEI
GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/04/14 01 25:10 Page 20 
General  Al g e b r a i c  Mode l i ng  Sys t em 
Solution Report SOLVE CASE31CAL4 Using M1NLP From line 674 

SOLVE SUMMARY  
MODEL CASE31CAL4 OBJECTIVE OBJ4 
TYPE MINLP DIRECTION MINIMIZE
SOLVER DICOPT FROM LINE 674



**** SOLVER STATUS 1 Normal Completion 
* * * * MODEL STATUS 8 Integer Solution 
*»** OBJECTIVE VALUE 39331.1202 
RESOURCE USAGE, LIMIT 0.391 1000.000
ITERATION COUNT, LIMIT 656 2000000000 
EVALUATION ERRORS 0 0
**** REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE
0 UNBOUNDED
1 ERRORS ( • " ๆ

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/04/14 01:25:10 Page 21 
General  Al g e b r a i c  Mo d e l i n g  Sys t em
Execution
—  675 VARIABLE OBJ3.L = 39463 020

VARIABLE OBJ4.L = 39331.120
VARIABLE PACost.L = 7460 538 Piping annual cost ($per y)

—  675 VARIABLE xF.L Split Flowrate source to sink (kg per h)
Jl )2

i2 1518.324 976.259
—  675 VARIABLE yF.L Split Flowrate source to treat (kg per h)

ul
il 2500.000
—  675 VARIABLE zF.L Split Flowrate treat to sink (kg per h)

jl J2
wl 876259 1323.741
—  675 VARIABLE FR.L Freshwater flowrate (kg per h)

Jl
rl 405.417
—  675 VARIABLE OFW L = 405 417 Overall freshwater flowrate (kg per h)

675 VARIABLE WW1 L Waste i flowrate (kg per h)
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Ï2 375.417
—  675 VARIABLE WW2.L Waste พ flowrate (kg per h)
wl 3๓ .๓0
—  675 VARIABLE OWW L = 675.417 Overall waste flowrate (kg per h)
—  675 VARIABLE YT.L Existing Treatment unit

ท2
ul 1,000

—  675 VARIABLE CT.L Treatment composition out 
wl 0.003
—  675 VARIABLE CTI.L Treatment composition in 
ul 0.035
—  675 VARIABLE CW.L = 0.015 Waste discharge composition
—  675 VARIABLE ZX.L Existing Split Flowrate source to sink

j l  J2

i2 1 000 1.000
—  675 VARIABLE zy.L Existing Split Flowrate source to treat

ul
il 1.000
—  675 VARIABLE zfr.L Existing Flowrate fresh to sink

jl
rl 1.000

A P P E N D IX  B -10  ะ C a se  S tu d y  3 .2  G A M S  S o lv e  su m m ary

MODEL STATISTICS
BLOCKS OF EQUATIONS 9 SINGLE EQUATIONS 25
BLOCKS OF VARIABLES 8 SINGLE VARIABLES 29
NON ZERO ELEMENTS 72
GENERATION TIME = 0.000 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
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EXECUTION TIME = 0.000 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/04/14 01:39:36 Page 5 
General  Al g e b r a i c  Mo d e l i n g  Sys t e m 
Solution Report SOLVE CASE32CAL1 Using LP From line 57 

SOLVE S UMMARY  
MODEL CASE32CAL1 OBJECTIVE OBJ1
TYPE LP DIRECTION MINIMIZE
SOLVER CONOPT FROM LINE 575

**** SOLVER STATUS I Normal Completion 
**** MODEL STATUS I Optimal
**** OBJECTIVE VALUE 85906.2857
RESOURCE USAGE, LIMIT 0.000 1000 000
ITERATION COUNT, LIMIT 5 2000000000

CONOPT 3 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows
CON OPT 3 version 3.15M
Copyright (C) ARKI Consulting and Development A/S 

Bagsvaerdvej 246 A 
DK-2880 Bagsvaerd, Denmark 

** Optimal solution. There are no superbasic variables.
CONOPT time Total 0.001 seconds
of which: Function evaluations 0.000 = 0.0%

1st Derivative evaluations 0.000= 0.0%
**** REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 
0 UNBOUNDED

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/04/14 01:39:36 Page 6
General  Al g e b r a i c  Mo d e l i n g  Sys t e m
Ex e c u t i o n
—  576 VARIABLE OBJ l .L = 85906.286
—  576 VARIABLE X.L Split fraction source to sink

J2

il 1.000
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i2 0.829
—  576 VARIABLE FR L Freshwater flowrate (kg per h)

Jl J2

rl 4320.000 3085.714
—  576 VARIABLE y 1 L Split fraction source to treat for model 1 
i2 0.171, i3 1.000, i4 1.000
—  576 VARIABLE xF.L Split Flowrate source to sink (kg per h)

J2
11 2880๓0
12 14914.286 
MODEL STATISTICS
BLOCKS OF EQUATIONS 45 SINGLE EQUATIONS 138
BLOCKS OF VARIABLES 38 SINGLE VARIABLES 151
NON ZERO ELEMENTS 533 NON LINEAR N-Z 173 
DERIVATIVE POOL 10 CONSTANT POOL 34
CODE LENGTH 410 DISCRETE VARIABLES 7
GENERATION TIME = 0.031 SECONDS 3 MB 24.2.1 r43572 WEX-WEI
EXECUTION TIME = 0.047 SECONDS 3 MB 24.2.1 r43572 WEX-WEI
GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/04/14 01:39:36 Page 10 
General  Al ge br a i c  Mo d e l i n g  Sys t e m 
Solution Report SOLVE CASE32CAL2 Using MINLP From line 604 

SOLVE S UMMARY  
MODEL CASE32CAL2 OBJECTIVE OBJ2
TYPE MINLP DIRECTION MINIMIZE
SOLVER DICOPT FROM LINE 604

**** SOLVER STATUS I Normal Completion 
***» model status 8 Integer Solution 
**** OBJECTIVE VALUE 207203.8036
RESOURCE USAGE, LIMIT 0 173 10๓  000
ITERATION COUNT, LIMIT 121 20000๓000 
EVALUATION ERRORS 0 0
**** REPORT SUMMARY : 0 NONOPT
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0 INFEASIBLE 
0 UNBOUNDED 
0 ERRORS

GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/04/14 01:39:36 Page 11 
General  Al g e b r a i c  Mo d e l i n g  ร y ร t e m E X e c น t i o ท
—  605 VARIABLE OBJ I L = 85906.286

VARIABLE OBJ2.L = 207203 804
—  605 VARIABLE xF.L Split Flowrate source to sink (kg per h)

jl J2
11 2880.000
12 12485.857
—  605 VARIABLE yF L Split Flowrate source to treat (kg per h)

น2
12 3280.408
13 21240.000
14 5040.000
- —  6 0 5  V A R IA B L E  z F .L  S p l i t  F lo w r a te  t r e a t  to  s in k  ( k g  p e r  h )

)2
พ2 8394.143
—  605 VARIABLE FR L Freshwater flowrate (kg per h)

jl
rl 1440.000
—  605 VARIABLE WW1.L Waste i flowrate (kg per h) 
i2 2233.735
—  605 VARIABLE WW2.L Waste พ flowrate (kg per h)
พ2 21166.265
—  605 VARIABLE CW.L = 5.000 Waste discharge composition
—  605 VARIABLE FTI.L Treatment flowrate in (kg per h)
น2 29560.408
—  605 VARIABLE YT.L Existing Treatment unit

n3
น2 1.000



—  605 VARIABLE FACost.L = 16704.000 Fresh water annual cost ($ per y)
VARIABLE TTCost.L = 48609.844 Total treatment investment annual cost ($per y)
VARIABLE TOCost.L = 141889.959 Treatment operation annual cost ($ per y)

MODEL STATISTICS
BLOCKS OF EQUATIONS 65 SINGLE EQUATIONS 214
BLOCKS OF VARIABLES 44 SINGLE VARIABLES 156
NON ZERO ELEMENTS 459 DISCRETE VARIABLES 53
GENERATION TIME = 0.000 SECONDS 3 MB 24.2.1 r43572 WEX-WEI
EXECUTION TIME = 0.016 SECONDS 3 MB 24.2.1 r43572 WEX-WEI
GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/04/14 01:39:36 Page 15
General  Al g e b r a i c  Mo d e l i n g  Sys t em 
Solution Report SOLVE CASE32CAL3 Using M1P From line 637 

SOLVE S UMMARY  
MODEL CASE32CAL3 OBJECTIVE OBJ3
TYPE MIP DIRECTION MINIMIZE
SOLVER CPLEX FROM LINE 637

**** SOLVER STATUS ! Normal Completion 
**** MODEL STATUS I Optimal 
**** OBJECTIVE VALUE 958322.7301
RESOURCE USAGE, LIMIT 0.063 10๓ .000
ITERATION COUNT, LIMIT 0 200๓ 0๓ ๓
**♦ * REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 
0 UNBOUNDED

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/04/14 01:39:36 Page 16 
General  Al g e b r a i c  Mo d e l i n g  Sys t em
Execution
—  638 VARIABLE OBJ2.L 

VARIABLE OBJ3.L 
VARIABLE FACost.L 
VARIABLE TOCostL

= 207203.804 
= 958322.730
= 16704.0๓  Freshwater annual cost ($ per y)
= 141889.959 Treatment operation annual cost (ร per y)

VARIABLE TTCost L 48609.844 Total treatment investment annual cost ($per y)



2 3 1

VARIABLE PACost.L = 751118.926 Piping annual cost ($per y)
—  638 VARIABLE CT.L Treatment composition out 
พ2 4.050
—  638 VARIABLE CTI.L Treatment composition in 
น2 25.314
—  638 VARIABLE TAC.L = 958322.730
—  638 PARAMETER xFP xF parameter

j l  j2

11 2880.000
12 12485.857
—  638 PARAMETER yFP yF parameter

น2
12 3280.408
13 21240.000
14 5040.000
—  638 PARAMETER zFP zF parameter

j2
พ2 8394.143
—  638 PARAMETER FRP FW parameter

j l

rl 1440 000
—  638 PARAMETER w w IP WW1 parameter 
i2 2233.735

—  638 PARAMETER WW2P WW2 parameter 
พ2 21166.265
—  638 VARIABLE YT L Existing Treatment unit

n3
น2 1.000
—  638 VARIABLE zx.L Existing Split Flowrate source to sink

il 1.000
Jl J2



2 3 2

i2 1.000
—  638 VARIABLE zy.L Existing Split Flowrate source to treat

น2
12 1.000
13 1.000
14 1.000
—  638 VARIABLE ZZ.L Existing Split Flowrate treat to sink

j2
พ2 1000
—  638 VARIABLE zfr.L Existing Flowrate fresh to sink

jl
rl 1000
—  638 VARIABLE zwl .L Existing Split Flowrate source to waste 
i2 1.000
—  638 VARIABLE zw2.L Existing Split Flowrate treat to waste
พ2 1.000
MODEL STATISTICS
BLOCKS OF EQUATIONS 68 SINGLE EQUATIONS 239
BLOCKS OF VARIABLES 54 SINGLE VARIABLES 206
NON ZERO ELEMENTS 827 NON LINEAR N-Z 265
DERIVATIVE POOL 10 CONSTANT POOL 44
CODE LENGTH 654 DISCRETE VARIABLES 53
GENERATION TIME = 0.016 SECONDS 3 MB 24.2.1 r43572 WEX-WEI
EXECUTION TIME = 0.016 SECONDS 3 MB 24.2. ! r43572 WEX-'WEI
GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/04/14 01:39:36 Page 20 
General  Al g e b r a i c  Mo d e l i n g  Sys t e m  
Solution Report SOLVE CASE32CAL4 Using M1NLP From line 699 

SOLVE S UMMARY  
MODEL CASE32CAL4 OBJECTIVE OBJ4 
TYPE MINLP DIRECTION MINIMIZE
SOLVER DICOPT FROM LINE 699

*♦ ** SOLVER STATUS 1 Normal Completion



2 3 3

* * * *  M O D E L  S T A T U S  8 I n t e g e r  S o lu tio n  

* * * *  O B J E C T I V E  V A L U E  9 5 8 3 2 2  7301

R E S O U R C E  U S A G E , L IM IT  0 .6 7 1  1 0 0 0 .0 0 0  

IT E R A T IO N  C O U N T , L IM IT  8 6 9  2 0 0 0 0 0 0 0 0 0  

E V A L U A T IO N  E R R O R S  0  0

* * * »  R E P O R T  S U M M A R Y  : 0  

0  IN F E A S IB L E  

0  U N B O U N D E D

N O N O P T

0  E R R O R S

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E X - W E I  x 8 6 _ 6 4 /M S  W in d o w s  0 3 /0 4 /1 4  0 1 :3 9 :3 6  P a g e  21 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

E x e c u t i o n

—  7 0 0  V A R IA B L E  O B J  l .L =  8 5 9 0 6 2 8 6

V A R IA B L E  O B J 2  L =  2 0 7 2 0 3  8 0 4

V A R IA B L E  O B J 3 .L =  9 5 8 3 2 2 .7 3 0

V A R I A B L E  O B J 4  L =  9 5 8 3 2 2 .7 3 0

V A R I A B L E  F A C o s t  L =  1 6 7 0 4 .0 ๓  F r e s h w a te r  a n n u a l  c o s t  ( $  p e r  y )

V A R I A B L E  T O C o s t .L =  1 4 1 8 8 9 .9 5 9  T re a tm e n t  o p e ra t io n  a n n u a l  c o s t  (ร  p e r  y )

V A R I A B L E  T T C o s t  L =  4 8 6 0 9 .8 4 4  T o ta l  t r e a tm e n t  in v e s tm e n t  a n n u a l  c o s t  ( $ p e r  y )

V A R I A B L E  P A C o s t  L =  7 5 1 1 1 8 .9 2 6  P ip in g  a n n u a l  c o s t  ( $ p e r  y )

—  7 0 0  V A R IA B L E  x F .L  S p l i t  F lo w r a te  s o u rc e  to  s in k  ( k g  p e r  h )

J l  f t

11 2 8 8 0 .0 0 0

12 1 2 4 8 5 .8 5 7

—  7 0 0  V A R IA B L E  y F .L  S p l i t  F lo w r a te  s o u rc e  to  t r e a t  ( k g  p e r  h )

น2
12 3 2 8 0 .4 0 8

13 2 1 2 4 0 .0 ๓

14 5 0 4 0 .0 0 0

—  7 ๓  V A R IA B L E  z F .L  S p l i t  F lo w ra te  t r e a t  to  s in k  ( k g  p e r  h )

ft



2 3 4

พ 2  8 3 9 4 ,1 4 3

—  7 0 0  V A R IA B L E  F R  L  F r e s h w a te r  f lo w ra te  ( k g  p e r  h )

j l
r l  1 4 4 0  0 0 0

—  7 0 0  V A R IA B L E  O F W .L  =  1 4 4 0 .0 0 0  O v e ra l l  f r e s h  w a te r  f lo w ra te  (k g  p e r  h )

- —  7 0 0  V A R IA B L E  W W I L  W a s t e  i f lo w ra te  ( k g  p e r  h )

i2  2 2 3 3 .7 3 5

—  7 0 0  V A R I A B L E  W W 2  L  W a s t e  พ  f lo w ra te  ( k g  p e r  h )

พ 2  2 1 1 6 6 .2 6 5

—  7 0 0  V A R I A B L E  O W W .L  =  2 3 4 0 0  0 0 0  O v e ra l l  w a s te  f lo w ra te  ( k g  p e r  h )

—  7 0 0  V A R I A B L E  Y T  L E x is t in g  T re a tm e n t  uflit

ท3
น2  1 .0 0 0

—  7 0 0  V A R I A B L E  C T  L T r e a tm e n t  c o m p o s i t io n  o u t 

พ 2  4  0 5 0

—  7 0 0  V A R IA B L E  C T I L  T r e a tm e n t  c o m p o s i t io n  in  

น2  2 5 .3 1 4

. . . .  7 0 0  V A R I A B L E  C W  L  =  5 .0 0 0  W a s te  d i s c h a rg e  c o m p o s i t io n

—  7 0 0  V A R I A B L E  ZX.L E x is t in g  S p l i t  F lo w ra te  s o u rc e  to  s in k

jl J2

11 1000
12 1.000
—  7 0 0  V A R I A B L E  z y .L  E x is t in g  S p l i t  F lo w ra te  s o u rc e  to  t r e a t

น2

12 1.000
13 1 .0 0 0

14 1 .0 0 0

-—  7 0 0  V A R I A B L E  z f r .L  E x is t in g  F lo w ra te  f re sh  to  s in k

jl

r l  1 .0 0 0

—  7 0 0  V A R IA B L E  P A L L  =  1 7 2 0 9 9 .2 4 0  P ip in g  c o s t  s o u r c e  t o  s in k  ($  p e r  y )

V A R IA B L E  P A 2  L =  2 8 3 7 8 2 .7 9 8  P ip in g  c o s t  s o u r c e  to  t r e a t  (ร  p e r  y )



V A R I A B L E  P A 3 .L  

V A R I A B L E  P A 4  L  

V A R IA B L E  P A S  L  

V A R I A B L E  P A 6  L  

V A R I A B L E  P A 7 .L

=  0 .0 0 0  P ip in g  c o s t  t r e a t  to  t r e a t  (ร  p e r  y )

=  7 4 5 4 0 .8 7 8  P ip in g  c o s t  t r e a t  to  ($  p e r  y )

=  7 7 2 0 .0 3 5  P ip in g  c o s t  f r e s h  to s in k  ( ร  p e r  y )

=  2 5 0 18 6 4 8  P ip in g  c o s t  s o u r c e  to w a s te  (ร  p e r  y )  

=  1 8 7 9 5 7 .3 2 6  P ip in g  c o s t  t r e a t  to  w a s te  ( ร  p e r  y )

APPENDIX B -ll ะ Case Study 4 WN design GAMS Solve summary

M O D E L  S T A T I S T I C S -

B L O C K S  O F  E Q U A T IO N S 14 S I N G L E  E Q U A T IO N S 9 4

B L O C K S  O F  V A R IA B L E S 13 S I N G L E  V A R IA B L E S 109

N O N  Z E R O  E L E M E N T S 2 91 D IS C R E T E  V A R IA B L E S 35

G E N E R A T I O N  T I M E  = 0 .0 1 6  S E C O N D S  4  M B  2 4 .2 .1  r4 3 5 7 2  W E X - W E I

E X E C U T I O N  T I M E  =  0 . 0 16  S E C O N D S  4  M B  2 4 .2 .1  r4 3 5 7 2  W E X -W E 1

G A M S  2 4 .2 .1  r 4 3 5 7 2  R e le a s e d  D e c  9 ,  2 0 1 3  W E X -W E I x 8 6 _ 6 4 /M S  W in d o w s  0 3 /3 1 /1 4  0 5 :5 1  4 6  P a g e  5

G e n e r a l  A l g e b r a i c  M o d - e l i n g  S y s t e m  

S o lu t io n  R e p o r t  S O L V E  M IX IN G !  U s in g  M IP  F ro m  l in e  3 3 5  

S O L V E  S U M M A R Y  

M O D E L  M IX IN G 1  O B J E C T I V E  o i l

T Y P E  M IP  D IR E C T IO N  M IN IM IZ E

S O L V E R  C P L E X  F R O M  L IN E  3 3 5

* * * *  S O L V E R  S T A T U S  1 N o rm a l  C o m p le t io n  

* * * *  M O D E L  S T A T U S  1 O p t im a l  

* * * *  O B J E C T I V E  V A L U E  6 7 5 0 0 .0 0 0 0  

R E S O U R C E  U S A G E , L IM IT  0 .0 3 1  1 0 ๓  0 0 0

IT E R A T IO N  C O U N T ,  L IM IT  4 1  2 0 ๓ 0 0 0 0 ๓

IB M  IL O G  C P L E X  2 4  2  1 r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E I  x 8 6 _ 6 4 /M S  W in d o w s

C p le x  1 2 .6 .0 .0

S p a c e  fo r  n a m e s  a p p r o x im a te ly  0 .0 0  M b

U s e  o p tio n  'n a m e s  n o ' to  tu r n  u s e  o f  n a m e s  o f f

M IP  s ta tu s ( lO I ) :  in te g e r  o p t im a l  s o lu t io n
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C p le x  T im e :  0 .0 0 s e c  (d e t .  0 .2 0  t ic k s )

F ix in g  in te g e r  v a r ia b l e s ,  a n d  s o lv in g  f in a l  L P ...  

