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APPENDIX
Mathematical Program Source Code using GAMS Software 

(RETROFIT DESIGNED H.E.N)

1. Stage model of Retrofit H.E.N. of Example 1 with EMAT = 7.7 °c
SETS

I hot streams /11,12/
J cold streams /J 1 ,J2,J3 /
K. Stage no./K1,K2,K3,K4/;

PARAMETER TINI(I) /II = 165,12 = 240/
TINJ(J) /J1 = 125,J2 = 61,J3 = 70/
TOUTI(I)/Il = 95,12 = 65/
TOUTJ(J)/J 1 =220,J2= I92.J3 = 185/
F1(I) /II = 148,12 = 86.4/
FJ(J) / J1 = 139 ,J2 = 54.6,J3 = 62 /
OMEGA /1000000/
TAL /1000000/
EMAT /7.7/;

VARIABLES ' -
dt(I,J,K) Approach temperature
dtcu(l) Approach temperature between cold utility and hot stream
dthu(J) Approach temperature between hot utility and cold stream
q(I,J,K) heat exchanged between hot 1 and cold J
qcu(I) heat exchanged between cold utility and hot I
qhu(J) heat exchanged between hot utility and cold J
ti(I,K) temp of hot stream i at hot end of stage k
tj(J,K) temp of cold stream j at hot end of stage k
z(I,J,K) exchanger matching between hot r and cold J at stage k
zcu(I) cold utility matching with hot I
zhu(J) hot utility matching with cold J .zz total energy
dtt(I,J,K) actual temperature;

POSITIVE VARIABLE dt(I,J,K),dtcu(I),dthu(J),q(I,J,K),qcu(l),qhu(J),ti(I,K),tj(J,K);
BINARY VARIABLES zcu(I),zhu(J),z(I,J,K);

EQUATIONS 
MINU 
HOTI(I) 
COLDJ(J) 
HOTKl(I) 
HOTK2(I) 
HOTK3(I) 
COLDKl(J) 
COLDK2(J) 
COLDK3(J) 
TINHOT(I) 
TINCOLD(J) 
FEHOTKl(I) 
FEHOTK2(I) 
FEHOTK3(I) 
FECOLDKI(J) 
FECOLDK2(J) 
FECOLDK3Q) 
FEHOTOUT(I) 
FECOLDOUT(J) 
HOTU(I) 
COLDU(J) 
LogicKl(TJ) 
LogicK2(I,J) 
LogicK3(I,J) 
LogicHOT(i) 
LogicCOLD(I) 
ApproKl (บ) AApproKl (บ) 
ApproK2(I,J) 
AApproK2(LJ) 
ApproK3(I,J)

objective function minimize utilities 
heat balance in hot streams I 
heat balance in cold stream J 
heat balance of hot at stage K1 
heat balance of hot at stage K2 
heat balance of hot at stage K3 
heat balance of cold at stage K1 
heat balance of cold at stage K2 
heat balance of cold at stage K3 

hot temp in 
cold temp in
feasibility of hot temp at stage K1 
feasibility of hot temp at stage K2 
feasibility of hot temp at stage K3 
feasibility of cold temp at stage K1 
feasibility of cold temp at stage K2 
feasibility of cold temp at stage K3 
feasibility of hot temp out 
feasibility of cold temp out 

hot utility load 
cold utility load 

Logical constraint at stage kl 
Logical constraint at stage k2 
Logical constraint at stage k3 
Logical constraint hot utility 
Logical constraint cold utility 

approach temp at stage kl 
the other approach temp at stage kl 

approach temp at stage k2 
the other approach temp at stage k2 

approach temp at stage k3
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AApproK3(U) 
E M A Tdtl(I,j,K ) 
CONSTRAINT! 
CONSTRAINT2 
CONSTRAINTS 
CONSTRAINT4 
HOTNOSPLITTING1K1 
HOTNOSPLITTING2K1 
HOTNOSPLITTING 1K2 
HOTNOSPLITTING2K2 
HOTNOSPLITTING1K3 
HOTNOSPL1TTING2K3

the other approach temp at stage k3 
EMAT constraint 

constraint no. 1 
constraint no.2 
constraint no.3 
constraint no 4

constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splittingCOLDNOSPLITTING1K1 ______________1.....  _.

COLDNOSPLITTING2K1 constraint o f no splitting 
COLDNOSPLITTING3Kl constraint o f no splitting 
COLDNOSPLITTING1K2 constraint o f no splitting 
COLDNOSPL1TTING2K2 constraint o f no splitting 
COLDNOSPLITTING3K2 constraint o f no splitting 
COLDNOSPLITTrNGlK3 constraint o f no splitting 
COLDNOSPLITTING2K3 constraint o f no splitting 
COLDNOSPLITTING3K3 constraint o f no splitting 
APPROACHTEMPKl(I,J) actual approac temperature at k l 
APPROACHTEMPK2(I,J) actual approac temperature at k2 
APPROACHTEMPK3(I,J) actual approac temperature at k3 
APPROACHTEMPK4(I,J) actual approac temperature at k4;

MING

HOTI(I) .. ( 1HNHij- 1  o u  1 u ,i^Trn .i;“ C - o u iv iu j,iy i, ip i, j,iv /T  
COLDJ(J) .. (TOUTJ(J)-TINJ(J))*FJ(J)=E= SUM((l,K),q(I,J,K) 
H O T K l(I) .. (ti(I,,K r)-ti(I,'K 2 '))*F I(I)=E = SU M (J,q(U 'KT)); 
HOTK2(I) .. (ti(I, K2')-ti(I,'K3’))*FI(I)=E= SUM(J,q(U,'K2')); 
HOTK3(I) .. (ti(L 'K3')-ti(L 'K4'))*FI(I)=E= SUM(J,q(I,J,'K3'));
f 'r *I r w i / n  / ♦ t / i ' i / i 's  a n  'v â '\\*È in w c =  u i ù n

zz =E= 10*SUM(I,qcu(I))+ 10*SUM(J.qhu(J)) 
+10*SUM((l,J,K),z(I,J>K))
+ 10*SUM(i,zcu(I))+ 10*SUM(J,zhu(J)); '

. (T IN I(I)-TO UTI(I))*FI(l)=E= SUM((J,K),q(I,J,K))+qcu(I);
. (TOUTJ(J)-TINJ(J))*FJ(J)=E= SUM((LK),q(บ , K))+qhu(J);

HOTK3(I)
COLDKl(J)
COLDK.2(J)
COLDK3Ù)
TINHOT(I) 
TIN CO LD(J).. TINJ(J) = 
F E H O TK I(I).. ti(I, 'K l )

[ แ เ ,  P O  ;-น (| , N 'T  . ช บ ! r o  )),
(tj(J,'K 1 ')-tj(J,'K.2'))*FJ(J)=E= SUM(I,q(บ , ,K l') ) ;  
(tj(J,'K2')-tj(J, K3'))*FJ(J)=E= SUM(I,q(I,J,'K2')); 

. (tj(J,K3')-tj(J,'K4'))*FJ(J)=E= SL)M(I,q(l,J,'K3')); 
TIN 1(1) - E -  ti(L 'K l');

E= tj(J,'K4);
=G= ti(i,'K2 );

FEHO TK2(l).. ti(I,'K2') =G= ti(I,'K3’);
FEHO TK3(I).. ti(], K3') =G= ti(I,'K4');
FECOLDKI(J).. tj(J ,'K l') =G= tj(J,'K2’)
FECOLDK2(J).. tj(J,'K2’) =G= tj(J,’K3')
FECOLDK3(J).. tj(J,'K3') =G= tj(J,’K4'):
FEHOTOUT(I).. TOU TI(I) =L= ti(I 'K4');
FECOLDOUT(J).. TOUTJ(J) =G= tj(J,'K 1 ’);
HOTU(I) .. (ti(l, K4’)-TO U Tl(I))*F I(I) =E= qcu(l);
COLDU(J).. (TOUTJ(J)-tj(j,'K 1 ))*FJ(J) = E - qhu(J);
LogicKl (บ ) .. q(I,J,'K 1 ')-OMEGA*z(I,J, K 1 ') =L= 0;
LogicK2(I,J).. q(I,J,'K2')-OMEGA*z(I,J,'K2') =L= 0;
LogicK3(I,J).. q(I,J,'K3’)-O M EG A*z(IJ, K3') =L= 0;
LogicH O T(j).. qhu(J)-OMEGA*zhu(J) =L= 0;
LogicCOLD(I).. qcu(I)-OMEGA*zcu(l) =L= 0;
ApproK l( บ ) .. d t ( ù 'k r )  =L= (ti(I,'K l')-tj(J .'K I'))+ TA L*( 1 -z(I.J/K 1 ')); 
A A pproK I(บ ).. d t(l,J/K2’) =L= (ti(I.,K2,)-tj(J.'K2'))t I A I.*( 1 - / ( lJ . 'K I•)•); 
ApproK2(I,J) .. d t(I.j;K 2 ') =L= (ti(i;K2 ')-tj(J,'K 2 '))+TAL*(l-z(I J.'K2')); 
AApproK2(I,J).. d t(I,j;K 3 ') =L= (ti(I.,K 3 ')-tj(j;K 3 '))+T A L*(l-z(IJ ,'R 2 ')); 
ApproK3(I,J).. dt(] J,'K3') =L= (ti(i;K3 ')-tj(J,,K3,))+ T A L *(l -z(I J>’K3’)); 
AApproK3(I,J).. dt(I,J,'K4') =L= (ti(I.'K4')-tj(J.'K4'))+TAL*( 1 -z(LJ,'K3')); 
EM ATdtl ( บ ,K ) .. dt(I,J,K) =G= EMAT; 
c o n s t r a in t ! .. sum(K,z(T2',’J 1 ',K))=G= 1 ;
CONSTRAINT2 .. sum(K,z(,l l ' , 'J l ’,K ))=G =l;
CONSTRAINTS .. sum(K,z('I2',’J2',K))=G=l ;
CONSTRAINT4 .. sum(K,z('Il','J3’,K))=G =I;
HOTNOSPLITTING 1K1 .. sum(J,z('llบ , ,K l ’)) =I.= 1; 
HOTNOSPL1TTING2K1 .. sum(J,z('I2',J,'Kl')) =L= 1; 
HOTNOSPLITTING 1K2 .. sum(J,z('I T,J,’K2')) =L= 1; 
HOTNOSPLITTING2K2 .. sum(J,z(T2',J,'K2’)) =L= 1; 
HOTNOSPLITTING 1K3 .. sum(Tz('Il’J ,'K3')) =L= 1; 
HOTNOSPLITTING2K3 .. sum(J,z('I2',J,'K3')) =L= 1; 
COLDNOSPLITTING 1KL. sum (Lz(L 'J lVK l'))=L=  1
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C0LDN0SPLITTING2K1.. sum(I,z(],'J2','Kl')) =L= 1 
COLDNOSPLITTING3KL. sum(I,z(I,'J3','Kl')) =L= 1 
COLDNOSPLITTING 1K2.. sum(I,z(I,J r ,K 2 ') )  =L= 1 
COLDNOSPLITTING2K2.. sum(I,z(I,'J2','K2')) =L= I 
COLDNOSPLITTING3K2.. sum(I,z(L'J3,'K2')) =L= 1 
COLDNOSPLITTING 1K3.. sum (I,z(U l','K 3 ')) =L= 1 
COLDNOSPLITTING2K3.. sum(l,z(l,'J27K3’)) =L= 1 
COLDNOSPLITTING3K3.. sum(I,z(I,’J37K3')) =L= 1 
APPROACHTEMPKI(I,J).. d tt(I,J,'K l') =E= ti(L 'K l')-tj(J ,'K l') 
APPROACHTEMPK2(U).. dtt(l,J,'K2') =E= ti(L 'K2’)- t j( j’’K2') 
APPROACHTEMPK3(l,J).. dtt(I,J,’K3') =E= H(I,’K3')-tj(J,K3') 
APPRO A C H T E M P K 4 (U )d tt(I,J ,'K 4 ’> =E= ti(I,'K4')-tj(J,'K4') 
MODEL T S H IP /A L L /;
SOLVE TSHIP USING MIP M IN IM IZIN G  ZZ;
DISPLAY z.L.zcu.L.zhu.L.ZZ Lq.L,qcu.L,qhu.L,ti.L,tj.L;