F ix e d  M IP  s t a t u s ( l ) :  o p t im a l  

C p le x  T im e :  0 .0 0 s e c ( d e t .  0 .1 3  t ic k s )

P r o v e n  o p tim a l  s o lu t io n .

M IP  S o lu t io n :  

F in a l  S o lv e : -  

B e s t  p o s s ib le :

6 7 5 0 0 .0 0 0 0 0 0  ( 2 2  i te r a t io n s ,  0  n o d e s )

6 7 5 0 0 .0 0 0 0 0 0  ( 1 9  i te r a t io n s )

6 7 5 0 0 .0 0 0 0 0 0

A b s o lu te  g a p : 0 .0 0 0 0 0 0

R e la t iv e  g a p : 0 .0 0 0 0 0 0

* * * *  R E P O R T  S U M M A R Y  : 0  N O N O P T

0  IN F E A S IB L E  

0  U N B O U N D E D

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 , 2 0 1 3  W E X -W E I x 8 6 _ 6 4 /M S  W in d o w s  0 3 /3 1 /1 4  0 5 :5 1  4 6  P a g e  6

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

Execution
—  3 3 6  V A R IA B L E  F C o s t .L  =  6 7 5 0 0 .0 0 0  F r e s h w a te r  c o s t

V A R IA B L E  O F W .L  =  2 2 .5 0 0  O v e ra l l  f r e s h w a te r

V A R IA B L E  O W W .L  =  2 2 .5 0 0  O v e ra l l  w a s t e w a te r

—  3 3 6  V A R IA B L E  F F W  L  F r e s h w a te r  f lo w ra te  

j l  3 .2 0 5 , j 2  2 .1 8 2 ,  j 3  8 ,1 0 7 , j 4  4 .3 6 4 ,  j 5  4 .6 4 3

—  3 3 6  V A R IA B L E  y F W .L  B in a ry  v r i a b le  t o  d e n o te  e x i s te n c e  o f  m a tc h  F W  to  s in k  in  W N  

j l  1 .0 0 0 , j 2  1 .0 0 0 , j 3  1 .0 0 0 , j 4  1 .0 0 0 , j 5  1 .0 0 0

—  3 3 6  V A R IA B L E  W W .L  S o u rc e  W a s t e  w a te r  

i l  9 .0 0 0 , i2  9  0 0 0 ,  i3  4 .5 0 0

—  3 3 6  V A R IA B L E  y W W .L  B in a r y  v r i a b le  to  d e n o te  e x i s te n c e  o f  m a tc h  ww f r o m  s o u r c e  in  W N  

i l  1 .0 0 0 , i2  1 .0 0 0 , i3 1 .0 0 0 , i4  1 .0 0 0 , i5  1 .0 0 0

—  33 6  V A R IA B L E  X L

j l  j 2  j 3  j 4  j5

13 0 .2 9 4  0 .2 0 6

14 0 .2 5 5  0 .2 0 2  0 .1 3 9  0 .4 0 4



2 3 7

i5  1 .0 0 0

—  3 3 6  V A R I A B L E  F .L  S p l i t t in g  F lo w ra te

J l J2 j3 j4 j 5

i3 2 . 6 4 3 1 .8 5 7

i4 2 .2 9 5 1 .8 1 8 1 .2 5 0 3 .6 3 6

i5 4 .5 0 0

— 3 3 6  V A R I A B L E y-L B in a ry v r ia b le  to d e n o te  e x is te n c e

J l J2 j3 J4 J5

i l 1 .0 0 0 1 .0 0 0 1.0 0 0 1 .0 0 0 1 .๓ 0

i2 1 .0 0 0 1 .0 0 0 1.0 0 0 1 .0 0 0 1 .๓ 0

i3 1 .0 0 0 1 .0 0 0 1.0 0 0 1 .0 0 0 1 .0 0 0

i4 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 ๓ 1 .0 0 0

i5 1 .0 0 0 1 .0 0 0 1.0 0 0 1 .0 0 0 1 .0 0 0

— 3 3 6  V A R IA B L E C K .L  S in k s tre a m  c o n c e n tr a t io n

j l  2 0 .0 0 0 , j 2  2 0 .0 0 0 , J3 2 0 .0 0 0 , j 4  2 0 . 0 ๓ ,  j 5  2 0 .0 ๓

— 3 3 6  V A R IA B L E T K . L  S in k  1te m p e r a tu re

j l  7 6 .1 4 8 , j 2  7 7 .2 7 3 , j 3 6 0 .1 0 4 , j 4  7 7 .2 7 3 ,  j 5  5 5 .0 0 0

M O D E L  S T A T I S T IC S

B L O C K S  O F  E Q U A T IO N S 18 S I N G L E  E Q U A T IO N S 98

B L O C K S  O F  V A R IA B L E S 17 S I N G L E  V A R IA B L E S 113

N O N  Z E R O  E L E M E N T S 3 6 9 N O N  L IN E A R  N -Z 7 0

D E R I V A T I V E  P O O L 10  C O N S T A N T  P O O L 33

C O D E  L E N G T H  2 1 6  D IS C R E T E  V A R IA B L E S  3 5

G E N E R A T I O N  T I M E  = -  0 .0 1 6  S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X -W E I

E X E C U T I O N  T I M E  =  0 .0 1 6 S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X -W E I 

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,  2 0 1 3  W E X - W E I x 8 6 _ 6 4 /M S  W in d o w s 0 3 / 3 1 /1 4  0 5 :5 1 :4 6  P a g e  10 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

S o lu t io n  R e p o r t  S O L V E  M IX IN G 2  U s in g  M IN L P  F ro m  l in e  3 6 2  

S O L V E  S U M M A R Y  

M O D E L  M IX IN G 2  O B J E C T I V E  0 1 2  

T Y P E  M IN L P  D IR E C T IO N  M IN IM I Z E

S O L V E R  D I C O P T F R O M  L IN E  3 6 2



* * * * S O L V E R  S T A T U S  1 N o rm a l  C o m p le t i o n  

* * * *  M O D E L  S T A T U S  8 I n t e g e r  S o lu t io n  

* * * *  O B J E C T I V E  V A L U E  7 0 8 5 3  6 7 5 3  

R E S O U R C E  U S A G E , L I M I T  0 .2 3 4  1 0 0 0 .0 0 0

IT E R A T IO N  C O U N T , L I M I T  5 6 4  2 0 0 0 0 0 0 0 0 0  

E V A L U A T I O N  E R R O R S  - 0  0

D ic o p t  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 , 2 0 1 3  W E I  x 8 6 _ 6 4 /M S  W in d o w s

A ld o  V e c c h ie t t i  a n d  I g n a c io  E . G ro s s m a n n  

E n g in e e r in g  D e s ig n  R e s e a r c h  C e n te r  

C a r n e g ie  M e l lo n  U n iv e r s i ty  

P i t t s b u r g h ,  P e n n s y lv a n ia  1 5 2 1 3

C O N O P T  3 2 4 .2 .1  r 4 3 5 7 2  R e le a s e d  D e c  9 , 2 0 13 W E I  x 8 6 _ 6 4 /M S  W in d o w s

C O N  O P T  3 v e r s io n  3 . 1 5 M

C o p y r ig h t  ( C )  A R K J  C o n s u l t in g  a n d  D e v e lo p m e n t  A /S  

B a g s v a e rd v e j  2 4 6  A  

D K -2 8 8 0  B a g s v a e r d ,  D e n m a rk  

T h e  m o d e l  h a s  1 13  v a r ia b l e s  a n d  9 8  c o n s t r a in t s  

w i th  3 6 9  J a c o b i a n  e le m e n ts ,  7 0  o f  w h ic h  a r e  n o n l in e a r .

T h e  H e s s ia n  o f  th e  L a g r a n g ia n  h a s  0  e le m e n ts  o n  th e  d ia g o n a l ,

3 5  e le m e n ts  b e lo w  th e  d ia g o n a l ,  a n d  7 0  n o n l in e a r  v a r ia b le s .

* *  W a r n in g  **  T h e  v a r ia n c e  o f  th e  d e r iv a t iv e s  in  th e  in it ia l  

p o in t  is  la rg e  ( =  4 .1  ). A  b e t te r  in it ia l  

p o in t ,  a  b e t te r  s c a l i n g ,  o r  b e t te r  b o u n d s  o n  th e  

v a r ia b l e s  w i l l  p r o b a b ly  h e lp  th e  o p t im iz a t io n .

**  O p t im a l  s o lu t io n .  R e d u c e d  g ra d ie n t  le s s  th a n  to le r a n c e .

C O N O P T  t im e  T o ta l  0 .0 6 4  s e c o n d s

o f  w h ic h :  F u n c t io n  e v a lu a t io n s  0 . 0 0 1 =  1 .6 %

1 St D e r iv a t i v e  e v a lu a t io n s  0 .0 0 0  =  0  0 %



239

IB M  IL O G  C P L E X  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,  2 0 1 3  W E I  x 8 6 _ 6 4 /M S  W in d o w s  

C p le x  1 2 .6 .0 .0  

U n a b le  to  lo a d  n a m e s .

M IP  s t a t u s ( i o i ) :  in te g e r  o p t im a l  s o lu t io n  

C p le x  T im e .  0 .1  l s e c  (d e t  6 .7 4  t i c k s )

F ix in g  i n te g e r  v a r ia b le s ,  a n d  s o lv in g  f in a l L P ...

F ix e d  M I P  s ta tu s )  1): o p t im a l  

C p le x  T im e :  0 .0 0 s e c  (d e t. 0  1 1 t i c k s )

P ro v e n  o p t im a l  s o lu t io n .

M IP  S o lu t io n :  7 0 8 5 8 .3 5 0 8 5 9  (2 3 8  i te ra t io n s ,  4 0  n o d e s )

F in a l S o lv e .  7 0 8 5 8 .3 5 0 8 5 9  (7  i te ra t io n s )

B e s t p o s s ib le :  7 0 8 5 8 .3 5 0 8 5 9

A b s o lu te  g a p :  0 .0 0 0 0 0 0

R e la t iv e  g a p :  0 .0 0 0 0 0 0

* * * *  R E P O R T  S U M M A R Y  : 0  

0  IN F E A S IB L E  

0  U N B O U N D E D

N O N O P T

0  E R R O R S

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E X - W E I  x 8 6 _ 6 4 /M S  W in d o w s  0 3 /3 1 /1 4  0 5 :5 1 :4 6  P a g e  11 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

E x e c u t i o n

—  3 6 3  V A R IA B L E  P 1 C 1 L =  1 4 0 4 .1 3 5  P ip in g  c o s t  o f  s o u r c e  to  s in k

V A R I A B L E  P IC 2  L =  1208  7 4 0  P ip in g  c o s t  o f  f r e s h  to  s in k

V A R I A B L E  P IC 3 .L =  7 4 0 .8 0 0  P ip in g  c o s t  o f  s o u rc e to  w a s te

V A R I A B L E  P IC o s t .L =  3 3 5 3  6 7 5  P ip in g  c o s t

V A R I A B L E  F C o s t .L =  6 7 5 0 0 .0 0 0  F r e s h w a te r  c o s t

V A R I A B L E  O F W  L =  2 2 .5 0 0  O v e ra l l  f r e s h w a te r

V A R I A B L E  O W W .L =  2 2 .5 0 0  O v e ra l l  w a s te w a te r

—  3 6 3  V A R I A B L E  F F W .L  F r e s h w a te r  f lo w ra te  

j l  7 .0 1 6 , j 2  0 .3 6 4 ,  j 3  6  1 1 4 , j 4  4 .3 6 4 ,  j 5  4 .6 4 3

—  3 6 3  V A R I A B L E  y F W .L  B in a ry  v r ia b le  to  d e n o te  e x is te n c e  o f  m a tc h  F W  to  s in k  in  W N  

j l  1 .0 0 0 , j 2  1 .0 0 0 , j3  1 .0 0 0 , j 4  1 .0 0 0 , j 5  1 .0 0 0



3 6 3  V A R I A B L E  W W .L  S o u r c e  W a s t e  w a te r

i l  9 .0 0 0 , 12 9 .0 0 0 ,  i3  4 .5 0 0

—  3 6 3  V A R I A B L E  y W W .L  B in a r y  v r ia b le  to  d e n o te  e x is te n c e  o f  m a tc h  w w  f r o m  s o u r c e  in  W N  

i l  1 .๓ 0 ,  i2  1 .0 0 0 , Ï3 1 .0 0 0

—  3 6 3  V A R I A B L E  X L

j l J2 J3 J4  J5

i3 0 2 9 4 0 .2 0 6

i4 0 .0 3 8 0 .5 5 8 0 .4 0 4

i5 CX808 0 .1 9 2

. . . . 3 6 3  V A R I A B L E F .L  S p l i t t in g  F lo w ra te

J l j 2 J3 j4  j 5

i3 2 ,6 4 3 1 .8 5 7

i4 0 .341 5 .0 2 3 3 .6 3 6

i5 3 .6 3 6 0 .8 6 4

. . . . 3 6 3  V A R IA B L E y .L  B in a ry  v r i a b le  to  d e n o te  e x i s te n c e  o f  m a tc h  s o u rc e  to  s in k  in  W N

J l J2 J3 J4  J5

i3 1 .0 0 0 1 .0 0 0

i4 1 .0 ๓ 1 .0 0 0 1 0 0 0

i5 1 .0 0 0 1 .0 0 0 -

—  3 6 3  V A R I A B L E  C K .L  S in k  s t r e a m  c o n c e n tra t io n

j  1 2 0  0 ๓ ,  j 2  2 0 .0 0 0 ,  j 3  2 0 .0 ๓ ,  j 4  2 0 .0 ๓ ,  j 5  2 0 .0 0 0

—  3 6 3  V A R I A B L E  T K .L  S in k  t e m p e r a tu re

j  1 5 6 .6 7 0 ,  j 2  7 5 .0 0 0 ,  j 3  7 7 .0 9 3 , j 4  7 7 .2 7 3 ,  j5  5 5 .0 0 0  

M O D E L  S T A T I S T IC S

B L O C K S  O F  E Q U A T I O N S 2 9 S I N G L E  E Q U A T IO N S 581

B L O C K S  O F  V A R I A B L E S 2 0 S I N G L E  V A R IA B L E S 4 3 9

N O N  Z E R O  E L E M E N T S 1 ,8 5 8 D IS C R E T E  V A R IA B L E S 110

G E N E R A T I O N  T I M E  =  0 .0 1 6  S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X - W E I

E X E C U T IO N  T I M E  =  0  0 1 6  S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X - W E I

G A M S  2 4 .2 .1  r 4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E X -W E I x 8 6 _ 6 4 /M S  W in d o w s  0 3 /3 1 /1 4  0 5 :5 1 :4 6  P a g e  15

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

S o lu t io n  R e p o r t  S O L V E  S T A G E M O D E L 1  U s in g  M IP  F r o m  l in e  3 7 8



2 4 1

S O L V E  S U M M A R Y  

M O D E L  S T A G E M O D E L 1  O B J E C T I V E  0 2  

T Y P E  M IP  D IR E C T IO N  M IN IM I Z E

S O L V E R  C P L E X  F R O M  L IN E  3 7 8

* ♦  ** S O L V E R  S T A T U S  1 N o rm a l C o m p le t io n

*♦ ** M O D E L  S T A T U S  1 O p tim a l  

* * * *  O B J E C T I V E  V A L U E  9 8 0 8 3 1 .2 5 ๓  

R E S O U R C E  U S A G E , L I M I T  0 .0 3 2  1 0 0 0  ๓ 0

IT E R A T IO N  C O U N T , L IM IT  0  2 0 0 ๓ 0 ๓ ๓

IB M  IL O G  C P L E X  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E I  X 86 6 4 /M S  W in d o w s

—  G A M S /C p le x  l ic e n s e d  f o r  c o n t in u o u s  a n d  d is c re te  p ro b le m s .

C p le x  1 2 .6  0 .0

S p a c e  fo r  n a m e s  a p p r o x im a te ly  0 .0 3  M b  

U s e  o p tio n  'n a m e s  n o ' to  tu r n  u s e  o f  n a m e s  o f f  

M I P  s t a t u s ( i o i ) :  in te g e r  o p t im a l  s o lu t io n  

C p le x  T im e : 0  0 2 s e c  (d e t .  0  3 7  t ic k s )

F ix in g  in te g e r  v a r ia b le s ,  a n d  s o lv in g  f in a l L P ...

F ix e d  M IP  s ta tu s ( I ) :  o p t im a l  

C p le x  T im e :  O.OOsec (d e t .  0 .4 4  t ic k s )

P r o v e n  o p tim a l  s o lu t io n .

M IP  S o lu t io n :  9 8 0 8 3 1 .2 5 0 0 ๓  ( 0  i te r a t io n s ,  0  n o d e s )

F in a l  S o lv e : 9 8 0 8 3 1 .2 5 ๓ 0 0  (0  i te r a t io n s )

B e s t  p o s s ib le :  9 8 0 8 3 1  2 5 ๓ 0 0

A b s o lu te  g a p : 0 . 0 ๓ 0 ๓

R e la t iv e  g a p : 0 . 0 0 0 ๓ 0

*♦ ** R E P O R T  S U M M A R Y  : 0  N O N O P T

0  IN F E A S IB L E  

0  U N B O U N D E D

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 , 2 0 1 3  W E X -W E 1  x 8 6 _ 6 4 /M S  W in d o w s  0 3 /3 1 /1 4  0 5 :5 1 :4 6  P a g e  16

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

Execution
—  3 7 9  V A R IA B L E  Z .L  B in a ry  v a r ia b le  t o  d e n o te  e x is te n c e  o f  m a tc h  ij in  s ta  k



2 4 2

(  A L L  0 .0 0 0  )

—  3 7 9  V A R IA B L E  ZCU.L B in a ry  v a r ia b le  to  d e n o te  e x is te n c e  o f  c o ld  u t i l i ty  w ith  h o t  s t r e a m  i 

i l  1 .0 0 0 , i2  1 .0 0 0 , 13 1 .0 0 0

—  3 7 9  V A R IA B L E  z h u .L  B in a ry  v a r ia b le  to  d e n o te  e x is te n c e  o f  h o t  u t i l i ty  w ith  c o ld  s t r e a m  

j l  1 .0 0 0 , j 2  1 .0 0 0 , j 3  1 0 0 0 ,  j 4  1 .0 0 0 , j 5  1 .0 0 0

—  3 7 9  V A R IA B L E  tH .L  T e m p e r a tu r e  o f  h o t  s t re a m  i a t  lo c a t io n  k  

f i r s t lo c a ~  lo c a tio n 2 -  lo c a t io n 3  lo c a t io n 4  l a s t l o c a t -

i l 1 2 0 .0 0 0 1 2 0 .0 0 0 1 2 0 .0 0 0 1 2 0 .0 0 0 1 2 0 .0 0 0

i2 1 0 0  0 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .๓ 0

i3 1 3 0 .0 0 0 1 3 0 .0 0 0 1 3 0 .0 0 0 1 3 0 .0 0 0 1 3 0 .0 ๓

i4 1 4 0 .0 0 0 1 4 0 ,0 0 0 1 4 0 .0 0 0 140  0 ๓ 1 4 0 .0 ๓

i5 8 0 .0 0 0 8 0 .0 0 0 8 0 .0 0 0 8 0 .0 ๓ 8 0 .0 0 0

~ - 3 7 9  V A R IA B L E  tC .L  T e m p e ra tu re  o f  c o ld  s t r e a m j  a t  lo c a t io n  k

f i r s t l o c a - lo c a tio n 2 lo c a t io n 3 lo c a t io n 4  l a s t l o c a t -

J l 5 6 .6 7 0 5 6 .6 7 0 5 6 .6 7 0 5 6 .6 7 0 5 6 6 7 0

j2 7 5 .0 0 0 7 5 .0 0 0 7 5 .0 0 0 7 5 .0 ๓ 7 5 .0 0 0

j3 7 7 .0 9 3 7 7 .0 9 3 7 7 .0 9 3 7 7 .0 9 3 7 7 .0 9 3

j4 7 7 .2 7 3 7 7 .2 7 3 7 7 .2 7 3 7 7 .2 7 3 7 7 .2 7 3

J5 5 5 .0 0 0 5 5 .0 0 0 5 5 .0 0 0 5 5 .0 ๓ 5 5 .0 0 0

—  3 7 9  V A R IA B L E  q .L  H e a t  e x c h a n g e d  b e tw e e n  h o t  s tre a m  i a n d  c o ld  s tre a m  j  a t  s ta g e  k

(  A L L  0 .0 0 0  )

—  3 7 9  V A R IA B L E  q c u .L  H e a t  e x c h a n g e d  b e tw e e n  h o t  s tre a m  i a n d  c o ld  u til i ty  

i l  9 4 5 .0 0 0 ,  i2  7 3 5 .0 0 0 , i3 5 2 5 .0 0 0

—  3 7 9  V A R IA B L E  q h u .L  H e a t  e x c h a n g e d  b e tw e e n  c o ld  s tre a m  j  a n d  h o t  u t i l i ty  

j l  5 0 5 .5 1 1 ,  j 2  1 1 6 .6 6 7 , j 3  3 2 0 .7 0 1 ,  j 4  2 1 2 .1 2 1 ,  j 5  3 4 1 .2 5 0

—  3 7 9  V A R IA B L E  O q h u  L  =  1 4 9 6 .2 5 0  O v e ra l l  h e a t  e x c h a n g e d  b e tw e e n  c o ld  s t r e a m j  a n d  h o t  u t i l i ty

V A R I A B L E  O q c u .L  =  2 2 0 5  0 0 0  O v e ra l l  h e a t  e x c h a n g e d  b e tw e e n  h o t  s t r e a m  i a n d  c o ld  u t i l i ty

V A R I A B L E  IN V  L  =  0  0 0 0  In v e s tm e n t  c o s t

V A R I A B L E  0 2 . L  =  9 8 0 8 3 1 .2 5 0  O b je c t iv e  2

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 , 2 0 1 3  W E X - W E I  x 8 6 _ 6 4 /M S  W in d o w s  0 3 /3 1 /1 4  0 5 :5 1 :4 6  P a g e  17 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m



2 4 3

E q u a t io n  L is t in g  S O L V E  S T A G E M O D E L 2  U s in g  M IN L P  F ro m  l in e  4 2 8  

M O D E L  S T A T IS T IC S

B L O C K S  O F  E Q U A T IO N S  4 0  S I N G L E  E Q U A T IO N S  8 5 6

B L O C K S  O F  V A R IA B L E S  2 8  S I N G L E  V A R IA B L E S  7 3 6

N O N  Z E R O  E L E M E N T S  3 ,0 2 6  N O N  L IN E A R  N -Z  4 8 0  

D E R I V A T I V E  P O O L  1 0  C O N S T A N T  P O O L  2 2

C O D E  L E N G T H  1 ,8 8 5

G E N E R A T I O N  T IM E  =  0 .0 1 6  S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X -W E 1

E X E C U T I O N  T IM E  =  0  0 1 6  S E C O N D S  3 M B  24 .2 .1  r4 3 5 7 2  W E X -W E I

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,  2 0 1 3  W E X - W E I  x 8 6 _ 6 4 /M S  W in d o w s  0 3 /3 1 /1 4  0 5 :5 1 :4 6  P a g e  2 0  

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

S o lu t io n  R e p o r t  S O L V E  S T A G E M O D E L 2  U s in g  M IN L P  F ro m  l in e  4 2 8  

S O L V E  S U M M A R Y  

M O D E L  S T A G E M O D E L 2  O B J E C T I V E  0 3  

T Y P E  M IN L P  D IR E C T IO N  M I N I M I Z E

S O L V E R  D IC O P T  F R O M  L IN E  4 2 8

* * * *  S O L V E R  S T A T U S  1 N o r m a l  C o m p le t io n  

* * * *  M O D E L  S T A T U S  2  L o c a l ly  O p tim a l  

* * * *  O B J E C T I V E  V A L U E  1 0 5 8 6 8 3 .5 8 6 7

R E S O U R C E  U S A G E , L I M I T  0 .0 0 0  1 0 0 0 .0 0 0

I T E R A T I O N  C O U N T , L IM IT  4  2 0 0 0 0 0 0 0 0 0

E V A L U A T I O N  E R R O R S  0  0

* * * *  R E P O R T  S U M M A R Y  : 0  N O N O P T

0  I N F E A S IB L E  

0  U N B O U N D E D  

0  E R R O R S

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 , 2 0 1 3  W E X - W E I  x 8 6 _ 6 4 /M S  W in d o w s  0 3 /3 1 /1 4  0 5 :5 1 :4 6  P a g e  21 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

Execution 
—  4 2 9  V A R IA B L E  X.L

j>  J2  J3  J4  J5

i3  0 .2 9 4 0 .2 0 6



2 4 4

14 0 0 3 8  0 .5 5 8  0 .4 0 4

15 0 .8 0 8  0 .1 9 2

—  4 2 9  V A R I A B L E  T K  L  S in k  te m p e r a tu r e

j  1 5 6 .6 7 0 ,  j 2  7 5 .0 0 0 ,  j3  7 7 .0 9 3 ,  j 4  7 7 .2 7 3 ,  j 5  5 5 . 0 ๓

—  4 2 9  V A R I A B L E  Z .L  B in a ry  v a r ia b l e  to  d e n o te  e x is te n c e  o f  m a tc h  ij in  s ta g e  k

( A L L  0 .0 0 0  )

—  4 2 9  V A R I A B L E  ZCU.L B in a r y  v a r ia b l e  to  d e n o te  e x is te n c e  o f  c o ld  u t i l i ty  w i th  h o t  s tre a m  i 

i l  1 .0 0 0 , i2  1 .0 0 0 , i3 1 .0 0 0

—  4 2 9  V A R I A B L E  z h u .L  B in a r y  v a r ia b le  to  d e n o te  e x is te n c e  o f  h o t  u t i l i ty  w i th  c o ld  s tre a m  

j l  1 .0 0 0 , j 2  1 .0 0 0 , j 3  1 .0 0 0 , J4  1 .0 0 0 , j 5  1 .0 0 0

—  4 2 9  V A R I A B L E  tH .L  T e m p e r a tu r e  o f  h o t  s t r e a m  i a t  lo c a t io n  k 

f i r s t l o c a -  lo c a t io n 2  lo c a t io n 3  lo c a t io n 4  l a s t l o c a t -

i l 1 2 0 .0 0 0 1 2 0 .0 0 0 1 2 0 .0 0 0 1 2 0 .0 ๓ 1 2 0 .0 ๓

i2 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .๓ 0 1 0 0 .0 ๓

i3 1 3 0 .0 0 0 1 3 0 .0 0 0 1 3 0 .0 0 0 1 3 0 .0 ๓ 1 3 0 ,0 ๓

i4 1 4 0 .0 0 0 1 4 0 .0 0 0 1 4 0 .0 0 0 1 4 0 .0 ๓ 1 4 0 ,0 0 0

i5 8 0 .0 0 0 8 0 .0 0 0 8 0 .0 0 0 8 0 .0 ๓ 8 0 .0 0 0

—  4 2 9  V A R I A B L E  tC .L  T e m p e r a tu r e  o f  c o ld  s t r e a m  j  a t  lo c a t io n  k

f i r s t lo c a - lo c a t io n 2 lo c a tio n 3 lo c a t io n 4 la s t l o c a t -

J l 5 6 .6 7 0 5 6 .6 7 0 5 6 .6 7 0 5 6 6 7 0 5 6 .6 7 0

J2 7 5 .0 ๓ 7 5 .0 0 0 7 5 .0 ๓ 7 5 .0 0 0 7 5 .0 0 0

j3 7 7 .0 9 3 7 7 .0 9 3 7 7 .0 9 3 7 7 .0 9 3 7 7 .0 9 3

j4 7 7 .2 7 3 7 7 .2 7 3 7 7 .2 7 3 7 7 .2 7 3 7 7 .2 7 3 -

J5 5 5 .0 ๓ 5 5 . 0 ๓ 5 5 .0 ๓ 5 5 .0 ๓ 5 5 .0 0 0

—  4 2 9  V A R I A B L E  q .L  H e a t  e x c h a n g e d  b e tw e e n  h o t  s t r e a m  i a n d  c o ld  s t r e a m  j  s ta g e  k

( A L L  0  0 0 0  )

—  4 2 9  V A R I A B L E  q c u .L  H e a t  e x c h a n g e d  b e tw e e n  h o t  s tre a m  i a n d  c o ld  u t i l i ty  

i l  9 4 5 .0 0 0 , i2  7 3 5 .0 0 0 ,  i3 5 2 5 .0 0 0

—  4 2 9  V A R I A B L E  q h u .L  H e a t  e x c h a n g e d  b e tw e e n  c o ld  s t r e a m  j  a n d  h o t  u t i l i ty  

j l  5 0 5 .5 1 1 , j 2  1 1 6 .6 6 7 , j 3  3 2 0 .7 0 1 , j 4  2 1 2  121 , j 5  3 4 1 .2 5 0

—  4 2 9  V A R I A B L E  O q h u .L  =  1 4 9 6 .2 5 0  O v e r a l l  h e a t  e x c h a n g e d  b e tw e e n  c o ld  s tr e a m j a n d  h o t  u t i l i ty



V A R I A B L E  O q c u  L 

V A R I A B L E  O C o s th u  L  

V A R I A B L E  O C o s tc u .L  

—  4 2 9  V A R I A B L E  A .L

( A L L  0 .0 0 0  )

=  2 2 0 5 .0 0 0  O v e ra l l  h e a t  e x c h a n g e d  b e tw e e n  h o t  s tre a m  i a n d  c o ld  u t i l i ty

=  5 6 4 0 8 6 .2 5 0  

=  4 1 6 7 4 5 .0 0 0

—  4 2 9  V A R I A B L E  A h u .L

j l  2 6 .9 5 4 , j 2  7 .5 7 3 ,  j3  2 1 .3 8 2 ,  j 4  1 4 .1 7 6 , j 5  1 7 .9 1 9

—  4 2 9  V A R I A B L E  A c u  L

i l  3 8 .3 1 8 , i2  3 4 .1 1 6 ,  i3 2 0 .0 7 9

—  '  4 2 9  V A R I A B L E  A to t.L  

V A R I A B L E  0 3  L 

V A R I A B L E  IN V .L  

V A R I A B L E  F C o s t .L  

V A R I A B L E  T A C .L

=  1 8 0 .5 1 8

=  1 0 5 8 6 8 3  5 8 7  O b je c t iv e  3 

=  7 7 8 5 2 .3 3 7  I n v e s tm e n t  c o s t 

=  6 7 5 0 0 .0 0 0  F r e s h w a te r  c o s t 

=  1 1 2 9 5 3 7 .2 6 2  T o ta l  a n n u a ]  c o s t 

E X E C U T I O N  T I M E  =  0 .0 0 0  S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X - W E I

U S E R : T h e  P e t r o le u m  a n d  P e t r o c h e m ic a l  C o l le g e  G 1 3 1 2 1 9 :2 2 2 8 A S -W T N  

C h u la lo n g k o m  U n iv e r s i ty  D C 4 3 6 5

L ic e n s e  f o r  te a c h in g  a n d  r e s e a r c h  a t  d e g r e e  g ra n t in g  in s t i tu t io n s

* * * *  F IL E  S U M M A R Y

In p u t C : \U s e r s \S a r u t \D e s k to p \W O R K \T h e s i s  w a te r  n e tw o r k \G A M S  2 4 .2 \W H E N _ y W N _ x  

H E N  g m s

O u tp u t  c  : \U s e r s \S a r u t \D o c u m e n ts \g a m s d ir \p r o jd i r \W H E N _ y W N _ x H E N .ls t

A P P E N D I X  B -1 2  ะ C a s e  S tu d y  4  W H E N  w ith o u t  W N  d e s ig n  G A M S  S o lv e  
s u m m a r y

M O D E L  S T A T I S T I C S

B L O C K S  O F  E Q U A T IO N S 14 S I N G L E  E Q U A T IO N S 9 4

B L O C K S  O F  V A R IA B L E S 13 S I N G L E  V A R IA B L E S 109

N O N  Z E R O  E L E M E N T S 2 9 1  - D IS C R E T E  V A R IA B L E S 3 5

GENERATION TIME 0.016 SECONDS 4MB 24.2.1 r43572 WEX-WEI



EXECUTION TIME 0.016 SECONDS 4 MB 24.2.1 r43572 WEX-WEI
G A M S  2 4 .2 .1  r 4 3 5 7 2  R e le a s e d  D e c  9 , 2 0 1 3  W E X - W E I  x 8 6 _ 6 4 /M S  W in d o w s  0 3 /2 8 /1 4  2 1 :2 9 :5 1  P a g e  5  

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

S o lu t io n  R e p o r t  S O L V E  M IX IN G 1  U s in g  M I P  F ro m  lin e  3 3 5  

S O L V E  S U M M A R Y  

M O D E L  M IX IN G  1 O B J E C T I V E  o i l  

T Y P E  M IP  D IR E C T IO N  M IN IM I Z E

S O L V E R  C P L E X  F R O M  L IN E  3 3 5

* * * *  S O L V E R  S T A T U S  1 N o rm a l C o m p le t io n  

***♦  M O D E L  S T A T U S  I O p tim a l 

* * * *  O B J E C T I V E  V A L U E  1 2 1 5 0 0 .0 0 0 0  

R E S O U R C E  U S A G E , L IM IT  0 .0 6 3  1 0 0 0 .0 0 0

IT E R A T IO N  C O U N T ,  L IM IT  0  2 0 0 0 0 0 0 0 0 0

IB M  IL O G  C P L E X  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E I  x 8 6 _ 6 4 /M S  W in d o w s  

C p le x  1 2 .6 .0 .0

S p a c e  fo r  n a m e s  a p p r o x im a te ly  0 .0 0  M b  

U s e  o p tio n  'n a m e s  n o ’ t o  tu r n  u s e  o f  n a m e s  o f f

M IP  s t a tu s ( lO l ) :  in te g e r  o p t im a l  s o lu t io n  

C p le x  T im e :  O.OOsec (d e l .  0 .0 6  t ic k s )

F ix in g  in te g e r  v a r ia b l e s ,  a n d  s o lv in g  f in a l  L P ...  

F ix e d  M IP  s ta tu s ( I ) :  o p t im a l  

C p le x  T im e :  O.OOsec (d e t .  0 .0 7  t ic k s )

P r o v e n  o p tim a l  s o lu t io n .

M IP  S o lu t io n : 1 2 1 5 0 0 .0 0 0 0 ๓ ( 0  i te r a t io n s ,  0  n o d e s )

F in a l  S o lv e : 1 2 1 5 0 0 .0 0 ๓ ๓ (0  i te r a t i o n s )

B e s t  p o s s ib le : 1 2 1 5 ๓  0 0 0 0 ๓

A b s o lu te  g a p : 0 .0 0 0 0 ๓

R e la t iv e  g a p : 0 .0 0 0 ๓ 0

* * * *  R E P O R T  S U M M A R Y  : 0  N O N O P T

0  IN F E A S IB L E

0 UNBOUNDED



G A M S  2 4 .2 .1  r 4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E X - W E I  X 86 6 4 /M S  W in d o w s  0 3 /2 8 /1 4  2 1 :2 9 :5 1  P a g e 6

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

Execution
—  3 3 6  V A R IA B L E  F C o s t .L  =  1 2 1 5 0 0  0 0 0  F r e s h w a te r  c o s t

V A R IA B L E  O F W .L  =  4 0 .5 0 0  O v e ra l l  f r e s h w a te r

V A R IA B L E  O W W .L  =  4 0 .5 0 0  O v e ra l l  w a s t e w a te r

—  3 3 6  V A R IA B L E  F F W .L  F r e s h w a te r  f lo w ra te

j l  1 0 .0 0 0 , )2  4 .0 0 0 ,  j 3  1 2 .0 0 0 , j 4  8 .0 0 0 ,  j 5  6 .5 0 0

—  3 3 6  V A R IA B L E  y F W .L  B in a ry  v r ia b le  to  d e n o te  e x is te n c e  o f  m a tc h  F W  to  s in k  in  W N  

j l  1 .0 0 0 , j 2  1 .0 0 0 , j 3  1 .0 0 0 , j 4  1 .0 0 0 , j 5  1 .0 0 0

—  3 3 6  V A R IA B L E  W W  L  S o u rc e  W a s t e  w a te r

iI  9 .0 0 0 , i2  9  0 0 0 ,  i3  9 .0 0 0 ,  i4  9 .0 0 0 , i5  4 .5 0 0

—  3 3 6  V A R IA B L E  y W W .L  B in a ry  v r ia b le  to  d e n o te  e x is te n c e  o f  m a tc h  w w  f r o m  s o u r c e  in  W N  

i l  1 .0 0 0 , i2  1 .0 0 0 , i3  1 .0 0 0 , i4  1 .0 0 0 , i5  1 0 0 0

—  3 3 6  V A R IA B L E  X .L

( A L L  0 .0 0 0  )

—  3 3 6  V A R IA B L E  F  L  S p l i t t in g  F lo w ra te

(  A L L  0 .0 0 0  )

—  3 3 6  V A R I A B L E  y .L  B in a ry  v r ia b le  to  d e n o te  e x is te n c e  o f  m a tc h  s o u rc e  to  s in k  in  W N

j l J2  j 3 J4 15

i l 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .000 1 .0 0 0

i2 1 .0 0 0 1 .0 0 0 1 0 0 0 1 .0 0 0 1 0 0 0

i3 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0

i4 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0

i5 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 0 0 0 1 .0 0 0

—  3 3 6  V A R IA B L E  C K  L  S in k  s tre a m  c o n c e n tr a t io n

( A L L  0 .0 0 0  )

—  3 3 6  V A R IA B L E  T K .L  S in k  te m p e r a tu re

j  1 2 5 .0 0 0 ,  j 2  2 5 .0 0 0 ,  j 3  2 5 .0 0 0 ,  j 4  2 5 .0 0 0 ,  j 5  2 5 .0 0 0

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E X - W E I  x 8 6 _ 6 4 /M S  W in d o w s  0 3 /2 8 /1 4  2 1 :29 :51  P a g e  7

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

E q u a t io n  L is t in g  S O L V E  M IX IN G 2  U s in g  M IN L P  F ro m  l in e  3 6 2



MODEL STATISTICS
B L O C K S  O F  E Q U A T IO N S 18 S I N G L E  E Q U A T IO N S 9 8

B L O C K S  O F  V A R IA B L E S 17 S I N G L E  V A R IA B L E S 113

N O N  Z E R O  E L E M E N T S 3 6 9 N O N  L IN E A R  N -Z 7 0

D E R I V A T I V E  P O O L  1 0  C O N S T A N T  P O O L  3 3

C O D E  L E N G T H  2 1 6  D IS C R E T E  V A R IA B L E S  35

G E N E R A T I O N  T I M E  =  0 .0 9 4  S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X - W E I

E X E C U T I O N  T IM E  = -  0 .0 9 4  S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X - W E I

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E X - W E I  x 8 6 _ 6 4 /M S  W in d o w s  0 3 /2 8 /1 4  2 1 :2 9 :5 1  P a g e  10 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

S o lu t io n  R e p o r t  S O L V E  M I X I N G 2  U s in g  M IN L P  F r o m  l in e  3 6 2  

S O L V E  S U M M A R Y  

M O D E L  M 1 X IN G 2  O B J E C T I V E  0 1 2

T Y P E  M IN L P  D IR E C T IO N  M IN IM I Z E

S O L V E R  D IC O P T  F R O M  L IN E  3 6 2

* * * *  S O L V E R  S T A T U S  1 N o r m a l  C o m p le t io n  

♦ *** M O D E L  S T A T U S  8 I n t e g e r  S o lu t io n  

* * » *  O B J E C T I V E  V A L U E  1 2 4 1 3 7 .6 0 0 0  

R E S O U R C E  U S A G E , L I M I T  0 .2 0 3  1 0 0 0 .0 0 0

IT E R A T IO N  C O U N T , L IM IT  14 2 0 0 0 0 0 0 0 0 0

E V A L U A T IO N  E R R O R S  0  0

D ic o p t  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E I  x 8 6 _ 6 4 /M S  W in d o w s

A ld o  V e c c h ie t t i  a n d  I g n a c io  E . G ro s s m a n n  

E n g in e e r in g  D e s ig n  R e s e a r c h  C e n te r  

C a r n e g ie  M e llo n  U n iv e r s i ty  

P i t t s b u r g h ,  P e n n s y lv a n ia  1 5 2 1 3

C O N O P T  3 2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E I  x 8 6 _ 6 4 /M S  W in d o w s

C O N O P T 3  v e r s io n  3 .1 5 M

C o p y r ig h t  ( C )  A R K I  C o n s u l t in g  a n d  D e v e lo p m e n t  A /S



Bagsvaerdvej 246 A
D K - 2 8 8 0  B a g s v a e r d ,  D e n m a rk  

T h e  m o d e l  h a s  1 13  v a r ia b le s  a n d  9 8  c o n s tra in ts  

w ith  3 6 9  J a c o b i a n  e le m e n ts ,  7 0  o f  w h ic h  a re  n o n l in e a r .