Result of stage model of Retrofit H.E.N. of Example 1 with EMAT 
7.7 °c
GAMS Rev 136 MS Windows 04/05/10 13:58:32 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
—  190 VARIABLE Z.L exchanger matching between hot I and cold J at stage k

II.J1
I1.J2
11. J3
12. J1 
I2.J2 
12.J3

K1

1.000
1.000

1 ร ,

1.000

K3

1.000

1.000
—  190 VARIABLE Z C U .L  cold utility matching with hot I
II 1,000, 12 1.000
—  190 VARIABLE zhu.L hot utility matching with cold J 
J1 1 000, J2 1.000, J3 1 000
—  190 VARIABLE ZZ.L = 117732.395 total energy
—  190 VARIABLE q.L heat exchanged between hot I and cold J

, 1 ,  K l "
I1.J2 3569.507
11. J3 1432.507
12. J1 7316.274
I2.J2 1159.994
I2J3 3980.093
—  190 VARIABLE qcu.L heat exchanged between cold utility and hot I 
112213 681, 12 2663.639
—  190 VARIABLE qhu.L heat exchanged between hot utility and cold J 
J] 2744.421, J22423.099, J3 1717.400
—  190 VARIABLE ti.L temp o f hot stream i at hot end o f stage k

K l K2 K3 K4
11 165.000 155.321 134.076 109.957
12 240.000 155.321 141.895 95.829
— 190 VARIABLE tj .L temp o f cold stream j

K l K2 K3 K4
J1 200.256 147.621 125.000 125.000
.12 147.621 147.621 126.376 61.000
J3 157.300 134.195 134.195 70.000
EXECUTION TIME = 0.000 SECONDS
USER: The Petroleum and Petrochemical College

1.5 Mb WIN212-136 
G030915:1142AP-WIN

2. Stage model of Retrofit H.E.N. of Example 2 with EMAT = 10 °c
SETS

I hot streams /11,12,13/
J cold streams /J1 ,J2,J3/
K Stage no./K1,K2,K3,K4/;

PARAMETER T IN I(l) / I I  = 500,12 = 450,13 = 400/
TINJ(J) /J1 = 300,J2 = 340, J3 = 340/
TO U TI(I)/Il = 350,12 = 350,13 = 320/
TOUTJ(J)/Jl = 480, J2 = 420,J3 = 400/
FI(I) / I I  = 10,12= 12,13 = 8 /
FJ(J) /J1 = 9  J2 = 10 ,J3 = 8 /
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OMEGA /1000000/ 
TAL /1000000/ 
EMAT /10/; 

VARIABLES

at stage K 1 
at stage K2 
at stage K3

dt(LJ,K) Approach temperature
dtcu(I) Approach temperature between cold utility and hot stream
dthu(J) Approach temperature between hot utility and cold stream
q(U ,K ) heat exchanged between hot I and cold J
qcu(I) heat exchanged between cold utility and hot I
qhu(J) heat exchanged between hot utility and cold J
ti(I,K ) temp o f hot stream i at hot end o f stage k
tj(J,K) temp o f cold stream j  at hot end o f stage k
z(LJ,K) exchanger matching between hot I and cold J at stage k
zcu(I) cold utility matching with hot I
zhu(J) hot utility matching with cold J
zz total energy
dtt(l,J,K) actual temperature;

POSITIVE VARIABLE dt(I,J,K),dtcu(I),dthu(J),q(LLK),qcu(I),qhu(J),ti(I,K);tj(J,K); 
BrNARY VARIABLES zcu(I),zhu(J),z(LJ,K); '
EQUATIONS . . .

objective function minimize utilities 
heat balance in hot streams I 

heat balance in cold stream J 
heat balance o f hot at stage K1 
heat balance o f hot at stage K2 
heat balance o f hot at stage K3 

heat balance o f cold at stage K1 
heat balance o f cold at stage K2 
heat balance o f cold at stage K.3 

hot temp in 
cold temp in 
feasibility o f hot temp 
feasibility o f hot temp 
feasibility o f hot temp 

feasibility o f cold temp at stage K1 
feasibility o f cold temp at stage K2 
feasibility o f cold temp at stage K.3 
feasibility o f hot temp out 

feasibility o f cold temp out 
hot utility load 

cold u tility  load 
Logical constraint at stage kl 
Logical constraint at stage k2 
Logical constraint at stage k3 

Logical constraint hot utility 
Logical constraint cold utility 

approach temp at stage k 1 
the other approach temp at stage k 1 

approach temp at stage k2 
the other approach temp at stage k2 

approach temp at stage k3 
the other approach temp at stage k3 
EM AT constraint 

constraint no. I 
constraint no.2 
constraint no 3 
constraint no.4

constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting

MINU 
HOTl(I)
COLDJ(J)
H O T K l(I)
HOTK2(I)
HOTK3(l)
COLDKl(J)
COLDK2(J)
COLDK3(J)
TINHOT(I)
TINCOLD(J)
FEHO TKl(I)
FEHOTK2(I)
FEHOTK3(I)
FECOLDKl(J)
FECOLDK2(J)
FECOLDK3(J)
FEHOTOUT(I)
FECOLDOUT(J)
HOTU(I)
COLDU(J)
LogicKl ( บ )
LogicK2(l,J)
LogicK3(U)
LogicHOT(J)
LogicCOLD(I)
ApproKl(LJ)
AApproK 1 ( บ )
ApproK2(I,J)
AApproK2(l,J)
ApproK3(I,J)
AApproK3(I,J)
EM ATdtl(I,J,K)
CONSTRAINT!
CONSTRAINT2 
CONSTRAINT3 
CONSTRAINT4 
HOTNOSPL1TTING1K 1 
HOTNOSPLITTING2K1 
HOTNOSPLITTING1K2 
HOTNOSPLITTING2K2 
HOTNOSPLITTING 1K3 
HOTNOSPLITTING2K3 
COLDNOSPLITTING 1K 1 
COLDNOSPLITTING2K1 
COLDNOSPLITTING3K1 
COLDNOSPLITTING 1K2 constraint o f no splitting 
COLDNOSPLITT1NG2K2 constraint o f no splitting 
COLDNOSPLITTING3K2 constraint o f no splitting 
COLDNOSPLITTING 1K3 constraint o f no splitting 
COLDNOSPLITTING2K3 constraint o f no splitting
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COLDNOSPLITTING3K3 constraint o f no splitting 
APPR0ACHTEMPK1(I,J) actual approac temperature at k l 
APPROACHTEMPK2(l,J) actual approac temperature at k2 
APPROACHTEMPK3(U) actual approac temperature at k3 
APPROACHTEMPK4(I,J) actual approac temperature at k4;

M INU .. zz =E= 10*SUM(I,qcu(l)) + 10*SUM(J,qhu(J))+10*SUM((I,J,K),z(I,J,K.))+10*SUM(I,zcu(I))+
10* SUM(J zhu(J));
HOTI(I) .. (TINI(I)-T0UT1(1))*F1(I)=E= SUM((J,K) q(I,J,K))+qcu(I);
COLDJ(J) .. (TOUTJ(J)-TINJ(J))*FJ(J)=E= SUM((LK.),q(LJ.K))+qhu(J);
H O T K l(I) .. (ti(I,'K  1 ')-ti(I,'K2'))*F1(I)=E= SUM(J,q(I,J/K 1 •>>;
HOTK2(I) .. (ti(l,'K2')-ti(I,'K3'))*FI(l)=E= SUM(J.q(LL'K2'));
HOTK3(I) .. (ti(I, K3')-ti(l,'K4'))*FI(l)=E= S U M aq(U ,'K 3 '));
COLDKl(J) .. (tj(J,'K 1 ')-tj(J,'K2))*FJ(J)=E= SUM(I,q(LJ,'Kl'));
COLDK2(J) .. (tj(J,'K2')-tj(J,'K3'))*FJ(J)=E= SUM(I.q(IJ.'K2'));
COLDK.3(J) .. (tj(J,'K3')-tj(J,'K4’))*FJ(J)=F= SUM(I,q(LJ,'K3'));
TINHOT(l) .. TrNI(I) - E -  ti( I. 'K r);
TFNCOLD(J).. TINJ(J) =E= tj(J,’K4');
FEHOTKl ( l ) .. t i( I , 'K l')  =G= ti(l,'K2');
FEHO TK20).. ti(I,'K2') =G= ti(I,'K3');
FEHO TK3(I).. ti(I, K3') =G= ti(l/K 4 ');
FECOLDKl(J) tj(J,’K l ')  =G= tj(J,'K2;);
FECOLDK2(J).. tj(J,'K2’) =G= tj(J,'K3');
FECOLDK3(J) • tj(J,'K3’) =G= tj(J,’K4');
FEHOTOUT(I).. TOUTl(I) =L= ti(l,'K4');
FECOLDOUT(J).. TOUTJ(J) =G= tj(J.'K 1 •);
HOTU(I) .. (ti(l, K4 ')-TO UTI(l))*FI(I) =E= qcu(l);
COLDU(J).. (TOUTJ(J)-tj(j,'Kl ))*FJ(J) =E= qhu(J);
LogicK l (บ ).. q(I,J,'K 1 ')-OMEGA*z(I,J, K 1 ') =L= 0;
LogicK2(I,J).. q(I,J,'K2')-OMEGA*z(I,J,'K2') =L= 0;
LogicK3(I,J).. q(I,J,'K3')-OMEGA*z(I,J,'K3') =L= 0;
LogicHOT(J).. qhu(J)-OMEGA*zhu(J) =L= 0;
LogicCOLD(I). qcu(I)-OMEGA*zcu(I) =L= 0;
A p p ro K l(l,J ).. d t ( I , j ;k l ')  =L= (ti(l,'K  1 ')-tj(J, K 1 '))+TAL*( 1 -z(l,J,'K 1 '));
AApproKl(l,J).. dt(I,J,'K2') =L= ( ti( i;K 2 ,)-q(J/K2 '))+TAL*(l-z(l,J1'K l ’));
ApproK2(I,J),. dt(l,J,'K.2') -L =  ( ti( i;K 2 > tj(J ,,K2,))+ T A L *(l-z (lJ ,'K 2 ’));
AApproK2(I,J).. d t(I,j;K 3 ') =L= (ti( i;K 3 ’)-tj(j;K 3 '))+T A L*( 1 -z(I,J,'K2'));
A pproK 3(U ).. dt(l,J,K3 ) -L =  (ti(l,'K3')-tj(J,,K3'))+TAL*(l-z(I,J,'K.3'));
AApproK3(l,J).. dt(I,J,'K4') =L= (ti(I,'K4')-tjU ;K4'))+TAL*(l-z(I,J,'K3'));
E M A T dtl(I,J ,K ).. dt(I.J.K) =G= EMAT;
CONSTRAINT! .. sum(K,z('ir,'J2',K))=G=l;
CONSTRAINT2 .. sum(K,z('nVJ3',K))=G=l;
CONSTRAINTS .. sum(K’z(,I2 ','jr ,K ))= G = l;
CONSTRAINT4 .. sum(K,z('I3VJr,K))=G=l;
HOTNOSPLITTING1KI sum(J,z(,I l ',J >,Kl'))==L= 1;
HOTNOSPLITTING2K1 .. sum(j’z('I2',J,'K T)) =L= I ;
HOTNOSPLITTING1K2 .. sum (J,z('Ir,j;K2')) =L= I;
HOTNOSPLITTING2K2 .. sum(J,z(,I2,,J,,K2')) =L= 1;
HOTNOSPLITTING1K3 . sum(J,z(’ir,J ,'K 3 ')) =L= I;
HOTNOSPLITTING2K3 .. sum(J,z(T2',j’'K3')) =L= 1;
COLDNOSPLITTING1K 1 . sum(I,z(I,'Jl ', 'K r) )  =L= 1;
COLDNOSPLITTING2K1.. sum(I,z(I,'J2','Kl')) =L= 1;
COLDNOSPL1TTING3K1.. sum(I,z(I,'J3','Kl')) =L= I;
COLDNOSPLITTING 1K.2.. sum(l,z(I,'JIVK2’)) =L= I;
COLDNOSPLITTING2K2.. sum(I,z(I, J2 ,K2 ')) =L= 1;
COLDNOSPLITTING3K2.. sum(Lz(I,’J3,,,K2')) =L= 1;
COLDNOSPLITTING 1K3 . sum(Lz(I,’Jl ,'K3')) =L= 1 ;
COLDNOSPLITTING2K3.. sum(I,z(I,,J2VK.3')) =L= 1;
COLDNOSPLITTING3K3 . sum(I,z(I,'J3';K3')) =L= 1;
APPROACHTEMPK1 ( บ ) .. dnd.J.’K I ')  =E= ti(I,'K r)-tj(J ,’K r ) ;
APPROACHTEMPK2(LJ).. dtt(LJ,K2') =E= ti(I. K2')-tj(J.'K2');
APPROACHTEMPK3(I,J).. dU(l,J;K3’) =E= ti(I,'K3’)-tj(J 'K3');
APPROACHTEMPK4(LJ).. dn(I.J,K4') =E= ti(I,’K4’)-tj(J ’K4');
MODEL TSHIP /A L L / ;
SOLVE TSHIP USING MIP M IN IM IZIN G  ZZ;
DISPLAY z.L,zcu.L,zhu.L,ZZ.L,q.L,qcu L.qhu.L.ti L,tj L;