T h e  H e s s ia n  o f  th e  L a g r a n g ia n  h a s  0  e le m e n ts  o n  th e  d ia g o n a l ,

3 5  e le m e n ts  b e lo w  th e  d ia g o n a l ,  a n d  7 0  n o n l in e a r  v a r ia b le s .

**  W a r n in g  * *  T h e  v a r ia n c e  o f  th e  d e r iv a t iv e s  in  th e  in i t ia l  

p o in t  is  la r g e  ( = 4 .1  ). A  b e t t e r  in it ia l 

p o in t ,  a  b e t te r  s c a l i n g ,  o r  b e t t e r  b o u n d s  o n  th e  

v a r ia b l e s  w il l  p r o b a b ly  h e lp  th e  o p t im iz a t io n .

**  O p tim a l  s o lu t io n .  T h e r e  a r e  n o  s u p e rb a s ic  v a r ia b le s .

C O N O P T  t im e  T o ta l  0 .0 8 2  s e c o n d s

o f  w h ic h :  F u n c t io n  e v a lu a t io n s  0 .0 0 0  =  0 .0 %

1 St D e r iv a t iv e  e v a lu a t io n s  0 .0 0 0  -  0 .0 %

IB M  I L O G  C P L E X  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,  2 0 1 3  W E I  x 8 6 _ 6 4 /M S  W in d o w s  

C p le x  1 2 .6 ,0 .0  

U n a b le  to  lo a d  n a m e s .

M IP  s t a t u s ( i o i ) :  in te g e r  o p t im a l  s o lu t io n  

C p le x  T im e :  0  0 0 s e c  (d e t  0 .0 8  t i c k s )

F ix in g  i n te g e r  v a r ia b le s ,  a n d  s o lv in g  f in a l L P ...

F ix e d  M I P  s t a t u s ( l ) :  o p t im a l  

C p le x  T im e :  O.OOsec (d e t. 0  0 8  t i c k s )

P r o v e n  o p t im a l  s o lu t io n .

M IP  S o lu t io n :  

F in a l  S o lv e : 

B e s t  p o s s ib le :  

A b s o lu te  g a p :  

R e la t iv e  g a p : 

* * * *  R E P O R T

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

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

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

0.000000 
0.000000

S U M M A R Y  :

0  IN F E A S IB L E

( 0  i te ra t io n s ,  0  n o d e s )  

( 0  i te ra t io n s )

0  N O N O P T

0 UNBOUNDED
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0  E R R O R S

G A M S  2 4 .2 .1  r 4 3 5 7 2  R e le a s e d  D e c  9 ,  2 0 1 3  W E X -W E I x 8 6 _ 6 4 /M S  W in d o w s  0 3 /2 8 /1 4  2 1 :2 9 :5 1  P a g e  11

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

E x e c u t i o n

3 6 3  V A R I A B L E  P I C 1 .L  

V A R IA B L E  P 1 C 2 .L  

V A R I A B L E  P IC 3  L  

V A R IA B L E  P I C o s t .L  

V A R IA B L E  F C o s t .L  

V A R IA B L E  O F W .L  

V A R I A B L E  O W W .L

=  0 .0 0 0  P ip in g  c o s t  o f  s o u r c e  to  s in k

=  1 3 7 4 .0 0 0  P ip in g  c o s t  o f  f r e s h  to  s in k

=  1 2 6 3 .6 0 0  P ip in g  c o s t  o f  s o u rc e  to  w a s t e

=  2 6 3 7 .6 0 0  P ip in g  c o s t

=  1 2 1 5 0 0 .0 0 0  F r e s h w a te r  c o s t  

=  4 0 .5 0 0  O v e ra l l  f r e s h w a te r

=  4 0 .5 0 0  O v e ra l l  w a s t e w a te r

3 6 3  V A R I A B L E  F F W .L  F r e s h w a te r  f lo w ra te

j l  1 0 .0 0 0 , j 2  4 .0 0 0 ,  j 3  1 2 .0 0 0 , j 4  8 .0 0 0 ,  j 5  6 .5 0 0

—  3 6 3  V A R I A B L E  y F W .L  B in a ry  v r ia b le  to  d e n o te  e x i s te n c e  o f  m a tc h  F W  to  s in k  in  W N

j l  1 .0 0 0 , j 2  1 .0 0 0 , j 3  1 .0 0 0 , j 4  1 .0 0 0 , j 5  1 .0 0 0

—  3 6 3  V A R I A B L E  W W .L  S o u r c e  W a s t e  w a te r

i l  9 .0 0 0 , i2  9 .0 0 0 ,  i3  9 .0 0 0 ,  i4  9 .0 0 0 ,  i5  4 .5 0 0

—  3 6 3  V A R I A B L E  y W W .L  B in a r y  v r ia b le  to  d e n o te  e x i s te n c e  o f  m a tc h  ww f ro m  s o u rc e  in  W N

i l  1 .0 0 0 , i2  1 .0 0 0 , i3  1 .0 0 0 , i4  I 0 0 0 ,  Ï5 1 .0 0 0

—  3 6 3  V A R I A B L E  X.L

( A L L  0 .0 0 0  )

—  3 6 3  V A R I A B L E  F .L  S p l i t t in g  F lo w ra te

(  A L L  0 .0 0 0  )

—  3 6 3  V A R I A B L E  y .L  B in a ry  v r i a b le  to  d e n o te  e x is te n c e  o f  m a tc h  s o u rc e  t o  in  W N

(  A L L  0  0 0 0  )

—  3 6 3  V A R I A B L E  C K .L  S in k  s t r e a m  c o n c e n tr a t io n

(  A L L  0 .0 0 0  )

—  3 6 3  V A R I A B L E  T K  L  S in k  t e m p e r a tu r e

j  1 2 5 .0 0 0 ,  j 2  2 5 .0 0 0 ,  j 3  2 5 .0 ๓ ,  j 4  2 5 . 0 ๓ ,  j 5  2 5 .0 0 0

G A M S  2 4 .2 .1  r 4 3 5 7 2  R e le a s e d  D e c  9 ,  2 0 1 3  W E X -W E I x 8 6 _ 6 4 /M S  W in d o w s  0 3 /2 8 /1 4  2 1 :2 9 :5 1  P a g e  12

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m



E q u a t io n  L is t in g  S O L V E  S T A G E M O D E L 1  U s in g  M IP  F r o m  l in e  3 7 8  

M O D E L  S T A T I S T IC S

B L O C K S  O F  E Q U A T IO N S 2 9 S I N G L E  E Q U A T IO N S 581

B L O C K S  O F  V A R IA B L E S 2 0 S I N G L E  V A R IA B L E S 4 6 4

N O N  Z E R O  E L E M E N T S 2 ,0 0 1 D I S C R E T E  V A R IA B L E S 135

G E N E R A T I O N  T I M E  =  0 .0 4 6  S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X - W E I

E X E C U T I O N  T IM E  =  0 .0 4 6  S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X - W E I

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 , 2 0 1 3  W E X - W E I x 8 6 _ 6 4 /M S  W in d o w s  0 3 /2 8 /1 4  2 1 :2 9 :5 1  P a g e  15 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

S o lu t io n  R e p o r t  S O L V E  S T A G E M O D E L 1  U s in g  M IP  F ro m  l in e  3 7 8  

S O L V E  S U M M A R Y  

M O D E L  S T A G E M O D E L 1  O B J E C T I V E  0 2

T Y P E  M IP  D IR E C T IO N  M IN IM I Z E

S O L V E R  C P L E X  F R O M  L IN E  3 7 8

* * * *  S O L V E R  S T A T U S  I N o rm a l C o m p le t i o n  

♦ *** M O D E L  S T A T U S  8 In te g e r  S o lu t io n  

* * * *  O B J E C T I V E  V A L U E  2 8 1 9 0 4 .0 9 0 0  

R E S O U R C E  U S A G E , L I M I T  0 .5 3 1  1 0 0 0 .0 0 0

IT E R A T IO N  C O U N T , L IM IT  '  8 2 9 8  2 0 0 0 0 0 0 0 0 0

IB M  I L O G  C P L E X  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 , 2 0 1 3  W E I  x 8 6 _ 6 4 /M S  W in d o w s  

—  G A M S /C p le x  l ic e n s e d  f o r  c o n t in u o u s  a n d  d i s c r e te  p ro b le m s .

C p le x  1 2 .6 .0 .0

S p a c e  fo r  n a m e s  a p p r o x im a te ly  0 .0 3  M b  

U s e  o p t io n  ’n a m e s  n o ’ t o  tu r n  u s e  o f  n a m e s  o f f  

M I P  s ta tu s (  1 0 2 ): in te g e r  o p t im a l ,  to le r a n c e  

C p le x  T im e :  0 .4 7 s e c  (d e t .  2 4  ! .6 7  t ic k s )

F i x in g  in te g e r  v a r ia b le s ,  a n d  s o lv in g  f in a l  L P .. .

F ix e d  M IP  s t a tu s ( l ) :  o p t im a l  

C p le x  T im e :  0 .0 5 s e c  (d e t .  0 .5 0  t ic k s )

S o lu t io n  s a t i s f ie s  to le r a n c e s

M I P  S o lu t io n :  2 8 1 9 0 4  0 9 0 0 0 0  (8 2 9 7  i te r a t i o n s ,  4 9 0  n o d e s )

F in a l  S o lv e : 2 8 1 9 0 4 ,0 9 0 0 0 0  (1 i te r a t io n s )
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B e s t  p o s s ib le :  2 6 3 7 9 1 .9 4 2 9 1 3

A b s o lu te  g a p :  1 8 1 1 2 .1 4 7 0 8 7

R e la t iv e  g a p : 0 .0 6 4 2 4 9

*♦ ** R E P O R T  S U M M A R Y  : 0  N O N O P T

0  IN F E A S IB L E  

0  U N B O U N D E D

G A M S  2 4 .2  1 r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E X - W E I  x 8 6 _ 6 4 /M S  W in d o w s  0 3 /2 8 /1 4  21 2 9 :5 1  P a g e  16

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

Execution
—  3 7 9 " V A R IA B L E  Z .L  B in a r y  v a r ia b le  to  d e n o te  e x is te n c e  o f  m a tc h  ij in  s ta g e  k  

f i r s t l o c a -  lo c a t io n 3  lo c a t io n 4

il.jl 1.000
i2J4 1.000
i3.j2 1.000
i3.j5 1.000
i4.j3 1.000
i4j4 1.000
—  3 7 9  V A R I A B L E  ZCU.L B in a r y  v a r ia b le  to  d e n o te  e x is te n c e  o f  c o ld  u t i l i ty  w i th  h o t  s tre a m  i 

i l  1 .0 0 0 , i2  1 .0 0 0 , i3  1 .0 0 0 , i4  1 .0 0 0 , i5  1 .0 0 0

—  3 7 9  V A R I A B L E  z h u .L  B in a ry  v a r ia b le  to  d e n o te  e x is te n c e  o f  h o t  u t i l i ty  พ  ith  c o ld  s tre a m  

j l  1 0 0 0 ,  j 2  1 .0 0 0 , j 3  1 .0 0 0 , j 4  1 .0 0 0 , j 5  1 .0 0 0

—  3 7 9  V A R IA B L E  tH .L  T e m p e r a tu r e  o f  h o t  s t r e a m  i a t  lo c a t io n  k 

f i r s t l o c a -  lo c a t io n 2  lo c a t io n 3  lo c a t io n 4  l a s t l o c a t -

i l 1 2 0 .0 ๓ 1 2 0 .0 ๓ 1 2 0 .0 0 0 1 2 0 .0 ๓ 3 6 .6 6 7

i2 1 ๓ .0 0 0 1 00  0 ๓ 1 0 0 .0 0 0 1 00  0 ๓ 4 2 .2 2 2

i3 1 3 0 .0 ๓ 1 3 0 .0 ๓ 1 3 0 .0 0 0 4 2 .5 ๓ 4 2 . 5 ๓

i4 1 4 0 .0 ๓ 1 3 1 .1 1 1 1 3 1 .1 1 1 131 111 3 1 .1 1 1

i5 8 0  0 ๓ 8 0 .0 0 0 8 0 .0 ๓ 8 0 .0 ๓ 8 0 .0 0 0

- - -  3 7 9  V A R I A B L E  tC .L  T e m p e r a tu r e  o f  c o ld  s t r e a m  j  a t  lo c a t io n  k

f i r s t l o c a - lo c a t io n 2 lo c a t io n 3 lo c a t io n 4  l a s t l o c a t -

j l 1 ๓ . 0 ๓ 1 ๓ . 0 ๓ 1 0 0 .0 ๓ 1 0 0 .0 ๓ 2 5 .0 0 0

J2 1 0 0 .0 ๓ 1 00  0 ๓ 1 0 0 .0 ๓ 2 5 .0 ๓ 2 5 . 0 ๓
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J3 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 2 5 .0 0 0

J4 1 0 0 .0 0 0 9 0 .0 0 0 9 0 .0 0 0 9 0 .0 ๓ 2 5 .0 0 0

J5 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .0 ๓ 2 5 .0 0 0 2 5 . 0 ๓

—  3 7 9  V A R I A B L E  q .L  H e a t  e x c h a n g e d  b e tw e e n  h o t  s t r e a m  i a n d  c o ld  s t r e a m  j  a t  s ta g e  k  

f i r s t lo c a ~  lo c a t io n 3  lo c a t io n 4

i l  j  1 8 7 5 .0 0 0

12. j 4  6 0 6  6 6 7

13. j 2  3 5 0 .0 0 0

13. j 5  5 6 8 .7 5 0

14 j 3  1 0 5 0 .0 0 0

14. j 4  9 3 .3 3 3

—  3 7 9  V A R I A B L E  q c u .L  H e a t  e x c h a n g e d  b e tw e e n  h o t  s tre a m  i a n d  c o ld  u t i l i ty  

i l  7 0 .0 0 0 , i2  1 2 8 .3 3 3 , i3 1 3 1 .2 5 0 , i4  1 1 .6 6 7 , i5  2 6 2 .5 0 0

—  3 7 9  V A R I A B L E  q h u .L  H e a t  e x c h a n g e d  b e tw e e n  c o ld  s tre a m  j  a n d  h o t  u t i l i ty

( A L L  0 .0 0 0  )

—  3 7 9  V A R I A B L E  O q h u .L  =  0 .0 0 0  O v e ra l l  h e a t  e x c h a n g e  b e tw e e n  c o ld  s tr e a m j a n d  h o t  u t i l i ty

V A R I A B L E  O q c u .L  =  6 0 3 .7 5 0  O v e ra l l  h e a t  e x c h a n g e d  b e tw e e n  h o t  s tre a m  a n d  c o ld  u til i ty

V A R I A B L E  IN V .L  =  0 .0 0 0  I n v e s tm e n t  c o s t

V A R I A B L E  0 2 . L  =  2 8 1 9 0 4 .0 9 0  O b je c t iv e  2

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E X - W E I  x 8 6 _ 6 4 /M S  W in d o w s  0 3 /2 8 /1 4  2 1 :2 9 :5 1  P a g e  17 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

E q u a tio n  L is t in g  S O L V E  S T A G E M O D E L 2  U s in g  M I N L P  F ro m  lin e  4 2 9  

M O D E L  S T A T I S T I C S

B L O C K S  O F  E Q U A T I O N S  4 0  S I N G L E  E Q U A T I O N S  8 5 6

B L O C K S  O F  V A R I A B L E S  2 8  S I N G L E  V A R I A B L E S  7 3 6

N O N  Z E R O  E L E M E N T S  3 ,0 4 4  N O N  L IN E A R  N -Z  4 8 0  

D E R I V A T I V E  P O O L  10 C O N S T A N T  P O O L  2 2

C O D E  L E N G T H  1 ,8 8 5

G E N E R A T I O N  T I M E  =  0 .0 1 6  S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X -W E 1

E X E C U T I O N  T I M E  =  0 .0 1 6  S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X -W E 1

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/28/14 21:29:51 Page 20
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G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

S o lu t io n  R e p o r t  S O L V E  S T A G E M O D E L 2  U s in g  M IN L P  F ro m  l in e  4 2 9  

S O L V E  S U M M A R Y  

M O D E L  S T A G E M O D E L 2  O B J E C T I V E  0 3  

T Y P E  M I N L P  D IR E C T IO N  M IN IM I Z E

S O L V E R  D I C O P T  F R O M  L IN E  4 2 9

***♦  S O L V E R  S T A T U S  1 N o rm a l C o m p le t io n  

* * * *  M O D E L  S T A T U S  2  L o c a l ly -O p tim a l  

* * * *  O B J E C T I V E  V A L U E  2 7 1 9 1 7 ,5 7 7 3  

R E S O U R C E  U S A G E , L IM IT  0 .2 1 9  1 0 0 0 .0 0 0

IT E R A T IO N  C O U N T ,  L IM IT  103  2 0 0 0 0 0 0 0 0 0  

E V A L U A T IO N  E R R O R S  0  0

* * * *  R E P O R T  S U M M A R Y  : 0  N O N O P T

0  IN F E A S IB L E  

0  U N B O U N D E D  

0  E R R O R S

G A M S  2 4 .2 .1  r 4 3 5 7 2  R e le a s e d  D e c  9 , 2 0 1 3  W E X - W E I x 8 6 _ 6 4 /M S  W in d o w s  0 3 /2 8 /1 4  2 1 :2 9 :5 1  P a g e 2 1

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

E x e c u t i o n

—  4 3 0  V A R I A B L E  X .L

( A L L  0 .0 0 0  )

—  4 3 0  V A R I A B L E  T K .L  S in k  t e m p e r a tu re

j l  2 5 3 )0 0 , j 2  2 5 .0 0 0 ,  j3  2 5 .0 0 0 , j 4  2 5 .0 0 0 ,  j 5  2 5 .0 0 0

—  4 3 0  V A R I A B L E  Z .L  B in a ry  v a r ia b le  t o  d e n o te  e x is te n c e  o f  m a tc h  ij in  s ta g e  k 

f i r s t lo c a -  lo c a t io n 3  lo c a t io n 4

i l j l 1 .0 0 0

i2 .j4 1 0 0 0

i3 .j2 I 0 0 0

. 3 j 5 1 0 0 0

i4 .j3 1 .0 0 0

i4 .j4  1 .0 0 0



—  4 3 0  V A R I A B L E  z c u .L  B in a ry  v a r ia b l e  to  d e n o te  e x i s te n c e  o f  c o ld  u til i ty  w i th  h o t  s tre a m  i 

i l  1 .0 0 0 , i2  1 .0 0 0 , i3  1 .0 0 0 , i4  1 .0 0 0 , Ï5 1 .0 0 0

—  4 3 0  V A R I A B L E  z h u .L  B in a ry  v a r ia b l e  t o  d e n o te  e x i s te n c e  o f  h o t  u t i l i ty  w i th  c o ld  s tre a m  

j l  1 .0 0 0 , j 2  1 .0 0 0 , j 3  1 .0 0 0 , j 4  1 .0 0 0 , j 5  1 .0 0 0

—  4 3 0  V A R I A B L E  tH .L  T e m p e r a tu r e  o f  h o t  s t re a m  i a t  lo c a t io n  k  

f i r s t l o c a -  Io c a t io n 2  lo c a t io n 3  Io c a t io n 4  l a s t l o c a t -

i l 1 2 0 .0 0 0 1 2 0 .0 0 0 1 2 0 .0 ๓ 1 2 0 .0 ๓ 3 6 .6 6 7

i2 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .0 ๓ 1 0 0 .0 ๓ 4 2 .2 2 2

i3 1 3 0 .0 0 0 1 3 0 .0 0 0 1 3 0 .0 ๓ 4 2 .5 0 0 4 2 .5 ๓

i4 1 4 0 .0 0 0 131 111 1 3 1 .1 1 1 1 3 1 .1 1 1 3 1 .1 1 1

i5 8 0 .0 0 0 8 0 .0 0 0 8 0  0 ๓ 8 0 .0 0 0 8 0 .0 0 0

— - 4 3 0  V A R IA B L E  tC .L  T e m p e r a tu r e  o f  c o ld  s tre a m  j  a t  lo c a t io n  k

f i r s t l o c a - lo c a t io n 2 lo c a t io n 3 Io c a t io n 4  l a s t lo c a t -

J l 1 0 0 .0 0 0 1 0 0 .0 ๓ 1 0 0 .0 ๓ 1 0 0 .0 ๓ 2 5 .0 0 0

J2 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .0 ๓ 2 5 .0 0 0 2 5 .0 0 0

J3 1 0 0 .0 ๓ 1 0 0 .0 0 0 1 0 0 .0 ๓ 1 0 0 .0 ๓ 2 5 .0 0 0

J4 1 00  0 ๓ 9 0 . 0 ๓ 9 0  0 0 0 9 0 .0 ๓ 2 5 .0 0 0

J 5 1 0 0 .0 ๓ 1 0 0 .0 0 0 1 0 0 .0 0 0 2 5 .0 0 0 2 5 .0 0 0

—  4 3 0  V A R I A B L E  q .L  H e a t  e x c h a n g e d  b e tw e e n  h o t  s t r e a m  i a n d  c o ld  s tre a m  j  a t  s t a g e  k 

f i r s t l o c a -  lo c a t io n 3  lo c a t io n 4

i l  j l  8 7 5  0 0 0

i 2 j 4  6 0 6 .6 6 7

i3 .j2  3 5 0 .0 0 0

13. j 5  5 6 8 .7 5 0

14. j 3  1 0 5 0 .0 0 0

i4 .j4  9 3 .3 3 3

—  4 3 0  V A R IA B L E  q c u .L  H e a t  e x c h a n g e d  b e tw e e n  h o t  s t r e a m  i a n d  c o ld  u til i ty  

i l  7 0 .0 0 0 , i2  1 2 8 .3 3 3 , i3  1 3 1 .2 5 0 , i4  1 1 .6 6 7 , i5  2 6 2 .5 0 0

—  4 3 0  V A R IA B L E  q h u .L  H e a t  e x c h a n g e d  b e tw e e n  c o ld  s t r e a m  j  a n d  h o t  u til i ty

(  A L L  0 .0 0 0  )

—  4 3 0  V A R IA B L E  O q h u .L  =  0 .0 0 0  O v e ra l l  h e a t  e x c h a n g e d  b e tw e e n  c o ld  s tre a m j a n d  h o t  u t i l i ty

=  6 0 3 .7 5 0  O v e ra l l  h e a t  e x c h a n g e d  b e tw e e n  h o t  s t r e a m  i a n d  c o ld  u t i l i tyV A R IA B L E  O q c u .L



430 VARIABLE A L
f ï r s t l o c a -  lo c a t io n 3  lo c a t io n 4

11. j l  1 1 3 .2 0 2

12. j 4  9 1 3 3 8

13. j 2  3 0 .1 8 7

13. j 5  4 9 .0 5 4

14. j 3  1 3 7 .8 1 1

i4 .j4  4 .6 0 3

—  4 3 0  V A R IA B L E  A h u .L

( A L L  0 .0 0 0  )

—  4 3 0  V A R IA B L E  A c u .L

i l  7 .6 5 8 ,  i2  1 2 .1 6 9 , i3 1 2 .3 6 7 , Ï4 1 .5 4 3 , i5  1 4 .4 4 6

—  4 3 0  V A R IA B L E  A to t  L =  4 7 4 .3 7 9

V A R IA B L E  0 3 . L =  2 7 1 9 1 7 .5 7 7  O b je c t iv e  3

V A R IA B L E  IN V .L =  1 5 7 8 0 8 .8 2 7  In v e s tm e n t  c o s t

V A R IA B L E  F C o s t  L =  1 2 1 5 0 0 .0 0 0  F r e s h w a te r  c o s t

V A R IA B L E  C o s th  L =  6 3 7 8 7 .9 2 4

V A R IA B L E  C o s th u  L =  4 6 5 6 3 .2 0 7

V A R IA B L E  C o s t c u L =  4 7 4 5 7 .6 9 6

V A R IA B L E  O C o s th u .L =  0 0 0 0

V A R IA B L E  O C o s tc u .L =  1 1 4 1 0 8 .7 5 0

V A R IA B L E  T A C .L =  3 9 6 0 5 5 .1 7 7  T o ta l a n n u a l  c o s t

E X E C U T I O N  T IM E  =  0 .0 1 6  S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X -W E 1

U S E R : T h e  P e tro le u m  a n d  P e t r o c h e m ic a l  C o l le g e  G 1 3 1 2 1 9 :2 2 2 8 A S -W IN  

C h u la lo n g k o m  U n iv e r s i t y  D C 4 3 6 5

L ic e n s e  fo r  t e a c h in g  a n d  r e s e a r c h  a t  d e g r e e  g r a n t in g  in s t i tu t io n s  

**«♦  F I L E  S U M M A R Y

In p u t  C : \U s e r s \S a r u t \D e s k to p \W O R K \T h e s is  w a te r  n e tw o r k \G A M S  2 4 .2 \W H E N _ x W N _ y  

H E N .g m s

O u » p u t C : \U s e r s \S a r u t \D o c u m e n ts \g a m s d ir \p r o jd i r \W H E N _ x W N _ y H E N .I s t
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APPENDIX B-13 Case Study 4 WHEN by two-step design GAMS Solve summary

M O D E L  S T A T I S T IC S

B L O C K S  O F  E Q J J A T I O N S 14 S I N G L E  E Q U A T IO N S 9 4

B L O C K S  O F  V A R IA B L E S 13 S I N G L E  V A R IA B L E S 1 0 9

N O N  Z E R p  E L E M E N T S 29 1 D IS C R E T E  V A R IA B L E S 35

G E N E R A T I O N  T IM E  =  0 .1 4 0 S E C O N D S  4  M B  2 4 ,2 .1  r4 3 5 7 2  W E X -W E I

E X E C U T I O N  T IM E  =  0 .1 4 0  S E C O N D S  4  M B  2 4 .2 .1  r4 3 5 7 2  W E X -W E I

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E X - W E I  x 8 6 _ 6 4 /M S  W in d o w s  0 3 /3 1 /1 4  1 4 :3 3 :4 1  P a g e  5

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

S o lu t io n  R e p o r t  S O L V E  M IX IN G 1  U s in g  M I P  F r o m  l in e  3 4 0  

S O L V E  S U M M A R Y  

M O D E L  M IX IN G  1 O B J E C T I V E  o i l

T Y P E  M IP  D IR E C T IO N  M IN IM I Z E

S O L V E R  C P L E X  F R O M  L IN E  3 4 0

♦ *** S O L V E R  S T A T U S  I N o rm a l  C o m p le t io n  

* * * *  M O D E L  S T A T U S  1 O p tim a l  

* * * *  O B J E C T I V E  V A L U E  6 7 5 ๓ .0 0 0 0  

R E S O U R C E  U S A G E , L I M I T  1 .593  1 0 ๓ . ๓ 0

I T E R A T I O N  C O U N T , L I M I T  41  2 0 ๓ 0 0 0 0 ๓

IB M  IL O G  C P L E X  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 , 2 0 1 3  W E I  X 86 6 4 /M S  W in d o w s

C p le x  1 2 .6 .0 .0

S p a c e  f o r  n a m e s  a p p r o x im a te ly  0 .0 0  M b  

U s e  o p t i o n  'n a m e s  n o ' to  tu r n  u s e  o f  n a m e s  o f f  

M IP  s t a t u s ( i o i ) :  in te g e r  o p t im a l  s o lu t io n  

C p le x  T im e :  0 .7 5 s e c  (d e t. 0 .2 0  t ic k s )

F ix in g  in te g e r  v a r ia b le s ,  a n d  s o lv in g  f in a l L P ...

F ix e d  M I P  s t a tu s f l ) :  o p t im a l

C p le x  T im e :  0 .0 3 s e c  (d e t .  0 .1 3  t ic k s )

P r o v e n  o p t im a l  so lu tio n .

M IP  S o lu t io n :  6 7 5 0 0 .0 ๓ 0 ๓  ( 2 2  i te ra t io n s ,  0  n o d e s )
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F in a l  S o lv e :  6 7 5 0 0 .0 0 0 0 0 0  ( 1 9  i te r a t io n s )

B e s t  p o s s ib le :  6 7 5 0 0 .0 0 0 0 0 0

A b s o lu te  g a p :  0 .0 0 0 0 0 0

R e la t iv e  g a p .  0 .0 0 0 0 0 0  

* * * *  R E P O R T  S U M M A R Y  : 0  N O N O P T

0  I N F E A S IB L E  

0  U N B O U N D E D

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E X - W E I  x 8 6 _ 6 4 /M S  W i n d o w s 0 3 /3 1 /1 4  1 4 :3 3 :4 1  P a g e 6  

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

E  X e  c  น t  i (Tn

—  341  V A R IA B L E  F C o s t .L  =  6 7 5 0 0 .0 0 0  F r e s h w a te r  c o s t

V A R IA B L E  O F W  L  =  2 2 .5 0 0  O v e ra l l  f r e s h w a te r

V A R IA B L E  O W W .L  =  2 2 .5 0 0  O v e ra l l  w a s te w a te r

—  341  V A R IA B L E  F F W  L F r e s h w a te r  f lo w ra te  

J l  3 .2 0 5 ,  j 2  2 .1 8 2 ,  j 3 8 l 0 7 ,  j 4 4 . 3 6 4 ,  j 5 4 . 6 4 3

—  34 1  V A R IA B L E  y F W .L  B in a r y  v r ia b le  t o  d e n o te  e x is te n c e  o f  m a tc h  F W  to  s in k  in  W N  

j l  1 .0 0 0 , j 2  1 ,0 0 0 , j 3  1 .0 0 0 , j 4  1 .0 0 0 , j5  1 .0 0 0

— - 341  V A R IA B L E  W W  L  S o u r c e  W a s te  w a te r

1 1 9 .0 0 0 ,  i2  9 .0 0 0 , i3  4 .5 0 0

—  3 41  V A R IA B L E  y W W .L  B in a r y  v r ia b le  to  d e n o te  e x is te n c e  o f  m a tc h  ww f ro m  s o u r c e  in  W N  

i l  1 .0 0 0 , i2  1 0 0 0 ,  i3 1 .0 0 0 , i4  1 .0 0 0 , i5 1 .0 0 0

—  341  V A R IA B L E  X L

j l  j 2  J3  J4  j5

13 0 .2 9 4  0 .2 0 6

14 0 .2 5 5  0 .2 0 2  0 .1 3 9  0 .4 0 4

15 1 .0 0 0

—  3 41  V A R IA B L E  F L  S p l i t t in g  F lo w ra te

J l  j 2  j 3  j 4  j5

13 2 .6 4 3  1 .8 5 7

14 2 .2 9 5  1 .8 1 8  1 .2 5 0  3 .6 3 6

15 4.500



— 341 VARIABLE y.L Binary vriabie to denote existence of match source to sink in WN
J l j 2  j3 J4 J5

i l 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0

i2 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0

i3 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 0 0 0

i4 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0

i5 1 0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0

—  3 41  V A R I A B L E  C K .L  S in k  s t r e a m  c o n c e n tr a t io n

j  I 2 0 .0 0 0 , j 2  2 0 .0 0 0 ,  j 3  2 0 .0 0 0 ,  j 4  2 0 .0 0 0 ,  j5  2 0 .0 0 0

—  341  V A R I A B L E  T K  L  S in k  te m p e r a tu r e

j l  7 6 .1 4 8 , j 2  7 7 .2 7 3 ,  j 3  6 0 .1 0 4 ,  j 4  7 7 .2 7 3 ,  j 5  5 5 .0 0 0

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 , 2 0 1 3  W E X - W E I X 86  6 4 /M S  W in d o w s  0 3 /3 1 /1 4  14 :3 3 :4 1  P a g e  7

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

E q u a tio n  L is t in g  S O L V E  M IX IN G 2  U s in g  M IN L P  F r o m  lin e  3 6 7

M O D E L  S T A T I S T IC S

B L O C K S  O F  E Q U A T IO N S 18 S I N G L E  E Q U A T IO N S 98

B L O C K S  O F  V A R IA B L E S 17 S I N G L E  V A R IA B L E S 113

N O N  Z E R O  E L E M E N T S 3 6 9 N O N  L IN E A R  N -Z 7 0

D E R I V A T I V E  P O O L  1 0  C O N S T A N T  P O O L  33

C O D E  L E N G T H  2 1 6  D I S C R E T E  V A R IA B L E S  35

G E N E R A T I O N  T I M E  =  0 .0 3 1  S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X - W E I

E X E C U T I O N  T I M E  =  0  0 9 4  S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X - W E I

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,  2 0 1 3  W E X - W E I X 86 6 4 /M S  W in d o w s  0 3 /3 1 /1 4  14 :3 3 :41  P a g e  10 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

S o lu t io n  R e p o r t  S O L V E  M IX IN G 2  U s in g  M IN L P  F ro m  l in e  3 6 7  

S O L V E  S U M M A R Y  

M O D E L  M L X IN G 2  O B J E C T I V E  0 1 2  

T Y P E  M I N L P  D IR E C T IO N  M IN IM I Z E

S O L V E R  D I C O P T  F R O M  L IN E  3 6 7

* * * *  S O L V E R  S T A T U S  1 N o rm a l  C o m p le t io n  

***♦  M O D E L  S T A T U S  8 In te g e r  S o lu t io n

**** OBJECTIVE VALUE 70853.6753



R E S O U R C E  U S A G E , L IM IT  

IT E R A T IO N  C O U N T ,  L IM IT  

E V A L U A T IO N  E R R O R S

1 .9 3 7  1 0 0 0 .0 0 0

5 6 4  2 0 ๓ 0 0 0 0 0 0  

0 0

D ic o p t  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E I  x 8 6 _ 6 4 /M S  W in d o w s

A ld o  V e c c h ie t t i  a n d  I g n a c io  E . G ro s s m a n n  

E n g in e e r in g  D e s ig n  R e s e a rc h  C e n te r  '

C a rn e g ie  M e l lo n  U n iv e r s i t y  

P i t t s b u rg h ,  P e n n s y lv a n i a  15213

C O N O P T  3 2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,  2 0 1 3  W E I x 8 6 _ 6 4 /M S  W in d o w s

C O N O P T 3  v e r s io n  3 .1 5 M

C o p y r ig h t  ( C )  A R K I  C o n s u l t in g  a n d  D e v e lo p m e n t  A /S  

B a g s v a e r d v e j  2 4 6  A  

D K - 2 8 8 0  B a g s v a e rd ,  D e n m a rk  

T h e  m o d e l h a s  1 1 3  v a r ia b l e s  a n d  9 8  c o n s t r a in ts  

w i th  3 6 9  J a c o b i a n  e le m e n ts ,  7 0  o f  w h ic h  a r e  n o n l in e a r .

T h e  H e s s ia n  o f  t h e  L a g r a n g ia n  h a s  0  e le m e n ts  o n  th e  d ia g o n a l ,

3 5  e le m e n ts  b e lo w  th e  d ia g o n a l ,  a n d  7 0  n o n l in e a r  v a r ia b le s .

**  W a rn in g  **  T h e  v a r ia n c e  o f  th e  d e r iv a t iv e s  in  th e  in it ia l 

p o in t  is la r g e  ( =  4 .1  ). A  b e t te r  in it ia l  

p o in t ,  a  b e t t e r  s c a l i n g ,  o r  b e t te r  b o u n d s  o n  th e  

- v a r ia b le s  w i l l  p r o b a b ly  h e lp  th e  o p t im iz a t io n .

* *  O p tim a l  s o lu t io n . R e d u c e d  g ra d ie n t  le s s  th a n  to le r a n c e .

C O N O P T  t im e  T o ta l  1 .0 8 7  s e c o n d s

o f  w h ic h :  F u n c t io n  e v a lu a t io n s  0 .0 3 4  =  3 .1 %

1 St D e r iv a t iv e  e v a lu a t io n s  0 . 0 0 0 =  0 .0 %

IB M  IL O G  C P L E X  2 4  2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 , 2 0 1 3  W E I  x 8 6 _ 6 4 /M S  W in d o w s  

C p le x  1 2 .6 .0 .0  

U n a b le  to  lo a d  n a m e s .

M IP  s t a t u s ( i o i ) :  in te g e r  o p t im a l  s o lu t io n
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C p le x  T im e :  0 .2 5 s e c  (d e t .  6 .7 4  t ic k s )

F ix in g  in te g e r  v a r ia b l e s ,  a n d  s o lv in g  f in a l L P ...

F ix e d  M I P  s t a tu s ( l ) :  o p t im a l  

C p le x  T im e :  0 .0 0 s e c  (d e t .  0  11 t ic k s )

P r o v e n  o p tim a l  s o lu t io n .