Result of stage model of Retrofit H.E.N. of Example 2 with EMAT = 10
!£
GAMS Rev 136 MS Windows 04/05/10 14:09:28 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
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E X e c น t i 0 ท
— 190 VARIABLE z L  exc

K1 K.2 K3
Il.J I 1.000
IL  J2 1.000
11 J3 1.000
12. J1 1.000
13 J1 1 000
13 J3 1000

190 VARIABLE zcu L c
12 1000. 13 1.000
—  190 VARIABLE zhu.L hot utility matching with cold J

—  190 VARIABLE ZZ L = 4480.000 total energy
—  190 VARIABLE q.L heat exchanged between hot I and cold J

K1 K2 K3
Il.J I 620.000
11 J2 800.000
I1.J3 80 000
12.J1 1000.000
13J3 400.000
—  190 VARIABLE qcu.L heat exchanged between cold utility and hot I
12 200.000, 13 240.000
—  190 VARIABLE qhu.L heat exchanged between hot utility and cold J

( ALL  0.000 )
' —  190 VARIABLE ti.L  temp o f hot stream i at hot end o f stage k

K1 K.2 K3 K4
11 500.000 438.000 430.000 350.000
12 450.000 450.000 366.667 366.667
13 400.000 400.000 400.000 350.000
— - 190 VARIABLE tj.L temp o f cold stream

K 1 K2 K3 K4
J1 480.000 411.111 300.000 300 000
J2 420.000 420.000 420.000 340.000
J3 400.000 400.000 390.000 340.000
EXECUTION TIM E = 0.000 SECONDS
USER: The Petroleum and Petrochemical College

1.5 Mb WIN212-136 
G030915:! 142AP-W1N

3. Stage model of Retrofit H.E.N. of Example 3 with EMAT = 10 °c
I hot streams /11.12,13.14/
J cold streams /J 1 ,J2,J3,J4,J5/
K Stage no. /K  1 ,K2,K3,K4,K5,K6/;

PARAMETER TIN1(I) / I I  = 327,12 = 220,13 = 220,14 = 160/
TINJ(J) /J 1 = 100,J2 = 35, J3 = 80,J4 = 60, J5 = 140/
TO U TI(I)/ll =  30,12 = 160,13 = 60,14 = 45/
TOUTJ(J)/J 1 = 300,J2 = 164,J3 = 125,J4 = 170,J5 = 300/
FI(I) / I I  = 100,12 =  160 ,13 = 60,14 = 200 /
FJ(J) /J 1 = 100 ,J2 = 70 ,J3 = 175,J4 = 60,J5 = 200 /
HI(I) / I I  =0.8,12 = 0.5 .13=2,14 = 0.4 /
HJ(J) /J1 = 5 ,J2 = 1 ,J3 =  0.5,J4 = 0.2,J5 = 0.8 /
OMEGA /1000000/
TAL /] 000000/
EM AT no/;

VARIABLES
dt(l,J,K) Approach temperature
dtcu(l) Approach temperature between cold utility and hot stream
dthu(J) Approach temperature between hot utility and cold stream
q(I,J,K) heat exchanged between hot 1 and cold J
qcu(I) heat exchanged between cold utility and hot 1
qhu(J) heat exchanged between hot utility and cold J
ti(I,K ) temp o f hot stream i at hot end o f stage k
tj(J.K) temp o f cold stream j  at hot end o f stage k
z(I,J,K) exchanger matching between hot 1 and cold J at stage k
zcu(l) cold u tility  matching with hot I
zhu(J) hot utility matching with cold J
zz total energy
dtt(I,J,K) actual temperature;

POSITIVE VARIABLE dt(U,K),dtcu(l),dthu(J),q(l,J,K),qcu(]).qhu(J),ti(I,K),tj(J,K);
BINARY VARIABLES zcu(l),zhu(J),z(I,J,K);



EQUATIONS 
MINU 
HOTI(I)
COLDJ(J)
H O TK l(I)
HOTK2(I)
HOTK3(I)
HOTK4(I)
HOTK5(I)
CO LDKl(J)
COLDK2(J)
COLDK3(J)
COLDK4(J)
COLDK5(J)
TINHOT(I)
TINCOLD(J) 
FEHO TKl(I) 
FEHOTK2(I) 
FEHOTK3Ù) 
FEHOTK4(I) 
FEHOTK5(I) 
FECOLDKl(J) 
FECOLDK2(J) 
FECOLDK3(J) 
FECOLDK4(J) 
FECOLDK5(J) 
FEHOTOUT(I) 
FECOLDOUT(J) 
HOTU(I)
COLDU(J)
L o g icK l(U )
LogicK2(I,J)
LogicK3(I,J)
LogicK4(I,J)
LogicK5(I,J) 
LogicHOT(J) 
LogicCOLD(l) 
ApproKl(l,J)
AApproK 1 (I,J) 
ApproK2(I,J) 
AApproK2(I,J) 
ApproK3(I,J) 
AApproK3(I,J) 
ApproK4(l,J) 
AApproK4(I,J) 
ApproK5(I,J) 
AApproK5(I,J) 
E M A T dtl(I,j,K )
c o n s t r a in t !
CONSTRAIN T2 
CONSTRAINTS 
CONSTRAINT4 
CONSTRAINTS 
HOTNOSPLITTING1K 1 
HOTNOSPLITTING2K1 
HOTNOSPLITTING3K1 
HOTNOSPLITTING4K1 
HOTNOSPLITTING 1K2 
HOTNOSPLITTING2K2 
HOTNOSPLITTING3K2 
HOTNOSPLITTING4K2 
HOTNOSPLITTING IK3 
HOTNOSPL1TTING2K3 
HOTNOSPLITTING3K3 
HOTNOSPLITTING4K3 
HOTNOSPLITTING! K4 
HOTNOSPLITTING2K4 
IIOTNOSPLITTING3K4 
HOTNOSPLITTING4K4 
HOTNOSPLITTING 1K5 
HOTNOSPLITT1NG2K5

objective function minimize utilities 
heat balance in hot streams I 

heat balance in cold stream J 
heat balance o f hot at stage K1 
heat balance o f hot at stage K2 
heat balance o f hot at stage K3 
heat balance o f hot at stage K4 
heat balance o f hot at stage K5 

heat balance o f cold at stage K1 
heat balance o f cold at stage K2 
heat balance o f cold at stage K3 
heat balance o f cold at stage K4 
heat balance o f cold at stage K.5 

hot temp in 
cold temp in

hot temp at stage K l
hot temp at stage K2
hot temp at stage K3
hot temp at stage K4
hot temp at stage K5

feasibility o f cold temp at stage K l
feasibility o f cold temp at stage K2
feasibility o f cold temp at stage K3
feasibility o f cold temp at stage K4
feasibility o f cold temp at stage K5
feasibility o f hot temp out

feasibility o f cold temp out 
hot u tility  load 

cold utility load 
Logical constraint at stage k l 
Logical constraint at stage k2 
Logical constraint at stage k3 
Logical constraint at stage k4 
Logical constraint at stage k5 

Logical constraint hot utility 
Logical constraint cold utility 

approach temp at stage k l 
the other approach temp at stage k l 

approach temp at stage k2 
the other approach temp at stage k2 

approach temp at stage k3 
the other approach temp at stage k3 

approach temp at stage k4 
the other approach temp at stage k4 

approach temp at stage k5 
the other approach temp at stage k5 
EMAT constraint 

constraint no. 1 
constraint no.2 
constraint no.3 
constraint no.4 
constraint no. 5

constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting
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HOTNOSPLITTING3K5 constraint o f no splitting 
HOTNOSPL1TTING4K5 constraint o f no splitting 
COLDNOSPLITTING I K 1 constraint o f no splitting 
COLDNOSPLITTING2K1 constraint o f no splitting 
COLDNOSPLITTING3K1 constraint o f no splitting 
COLDNOSPLITTING4K1 constraint o f no splitting 
COLDNOSPL1TTING5K1 constraint o f no splitting 
COLDNOSPLITTING 1K2 constraint o f no splitting 
COLDNOSPL1TTING2K2 constraint o f no splitting 
COLDNOSPLITTING3K2 constraint o f no splitting 
COLDNOSPLITTING4K2 constraint o f no splitting 
COLDNOSPLITTING5K2 constraint o f no splitting 
COLDNOSPLITTING 1K3 constraint o f no splitting 
COLDNOSPLITTING2K3 constraint o f no splitting 
COLDNOSPLITTING3K3 constraint o f no splitting 
COLDNOSPL1TTING4K3 constraint o f no splitting 
COLDNOSPLITTING5K3 constraint o f no splitting 
COLDNOSPLITTING 1K4 constraint o f no splitting 
COLDNOSPLITTING2K4 constraint o f no splitting 
COLDNOSPLITTING3K4 constraint o f no splitting 
COLDNOSPLITTING4K4 constraint o f no splitting 
COLDNOSPLITTING5K4 constraint o f no splitting 
COLDNOSPLITTING1K5 constraint o f no splitting 
COLDNOSPL1TTING2K5 constraint o f no splitting 
COLDNOSPLITTING3K5 constraint o f no splitting 
COLDNOSPLITTING4K5 constraint o f no splitting 
COLDNOSPLITTING5K5 constraint o f no splitting 
APPROACHTEMPKl(I,J) actual approac temperature at k l 
APPROACHTEMPK2(I,J) actual approac temperature at k2 
APPROACHTEMPK3(I,J) actual approac temperature at k3 
APPROACHTEMPK4(I,J) actual approac temperature at k4 
APPROACHTEMPK5(I,J) actual approac temperature at k5 
APPROACHTEMPK6(l,J) actual approac temperature at k6;