M IP  S o lu tio n ! -  7 0 8 5 8 .3 5 0 8 5 9  (2 3 8  i te r a t io n s ,  4 0  n o d e s )

F in a l S o lv e :  7 0 8 5 8 .3 5 0 8 5 9  (7  i te ra t io n s )

B e s t  p o s s ib le :  7 0 8 5 8 .3 5 0 8 5 9

A b s o lu te  g a p :  0 .0 0 0 0 0 0

R e la t iv e  g a p :  0 .0 0 0 0 0 0

* * * *  R E P O R T  S U M M A R Y  : 0  

0  IN F E A S I B L E  

0  U N B O U N D E D  

0  E R R O R S

N O N O P T

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E X -W E 1  x 8 6 _ 6 4 /M S  W in d o w s  0 3 /3 1 /1 4  1 4 :3 3 :4 1  P a g e  11

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

Execution
—  3 6 8  V A R IA B L E  P I C 1 .L =  1 4 0 4 .1 3 5  P ip in g  c o s t  o f  s o u rc e to  s in k

V A R IA B L E  P 1 C 2  L =  1 2 0 8 .7 4 0  P ip in g  c o s t  o f  f r e s h  to  s in k

V A R IA B L E  P 1 C 3 .L =  7 4 0 .8 0 0  P ip in g  c o s t  o f  s o u r c e to  w a s te

V A R IA B L E  P I C o s t .L =  3 3 5 3 .6 7 5  P ip in g  c o s t

V A R IA B L E  F C o s t .L =  6 7 5 0 0 .0 0 0  F r e s h w a te r  c o s t

V A R IA B L E  O F W .L =  2 2  5 0 0  O v e ra l l  f r e s h w a te r

V A R I A B L E  O W W .L =  2 2 .5 0 0  O v e r a l l  w a s t e w a te r

—  3 6 8  V A R IA B L E  F F W .L  F r e s h w a te r  f lo w ra te  

j l  7 .0 1 6 ,  j 2  0 .3 6 4 ,  j 3  6  1 1 4 , j 4  4 .3 6 4 ,  j 5  4 .6 4 3

—  3 6 8  V A R IA B L E  y F W .L  B in a ry  v r ia b le  to  d e n o te  e x is te n c e  o f  m a tc h  F W  to  s in k  in  W N  

j l  1 .0 0 0 , j 2  1 .0 0 0 , j 3  1 .0 0 0 , j 4  1 .0 0 0 , j 5  1 .0 0 0

—  3 6 8  V A R IA B L E  W W .L  S o u rc e  W a s te  w a te r  

i l  9 .0 0 0 ,  i2  9 .0 0 0 ,  i3  4 .5 0 0

—  3 6 8  V A R IA B L E  y W W .L  B in a r y  v r ia b le  t o  d e n o te  e x is te n c e  o f  m a tc h  w w  fro m  s o u r c e  in  W N

il  1 .0 0 0 , i2  1 .0 0 0 , Ï3 1 0 0 0



368 VARIABLE X L
j l  J2 J3 J4  j 5

i3 0 .2 9 4 0 .2 0 6

i4 0 .0 3 8 0 .5 5 8 0 .4 0 4

i5 0 .8 0 8 0 ,1 9 2

. . . . 3 6 8  V A R IA B L E F .L  S p l i t t in g  F lo w ra te

J l  j 2 J3 J4  j 5

i3 2 .6 4 3 1 .8 5 7

i4 0 3 4 1 5 .0 2 3 3 .6 3 6

i5 3 .6 3 6 0 .8 6 4

. _ . 3 6 8  V A R IA B L E y .L  B in a r y  v r ia b le  to  d e n o te  e x i s te n c e  1

J l  J2 J3 j 4  j5

i3 1 .0 0 0 1 .0 0 0

i4 1 .0 0 0 1 .0 0 0 1 .0 0 0

i5 1 .0 0 0 1 .0 0 0

___ 3 6 8  V A R IA B L E C K ..L S in k  s t r e a m  c o n c e n tr a t io n

j  1 2 0 .0 0 0 , )2 20.000, j 3  2 0 .0 0 0 ,  j 4  2 0 .0 0 0 , j 5  2 0 .0 0 0  

—  3 6 8  V A R I A B L E  T K  L  S in k  te m p e r a tu re  

j l  5 6 .6 7 0 , j 2  7 5 .0 0 0 ,  j3  7 7 .0 9 3 ,  j 4  7 7 .2 7 3 , j 5  5 5 .0 0 0

G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E X -W E 1  x 8 6 _ 6 4 /M S  W in d o w s  0 3 /3 1 /1 4  1 4 :3 3 :4 1  P a g e  12

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

E q u a tio n  L is t in g  S O L V E  S T A G E M O D E L 1  U s in g  M IP  F ro m  lin e  3 8 2

M O D E L  S T A T I S T IC S

B L O C K S  O F  E Q U A T IO N S 2 9 S IN G L E  E Q U A T I O N S 581

B L O C K S  O F  V A R IA B L E S 2 0 S IN G L E  V A R IA B L E S 4 6 4

N O N  Z E R O  E L E M E N T S 1 ,9 8 3 D IS C R E T E  V A R IA B L E S 135

G E N E R A T I O N  T IM E  

E X E C U T I O N  T IM E

0 .0 1 6  S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X - W E I  

0 .0 6 3  S E C O N D S  3 M B  2 4 .2 .1  r4 3 5 7 2  W E X - W E I



G A M S  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 , 2 0 1 3  W E X -W E I x 8 6 _ 6 4 /M S  W in d o w s  0 3 /3 1 /1 4  1 4 :3 3 :4 1  P a g e  15 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

S o lu t io n  R e p o r t  S O L V E  S T A G E M O D E L I  U s in g  M IP  F ro m  lin e  3 8 2  

S O L V E  S U M M A R Y  

M O D E L  S T A G E M O D E L I  O B J E C T I V E  0 2  

T Y P E  M IP  D IR E C T IO N  M IN IM IZ E

S O L V E R  C P L E X  F R O M  L IN E  3 8 2

* * * *  S O L V E R  S T A T U S  I N o r m a l  C o m p le t io n  

* * * *  M O D E L  S T A T U S  8 I n t e g e r  S o lu t io n  

* * * *  O B J E C T I V E  V A L U E  4 2 3 7 8 3 .9 1 9 7  

R E S O U R C E  U S A G E , L IM IT  '  2 5 .2 0 3  1 0 0 0  0 ๓

IT E R A T IO N  C O U N T , L IM  IT  8 1 2 4 2 4  2 0 ๓ 0 0 0 0 ๓

IB M  1L O G  C P L E X  2 4 .2 .1  r4 3 5 7 2  R e le a s e d  D e c  9 ,2 0 1 3  W E I  x 8 6 _ 6 4 /M S  W in d o w s  

—  G A M S /C p le x  l ic e n s e d  fo r  c o n t in u o u s  a n d  d is c re te  p ro b le m s .

C p le x  1 2 .6 .0  0

S p a c e  fo r  n a m e s  a p p ro x im a te ly  0 .0 3  M b  

U s e  o p tio n  ’n a m e s  n o ’ to  tu rn  u s e  o f  n a m e s  o f f  

M I P  s ta tu s (1 0 2 ) :  in te g e r  o p t im a l ,  to le r a n c e  

C p le x  T im e : 2 5 .1 9 s e c  (d e t. 1 7 4 5 8 .7 0  t ic k s )

F ix in g  in te g e r  v a r ia b le s ,  a n d  s o lv in g  f in a l  L P .

F ix e d  M IP  s t a t u s / 1): o p t im a l  

C p le x  T im e . O.OOsec (d e t .  0 .5 1  t ic k s )

S o lu t io n  s a t i s f ie s  to le r a n c e s .

M I P  S o lu t io n : 4 2 3 7 8 3 .9 1 9 6 9 7 ( 8 1 2 4 2 3  ite ra tio n s , 6 9 5 1 7  n o d e s )

F in a l  S o lv e : 4 2 3 7 8 3 .9 1 9 6 9 7 (1 i te r a t io n s )

B e s t  p o s s ib le : 3 8 1 4 0 6 .3 6 2 1 8 3

A b s o lu te  g a p : 4 2 3 7 7 .5 5 7 5 1 4

R e la t iv e  g ap : 0 .0 9 9 9 9 8

* * * *  R E P O R T  S U M M A R Y  : 0  N O N O P T

0  I N F E A S IB L E

0  U N B O U N D E D
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G A M S  2 4 .2 .1  r 4 3 5 7 2  R e le a s e d  D e c  9 , 2 0 1 3  W E X -W E 1  x 8 6 _ 6 4 /M S  W in d o w s  0 3 /3 1 /1 4  1 4 :3 3 :4 1  P a g e  16

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

Execution
—  3 8 3  V A R I A B L E  Z .L  B in a ry  v a r ia b l e  to  d e n o te  e x is te n c e  o f  m a tc h  ij in  s ta g e  k 

f i r s t l o c a -  lo c a t io n 4

i l . j 3  1 .0 0 0

11. j 4  1 .0 0 0

12. jl 1.000
i 3.j  1 1 .0 0 0

13. j 5  1 . 0 0 0 -

—  3 8 3  V A R I A B L E  ZCU.L B in a ry  v a r ia b l e  to  d e n o te  e x i s te n c e  o f  c o ld  u til i ty  w i th  h o t  s tre a m  i 

i l  1 .0 0 0 , i2  1 .0 0 0 , i3  1 .0 0 0

—  3 8 3  V A R I A B L E  z h u .L  B in a ry  v a r ia b l e  to  d e n o te  e x is te n c e  o f  h o t  u til ity  w i th  c o ld  s tre a m  

j  1 1 .0 0 0 , j 2  1 .0 0 0 , j 3  1 .0 0 0 , j 4  1 .0 0 0 , j 5  1 .0 0 0

—  3 8 3  V A R I A B L E  tH .L  T e m p e r a tu r e  o f  h o t  s t re a m  i a t lo c a t io n  k 

f i r s t l o c a -  lo c a t io n 2  lo c a t io n 3  lo c a t io n 4  l a s t lo c a t -

i l 1 2 0 .0 0 0 1 2 0 .0 0 0 1 2 0 .0 0 0 1 2 0 .0 0 0 7 7 .2 7 3

i2 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 6 2 .9 6 7

i3 1 3 0 .0 0 0 1 2 0 .0 0 0 1 2 0 .0 0 0 1 2 0 .0 0 0 5 5 .0 0 0

i4 1 4 0 .0 0 0 1 4 0 .0 0 0 1 4 0 .0 0 0 1 4 0 .0 0 0 1 4 0 .0 0 0

i5 8 0 .0 0 0 8 0 .0 0 0 8 0 .0 0 0 8 0 .0 0 0 8 0 .0 0 0

. . . -  3 8 3  V A R I A B L E  tC .L  T e m p e r a tu r e  o f  c o ld  s tre a m  j  a t  lo c a t io n  k

f i r s t lo c a - lo c a t io n 2 lo c a tio n 3 lo c a t io n 4  l a s t lo c a t -

J l 9 4 .5 0 0 9 0 .0 0 0 9 0  0 0 0 9 0 .0 0 0 5 6 .6 7 0

J2 7 5 .0 0 0 7 5 .0 0 0 7 5 .0 0 0 7 5 .0 0 0 7 5 .0 0 0

j3 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 7 7 .0 9 3

j4 9 0 .9 8 0 9 0 .9 8 0 9 0 .9 8 0 9 0 .9 8 0 7 7 .2 7 3

j 5 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 1 0 0 .0 0 0 5 5 .0 0 0

—  3 8 3  V A R I A B L E  q .L  H e a t  e x c h a n g e d  b e tw e e n  h o t  s t r e a m  i a n d  c o ld  s tre a m  j  a t  s t a g e  k 

f i r s t!o c a ~  lo c a t io n 4

i l . j 3 3 2 0 .7 0 1

i l . j 4 1 2 7 .9 3 6
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12. j l  388.845 

i3 j l  52.500

13. j5 341.250

—  383 VARIABLE qcu.L Heat exchanged between hot stream i and cold utility 

i 1 496.364, i2 346.155, i3 131.250

—  383 VARIABLE qhu L Heat exchanged between cold stream j and hot utility 

Jl 64,167, j2  116.667, j4 84.186

—  383 VARIABLE Oqhu.L = 265.019 Overall heat exchanged between cold streamj and hot utility

VARIABLE Oqcu.L = 973.769 Overall heat exchanged between hot stream i and cold utility
VARIABLE INV L = 0.000 Investment cost

VARIABLE 0 2 .L = 423783.920 Objective 2

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/31/14 14:33:41 Page 17

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

Equation Listing SOLVE STAGEMODEL2 Using MINLP From line 426

MODEL STATISTICS

BLOCKS OF EQUATIONS 40 SINGLE EQUATIONS 856

BLOCKS OF VARIABLES 28 SINGLE VARIABLES 736

NON ZERO ELEMENTS 3,026 NON LINEAR N-Z 480

DERIVATIVE POOL 10 CONSTANT POOL 22

CODE LENGTH 1,885

GENERATION TIME = 0.094 SECONDS 3 MB 24.2.1 r43572 WEX-WEI

EXECUTION TIME = 0.110 SECONDS 3 MB 24.2.1 r43572 WEX-WEI

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/31/14 14:33:41 Page 20 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

Solution Report SOLVE STAGEMODEL2 Using MINLP From line 426 

S O L V E  S U M M A R Y  

MODEL STAGEMODEL2 OBJECTIVE 03 

TYPE MINLP DIRECTION MINIMIZE

SOLVER DICOPT FROM LINE 426

**** SOLVER STATUS 1 Normal Completion 

**** MODEL STATUS 2 Locally Optimal
**** OBJECTIVE VALUE 417306.9485



RESOURCE USAGE, LIMIT 

ITERATION COUNT, LIMIT 

EVALUATION ERRORS

0.437 1000.000

99 2000000000 

0 0

Dicopt 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS พ indows

Aldo Vecchietti and Ignacio E. Grossmann 

Engineering Design Research Center 

Carnegie Mellon University 

Pittsburgh, Pennsylvania 15213

CONOPT 3 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows

C O N O P T 3  version 3 .15M

Copyright (C) ARKI Consulting and Development A/S 

Bagsvaerdvej 246 A 

DK.-2880 Bagsvaerd, Denmark 

The model has 736 variables and 856 constraints 

with 3026 Jacobian elements, 480 o f which are nonlinear.

The Hessian o f the Lagrangian has 135 elements on the diagonal,

235 elements below the diagonal, and 405 nonlinear variables.

** Warning ** The variance o f the derivatives in the initial 

point is large (= 5.7 ). A better initial 

point, a better scaling, or better bounds on the 

variables will probably help the optimization.

** Optimal solution. Reduced gradient less than tolerance.

CONOPT time Total 0.445 seconds

o f which: Function evaluations 0.139 = 31.2%

1 St Derivative evaluations 0.008= 1.8%

2nd Derivative evaluations 0.008= 1.8%

Directional 2nd Derivative 0.013 = 2.9%
**** REPORT SUMMARY : 0 NONOPT
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0 INFEASIBLE 

0 UNBOUNDED 

0 ERRORS

GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/31/14 14:33:41 Page 21 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

E x e c u t i o n  -

—  427 VARIABLE F.L Splitting Flowrate

Jl j2 j3 J4 j5

i3 2.643 1.857

i4 0.341 5.023 3.636

i5 3.636 0.864

—  427 VARIABLE FFW.L Freshwater flowrate 

j l  7.016, j2  0.364, j3 6.114, j44.364, j5  4.643

—  427 VARIABLE WW.L Source Waste water 

il 9.000, 12 9.000, i3 4.500

—  427 VARIABLE TK.L Sink temperature

jl  56.670, j2  75.000, j3 77.093, j4 77.273, j5 55.000

—  427 VARIABLE Z.L Binary variable to denote existence of match ij in sta k 

firstloca- location4

11. j3 1.000

i l j 4 1,000

12. j l  1.000

13. j l  1.000

i3.j5 1.000
—  427 VARIABLE ZCU.L Binary variable to denote existence of cold utility with hot stream i 

il 1.000, i2 1.000, i3 1 000

—  427 VARIABLE zhu.L Binary variable to denote existence of hot utility with cold stream 

J I 1.000, j2  1.000, j3 1.000, j4  1.000, j5  1.000

—  427 VARIABLE tH L Temperature o f hot stream i at location k 

firstloca~ location2 location3 location4 lastlocat~

il 120.000 120.000 120.000 120.000 77.426

i2 100.000 100.000 100.000 100.000 62.967
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i3 130.000 107.778 107.778 107.778 55.338
i4 140.000 140.0๓ 140.0๓ 140.0๓ 140.0๓
i5 80.0๓ 80.000 80.0๓ 80.0๓ 80.000

—- 427 VARIABLE tC.L Temperature o f cold stream j at location k

firstloca- location2 Iocation3 location4 lastlocat-

j l 1๓ .0๓ 90.0๓ 90.000 90.0๓ 56.670

j2 75.0๓ 75.000 75.0๓ 75.0๓ 75.000

j3 98.198 98.198 98.198 98.198 77.093

J4 93.510 93.510 93.510 93,510 77.273

j5 91.304 91.304 91.304 91.304 55.000

—  427 VARIABLE q.L Heat exchanged between hot stream i and cold stream j at stage k 

first!oca~ Iocation4

Il.j3 295.473

il.j4 151.550

i2.jl 388.845

i3.jl 116.667

i3.j5 275.307

—  427 VARIABLE qcu.L Heat exchanged between hot stream i and cold utility 

' i l  497.978, i2 346.155, i3 133.026

—  427 VARIABLE qhu.L Heat exchanged between cold stream j and hot utility 

j2 116.667, j3 25.228, j4 60.571, j5 65.943

—  427 VARIABLE Oqhu.L = 268.409 Overall heat exchanged between cold streamj and hot utility

VARIABLE Oqcu L = 977.159 Overall heat exchange between hot stream i and cold utility

—  427 VARIABLE A.L 

firstloca- location4

il.j3 136.857
il.j4 80.069
i2 jl 97.143

i3.jl 9.990

i3.j5 152.739

—  427 VARIABLE Ahu.L

j2 7.573, j3 2.416, j4 5.246, j5 5.476



427 VARIABLE Acu L
il 28.113, 12 23.061, i3 9.875 

—  427 VARIABLE Atot.L 

VARIABLE FCost L 

VARIABLE 012.L 

VARIABLE 0 2 .L 

VARIABLE OCosthu L 

VARIABLE OCostcu.L

= 558.558

= 67500 000 Freshwater cost 

= 70853.675 Objective 12 

= 423783.920 Objective 2 

= 101190.239 

= 184683.074

VARIABLE INV.L = 131433.636 Investment cost

VARIABLE TAC L '  = 488160.624 Total annual cost

EXECUTION TIME = 0.000 SECONDS 3 MB 24.2.1 r43572 WEX-WEI

USER: The Petroleum and Petrochemical College G131219:2228AS-WIN 
Chulalongkom University DC4365

License for teaching and research at degree granting institutions

A P P E N D I X  B -1 4  ะ C a s e  S tu d y  4  W H E N  b y  fo u r -s te p  d e s ig n  G A M S  S o lv e  
s u m m a r y

MODEL STATISTICS

BLOCKS OF EQUATIONS 14 SINGLE EQUATIONS 94
BLOCKS OF VARIABLES 13 SINGLE VARIABLES 109

NON ZERO ELEMENTS 291 DISCRETE VARIABLES 35

GENERATION TIME = 0.047 SECONDS 4 MB 24.2.1 r43572 WEX-WEI

EXECUTION TIME = 0.047 SECONDS 4 MB 24.2.1 r43572 WEX-WEI

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 5 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

Solution Report SOLVE INITIAL 1 Using MIP From line 653 

S O L V E  S U M M A R Y  

MODEL INITIAL1 OBJECTIVE 011 

TYPE MIP DIRECTION MINIMIZE
SOLVER CPLEX FROM LINE 653



SOLVER STATUS 1 Normal Completion
**** MODEL STATUS 1 Optimal 

**** OBJECTIVE VALUE 675๓ .00๓  

RESOURCE USAGE, LIMIT 0.046 10๓.๓0

ITERATION COUNT, LIMIT 41 20๓000000

IBM ILOG CPLEX 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows 

Cplex 12.6.0.0

Space for names approximately 0 .๓  Mb 

Use option 'names no' to turn use o f names off 

MIP status(ioi): integer optimal solution 

Cplex Time: 0.05sec (det. 0.20 ticks)

Fixing integer variables, and solving final LP. .

Fixed MIP status) 1): optimal 

Cplex Time: O.OOsec (det. 0.13 ticks) 

Proven optimal solution.

MIP Solution: 67500.0๓ ๓ 0 (22 iterations, 0 nodes)

Final Solve: 67500.0๓ 0๓  ( 19 iterations)

Best possible: 67500.000000

Absolute gap. 0.000๓0

Relative gap: 0.000๓0

**** REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 

0 UNBOUNDED

GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 6

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

E x e c u t i o n

—  654 VARIABLE FCost.L 
VARIABLE OFW L 

VARIABLE OWW.L

= 67500.0๓
= 22.5๓  Overall freshwater

= 22.500 Overall wastewater
—  654 VARIABLE FFW.L Freshwater flowrate 

j l  3.205, j 2 2.182, j3 8.107, j4 4.364, j54.643

654 VARIABLE yFW.L Binary vriable to denote existence o f match FW to sink in WN
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j l  1.000, j2  1.000, j3  1.000, j4  1 .000, j5 1.000

—  654 VARIABLE WW.L Source Waste water 

il 9.000, 12 9.000, i3 4.500

—  6 54  VARIABLE yWW.L Binary vriable to denote existence o f match w w  from source in WN 

il 1.000, i2 1.000, i3 1.000, i4 1.000, 15 1.000

—  654 VARIABLE X.L

j l  j2 j3 j4 j5
13 - 0.294 0.206

14 0.255 0.202 0.139 0.404

15 I 000

—  654 VARIABLE F.L Splitting Flowrate

j l J2 J3 j4 j5
i3 2.643 1 857
i4 2.295 1.818 1.250 3.636

i5 4.500

— 654 VARIABLE y.L Binary vriable to denote existence o f match source to sink in WN

Jl J2 j3 J4 j5
il 1.000 1.0๓ 1.000 1.000 1.000

i2 1.000 1.0๓ 1 ๓ 0 1.0๓ 1.0๓
i3 1.000 1.0๓ 1.000 1.0๓ 1.000

i4 1.000 1.0๓ 1.000 1.000 1.000

i5 1.000 1.0๓ 1.000 1.000 1.000

—  654 VARIABLE CK L Sink stream concentration

j 120.000, j2  20.000, j3 20.0๓ , j4 20.000, j5 20.000

—  654 VARIABLE TK L Sink temperature

j l  76.148, j2  77.273, j3 60,104, j4 77.273, j5 55.000

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 7 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

Equation Listing SOLVE INITIAL2 Using MINLP From line 680 

MODEL STATISTICS
BLOCKS OF EQUATIONS 18 SINGLE EQUATIONS 98



NON ZERO ELEMENTS 369 NON LINEAR N-Z 70 

DERIVATIVE POOL 10 CONSTANT POOL 33

CODE LENGTH 216 DISCRETE VARIABLES 35

GENERATION TIME = 0.031 SECONDS 3 MB 24.2.1 r43572 WEX-WEI

EXECUTION TIME = 0.031 SECONDS 3 MB 24.2.1 r43572 WEX-WEI

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 10 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

Solution Report SOLVE INIT1AL2 Using MINLP From line 680 

S O L V E  S U M M A R Y  

MODEL INITIAL2 OBJECTIVE 012

TYPE MINLP DIRECTION MINIMIZE

SOLVER DICOPT FROM LINE 680

**** SOLVER STATUS 1 Normal Completion 

**** MODEL STATUS 8 Integer Solution 

**** OBJECTIVE VALUE 70853.6753

BLOCKS OF VARIABLES 17 SINGLE VARIABLES 113

RESOURCE USAGE, LIMIT 0.609 1000,000

ITERATION COUNT, LIMIT 627 20000000๓ 

EVALUATION ERRORS 0 0

Dicopt 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows

Aldo Vecchietti and Ignacio E. Grossmann 
Engineering Design Research Center 

Camegie Mellon University 

Pittsburgh, Pennsylvania 15213

CONOPT 3 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows

C O N O P T 3  version 3.15M

Copyright (C) ARKI Consulting and Development A/S
Bagsvaerdvej 246 A



DK.-2880 Bagsvaerd, Denmark 

The model has 113 variables and 98 constraints 

with 369 Jacobian elements, 70 o f which are nonlinear.

The Hessian of the Lagrangian has 0 elements on the diagonal, 

35 elements below the diagonal, and 70 nonlinear variables.

** Optimal solution. Reduced gradient less than tolerance. 

CONOPT time Total 0.099 seconds

o f which: Function evaluations 

1 St Derivative evaluations 

Directional 2nd Derivative

0.000 = 0.0%

0.000 = 0.0%

0.000= 0.0%

IBM ILOG CPLEX 24 2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows

Cplex 12.6.0.0 

Unable to load names.

MIP status(ioi): integer optimal solution 

Cplex Time: 0.06sec (det. 6.45 ticks)

Fixing integer variables, and solving final LP...

Fixed MIP status(l): optimal 

Cplex Time: 0 03sec (det. 0 11 ticks)

Proven optimal solution.

MIPSolution: 70855.792819 (255 iterations,43 nodes)

Final Solve: 70855.792819 (7 iterations)

Best possible: 70855,792819

Absolute gap: 0.000000

Relative gap: 0.000000

**** REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 

0 UNBOUNDED 

0 ERRORS

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 11

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

E x e c u t i o n

681 VARIABLE PIC1.L 1404.135 Piping cost of sourceto sink



2 7 4

VARIABLE PIC2.L =  1208.740 Piping cost of fresh to sink

VARIABLE PIC3 L = 740.800 Piping cost of sourceto waste

VARIABLE PICost L = 3353.675 Piping cost

VARIABLE FCost.L = 67500.000

VARIABLE OFW.L -  22.500 Overall freshwater

VARIABLE OWW.L = 22.500 Overall wastewater-

—  681 VARIABLE FFW L Freshwater flowrate 

j l  7.016, j2  0.364, j3 6 114, j4  4.364, j5 4.643

—  681 VARIABLE yFW L Binary vriable to denote existence of match FW to sink in WN 

j l  1 000, j2 1.000, j3 1.000, j4 1.000, j5 1.000

—  681 VARIABLE WW L Source Waste water 

il 9.000, i2 9.000, i3 4.500

—  681 VARIABLE yWW.L Binary vriable to denote existence o f match ww from source in WN 

il 1.000, 12 1000, i3 1.000

—  681 VARIABLE X.L

Jl J2 J3 J4 j5
i3 0294 0.206

i4 0.038 0.558 0404

i5 ' 0808 0.192
. . . . 681 VARIABLE F.L Splitting Flowrate

Jl j2 J3 j4 j5

i3 2,643 1.857

i4 0 341 5.023 3.636

i5 3.636 0.864

—  681 VARIABLE y  L Binary vriable to denote existence o f match source to sink in WN

Jl J2 j3 j4 j5

i3 1.000 1.000
i4 1.000 1.000 1 000

i5 1.000 1 000

—  681 VARIABLE CK..L Sink stream concentration 

j 120.000, j2 20)000, j3 20.000, j4  20.000, j5 20.000

681 VARIABLE TK.L Sink temperature



2 7 5

j 156.670, ]2  75.000, j3 77.093, j4  77,273, j5 55.000

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WE1 x86_64/MS Windows 03/31/14 14:54:02 Page 12

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

Equation Listing SOLVE MIXING I Using M1NLP From line 717

MODEL STATISTICS

BLOCKS OF EQUATIONS 29 SINGLE EQUATIONS 185

BLOCKS OF VARIABLES 29 SINGLE VARIABLES 225

NON ZERO ELEMENTS 827 NON LINEAR N-Z 390

DERIVATIVE POOL 10 CONSTANT POOL 38

CODE LENGTH 878 DISCRETE VARIABLES 60

GENERATION TIME = 0.110 SECONDS 3 MB 24.2.1 r43572 WEX-WEI

EXECUTION TIME = 0 110 SECONDS 3 MB 24 2.1 r43572 WEX-WEI

GAMS 24 2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 15 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

Solution Report SOLVE MIXING1 Using MINLP From line 717 

S O L V E  S U M M A R Y  

MODEL MIXING 1 OBJECTIVE TAC1

TYPE MINLP DIRECTION MINIMIZE

SOLVER DICOPT FROM LINE 717

**** SOLVER STATUS 1 Normal Completion 

**»* MODEL STATUS 8 Integer Solution 

**** OBJECTIVE VALUE 70853.6753

RESOURCE USAGE, LIMIT 0.093 1000.000

ITERATION COUNT, LIMIT 11 2000000000

EVALUATION ERRORS 0 0

Dicopt 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows

Aldo Vecchietti and Ignacio E. Grossmann 

Engineering Design Research Center 

Camegie Mellon University
Pittsburgh, Pennsylvania 15213



CONOPT 3 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows
C O N O P T 3  version 3 .15M 

Copyright (C) ARKI Consulting and Development A/S 

Bagsvaerdvej 246 A 

DK.-2880 Bagsvaerd, Denmark 

The model has 225 variables and 185 constraints 

with 827 Jacobian elements, 390 of which are nonlinear.

The Hessian of the Lagrangian has 0 elements on the diagonal,

125 elements below the diagonal, and 175 nonlinear variables.

** Warning ** The number o f nonlinear derivatives equal to zero 

in the initial point is large (= 38 percent).

A better initial point will probably help the 

optimization

** Optimal solution. There are no superbasic variables.

CONOPT time Total 0.042 seconds

o f which: Function evaluations 0.000 = 0.0%

1st Derivative evaluations 0.000= 0 0%

IBM I LOG CPLEX 24.2.1 r43572 Released Dec 9, 2013 WEI x86_64/MS Windows 

— GAMS/Cplex licensed for continuous and discrete problems 

Cplex 12.6.0.0 

Unable to load names.

MIP status(ioi): integer optimal solution 

Cplex Time: 0.00sec (del 0 19 ticks)

Fixing integer variables, and solving final LP 

Fixed MIP status(l): optimal 

Cplex Time: 0.00sec (det. 0.18 ticks)

Proven optimal solution.

MIP Solution: 70853.675325 (0 iterations, 0 nodes)

Final Solve: 70853.675325 (0 iterations)
Best possible: 70853.675325
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Absolute gap: 0.000000

Relative gap: 0.000000

***♦  REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 

0 UNBOUNDED 

0 ERRORS

GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 16 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

E x e c u t i o n  

—  718 VARIABLE xl .L

Jl j2 J3 j5
i3 0,294 0.206

i4 0.038

i5 0.808 0.192
. . . . 718 VARIABLE FI.L Splitting Flowrate

Jl j2 J3 J5
i3 2.643 1.857

i4 0.341

i5 3.636 0.864

— 718 VARIABLE WW1.L Source Waste water

il 9.000, i2 9.000, i3 4.500, i4 8.659

—  718 VARIABLE OWW1.L = 31.159 Overall wastewater

—  718 VARIABLE FS2.L

il 9.000, i2 9.000, i3 4.500, i4 8.659

—  718 VARIABLE x2.L

J3 j4

i4 0.580 0.420
—  718 VARIABLE F2.L Splitting Flowrate

j3 j4

i4 5.023 3.636

—  718 VARIABLE FFW2.L Freshwater flowrate 
j l  7.016, j2  0.364, j 3 6 l ! 4 ,  J44.364, j5 4.643



2 7 8

—  718 VARIABLE WW2.L Source Waste water 

il 9.๓0, i2 9.000, 13 4.500

—  718 VARIABLE OWW2.L = 22.5๓  Overall wastewater

—  718 VARIABLE CKI L Sink stream concentration

j 1 20000, j2  20.000, j3 20.0๓ , j4  20.0๓ , j5 20.000

—  718 VARIABLE TK! L Sink temperature

j l  88.244, j2  79.091, j3 70.720, j4 70.0๓, j5 87.143

—  718 VARIABLE FK2.L

j l  7.016, j2 0.364, j3 11 136, j4  8.๓ 0, j5 4.643

—  718 VARIABLE TK2.L ddddd

j l  25.000, j2  25.000, j3 13.724, j4  13.636, j5 25.0๓

—  718 VARIABLE CK2 L Sink stream concentration 

j3 19.845, j4 20.0๓

—  718 VARIABLE FCos't2.L = 675๓ .๓ 0

VARIABLE TACLL = 70853.675 Total annual cost 1

**** REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 

0 UNBOUNDED 

0 ERRORS

GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 21

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

E x e c u t i o n

—  753 VARIABLE FI L Splitting Flowrate

jl J2 J3 j5
i3 2.643 1.857
i4 0.341

i5 3.636 0.864

—  753 VARIABLE FFW2.L Freshwater flowrate 

j l  7.016, j2  0.364, j3 6.114, j44 .364 , jS 4.643



—  753 VARIABLE q] L Heat exchanged between hot stream i and cold stream j at stage k 

firstloca~ location3 location4

il.j4  280.000

il.js  97.500 

i4.jl 137.159 

i4.j3 409.924

—  753 VARIABLE zl ,L Binary variable to denote existence o f match ij in stage k

firstloca~ location3 location4

il j4 1.000

i! j5 1.000

i4.jl 1.000

i4.j3 1.000

—  753 VARIABLE qhul L Heat exchanged between cold stream j and hot utility

j2 97.576

—  753 VARIABLE zhul L Binary variable to denote existence o f hot utility with cold stream 

j l  1.000, )2  1.000, j3 1.000, j4 1.000, j5  1.000

—  753 VARIABLE qcul L Heat exchanged between hot stream i and cold utility

( ALL 0.000 )

—  753 VARIABLE zcul L Binary variable to denote existence o f cold utility with hot stream 

i2 1.000, i4 1.000, i5 1.000

—  753 VARIABLE OCosthu I L = 36786.061

VARIABLE OCostcul.L = 0.000

—  753 VARIABLE TS2.L

( ALL 0.000 )
—  753 VARIABLE TK I.L Sink temperature

j l  88.244, j2  79.091, j3 70.720, j4 70.000, j5 87.143

—  753 PARAMETER TOUTC outlet temperature o f cold stream (degree celcius) 

j l  100.000, j2 100.000, j3 100.000, j4  100.000, j5  100.000
—  753 VARIABLE tH 1 L Temperature o f hot stream i at location k



firstloca- location2 Iocation3 location4 lastlocat-
il 120.000 110.714 110.714 84.048 84.048
i2 100.0๓ 100.000 100.000 100.0๓ 100.0๓
i3 130.0๓ 130.0๓ 130.0๓ 130.0๓ 130.000
i4 140.0๓ 126.423 126.423 126.423 85.846
i5 80.000 80.000 80.000 80.000 80 000

—- 753 VARIABLE tc  1 L Temperature o f cold stream j at location k

firstloca- location2 Iocation3 location4 lastlocat-

j l 100.0๓ 88.244 88.244 88.244 88.244

J2 79.091 79.091 79.091 79.091 79 091

'  j3 100.000 100.000 100.000 100.0๓ 70.720

j4 100.0๓ 100.000 100.0๓ 70.000 70.000

j5 100.0๓ 87.143 87.143 87,143 87.143
—  753 VARIABLE TOUTH1 L

il 84.048, i2 100.000, i3 130.000, i4 85.846

—  753 VARIABLE FK2.L

Jl 7.016, j2 0.364, j3 11.136, j4 8.000, j5 4,643

—  753 VARrABLE WW2.L Source Waste water 

il 9.000, i2 9.000, i3 4.500

—  753 VARIABLE x2.L

J3 j4
i4 0.580 0.420

—  753 VARIABLE FFW2.L Freshwater flowrate 

j l  7.016, j2 0.364, j3 6 .U 4 , j44.364, j5 4.643

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 22 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

Equation Listing SOLVE WHEN 1A Using M1NLP From line 807 

MODEL STATISTICS

BLOCKS OF EQUATIONS 39 SINGLE EQUATIONS 863
BLOCKS OF VARIABLES * 34 SINGLE VARIABLES 770
NON ZERO ELEMENTS 3,230 NON LINEAR N-Z 615



CODE LENGTH 2,170

GENERATION TIME = 0.031 SECONDS 3 MB 24.2.1 r43572 WEX-WEI

EXECUTION TIME = 0.031 SECONDS 3 MB 24.2.1 r43572 WEX-WEI

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 25 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

Solution Report SOLVE WHEN! A Using MINLP From line 807 

S O L V E  S U M M A R Y  

MODEL WHEN 1A OBJECTIVE 022

TYPE MINLP DIRECTION MINIMIZE

SOLVER DICOPT FROM LINE 807 '

**** SOLVER STATUS 1 Normal Completion 

**** MODEL STATUS 2 Locally Optimal 

**** OBJECTIVE VALUE 85310.8197 

RESOURCE USAGE, LIMIT 0.172 1000.000

ITERATION COUNT, LIMIT 34 2000000000 

EVALUATION ERRORS 0 0

DERIVATIVE POOL 10 CONSTANT POOL 24

Dicopt 24.2.1 r43572 Released Dec 9,2013 WEI X 86 64/MS Windows

Aldo Vecchietti and Ignacio E Grossmann 

Engineering Design Research Center 

Carnegie Mellon University 

Pittsburgh, Pennsylvania 15213

CONOPT 3 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows

C O N O P T 3  version 3.15M
Copyright (C) ARJCI Consulting and Development A/S 

Bagsvaerdvej 246 A 

DK.-2880 Bagsvaerd, Denmark 

The model has 770 variables and 863 constraints

with 3230 Jacobian elements, 615 o f which are nonlinear.
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The Hessian o f the Lagrangian has 135 elements on the diagonal,

290 elements below the diagonal, and 455 nonlinear variables.

** Warning ** The variance o f the derivatives in the initial 

point is large (= 5.9 ). A better initial 

point, a better scaling, or better bounds on the 

variables will probably help the optimization.

** Optimal solution. There are no superbasic variables.

CONOPT time Total 0.173 seconds

of which: Function evaluations 0.071=41.0%

1st Derivative evaluations 0.009= 5.2%

GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WE1 x86_64/MS Windows 03/31/14 14:54:02 Page โ? 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

Equation Listing SOLVE WHEN 1 Using MINLP From line 752 

**** REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 

0 UNBOUNDED 

0 ERRORS
GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 26

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

E x e c u t i o n

—  808 VARIABLE q 1 L Heat exchanged between hot stream i and cold stream jat stage k 

firstloca- location3 location4

il.j4  280.000

il.j5 97.500 

i4.jl 137.159 

i4.j3 409.924

—  808 VARIABLE zl .L Binary variable to denote existence o f match ij in St k 
firstloca~ location3 !ocation4

il.j4  1.000

il.j5 1.000 
i4.jl 1.000

i4.j3 1 000



283

—  808 VARIABLE qhul.L  Heat exchanged between cold stream j and hot utility 

j2  97.576

—  808 VARIABLE zhul.L  Binary variable to denote existence of hot utility with cold stream 

j2  1.000

—  808 VARIABLE qcul L Heat exchanged between hot stream i and cold utility

( ALL 0.000 )

—  808 VARIABLE zcu 1 L Binary variable to denote existence of cold utilitywith hot stream i

(ALL - 0.000)

—  808 VARIABLE Oqhu l .L = 97.576 Overall heat exchanged between cold stream j and hot utility

VARIABLE Oqcul .L =  0.000 Overall heat exchange between hot stream i and cold utility

—  808 VARIABLE ALL

firstloca- location3 !ocation4

il.j4  45.507

il.j5  8.971

i4.jl 7.019

i4.j3 40.488

. . . .  808 VARIABLE Ahu l .L

j2  3.677

—  808 VARIABLE Costh l .L

VARIABLE Costhu l.L 

VARIABLE OCosthul L

—  808 VARIABLE TOUTHl.L

ll 84.048, i 2 100.000, i3 130.000,
—  808 VARIABLE 022.L

VARIABLE 0 2 .L

= 39143.857 

= 9380,902

= 36786.061

i4 85.846

= 85310.820 Objective 2.2 

74036.626 Objective 2

—  808 VARIABLE tH l .L Temperature o f hot stream i at location k 
firstloca~ location2 location3 location4 lastlocat-

il 120.000 110.714 110.714 84.048 84,048
i2 100.0๓ 100.0๓ 100.0๓ 100.0๓ 100.0๓
i3 130.0๓ 130.0๓ 130.0๓ 130.000 130.๓0
i4 140.000 126.423 126.423 126.423 85.846



i5 80.000 80.000 80.000 80.0๓ 80.000
—  808 VARIABLE te l  L Temperature o f cold stream j at location k 

firstloca- location2 location3 location4 lastlocat-

j l 100.0๓ 88.244 88.244 88.244 88.244

)2 79.091 79.091 79.091 79.091 79.091

j3 100.0๓ 100.0๓ 100.0๓ 100.0๓ 70.720

j4 100.0๓ 100.0๓ 100.000 70.0๓ 70.000

J5 100.000 87.143 87.143 87.143 87.143
— 808 VARIABLE TK1.L Sink temperature

j l  88.244, j2 79.091, j3 70.720, j4 70.0๓, j5 87.143
— 808 VARIABLE TOUTC2.L

j l  70.000, j2 70.000, j3 70.0๓ , j4 70.0๓, j5 70.000

—  808 PARAMETER TS Source temperature (degree celcius) 

il 120.000, i2 100.๓0, i3 130.0๓, i4 140.๓0, i5 80.0๓

—  808 VARIABLE Fl .L Splitting Flowrate

Jl j2 j3 j5
i3 2.643 1.857

i4 0.341

i5 3.636 0.864

—  808 VARIABLE FK2.L

Jl 7.016, j2 0.364, j3 11.136, j4  8.๓0, j5 4.643

—  808 VARIABLE TK1.L Sink temperature

j l  88.244, j2  79.091, j 3 70.720, j4 70.0๓, j5 87.143

—  808 PARAMETER FKL Sink flowrate (ton per h) 

j l  10.000, j2  4.000, j3 12.000, j4  8.000, j5  6 500
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G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

Equation Listing SOLVE M1X2 Using NLP From line 843 

MODEL STATISTICS

BLOCKS OF EQUATIONS 12 SINGLE EQUATIONS 64

BLOCKS OF VARIABLES 15 SINGLE VARIABLES 99
NON ZERO ELEMENTS 380 NON LINEAR N-Z 250



DERIVATIVE POOL 

CODE LENGTH 

GENERATION TIME 

EXECUTION TIME

470

= 0.079 SECONDS 3 MB 24.2.1 r43572 WEX-WEI

= 0.079 SECONDS 3 MB 24.2.1 r43572 WEX-WEI

10 CONSTANT POOL 21

GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 30 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

Solution Report SOLVE MIX2 Using NLP From line 843

S O L V E  S U M M A R Y  

MODEL MIX2 OBJECTIVE FCost2

TYPE NLP DIRECTION MINIMIZE

SOLVER CONOPT FROM LINE 843

*** SOLVER STATUS I Normal Completion 

**** MODEL STATUS 2 Locally Optimal 

**** OBJECTIVE VALUE 67500.0000

RESOURCE USAGE, LIMIT 0 015 1000.000

ITERATION COUNT, LIMIT 4 2000000000

EVALUATION ERRORS 0 0

CONOPT 3 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows

C O N  O P T  3 version 3,15M

Copyright (C) ARK.I Consulting and Development A/S 

Bagsvaerdvej 246 A 

DK-2880 Bagsvaerd, Denmark

** Warning ** The number o f nonlinear derivatives equal to zero 

in the initial point is large (= 31 percent).