MIND .. zz =E= IO*SUM(I,qcu(l)) + 10*SUM(J,qhu(J))+10*SUM((U,K.),z(l,J,K))+10*SUM(Lzcu(I))+
10»SUM(J,zhu(J));
HOTI(I) .. (TIN I(I)-TO UTl(l))*F I(I)=E= SUM((J,K),q(I,J,K))+qcu(I);
COLDJ(J) .. (TOUTJ(J)-TINJ(J))*FJ(J)=E= SUM((I,K),q(U,K))+qhu(J);
HOTK 1(1) .. (ti(l, K I 1 ï ( I ,• K2’)> * FI ( I )= E= SUM(J,q(I,J,'K 1 '));
HOTK2(I) .. (ti(I,'K2')-ti(l, K3'))*FI(I)=E= SUM(J,q(U/K2'));
HOTK3(I) .. (ti(I,'K3')-ti(I,'K4’))*FI(I)=E= SGM(J.q(l,J,'K3'));
HOTK4(I) .. (ti(l, K4')-ti(I, K5’))*F1(I)=E= SUM(J,q(I,J,'K4'));
HOTK50) .. (ti(I,'K5’)-ti(l,'K6'))*FI(I)=E= SUM(J,q(U,'K5'));
CO LDKl(J) .. (tj(J,'KI')-tj(J,'K2 ))*FJ(J)=E= SUM(I,q(I,J,'Kl'));
COLDK2(J) .. (tj(J,'K2')-tj(J,'K3’))*FJ(J)=E= SUM(I,q(I,J,'K2’));
COLDK3(J) .. (tj(J,'K3,)-tj(J,'K4'))*FJ(J)=E= SUM(l,q(I,J,'K3'));
COLDK4(J) .. (tj(J,'K4')-tj(J,K5'))*FJ(J)=E= SUM(I,q(ÎJ,'K4'));
COLDK5(J) .. (tj(J,'K5')-tj(J,'K6'))*FJ(J)=E= SUM(I,q(I,J,'K5'));
TINHOT(I) .. T IN KI) - E -  ti(I, 'K l') ;
T IN CO LD(J).. TINJ(J) =E= tj(J,’K6');
F E H O T K l(I).. ti( I, 'K l ) =G= ti(I,'K2');
FEHOTK2Ô).. t i( l,K 2 ') =G= ti(I,’K3');
FEHO TK3(I).. ti(I,’K3') =G= ti(I,’K4');
FEHO TK4(I).. ti(I, K4') =G= ti(I,'K5');
FEHOTK5Ô).. t i( l,K 5 ’) =G= ti(L'K6');
FECOLDK1 (J).. tj(J ,'K l') =G= tj(j;K 2 '):
FECOLDK2(J).. tj(J/K2’) =G= tj(J,'K3’>;
FECOLDK3(J).. tj(J;K3') =G= tj(J,’K4');
FECOLDK4(J).. tj(J,'K.4') =G= tj(J/K5');
FECOLDK5(J).. t j( j;K 5 ')  =G= tj(J,'K6’);
FEHOTOUT(I).. TOUTI(I) =L= ti(I 'K6’);
FECOLDOL)T(J).. TOUTJ(J) =G= t j( j ;K l ') ,
HOTU(I) .. (ti(l,’K6')-TO UTI(I))*F l(I) =E= qcu(I);
CO LDU(J).. (TOUTJ(J)-tj(j,'K 1 ))*FJ(J) =E= qhu(J);
Log icK l(U )., q(I,J,'K 1 ’)-O M E G A *z(U ,'K I■) =L= 0;
LogicK2(LJ).. q(I,J,'K2’)-OMEGA*z(I J,'K2’) =L= 0;
LogicK3(U).. q(U,'K3')-OMEGA*z(I,J,'K3') =L= 0;
LogicK4(I,J).. q(I,J,’K4')-OMEGA*z(I,J,'K4') =L= 0;
LogicK5(l,J).. q(I,J,K5')-OMEGA*z(I,J, K51) =L= 0;
Log icH O T(i).. qhu(J)-OMEGA*zhu(J) =L= 0;
LoeicCOLD(l).. qouIlVoMEGA^zcutl) =L= 0;
A p p ro K l(U ).. d t(U , 'k r )= L =  (tid 'K l'H jtJ /K l'W + T A L M -z G .J .’K r ) ) ;
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A A pproK l(บ ) .. dt(I,J,'K2') =L= (ti( l,,K2,H j(J.,K2,))+TAL*(l-z(I.J.,K r ) ) ;  
ApproK2(I,J).. dt(I,J,'K2') =L= (ti( l,,K2')-tj(J,'K2’))+ T A L*(l-z (I J>'K2')); 
AApproK2(I,J).. d t (U ’K3') =L= (ti(I,'K3')-tj(J,’K3 ))+TAL*( 1 -z(I,J,'K2 )); 
ApproK3(I,J).. dt(l,J,'K3') =L= ( li( i;K 3 > tj(J >'K3 '))+TA L*(I-z(U ,'K 3 ')); 
AApproK.3(บ ).. dt(l,J,'K4') =L= (ti(l 'K4')-tj(J 'K4'))+TAL*(I-z(I,J /K 3  )); 
ApproK4(I,J).. d t(Ù ,,K4l) =L= (ti( i;K 4 ,) - lj( j;K 4 ,))+TAL*(l-z(I.J,'K4')); 
AApproK4(I,J).. dt(],J/K5') =L= (ti(i;K5')-tj(J,'K5,))+ T A L *(l-z (I,j;K 4 ')); 
ApproK5(LJ).. dt(l.J,'K5') =L= (ti(I,'K 5 > tj(i,'K 5 ,)^ T A L * 0 -z ( I  J,'K5')); 
AApproK5(I,J).. dt(I,J,'K6') =L= (ti(I,'K6')-tj(J,'K6'))+TAL*( 1 -z(I,J/K5')); 
EM ATdtl ( บ , K) .. dt(l,J,K) =G= EMAT;
CONSTRAINTI . รนทา(K ,z ( 'll ', 'jr ,K ))= G =  1;
CONSTRAINT2 .. sum(K.z('12',’J5,K)) =G= 1;
CONSTRAINT3 .. sunKK’zCMVJy'K)) =G= 1;
CONSTRAINT^ .. sum(K,z('13VJ4',K)) =G= 1;
CONSTRAINTS .. รนทา(K,z('I r ; j2 ',K ) )  =G= 1;
HOTNOSPL1TTING1 K l 1 sum(J,z('IT,J,'KT)) =L= 1; 
HOTNOSPLITTING2K.1 .. sum(J,z('I2',J,’K l') )  =L= 1; 
HOTNOSPLITTING3K1 รนเท(J,z('I3',J,'Kl')) =L= I;
HOTNOSPLITTIN G4 K 1 sum(J,z(,l4',J,,K r ) )  =L= 1;
HOTNOSPLITTING1K2 .. sum(J,z(il',J,'K2')) =L= 1; 
HOTNOSPLITTING2K2 .. sum(J,z('I2',J,'lC2')) =L= 1; 
HOTNOSPLITTING3K2 .. sum(J z('I3',J,'K2')) =L= 1; 
HOTNOSPLITTING4K2 .. รนm (J,z('I4 'j:K2 ')) =L= I ;  
HOTNOSPLITTING IK3 .. sum(J,z('ir,J,'K3')) =L= 1; 
HOTNOSPLITTING2K3 .. sum(J,z('I2,,J,'K3')) =L= 1; 
HOTNOSPLITTtNG3K3 .. sum(J,z('I3’,J,'K3')) =L= I ; 
HOTNOSPLITTING4K3 .. sum(J,z('14',J,'K3')) =L= 1; 
HOTNOSPLITTING IK 4  .. sum(J,z('Il',J,'K4')) =L= 1; 
HOTNOSPLITTING2K4 .. sum(J,zn2,J,’K4')) =L= 1; 
HOTNOSPLITTING3K4 sum(J,z('I3',J, K4’)) =L= 1; 
HOTNOSPLITTING4K4 . sum(J,z(,I4,,J’'K4,)) =L= 1; 
HOTNOSPLITTING 1K5 .. sum(J,z(’I l ’,J,'K5')) =L= 1; 
HOTNOSPLITTING2K5 . sum(J.z('I2',J,K5')) =L= 1; 
HOTNOSPL1TTING3K5 . sum(J,z('I3\J,'K5')) =L= 1; 
HOTNOSPLITTING4K5 .. sum(J,z(’14,J.'K5')) =L= 1; 
COLDNOSPLITTINGI K 1.. sum (l,z(I/JlVKP)) =L= 1; 
COLDNOSPLITTING2K1.. sum(Tz(I,'J2'''Kl')) =L= 1; 
COLDNOSPLITTING3K1.. sum(Tz(I,’J3VK r)) =L= 1; 
COLDNOSPLITTING4K1.. sum(I,z(L'J4VKl')) =L= 1; 
COLDNOSPLITTING5KI.. รนทา(I,z(i;J5 ','K l')) =L= 1; 
COLDNOSPLITTING 1K2.. sum(Tz(I,’J r ;K 2 ') )  =L= 1; 
COLDNOSPLITTING2K2.. sum(I,z(I,'J2','K2')) =L= 1; 
COLDNOSPLITTING3K2.. sum(I,z(i;j3'.'K2')) =L= 1; 
COLDNOSPLITTING4K2.. sum(I,z(l, J4',’K2')) =L= 1; 
COLDNOSPLITTING5K2.. sum(I,z(I,'J5','K2')) =L= 1; 
COLDNOSPLITTING1K3.. sum(I,z(T,J l ,’,K3')) =L= 1; 
COLDNOSPLITTING2K3.. sum(l,z(I,'J2VK3')) =L= 1; 
COLDNOSPLITTING3K3.. sum(Tz(l’'J3'’'K3')) =L= 1; 
COLDNOSPLITTING4K3.. sum(I,z(I,'J4','K3')) =L= 1; 
COLDNOSPLITTING5K3.. sum(I,z(I,'J5VK3')) =L= I; 
COLDNOSPLITTING1K4.. รนทา(I,z(I,'Jl VK4')) =L= 1; 
COLDNOSPLITTING2K4.. sum(I,z(I,'J2';K4')) =L= 1; 
COLDNOSPLITTING3K4.. รนทา( l’z (i;j3 ';K 4 ')) =L= 1; 
COLDNOSPLITTING4K4.. sum(I,z(I,'J4';K4’)) =L= 1; 
COLDNOSPLITTING5K4.. รนทา(Lz(I,'J5VK4’)) =L= 1; 
COLDNOSPLITTING1K5.. sum(I,z(I,'Jl’,'K5')) =L= 1; 
COLDNOSPLITTING2K5.. sum(I,z(T'J2,,,K5')) =L= 1; 
COLDNOSPLITTING3K5.. sum(]’z(I,'J3';K5')) =L= 1; 
COLDNOSPLITTING4K5.. รนทา(I z(I,'J4VK5’)) =L= 1; 
COLDNOSPLITTING5K5.. sum(I,z(I, JS ,'K5’)) =L= I;
APPROACHTEMPKI( บ ) .. d n (!,J /K l') =E= ti(l,'K I')-tj(J ,'K  1 '); 
APPROACHTEMPK2(I J ) .. dn(I,J,'K2') =E= ti( l,’K2')-tj(J,'K2'); 
APPROACHTEMPK3ÙT).. dtt(l,J,'K3’) =E= ti(I,'K3’)-tj(J,'K3'); 
APPROACHTEMPK4(l J )  .. dn(I,J,'K4') =E= ti(l.'K4')-tj(J,'K4’): 
APPROACHTEMPK5(I,J) .. dtt(I,J,'K5') =E= ti(I,'K5,)-tj(J,'K5'); 
APPROACHTEMPK6(LJ).. dtt(I,J,'K6') =E= ti(I,'K6’)-tj(J,’K6'); 
MODEL T SH IP/A L L / ;
SOLVE TSHIP USING M1P M IN IM IZIN G  ZZ;
DISPLAY Z L.zcu L.zhu.L.ZZ.L.q L.qcu L.qhu L.ti.L.tj L;
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Result of stage model of Retrofit H.E.N. of Example 3 with EMAT = 10
!£
GAMS Rev 136 MS Windows 04/05/10 14:25:35 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
—  286 VARIABLE Z.L exchanger matching between hot 1 and cold J at stage k

K1 K2 K3 K4 K5
II.J l 1 000
11. J2 1.000
I1.J5 1.000
12 J5 1.000
I3.J1 1 000
I3.J2 1 000
13 J4 1.000
I4.J2 1.000
I4.J3 1.000
I4.J5 1.000
—  286 VARIABLE zcu.L cold utility matching with hot I 
111.000, 13 1.000, 14 1.000
—  286 VARIABLE zhu.L hot utility matching with cold J 4

—  286 VARIABLE ZZ.L = 323700.000 total energy
—  286 VARIABLE q.L heat exchanged between hot 1 and cold J

K1 K2 K3 K4 1
ll.J I 9800 000
11.J2 4350.000
11.J5 11900.000
I2.J5 9600.000
I3.J1 720.000
13.J2 1680.000
13 J4 6600.000
I4.J2 3000.000
14 J3 7875.000
I4.J5 2000.000
—  286 VARIABLE qcu.L heat exchanged between cold utility and hot I 
11 3650.000, 13 600.000, 14 10125.000
—  286 VARIABLE qhu.L heat exchanged between hot utility and cold J 
J 1 9480.000, J5 8500.000
—  286 VARIABLE ti.L  temp o f hot stream i at hot end o f stage k