A better initial point will probably help the 

optimization.
** Optimal solution. There are no superbasic variables.
CONOPT time Total 0.001 seconds

of which: Function evaluations 0.000 = 0.0%

1st Derivative evaluations 0.000= 0.0%
**** REPORT SUMMARY : 0 NONOPT



0 INFEASIBLE
0 UNBOUNDED 

0 ERRORS

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 31

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

E x e c u t i o n

—โ  844 VARIABLE TS2.L

il 84.048, i2 100.000, i3 130.000, i4 85.846

—  844 VARIABLE F2.L Splitting Flowrate

j3 J4
i4 5.023- 3.636

—  844 VARIABLE FFW2.L Freshwater flowrate 

j l  7.016, j2  0.364, j3 6.114. J44.364, j5 4.643

—  844 VARIABLE TS2.L

il 84.048, i2 100.000, Ï3 130.000, i4 85.846

—  844 VARIABLE TK1.L Sink temperature

j l  88.244, j2 79.091, j3 70.720, j4  70.000, j5 87,143

—  844 VARIABLE TK2.L' ddddd

j l  25.000, j2 25.000, j3 52.443, j4  52.657, j5 25.000
GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 32 

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

Equation Listing SOLVE WP1EN2 Using M1NLP From line 872 

MODEL STATISTICS

BLOCKS OF EQUATIONS 34 SINGLE EQUATIONS 602

BLOCKS OF VARIABLES 31 SINGLE VARIABLES 639

NON ZERO ELEMENTS 2,263 NON LINEAR N-Z 170
DERIVATIVE POOL 10 CONSTANT POOL 19

CODE LENGTH 420 DISCRETE VARIABLES 135

GENERATION TIME = 0.015 SECONDS 3 MB 24.2.1 r43572 WEX-WEI

EXECUTION TIME = 0.015 SECONDS 3 MB 24.2.1 r43572 WEX-WEI

GAMS 24,2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 35
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G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m  

Solution Report SOLVE WHEN2 Using MINLP From line 872 

S O L V E  S U M M A R Y  

MODEL WHEN2 OBJECTIVE 0 3

TYPE MINLP DIRECTION MINIMIZE

SOLVER DICOPT FROM LINE 872

**** SOLVER STATUS 1 Normal Completion 

**** MODEL STATUS 8 Integer Solution 

**** OBJECTIVE VALUE 198958.7750 

RESOURCE USAGE, LIMIT 1.094 1000 000 

ITERATION COUNT, LIMIT 8929 2000000000 

EVALUATION ERRORS 0 0

Dicopt 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows

Aldo Vecchietti and Ignacio E. Grossmann 

Engineering Design Research Center 

Carnegie Mellon University 

Pittsburgh, Pennsylvania 15213

CONOPT 3 24.2.1 r43572 Released Dec 9, 2013 WEI x86_64/MS Windows

C O N O P T 3  version 3 .15M

Copyright (C) ARKI Consulting and Development A/S 

Bagsvaerdvej 246 A 

DK-2880 Bagsvaerd, Denmark 

The model has 639 variables and 602 constraints 

with 2263 Jacobian elements, 170 of which are nonlinear.
The Hessian o f the Lagrangian has 0 elements on the diagonal,

65 elements below the diagonal, and 75 nonlinear variables.

** Warning ** The variance o f the derivatives in the initial 

point is large (= 6.3 ). A better initial 

point, a better scaling, or better bounds on the
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variables will probably help the optimization.

** Optimal solution. Reduced gradient less than tolerance.

CONOPT time Total 0.026 seconds

o f which: Function evaluations 0.000 =  0.0%

1 St Derivative evaluations 0.000= 0.0%

— GMO Resort Time 0ms

IBM I LOG CPLEX 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows

— GAMS/Cplex licensed for continuous and discrete problems. 

Cplex 12.6.0.0 

Unable to load names.

MIP status(ioi): integer optimal solution 

Cplex Time: 0.45sec (det. 148.95 ticks)

Fixing integer variables, and solving final LP. ..

Fixed MIP statusfl): optimal 

Cplex Time: 0.00sec (det. 0.61 ticks)

Proven optimal solution.

MIP Solution: 193254.315229 (7722 iterations, 1364 ท๗ es)

Final Solve: 193254.315229 ( 11 iterations)

Best possible: 193254 315229

Absolute gap: 0.000000

Relative gap: 0.000000

**** REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 

0 UNBOUNDED 

0 ERRORS
GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WE1 X86 64/MS Windows 03/31/14 14:54:02 Page 36

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m
E x e c u t i o n

-— 873 VARIABLE q2-L Heat exchanged between hot stream i and cold stream j at stage k 

firstloca- location2 location4

il.j2 19.091

*2.jl 368.352



2 8 9

12. j5 243.750 

i3J3 228.114

13. j4  161.867

—  873 VARIABLE z2.L Binary variable to denote existence of match ij in St k
firstloca- location2 location4

il.j2 1.000

i2.jl 1.000

i2.j5 1.000

i3.j3 1.000

i3.j4 1.000

—  873 VARIABLE qhu2.L Heat exchanged between cold stream j and hot utility

( ALL 0.000 )

—  873 VARIABLE zhu2.L Binary variable to denote existence of hot utility with cold stream 

j l  1.000, j2  1.000, j3 1.000, j4 1.000, j5 1.000

—  873 VARIABLE qcu2.L Heat exchanged between hot stream i and cold utility 

il 548.409, i2 122.898, i3 135.019

—  873 VARIABLE ZCU2.L Binary variable to denote existence of cold utility hot stream i 

il 1000, i2 1.000, i3 1.000

—  873 VARIABLE Oqhu2.L = 0.000 Overall heat exchanged between cold streamj and hot utility

VARIABLE Oqcu2.L = 806.326 Overall heat exchanged between hot stream i and cold utility

—  873 VARIABLE tH2.L Temperature of hot stream i at location k
firstloca- location2 location3 location4 lastlocat~

-  il 84.048 82.229 82.229 82.229 82.229
i2 100,0๓ 100.000 41.705 41.705 41.705

i3 130.0๓ 86.550 86.550 86.550 55.718

i4 85.846 85.846 85.846 85.846 85.846
. . . - 873 VARIABLE tC2.L Temperature of cold stream j at location k

firstloca- location2 location3 location4 lastlocat-

Jl 70.0๓ 70.000 25.0๓ 25.0๓ 25.000

j2 70.000 25.000 25.0๓ 25.0๓ 25.000

j3 70.000 52.443 52.443 52.443 52.443
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j4 70.0๓ 70.000 70.0๓ 70.0๓ 52.657

j5 70.000 70.000 25.0๓ 25.๓0 25.000

—  873 VARIABLE TS2.L

il 84.048, i2 100.000, Ï3 130.000, i4 85.846

—  873 VARIABLE F2.L Splitting Flowrate

-  j3  J4
i4 5.023 3.636

—  873 VARIABLE FFW2.L Freshwater flowrate 

j l  7.016, j2 0.364, j3 6.114, j4 4.364, j5 4.643

—  873 VARIABLE TK2.L ddddd

j 125.000, j2  25.000, j3  52.443, j4  52.657, j5 25.000

—  873 VARIABLE TS2.L

il 84.048, i2 100.0๓, i3 130.๓0, i4 85.846

—  873 VARIABLE TOUTC2.L

j l  70.000, j2 70.000, j3  70.0๓, j4 70.0๓ , j5 70.000

—  873 VARIABLE 03.L  = 198958.775 Objective 3

VARIABLE OCosthu2.L = 0.000

VARIABLE OCostcu2.L = 152395.568

GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 37

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

Equation Listing SOLVE WHEN2A Using MINLP From line 927

MODEL STATISTICS

BLOCKS OF EQUATIONS 42 SINGLE EQUATIONS 858
BLOCKS OF VARIABLES 44 SINGLE VARIABLES 912

NON ZERO ELEMENTS 3,285 NON LINEAR N-Z 655

DERIVATIVE POOL 10 CONSTANT POOL 24
CODE LENGTH 2,315

GENERATION TIME = 0.016 SECONDS 3 MB 24.2.1 r43572 WEX-WEI

EXECUTION TIME = 0.032 SECONDS 3 MB 24.2.1 r43572 WEX-WEI

GAMS 24.2.1 r43572 Released Dec 9,2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 40
G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m



Solution Report SOLVE WHEN2A Using MINLP From line 927 

S O L V E  S U M M A R Y

MODEL WHEN2A OBJECTIVE 032

TYPE MINLP DIRECTION MINIMIZE

SOLVER DICOPT FROM LINE 927

**** SOLVER STATUS 1 Normal Completion 

♦ *** MODEL STATUS 2 Locally Optimal 

**** OBJECTIVE VALUE 229816.9353 

RESOURCE USAGE, LIMIT 0.141 1000.000

ITERATION COUNT, LIMIT 33 20๓000000

EVALUATION ERRORS 0 0

Dicopt 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows

Aldo Vecchietti and Ignacio E. Grossmann 

Engineering Design Research Center 

Carnegie Mellon University 

Pittsburgh, Pennsylvania 15213

CONOPT 3 24.2.1 r43572 Released Dec 9,2013 WEI x86_64/MS Windows

C O N O P T 3  version 3.15M

Copyright (C) ARKI Consulting and Development A/S 

Bagsvaerdvej 246 A 

DK-2880 Bagsvaerd, Denmark 

The model has 912 variables and 858 constraints 

with 3285 Jacobian elements, 655 o f which are nonlinear.

The Flessian of the Lagrangian has 140 elements on the diagonal,

305 elements below the diagonal, and 470 nonlinear variables.

** Warning ** The variance of the derivatives in the initial 

point is large (= 5.6 ). A better initial 

* point, a better scaling, or better bounds on the

variables will probably help the optimization.



** Optimal solution. Reduced gradient less than tolerance.
CONOPT time Total 0.141 seconds

o f which: Function evaluations 0.080 = 56.7%

1 St Derivative evaluations 0.015= 10.6%

**♦ * REPORT SUMMARY : 0 NONOPT

0 INFEASIBLE 

0 UNBOUNDED 

0 ERRORS

GAMS 24.2.1 r43572 Released Dec 9, 2013 WEX-WEI x86_64/MS Windows 03/31/14 14:54:02 Page 41

G e n e r a l  A l g e b r a i c  M o d e l i n g  S y s t e m

E x e c u t i o n

—  928 VARIABLE q 1 L Heat exchanged between hot stream i and cold stream jat stage k 

firstloca- location3 location4

il.j4  280.000

il.j5  97.500

i4.j 1 137.159
i4.j3 409.924

—  928 VARIABLE zl .L Binary variable to denote existence o f match ij in stage k 

firstloca~ location3 location4

il.j4

il.jS 1.000

i4.jl 1.000

i4.j3

—  928 VARIABLE qhul .L Heat exchanged between cold stream j and hot utility 

j2 97.576

—  928 VARIABLE zhul L Binary variable to denote existence of hot utility with cold stream 

j2 1.000

—  928 VARIABLE qcul .L Heat exchanged between hot stream i and cold utility

( ALL 0.000 )

—  928 VARIABLE zcul L Binary variable to denote existence o f cold utility with hot stream i 

( ALL 0.000 )

928 VARIABLE Oqhul .L 97.576 Overall heat exchanged between cold streamj and hot utility



VARIABLE Oqcul L 0.000 Overall heat exchanged between hot stream i and cold utility
—  928 VARIABLE ALL 

firstloca- location3 location4

il.j4 45.507

il.jS 8.971 

i4.jl 7.019

i4.j3 40.488

—  928 VARIABLE Ahul .L

j2 3.677

—  928 VARTABLEtHI L Temperature of hot stream i at location k 

firstloca- location2 Iocation3 location4 lastlocat-

il 120.000 110.714 110714 84.048 84.048

i2 100 0 ๓ 100.0๓ 100.0๓ 100.0๓ 100 0 ๓

i3 130.0๓ 130.0๓ 130.000 130.0๓ 130.๓0

i4 140.0๓ 126.423 126.423 126.423 85.846

i5 80.000 80.0๓ 80,000 80.000 80.000

—  928 VARIABLE tCl L Temperature o f cold stream j at location k 

firstloca- location2 location3 location4 lastlocat-

Jl 100.000 88.244 88.244 88.244 88.244

J2 79.091 79.091 79.091 79,091 79.091

j3 100.0๓ 100.000 1๓.000 100.๓0 70.720

J4 100 0 ๓ 100.0๓ 100.0๓ 70.000 70.0๓

j5 1๓.0 ๓ 87.143 87.143 87.143 87.143

—  928 VARIABLE WW 1. L Source Waste water 

il 9.000, i2 9.000, Ï3 4 500, i4 8.659

—  928 VARIABLE TK1L Sink temperature

j 188.244, j2  79 091, j3 70.720, j4 70.000, j5 87.143 

—- 928 PARAMETER TOUTC outlet temperature o f cold stream (degree celcius) 

j l  100.000, j2  100.000, j3 100.000, j4 100.000, j5 100.0๓

—  928 VARIABLE q2.L Heat exchanged between hot stream i and cold stream jat stage k
firstloca- location2 !ocation4
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il ,j2 19,091

i2 jl 368.352

i2J5 243.750

i3j3 228.114

i3.j4 161867

—  928 VARIABLE z2.L Binary variable to denote existence of match ij in stage k 

fïrstloca~ location2 location4

il j2  1.000

i2.jl 1.000

12. j5 1.000

Ï3.j3 1.000

13. j4 1,000

—  928 VARIABLE qhu2.L Heat exchanged between cold stream j and hot utility

( ALL 0.000 )

—  928 VARIABLE zhu2.L Binary variable to denote existence of hot utility with cold stream

( ALL 0.๓ 0 )

—  928 VARIABLE qcu2.L Heat exchanged between hot stream i and cold utility 

il 548.409, i2 122.898, i3 135.019

—  928 VARIABLE ZCU2.L Binary variable to denote existence of cold utilitywith hot stream i 

i I 1.000, i2 1.000, i3 1.000

—  928 VARIABLE Oqhu2.L = 0.000 Overall heat exchanged between cold streamj and hot utility

VARIABLE Oqcu2.L = 806.326 Overall heat exchanged between hot stream i and cold utility

—  928 VARIABLE A2.L 

firstloca- location2 location4

i l j 2 1.248

I2.jl 32.449
i2.j5 21.472
i3.j3 9.954
i3.j4

—  928 VARIABLE Acu2.L
il 29.543, i2 11.794, i3 9.965



928 VARIABLE Ahu2.L
( ALL 0.000 )

928 VARIABLE Costhl .L = 39143.857

VARIABLE Costhul.L = 9380.902

VARIABLE OCosthul.L = 36786.061

VARIABLE 0 3 2 .L = 229816.935 Objective 3.2

VARIABLE Costh2.L = 48531.049

VARIABLE Costhu2.L = 0.000

VARIABLE OCosthu2.L =  0.000

VARIABLE Costcu2.L = 28890 318

VARIABLE OCostcu2.L = 152395.568

VARIABLE 022. L = 85310.820 Objective 2.2

VARIABLE 0 3 2 .L = 229816.935 Objective 3.2

VARIABLE FCost2.L = 67500.000

VARIABLE PIC 11 L = 911.171 Piping cost o f sourceto !

VARIABLE PICost2 L = 2442.504 Piping cost

—  928 VARIABLE tH2.L Temperature o f hot stream i at location k

firstloca- location2 location3 location4 lastlocat-

il 84.048 82.229 82.229 82.229 82.229

i2 100.000 1๓ .0๓ 41.705 41.705 41.705

i3 130.000 86.550 86.550 86.550 55.718

i4 85.846 85.846 85.846 85.846 85.846

- - - 928-VARIABLE tC2.L Temperature o f cold stream j at location k

firstloca- Iocation2 location3 location4 lastlocat-

j l 70.0๓ 70.000 25.000 25.000 25.000

j2 70.0๓ 25.000 25.0๓ 25.000 25.000

J3 70.0๓ 52.443 52.443 52.443 52.443

J4 70.0๓ 70.000 70.0๓ 70.0๓ 52.657

j5 70.0๓ 70.000 25.0๓ 25.0๓ 25.000

—  928 VARIABLE WW2.L Source Waste water

il 9.000, Ï2 9.000, i3 4.500



928 VARIABLE FFW2.L Freshwater flowrate
j l  7.016, j2 0.364, j3 6.114, j44.364, j54.643

—  928 VARIABLE F2.L Splitting Flowrate

j3 J4
i4 5.023 3.636

—  928 VARIABLE TK2.L ddddd

j l  25.000, j2 25.000, j3  52.443, j4  52.657, j5 25.000

—  928 VARIABLE TOUTC2.L

j 1 70.000, j2  70.000, j3 70.000, 

—  928 VARIABLE 0 3 .L 

VARIABLE 0 32 .L 

VARIABLE Atotl .L 

VARIABLE Atot2.L 

VARIABLE AREA L 

VARIABLE TAC2.L

j4 70.000, j5 70.000 
= 198958.775 Objective 3 

= 229816.935 Objective 3.2 

= 105.662

= 157.303

= 262.965 Total Area'

= 385981.430 Total annual cost 2

—  928 PARAMETER TS Source temperature (degree celcius) 

il 120.000, i2 100.000, i3 130.000, i4 140.000, Ï5 80.000

—  928 VARIABLE FS2.L

il 9 000, i2 9.000, i3 4.500, i4 8.659

—  928 VARIABLE Fl L Splitting Flowrate

jl j2 j3 j5
i3 2.643 1.857

i4 0.341

i5 3.636 0864

—  928 VARIABLE TK2.L ddddd

Jl 25.000, j2 25.000, j3 52.443, j4  52.657, j5 25.000

—  928 VARIABLE FK2.L

j l  7.016, j2  0.364, j3 11.136, j4  8.000, j5 4.643

—  928 VARIABLE TK1 L Sink temperature

j l  88.244, j2  79.091, j3 70.720, j4 70.000, j5 87.143
—  928 PARAMETER FKL Sink flowrate (ton per h)



j l  10.000, j2 4.000, j3 12.000, j4 8.000, j5 

EXECUTION TIME = 0.000 SECONDS

USER: The Petroleum and Petrochemical College 

Chulalongkom University

6.500

3 MB 24.2.1 r43572 WEX-WEI 

G131219:2228AS-WIN 

DC4365

License for teaching and research at degree granting institutions

♦♦* FILE SUMMARY

Input C:\Users\Sarut\Desktop\WORK\Thesis water network\GAMS 24.2\WHEN case 

4.2.gms

Output C:\Users\Sarut\Documents\gamsdir\projdir\WHEN case 4.2.1st
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