K1 K.2 K.3 K4 K5 K.6
11 327.000 208.000 110.000 110.000 110.000 66.500
12 220.000 220.000 160.000 160.000 160.000 160.000
13 220.000 208.000 180.000 70.000 70.000 70.000
14 160.000 160.000 160.000 150.000 135.000 95.625
— 286 VARIABLE tj. L temp o f cold stream j at hot end o f stage k

K.1 K2 K3 K4 K5 K.6
J1 205.200 198.000 100.000 100 000 100.000 100.000
J2 164.000 164.000 140.000 140.000 97.143 35.000
J3 125 000 125.000 125.000 125.000 125.000 80.000
J4 170.000 170.000 170.000 60.000 60.000 60.000
J5 257.500 198.000 150 000 140.000 140.000 140.000
EXECUTION TIME 0.016 SECONDS 1.5 Mb WIN212-136
USER: The Petroleum and Petrochemical College G030915:1142AP-WfN

4. Stage model of Retrofit H.E.N. of Example 4 with EMAT -  12.92 °c
SETS

1 hot streams ท 1,12,13,14/
J cold streams/J1,J2,J3,J4,J5/
K Stage no. /K 1 ,K2,K3,K4,K5,K6,K7/;

PARAMETER T1NI(I) / I I  = 327,12 = 220,13 = 220,14 = 160/
TINJ(J) /J1 = 100,J2 = 35, J3 = 85,J4 = 60,J5 = 140/
T O U TI(l)/Il = 40,12 = 160,13 = 60,14 = 45/
TOUTJ(J)/Jl = 300, J2 = 164, J3 =  138,J4 = 170,J5 = 300/
F1(I) / I I  = 100,12 = 160 ,13 = 60,14 = 400 /
FJ(J) /J1 = 100 ,J2 = 70 ,J3 = 350,J4 = 60,J5 = 200 /
HI(I) / I I  = 0.5 ,12 = 0.4 ,13 = 0.14,14 = 0.3 /
HJ(J) /J1 = 0.35 ,J2 = 0.7 ,J3 = 0.5,J4 = 0.14,J5 = 0.6 /
OMEGA /1000000/
TAL /1000000/



EM AT /12.92/;
VARIABLES

dt(l,J,K) Approach temperature
dtcu(I) Approach temperature between cold utility and hot stream
dthu(J) Approach temperature between hot utility and cold stream
q(I,J,K) heat exchanged between hot I and cold J
qcu(I) heat exchanged between cold utility and hot 1
qhu(J) heat exchanged between hot utility and cold J
ti(I,K ) temp o f hot stream i at hot end o f stage k
tj(J.K) temp o f cold stream j  at hot end o f stage k
z(I,J,K) exchanger matching between hot 1 and cold J at stage k
zcu(I) cold utility matching with hot 1
zhu(J) hot utility matching with cold J
zz total energy
dtt(I,J,K) actual temperature;

POSITIVE VARIABLE dt(I,J,K).dtcu(I),dthu(J),q(LJ,K),qcu(l),qhu(J),ti(I.K),tj(J,K).
BINARY VARIABLES zcu(I),zhu(J),z(I,J,K);
EQUATIONS

MIN.U objective function minimize utilities
HOTI(I) heat balance in hot streams I
C.OLDJ(J) heat balance in cold stream J
HOTK1 (I) heat balance o f hot at stage K 1
HOJK2(I) heat balance o f hot at stage K2
HOTK3(I) heat balance o f hot at stage K3
HOTK4(I) heat balance o f hot at stage K4
HOTK5(I) heat balance o f hot at stage K5
HOTK6(I) heat balance o f hot at stage K6
C 0 tD K l(J )  heat balance o f cold at stage K1
COLDK2(J) heat balance o f cold at stage K2
COLDK3(J) heat balance o f cold at stage K.3
COI.DK4(J) heat balance o f cold at stage K4
COLDK5(J) heat balance o f cold at stage K5
COLDK6(J) heat balance o f cold at stage K6
TINHOT(I) hot temp in
TINCOLD(J) cold temp in
FEHO TKl(I) feasibility o f hot temp at stage K1
FEHQTK2(I) feasibility o f hot temp at stage K2
FEHOTK3(I) feasibility o f hot temp at stage K3
FEHOTK4(I) feasibility o f hot temp at stage K4
FEHOTK5(I) feasibility o f hot temp at stage K5
FEHOTK6(I) feasibility o f hot temp at stage K6
FECOLDKl(J) feasibility o f cold temp at stage K1
FECOLDK2(J) feasibility o f cold temp at stage K2
FECOLDK3(J) feasibility o f cold temp at stage K.3
FECOLDK4(J) feasibility o f cold temp at stage K4
FECOLDK5(J) feasibility o f cold temp at stage K5
FECOLDK6(J) feasibility o f cold temp at stage K6
FEFIOTOUT(I) feasibility o f hot temp out 
FECOLDOUT(J) feasibility o f cold temp out 
HOTU(I) hot utility load
COLDU(J) cold utility load
LogicK 1 (I,J) Logical constraint at stage k 1 
LogicK2(I,J) Logical constraint at stage k2 
LogicK3(I,J) Logical constraint at stage k3 
LogicK4(I,J) Logical constraint at stage k4 
LogicK5(I,J) Logical constraint at stage k5 
LogicK6(I,J) Logical constraint at stage k6 
LogiclIOT(J) Logical constraint hot utility
LogicCOLD(I) Logical constraint cold utility 
ApproKl(I,J) approach temp at stage k l
AApproK 1 (1,J) the other approach temp at stage k 1
ApproK2(I,J) approach temp at stage k2
AApproK2(I,J) the other approach temp at stage k2 
ApproK3(I,J) approach temp at stage k3 
AApproK3(I,J) the other approach temp at stage k3 
ApproK4(I,J) approach temp at stage k4 
AApproK4(I,J) the other approach temp at stage k4 
ApproK5(I,J) approach temp at stage k5
AApproK5(I,J) the other approach temp at stage k5 
ApproK6(I,J) approach temp at stage k6
AApproK6(l,J) the other approach temp at stage k6
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EMAT constraint 
constraint no 1 
constraint no 2 
constraint no.3 
constraint no.4 
constraint no.5 
constraint no 6 
constraint no 7

constraint o f no splitting

EM ATdtl ( บ , K)
CONSTRAINT!
CONSTRAINT2 
CONSTRAINT3 
CONSTRAINT4 
CONSTRAINTS 
CONSTRAINT6 
CONSTRAINT?
HOTNOSPLITTING IK.]
HOTNOSPLITTING2K1 
HOTNOSPLITTING3K1 
HOTNOSPLITTING4K1 
HOTNOSPL1TTING1K2 
HOTNOSPLITTING2K2 
HOTNOSPL1TTING3K2 
HOTNOSPLITTING4K2 
HOTNOSPLITTING 1K3 
HOTNOSPLITTING2K3 
HOTNOSPLITTING3K3 
HOTNOSPLITTING4K3 
HOTNOSPLITTING 1K4 
HOTNOSPLITTING2K4 
HOTNOSPLITTING3K4 
HOTNOSPL1TTING4K4 
HOTNOSPLITTING1K5 
HOTNOSPLITTING2K5 
HOTNOSPLITTING3 K5 
HOTNOSPLITTING4K5 
HOTNOSPLITTING 1K6 
HOTNOSPLITTING2K6 
HOTNOSPLITTING3K6 
HOTNOSPL1TTING4K6 
COLDNOSPLITTING1K 1 
COLDNOSPL1TTING2K1 
COLDNOSPLITTING3KI 
COLDNOSPLITTING4K1 
COLDNOSPLITTING5KI
COLDNOSPLITTING IK 2  constraint o f no splitting 
COLDNOSPLITTING2K2 constraint o f no splitting 
COLDNOSPLITTING3K2 constraint o f no splitting 
COLDNOSPL1TTING4K2 constraint o f no splitting 
COLDNOSPLITTING5K2 constraint o f no splitting 
COLDNOSPLITTING 1K3 
COLDNOSPLITTING2K3
COLDNOSPLITTING3K3 constraint o f no splitting 
COLDNOSPLITTING4K3 constraint o f no splitting 
COLDNOSPL1TTING5K3 constraint o f no splitting 
COLDNOSPLITTING1K4 constraint o f no splitting 
COLDNOSPLITTING2K4 
COLDNOSPLITTING3K4
COLDNOSPLITTING4K4 constraint o f no splitting 
COLDNOSPLITTING5K4 constraint o f no splitting 
COLDNOSPLITTINGlK5 constraint o f no splitting 
COLDNOSPLITTING2K5 constraint o f no splitting 
COLDNOSPLITTING3K5 constraint o f no splitting 
COLDNOSPLITTING4K5 
COLDNOSPLITTING5K5 
COLDNOSPLITTING 1K6 constraint o f no splitting 
COLDNOSPL1TTING2K6 constraint o f no splitting 
COLDNOSPL1TTING3K6 constraint o f no splitting 
COLDNOSPLITTING4K6 constraint o f no splitting 
COLDNOSPL1TTING5K6 constraint o f no splitting 
APPROACHTEMPKI( บ )  actual approac temperature at k l 
APPROACHTEMPK2(LJ) actual approac temperature at k2 
APPROACHTEMPK3(TJ) actual approac temperature at k3 
APPROACHTEMPK4(l,J) actual approac temperature at k4 
APPROACHTEMPK5(I,J) actual approac temperature at k5 
APPROACHTEMPK6(I,J) actual approac temperature at k6 
APPROACHTEMPK7(IJ) actual approac temperature at k7;

MINU .. zz =E= 10*SUM(I,qcu(D) + IO’*SUM(J.qhu(J))+10*SUM((IJ.K),z(I,.l,K))+l()*SUM(l.zcu(I))+
10*SUM(J,zhu(J));

VV/I Id II all 11 U1 IIO
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting 
constraint o f no splitting

constraint o f no splitting 
constraint o f no splitting

constraint o f no splitting 
constraint o f no splitting

constraint o f no splitting 
constraint o f no splitting
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HOTNOSPLITTING4K3 .. sum(J,z('I4',j;K3')) =L= 1; 
HOTNOSPLITTING1K4 .. sum(J,z('Il\J,K4')) =L= 1; 
HOTNOSPLITTING2K4 .. sum(J,z('I2',J,'K4’)) =L= 1; 
HOTNOSPLITTING3K.4 .. sum(J,z('I3',J,'K4')) =L= 1; 
HOTNOSPLITTING4K4 .. sum(J,z('I4,,J,'K4’)) =L= 1; 
HOTNOSPLITTING1K5 .. sum(j’z ('Il น , 'K.5')) =L= 1; 
HOTNOSPLITTING2K5 .. sum(J,z('I2’,J,'K5')) =L= 1; 
HOTNOSPLITTING3K5 .. sum(J,z(T3',J,'K5’)) =L= 1; 
HOTNOSPLITTING4K5 .. sum(J,z(T4',J,’K.5')) =L= 1; 
HOTNOSPLITTING1K6 .. sum(Lz('ir,J,'K6')) =L= 1; 
HOTNOSPLITTING2K6 .. sum(J,z(’I2’,J/K6')) =L= 1; 
HOTNOSPLITTING3K6 .. sum(J,z('I3',J,’K6')) =L= 1; 
HOTNOSPLITTING4K6 .. sum(J,z('I4',J, K6')) =L= 1; 
COLDNOSPLITTING 1KL. s u m o io .'J IV K l'))  =L= 1; 
COLDNOSPLITTING2K1.. sum(I,z(I,'J27Kl')) =L= 1 ; 
COLDNOSPLITTING3KL. sum(I,z(I,'J3','Kl')) =L= 1; 
COLDNOSPLITTING4K1.. sum(I,z(I,'J4VKl')) =L= I; 
COLDNOSPLITTING5KL. sum(l’z(I,'J5VKr)) =L= I; 
COLDNOSPLITTING 1KZ. sum(Lz(L’J l','K 2,)) =L= 1; 
COLDNOSPLITTING2K2.. sum(l,z(I,'J2VK2’)) =L= 1; 
COLDNOSPLITTING3K2.. sum(I,z(I,’J3VK2')) =L= 1; 
COLDNOSPLITTING4K2.. sum(I,z(l’'J4VK2')) =L= 1; 
COLDNOSPLITTING5IC2.. sum(I,z(I,'J5’,'K2’)) =L= 1; 
COLDNOSPLITTING 1K3.. sum(I,z(I,'JlVK3')) =L= 1; 
COLDNOSPLITTING2K3.. sum(I,z(L'J2VK3')) =L= 1; 
COLDNOSPLITTING3K3.. sum(I,z(I,'J3';K3')) =L= 1; 
COLDNOSPLITTING4K3.. sum(I,z(I,’J4VK3’)) =L= 1; 
COLDNOSPLITTING5K3.. sum(I,z(I,'J5VK3')) =L= 1; 
COLDNOSPLITTINGIK4.. sum (I,z(i;j r,'K 4 ’)) =L= 1; 
COLDNOSPLITTING2K4.. sum (I,z(i;j2 ';K4')) =L= 1; 
COLDNOSPLITTING3K4.. sum(I,z(I,'J3 ,'K4')) =L= 1; 
COLDNOSPLITTING4K4.. sum(I,z(I,,J4,,'K4’)) =L= 1; 
COLDNOSPLITTING5K4.. sum(I,z(i'J5','K4')) =L= 1; 
COLDNOSPLITTING 1K5.. sum (I,z(i;Jl',K5 ')) =L= I; 
COLDNOSPLITTING2K.5.. sum(l’z(i;j2VK5')) =L= I; 
COLDNOSPLITTING3K5.. sum(I,z(l,'J3','K5')) =L= 1; 
COLDNOSPLITTING4K5.. sum(I,z(I,'J4VK5')) =L= I ; 
COLDNOSPLITTING5K5.. sum(I,z(L'J5'’'K5')) =L= 1; 
COLDNOSPLITTING 1K6.. sum(I,z(I,,J l ,’,K6')) =L= I; 
COLDNOSPLITTING2K6.. sum(l’z(I,'J2VK6')) =L= 1; 
COLDNOSPLITTING3K6.. sum(I,z(l’'J3VK6')) =L= 1 ; 
COLDNOSPLITTING4K6.. sum(I,z(I,'J4VK6')) =L= 1; 
COLDNOSPLITTING5K6.. sum(l’z(I,'J5VK6')) =L= 1;
APPROACHTEMPK1 (I,J ).. dtt(I,J.'K l') =E= ti(I,’K l')-tj(J,’K l') ;  
APPROACHTEMPK2(I,J).. dtt(I,J,'K2') =E= ti(I,'K2 ')-tj(j;K2 '); 
APPROACHTEMPK3(1,J).. d tt(I,j;K3 ') =E= ti(L'K3')-tj(J,'K3’); 
APPROACHTEMPK4(1,J).. dtt(I,J,'K4') =E= ti(I,'K4')-tj(J,'K4'); 
APPROACHTEMPK5(I,J).. d tt(U 'K 5 ’) =E= ti(I,K5')-tj(J,'K5'); 
APPROACHTEMPK6(I,J).. d t t (U ’K6’) =E= ti(I,'K6’)-tj(J,,K6’); 
APPROACHTEMPK7(I,J).. dtt(LJ,’K7') =E= ti(I,'K7')-tj(J,'K7'); 
MODEL TSHIP /A L L / ;
SOLVE TSHIP USING MIP M IN IM IZIN G  ZZ;
DISPLAY Z.L,ZCU L,zhu.L,ZZ.L,q.L,qcu.L,qhu.L,ti L,tj.L;

Result of stage model of Retrofit H.E.N. of Example 4 with EMAT -
12.92 °c
GAMS Rev 136 MS Windows 04/05/10 14:46:29 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

II.J1
II.J2
11. J4
12. J5
13. J2 
13 J4
13. J5
14. J2 
I4.J3

329 VARIABLE Z.L exchanger matching between hot 1 and cold J at stage k 
K1 K2 K3 K4 K5 K6 

1.000 1.000 
1 000

1.000 1.000 
1,000 1.000 1.000 
1.000 1.000 

1.000
1000 1.000
1.000 1000

1.000 1 000
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I4.J4 1.000
—  329 VARIABLE zcu L cold utility matching w ith hot I 
111.000, 13 1.000, 14 1.000
—  329 VARIABLE zhu L hot utility matching with cold J

—  329 VARIABLE ZZ.L = 474127.937 total energy
. . . . 329 VARIABLE q.L. heat exchanged between hot 1 and 1

K l K2 K3 K4 K5 K6
11.J1 20000,000
II.J4 1408.000 2400.000
I2J5 5005.587 3958.259 636.154
13.J2 1184.400 3072.354
13.J4 84.951
13 J 5 989.565 1575.038
14.J2 785.005 3988.240
I4.J3 18550 000
14.J4 2707.049
—  329 VARIABLE qcu.L heat exchanged between cold utility and hot 1 
II 4892.000, 13 2693.692, 14 19969 705
—  329 VARIABLE qhu.L heat exchanged between hot utility and cold J 
J5 19835.397
-—  329 VARIABLE ti.L  temp o f hot stream i at hot end o f stage k

K1 K2 K3 K4 K5 K6
11 327.000 312.920 312.920 312.920 312.920 112.920
12 220.000 188.715 188.715 163.976 163.976 163.976
13 220.000 200.260 183.767 182.351 156.101 104.895
14 160.000 160.000 158.037 158 037 151.270 104.895
+ K7
11 88.920
12 160 000
13 104.895
14 94.924
. . . . 329 VARIABLE tj L temp o f cold stream J at hot end o f stage k

K1 K.2 K.3 K.4 K5 K.6
J1 300.000 300.000 300.000 300.000 300.000 100.000
J2 164 000 147.080 135.866 135.866 135.866 91.975
J3 138.000 138.000 138.000 138 000 138.000 85.000
J4 170.000 146.533 146.533 145.117 100.000 100 000
J5 200 823 175.795 170.847 151.056 143 181 143 181
+ K.7

J1 100.000
J2 35.000
J3 85.000
J4 60 000
J5 140.000
EXECUTION TIME = 0.016 SECONDS 1.5 Mb W IN2L
USER: The Petroleum and Petrochemical College G030915 1142AP-WIN

5. Stage model of Retrofit H.E.N. of Example 5(Light Crude Oil) with 
EMAT = 3.3 °c
SETS

1 hot streams เพ , 12,13,14,15,16,17,18,19,110,111.112,113,114,I I 5,I I 6,117.118/
J cold streams /J1,J2,J3/

/K 1,K.2,K3,K4,K5,K6,K7,K8,K9,K 10,K 11 ,K 12.K 13,K I4,K 15,K 16,K 17,K 18,K 19,K20,K21 ,K22,K23/; 
PARAMETER TIN1(I) /11=132.25,12=202.05,13=216.7,14=223.1,15=216.9,16=202.05,17=233,
18=220.4,19=281.9,110=256.6,111=253,112=276.7,113=285.4,114=304.9,115=324,
116=330, 117=358.4,118=370/

T1NJ(J) /J 1 =30, J2= 155, J3= 185/
TO U TI(I)/I1=90,12=157,13=143.5,14=159.9,15=164.1,16=173,17=159.4,18=189.8,

19=200,110=211,7,111=216.9,112=223.1, 113=240,114=256.6,115=280.6,116=285.4.117=290, 118=290/ 
TOUTJ(J)/J 1=111.61, J2= 179.47, J3=480/
F l(l) /11-21.38,12=203.07,13=108.33,14=46,15=107.54,16=241.17,17=75.46.

18=342.35, 19=129.157,110=364 14. 111=115.24,112=50.19,113=25.99,114=389.65, 115=46.38, 
116=27.58,117=148.74,118=79.5/

FJ(J) /J 1 =476.9, J2=860.4, J3=471/
OMEGA /1000000/
TAL /1000000/
EM AT /3.3/;

VARIABLES



dt(U ,K ) Approach temperature
dtcu(I) Approach temperature between cold utility and hot stream
dthu(J) Approach temperature between hot utility and cold stream
q(l,J,K) heat exchanged between hot I and cold J
qcu(l) heat exchanged between cold utility and hot 1
qhu(J) heat exchanged between hot utility and cold J
ti(l,K ) temp o f hot stream i at hot end o f stage k
tj(J.K) temp o f cold stream j  at hot end o f stage k
z(I,J,K) exchanger matching between hot I and cold J at stage k
zcu(I) cold u tility  matching with hot 1
zhu(J) hot u tility  matching with cold J
zz total energy
dtt(LJ.K) actual temperature;

POSITIVE VARIABLE dt(U,K),dtcu(I),dthu(J),q(I,J,K),qcu(I),qhu(J),tj(J,K);
BINARY VARIABLES zcu(I);zhu(J),z(i,J,K);

EQUATIONS 
MINU 
HOTI(I) 
COLDJ(J) 
H O T K l(l) 
HOTK2(I) 
HOTK3(I) 
HOTK4(I) 
HOTK5(I) 
HOTK6(I) 
HOTK7(I) 
HOTK8(I) 
HOTK9(I) 
HOTK 10(1) 
HOTK 11(1) 
HOTK 12(1) 
HOTK 13(1) 
HOTK 14(1) 
HOTK 15(1) 
HOTK 16(1) 
HOTK17(1) 
HOTK 18(1) 
HOTK 19(1) 
HOTK20(I) 
HOTK21 (I) 
HOTK22(I) 
COLDK 1(J) 
COLDK2(J) 
COLDK3(J) 
COLDK4(J) 
COLDK5(J) 
COLDK6U) 
COLDK7(J) 
COLDK8Q) 
COLDK9(J) 
COLDK 10(J) 
COLDK 11(J) 
COLDK 12(J) 
COLDK 13(J) 
COLDK 14(J) 
COLDK 15(J) 
COLDK 16(J) 
COLDK 17(J) 
COLDK 18(J) 
COLDK 19(J) 
COLDK20(J) 
COLDK21(J) 
COLDK22(J) 
TINHOT(I) 
TINCOLD(J) 
FEH O TKl(l) 
FEHOTK2Ù) 
FEHOTK30) 
FEHOTK4(I) 
FEHOTK5(I)

objective function minimize utilities 
heat balance in hot streams I 

heat balance in cold stream J 
heat balance o f hot at stage K1 
heat balance o f hot at stage K2 
heat balance o f hot at stage K3 
heat balance o f hot at stage K4 
heat balance o f hot at stage K5 
heat balance o f hot at stage K6 
heat balance o f hot at stage K7 
heat balance o f hot at stage K8 
heat balance o f hot at stage K9 
heat balance o f  hot at stage K10 
heat balance o f hot at stage K l 1 
heat balance o f hot at stage K12 
heat balance o f hot at stage K 13 
heat balance o f hot at stage K 14 
heat balance o f hot at stage K15 
heat balance o f hot at stage K 16 
heat balance o f hot at stage K17 
heat balance o f hot at stage K 18 
heat balance o f hot at stage K19 
heat balance o f hot at stage K20 
heat balance o f hot at stage K21 
heat balance o f hot at stage K22 
heat balance o f cold at stage K 1 
heat balance o f cold at stage K2 
heat balance o f cold at stage K3 
heat balance o f cold at stage K4 
heat balance o f cold at stage K5 
heat balance o f cold at stage K6 
heat balance o f cold at stage K7 
heat balance o f cold at stage K8 
heat balance o f cold at stage K9 
heat balance o f cold at stage K 10 
heat balance o f cold at stage K 11 
heat balance o f cold at stage K 12 
heat balance o f cold at stage K13 
heat balance o f cold at stage K 14 
heat balance o f cold at stage K 15 
heat balance o f cold at stage K16 
heat balance o f cold at stage K 17 
heat balance o f cold at stage K 18 
heat balance o f cold at stage K19 
heat balance o f cold at stage K20 
heat balance o f cold at stage K 2 1 
heat balance o f cold at stage K22 

hot temp in 
cold temp in
feasibility o f hot temp at stage K l 
feasibility o f hot temp at stage K2 
feasibility o f hot temp at stage K3 
feasibility o f hot temp at stage K4 
feasibility o f hot temp at stage K5



FEH0TK6(I)
FEHOTK7(I)
FEH0TK8(I)
FEHOTK9(I)
FEHOTKIO(I)
F E H O T K ll(I)
FEHOTK12(l)
FEHOTK13(I)
FEHOTK14(I)
FEHOTK15(I)
FEHOTK16(I)
FEHOTK17(I)
FEHOTK18(I)
FEHOTK19Ù)
FEHOTK20(I)
FEHOTK21(l)
FEHOTK22(I)
FEC O LD Kl(j)
FECOLDK2(J)
FECOLDK3(J)
FECOLDK4(J)
FECOLDK5(J)
FECOLDK6Ù)
FECOLDK7(J)
FECOLDK8(J)
FECOLDK9(J)
FECOLDKIO(J)
FECOLDK11(J)
FECOLDK12(J)
FECOLDK13(J)
FECOLDK14(J)
FECOLDK15(J)
FECOLDK16(J)
FECOLDK17(J)
FECOLDK18(J)
FECOLDK19(J)
FECOLDK20(J)
FECOLDK21(J)
FECOLDK22(J)
FEHOTOUT(I)
FECOLDOUT(J)
HOTU(I)
COLDU(J)
LogicK l ( บ )
LogicK2(I,J)
LogicK3 ( บ )
LogicK4(I,J)
LogicK5(l,J)
LogicK6(I,J)
LogicK7(I,J)
LogicK8(I,J)
LogicK9(I,J)
LogicK l 0(1,J)
LogicK l 1 ( บ )
LogicKl 2(1,J)
LogicKl 3(1, J)
LogicK l 4(1, J)
LogicK l 5(1,J)
LogicKl 6(1, J)
LogicKl 7(1, J)
LogicKl 8(1, J)
LogicKl 9(1, J)
LogicK20(I,J)
LogicK21(l,J)
LogicK22(I,J)
LogicHOT(J)
LogicCOLD(I)
ApproKl(I,J)
AApproKl(LJ)
ApproK2(I,J)
AApproK2(l J)

feasibility o f hot temp at stage K6 
feasibility o f hot temp at stage K7 
feasibility o f hot temp at stage K8 
feasibility o f hot temp at stage K9 
feasibility o f hot temp at stage K 10 
feasibility o f hot temp at stage K l 1 
feasibility o f hot temp at stage K I2  
feasibility o f hot temp at stage K 13 
feasibility o f hot temp at stage K 14 
feasibility o f hot temp at stage K 15 
feasibility o f hot temp at stage K 16 
feasibility o f hot temp at stage K17 
feasibility o f hot temp at stage K18 
feasibility o f hot temp at stage K19 
feasibility o f hot temp at stage K20 
feasibility o f hot temp at stage K21 
feasibility o f hot temp at stage K22 
feasibility o f cold temp at stage K1 
feasibility o f cold temp at stage K2 
feasibility o f cold temp at stage K3 
feasibility o f cold temp at stage K4 
feasibility o f cold temp at stage K5 
feasibility o f cold temp at stage K6 
feasibility o f cold temp at stage K7 
feasibility o f cold temp at stage K8 
feasibility o f cold tenjp at stage K9 
feasibility o f cold temp at stage K10 
feasibility o f cold temp at stage K 11 
feasibility o f cold temp at stage K12 
feasibility o f cold temp at stage K13 
feasibility o f cold temp at stage K14 
feasibility o f cold temp at stage K15 
feasibility o f cold temp at stage K16 
feasibility o f cold temp at stage K 17 
feasibility o f cold temp at stage K18 
feasibility o f cold temp at stage K19 
feasibility o f cold temp at stage K20 
feasibility o f cold temp at stage K21 
feasibility o f cold temp at stage K22 
feasibility o f hot temp out 

feasibility o f cold temp out 
hot u tility  load 

cold u tility  load 
Logical constraint at stage k l 
Logical constraint at stage k2 
Logical constraint at stage k3 
Logical constraint at stage k4 
Logical constraint at stage k5 
Logical constraint at stage k6 
Logical constraint at stage k7 
Logical constraint at stage k8 
Logical constraint at stage k9 
Logical constraint at stage k io  
Logical constraint at stage k l 1 
Logical constraint at stage k 12 
Logical constraint at stage k 13 
Logical constraint at stage k l4  
Logical constraint at stage k 15 
Logical constraint at stage k 16 
Logical constraint at stage k 17 
Logical constraint at stage k l 8 
Logical constraint at stage k 19 
Logical constraint at stage k20 
Logical constraint at stage k21 
Logical constraint at stage k22 
Logical constraint hot utility 
Logical constraint cold utility 

approach temp at stage k 1 
the other approach temp at stage k 1 

approach temp at stage k2 
the other approach temp at stage k2



ApproK3(I,J) 
AApproK3(I,J) 
ApproK4(I,J) 
AApproK4(I,J) 
ApproK5(I,J) 
AApproK5(I,J) 
ApproK6(I,J) 
AApproK6(I,J) 
ApproK7(I,J) 
AApproK7(I,J) 
ApproK8(I,J) 
AApproK8(l,J) 
ApproK9(l,J) 
AApproK9(I,J) 
ApproK 10(1,J) 
AApproK 10(I,J) 
ApproK 11 (I,J) 
AApproK 11 ( บ )  
ApproK 12(1,J) 
AApproK 12(I,J) 
ApproK 13(1,J) 
AApproK 13(I,J) 
ApproK 14(1J) 
AApproK 14(I,J) 
ApproK 15(1 J) 
AApproK 15(1, J) 
ApproK 16(1, J) 
AApproK 16(1, J) 
ApproK 17(1, J) 
AApproK 17(I,J) 
ApproK !8 (U ) 
AApproK 18(1, J) 
ApproK19(I,J) 
AApproK 19(0) 
ApproK20(l,J) 
AApproK20(I,J) 
ApproK21 ( บ )  
AApproK21 ( บ )  
ApproK22(I,J) 
AApproK22(I,J) 
EM ATdtl ( บ , K) 
CONSTRAINT! 
CONSTRAINT2 
CONSTRAINT3 
CONSTRAINT4 
CONSTRAINTS 
CONSTRA1NT6 
CONSTRA1NT7 
CONSTRAINTS 
CONSTRAINT9 
CONSTRA1NT10 
CONSTRAINT11 
CONSTRAINTS 
CO NSTRAINTS 
CONSTRAINTS 
CO NSTRAINTS 
CONSTRAINTS 
CO NSTRAINTS 
CO NSTRAINTS 
CONSTRAINTS 
CONSTRAINT20 
CONSTRAINT21 
CONSTRAINT22 
CONSTRAINT23 
CONSTRAINT24 
CONSTRAINT25 
CONSTRAINT26 
CONSTRAINT27 
CONSTRAINT28 
CONSTRA1NT29 
CONSTRAINT30

approach temp at stage k3 
the other approach temp at stage k3 

approach temp at stage k4 
the other approach temp at stage k4 

approach temp at stage k5 
the other approach temp at stage k5 

approach temp at stage k6 
the other approach temp at stage k6 

approach temp at stage k7 
the other approach temp at stage k7 

approach temp at stage k8 
the other approach temp at stage k8 

approach temp at stage k9 
the other approach temp at stage k9 
approach temp at stage k 10 
the other approach temp at stage k 10 

approach temp at stage k l 1 
the other approach temp at stage k 11 

approach temp at stage k l2  
the other approach temp at stage k 12 

approach temp at stage k 13 
the other approach temp at stage k 13 

approach temp at stage k 14 
the other approach temp at stage kI4  

approach temp at stage k 15 
the other approach temp at stage k 15 

approach temp at stage k l6  
the other approach temp at stage k l6  

approach temp at stage k 17 
the other approach temp at stage k 17 

approach temp at stage k l8  
the other approach temp at stage k 18 

approach temp at stage kI9  
the other approach temp at stage k l9  

approach temp at stage k20 
the other approach temp at stage k20 

approach temp at stage k21 
the other approach temp at stage k21 

approach temp at stage k22 
the other approach temp at stage k22 
EM AT constraint 

constraint no I 
constraint no 2 
constraint no 3 
constraint no.4 
constraint no.5 
constraint no 6 
constraint no.7 
constraint no. 8 
constraint no 9 
constraint no 10 
constraint no. 11 
constraint no 12 
constraint no 13 
constraint no 14 
constraint no 15 
constraint no. 16 
constraint no. 17 
constraint no 18 
constraint no 19 
constraint no.20 
constraint no.21 
constraint no.22 
constraint no.23 
constraint no.24 
constraint no 25 
constraint no.26 
constraint no.27 
constraint no.28 
constraint no.29 
constraint no.30
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AApproK 10(บ).. d t ( U 'K l l ' )  =L= ( t if t 'K l  r)-tj(J,'K  I r))+TA L*(l-z(I,J ,'K 10 ’));
ApproKl 1 ( บ ) .. d t(I,J,'k l r )  =L= ( ti( I, 'K ir )- tj(J ,'K l l'))+ TA L*(i-z (I,J ,'K l I •));
AApproK 11 (บ ) .. dt(I,J,'K 12’) =L= (ti(l,'K12')-tj(J,’K 12'))+TAL*( 1 -z(I,J,'K 11 ));
ApproK12(I,J).. dt(I,J,'K12') =L= (0(1,'K 12,)-tjCi,'K 12'))+TAL*( 1 -z(I,J,'K i 2'));
AApproK 12(0).. dt(I,J,'K13') =L= (ti( I/K  13>tj(J,'K  13'))+TAL*( 1 -zd.J.'K 12’)),
ApproK l3(1,J ) .. dt(I,J,'K13')=L= (ti( i;k l3> tj(J ,'K .13 '))+ T A L*(l-z (0 ,'K 13 '));
AApproK 1 3 (0 ) • dt(I,J,’K 14') =L= (ti(I,'K 14')-tj(J,'K 14'))+TAL*( 1 -z(I,J,'K 13'));
ApproK l4(1,J ) .. dt(I,J,’K14') =L= (ti(I,'K  14')-tj(J,'K 14'))+TAL*(l-z(I,J,'K  14’));
AApproK 1 4 (0 )-  d t(U /K15') =L= (ti(I,'K 15')-tj(J,'K 15'))+TAL*( 1 -z(I,J,'K 14'));
A pproK l5(1,J ) .. d t(I,J ,k  15 ')=L= (ti( l,‘K 1 ร,)-tjO /K  15’))+ 'rA L*( 1 -z(I,J,’K 1 ร,» ;
AApproK 15(0).. dt(I,J,'K 16’) =L= (ti( l,’K 16')-tj(J,’K 16’))+TAL‘ ( 1 -z(I,J,’K 15'));
ApproK 1 6 (0 ).. dt([,J,'K 16’) =L= (ti(l,'K  16')-tj(J,’K. 16’))+TAL*( I -z (0 ,’K 16'));
AApproK 16(0) d t(I,j;K 1 7 ) =L= (ti(I,'K17')-tj(J,,K17'))+TAL*(l-z(l,J,,K16'));
ApproK l7(1,J ) .. dt(I,J, K17) =L= ( t i( i;k l7 > t j( J , ’K171)> 4 T A L *(i-z (0 ,,K.17^);
AApproK 17(0). • dt(I,J,’K 18') =L= (ti(l,'K  18')-tj(J,’K 18'))+TAL*( 1 -z(l,J,'K 17'));
A pproK l8(1,J ) .. dt(I,J,'K18’) =L= (ti(l,'K  18')-tj(J,'K 18 '))+TAL*(l-z(l,J,’K18'));
AApproK 18 (0 ) dt(l,J,'K 19’) =L= (ti(l,’K 19')-tj(J,'K 19’))+TAL*( 1 -z(l,J,'K 18'));
ApproK l9(1,J ) .. d t(l,J ,'k l9 ') =L= (ti(I,'K 19')-tj(J,'K 19’))+ T A L*(l-z(0,'K 19'));
AApproK 19(0). dt(I,J,'K20') =L= (ti(I,,K20')-tj(J,'K20'))+TAL*( 1 -z (0 , ’K 19'));
ApproK20(I,J).. dt(I,J,'K20') =L= (tKI.’K^O^-tjOVlCZO’O+TAL^C 1-z(I,jVk 20'));
AApproK20(l,J). dt(I,J,'K2 0  =L= (ti(I,'K2  l')-tj(J,'K 2 1 ))+T A L*(l -z(O,'K20'));
ApproK21(l,J).. d t(0,'K21') =L= (ti(l,'K 21 ')-tj(J ,'K 2r))+TA L'*(l-z(0 ,’K 2 r)) ;
AApproK21(0).. dt(l,J,’K22’) =L= (ti(I,’K22’)-tj(J,’K22'))+TAL*(l-z(I.J,'K21'));
ApproK22(0) .. dt(I,J,'K22') =L= (ti(l,'K22')-tj(i,'K22,))+TAL*( 1 -z (0 , k22'));
AApproK22(I,J).. dt(I,J,'K23') =L= (ti(I,'K23')-tj(J,'K23'))+TAL*(l-z(l,J,'K22'));
E M A T d tl(0 ,K ) • dt(l,J,K) =G =EM AT;
CONSTRAINT! .. sum(J,qhu(J)) =L= 75939;
CONSTRAINT2 .. sum(I,qcu(I)) =L= 207.9;
CONSTRAINT3 .. z(T17VJ3vkl')=E= 1;
CONSTRAJNT4 .. sum(K,z(’117VJ3',K))=G= 1;
CONSTRAINTS .. z(’I18VJ3’, 'K l')  =E= 1;
CONSTRAINT6 . sum(K,z(’118','J3',K))=G= 1;
CONSTRAINT7 .. z('I15','J3’,'KT) =E= 1;
CONSTRAINTS .. รนทา(K,z('ll5','J3',K)) -G =  1;
CONSTRAINT9 .. z('I16','J3VKr) =E= I;
CONSTRAINT!0 .. sum(K,z('ll6','J3',K)) =G= 1;
CONSTRAINT! 1 .. sum(K,z(’I14,J3 ’,K ))=G = 1;
CONSTRAINTS ,. sum(K,z(’I7 ', 'ir ,k ) )  =G= 1;
CO NSTRAINTS .. sum(K,z('I9VJ2',K)) =G= 1;
CONSTRAINT 14 .. sum(K,z('I87J2',K)) =G= 1 ;
CO NSTRAINTS .. sum(K,z('I67JT,K)) =G= 1;
CONSTRAINTS z(T47Jr,'K10') =E= 1;
CONSTRAINTS .. sum (k,z('I47Jl',k)) =G= 1;
CONSTRAINTS .. z(’I57J 1,'K 1 O') =E= 1;
CO NSTRAINTS .. sum(K,z('15', J l',K )) =G= 1;
CONSTRAINT20 .. sum(K,z('I3','Jl',K)) =G= 1;
CONSTRAINT21 .. z('I137J3’;k l8 ')  =E= 1;
CONSTRAINT22 .. sum(K,z('I137J3',K)) =G= 1;
CONSTRAINT23 . z('112',น3','K 18') -É =  1;
CONSTRAINT24 .. sum(K,z('1127J3',K))=G= 1;
CONSTRAINT25 .. z ( 'll r , ’J3’,'K18') =E= 1;
CONSTRAINT26 . sum(k,z('11 r,'J3',K)) =G= 1;
CONSTRAJNT27 .. z('I107J3','K18') = E - 1;
CONSTRAINT28 .. sum(k,z('110713',K ))=G = 1;
CONSTRAINT29 .. sum(K,z('I27Jl',K))=G= 1;
CONSTRAINT30 .. sum (K ,z('Il,'J l,K )) =G= 1;
CONSTRAINT31 ( บ , K ) .. dtt(l.J.K) =E= ti(I,K)-tj(J,K);

MODEL TSHIP /A LL / ;
SOLVE TSHIP USING M1P M IN IM IZIN G  ZZ;
DISPLAY ZZ.L,z.L,zcu L,zhu L,q.L,qcu L,qhu.L,ti.L,tj.L;

Result of stage model of Retrofit H.E.N. of Example 5(Light Crude Oil) 
with EMAT = 3.3 °c
GAMS Rev 136 MS Windows 04/05/10 14:58:44 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

—  485 VARIABLE ZZ.L = 757833.567 total energy
—  485 VARIABLE z.L exchanger matching between hot I and cold J at stage k

K1 K2 K3 K6 k io  K12
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11 J1 1 000
12 J1 1.000
13 J1
14 J1 1.000
14 J2 1.000
15 J1 1 000
16 J1 1.000
17 J1 1 000
18 J2 1.000
19 J2 1.000
114 J3 1.000
115.J3 1 000
116.J3 1 000
II7.J3 1 000
I18.J3 1 000

+ K 18 K20 K.21
19 J3 1.000
110.J3 1.000
I11.J3 1.000
112.J3 1 000
I13.J3 1.000
114.J3 1.000
—  485 VAR IABLE ZCU.L cold utility matching with hot 1

( A LL  0.000 )
—  485 VAR IABLE zhu.L hot utility matching with cold J 
J3 1.000
—  485 VAR IABLE q.L heat exchanged between hot I and cold J

K1 K.2 K.3 K6 K10 K12
11 J1 903.305
12 J1 9148.303
13 J1 7929.756
14 J1 2700.488
14 ,J2 206.712
15 J1 5678.112
16 J1 7005.988
17 J1 5553.856
18 J2 10475.910
19 J2 10371.366
114.J3 12933.167
115.J3 2012.892
I16.J3 1230.068
I17.J3 10173.816
I18.J3 6360.000

+ K18 K.20 K21
19 J3 206.592
I10.J3 16349.886
111.J3 4160.164
II2.J3 2690 184
I13.J3 1179.946
I14.J3 5886.928
—  485 VAR IABLE qcu.L heat exchanged between cold utility and hot 1

( A L L  0.000 )
—  485 VAR IABLE qhu L heat exchanged between hot utility and cold J 
J3 75761.357
—  485 VARIABLE ti.L  temp o f hot stream i at hot end o f stage k

K l K2 K3 K4 K5 K6
11 132 250 132.250 132.250 90.000 90.000 90.000
12 202.050 202.050 157.000 157.000 157.000 157.000
13 216 700 216.700 216.700 216.700 216.700 216.700
14 223.100 218.606 218.606 218,606 218.606 218.606
15 216 900 216.900 216.900 216.900 216.900 216.900
16 202.050 202 050 202.050 202.050 202.050 202.050
17 233.000 159 400 159 400 159.400 159.400 159.400
18 220.400 189 800 189.800 189.800 189.800 189.800
19 281 900 281.900 281.900 201 600 201.600 201 600
110 256.600 256.600 256.600 256.600 256.600 256.600
I I I 253.000 253.000 253,000 253.000 253.000 253.000
112 276.700 276.700 276.700 276.700 276.700 276.700
113 285.400 285.400 285.400 285.400 285.400 285.400
114 304 900 304.900 304.900 304.900 304 900 304.900
115 324.000 280.600 280.600 280.600 280.600 280 600



116
117
118

1,
12
13
14
15
16
17
18
19
110
I l 1
112
113
114
115
116
117
118

J
12
13
14
15
16
17
18
19
110
111
112
113
114
115
116
117
118

1,*
12
13
14
15
16
17
18
19
no
111
112
113
114
115
116
117
118

J1
J2
J3

I
ท
J3

ท

11 4

330.000 285.400 285.400 285.400 285.400 285.400
358.400 290.000 290.000 290.000 290.000 290.000
370.000 290.000 290.000 290.000 290.000 290.000

K7 K8 K9 K10 K l l K12
90.000 90.000 90,000 90.000 90.000 90.000
157.000 157.000 157.000 157.000 157.000 157.000
216.700 216.700 216.700 216.700 216.700 216.700
218.606 218.606 218.606 218606 159.900 159.900
216.900 216.900 216.900 216.900 164.100 164.100
173.000 173.000 173.000 173 000 173.000 173.000
159.400 159.400 159.400 159.400 159.400 159.400
189.800 189.800 189.800 189.800 189.800 189.800
201.600 201.600 201.600 201.600 201.600 201.600
256.600 256.600 256.600 256.600 256.600 256.600
253.000 253.000 253.000 253.000 253.000 253.000
276.700 276.700 276.700 276.700 276.700 276.700
285.400 285.400 285.400 285.400 285.400 285.400
304.900 304.900 304.900 304.900 271.708 271.708
280.600 280.600 280.600 280.600 280.600 280 600
285.400 285.400 285.400 285.400 285.400 285.400
290.000 290.000 290.000 290.000 290.000 290.000
290.000 290.000 290.000 290.000 290.000 290.000

K13 K14 K15 K16 K17 K18
90.000 90.000 90.000 90.000 90.000 90.000
157.000 157.000 157.000 157.000 157.000 157.000
143.500 143.500 143.500 143.500 143.500 143.500
159.900 159.900 159.900 159.900 159.900 159.900
164.100 164.100 164.100 164.100 164.100 164.100
173.000 173.000 173.000 173.000 173.000 173.000
159.400 159 400 159.400 159.400 159.400 159.400
189.800 189 800 189.800 189.800 189.800 189.800
201.600 201.600 201.600 201.600 201.600 201 600
256.600 256.600 256.600 256.600 256.600 256.600
253.000 253.000 253.000 253.000 253.000 253.000
276.700 276.700 276.700 276.700 276.700 276.700
285.400 285.400 285.400 285.400 285.400 285.400
271.708 271.708 271.708 271.708 271.708 271.708
280.600 280.600 280.600 280.600 280.600 280.600
285.400 285.400 285.400 285.400 285.400 285.400
290.000 290.000 290.000 290 000 290.000 290.000
290.000 290.000 290.000 290.000 290.000 290.000

K19 K20 K21 K22 K23
90.000 90.000 90.000 90.000 90.000
157.000 157.000 157.000 157.000 157.000
143.500 143.500 143.500 143.500 143.500
159.900 159.900 159.900 159.900 159.900
164.100 164 100 164.100 164.100 164.100
173.000 173.000 173.000 173 000 173.000
159.400 159.400 159.400 159.400 159.400
189.800 189 800 189.800 189.800 189.800
201.600 201.600 201.600 200.000 200.000
211.700 211 700 211.700 211.700 211.700
216.900 216.900 216.900 216.900 216.900
223.100 223.100 223.100 223.100 223.100
240.000 240.000 240.000 240.000 240.000
271.708 271.708 256.600 256.600 256.600
280.600 280.600 280.600 280.600 280.600
285.400 285.400 285.400 285.400 285.400
290.000 290.000 290.000 290 000 290.000
290.000 290,000 290.000 290.000 290.000

485 VARIABLE tj.L. temp o f cold stream j at hot end o f stage k
K1 K.2 1K.3 K4 K5 K6

111.610 99.964 80.781 78.887 78.887 78.887
179.470 167 054 167.054 155.000 155.000 155.000
319 148 277.159 277.159 277.159 277.159 277.159

K.7 K8 K.9 K10 K l l K12
64.197 64.197 64.197 64.197 46.628 46,.628
155.000 155.000 155.000 155.000 155.000 155.000
277.159 277 159 277.159 277.159 249.700 249.700

K13 K.14 K15 K16 K117 K18
30.000 30.000 30.000 30.000 30.000 3C

ooo
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J2 155.000 155 000 155.000 155.000 155.000 155.000
J3 249.700 249.700 249.700 249.700 249.700 249.700
+ K19 K20 K21 K22 K23

J] 30.000 30.000 30.000 30.000 30.000
J2 155.000 155.000 155.000 155.000 155.000
J3 197.937 197.937 185.439 185 000 185.000
EXECUTION TIME 0.031 SECONDS 2.1Mb W1N212-
USER: The Petroleum and Petrochemical College G030915:1142AP-WIN

6 . Retrofit of stage model of Retrofit H.E.N. of Example 6 (Heavy Crude 
Pill with EMAT = 20.2 °c

1 hot streams /11,12,13,14,15,16,17,18,19,110,111,112,113,114.115.116,117,118.119,120.121,122/
J cold streams /J 1 ,J2,J3,j4,J5,J6,J7,J8,J9,J 10/

/K  1 ,K2,K3,K4,K5,K6,K7,K8,K9,K 10,K 11 ,K 12,K 13,K 14,K 15,K 16,K 17,K 18,K 19,K20,K21 ,K22,K23/; 
PARAMETER T IN I(l) /11=151.9,12=216.2,13=216.7,14=223.1,15=216.9,16=216.2,17=233,
18=220.4,19=281.9,110=256.6,111=253,112=276.7,113=285.4,114=304.9,115=324,
116=330,117=358.4,118=370/

TINJ(J) /J 1 =30, J2= l55, J3=185/
TOUTI(I)/11=90,12=157,13=143.5,14=159.9,15=164.1,16=173,17=159.4,18=189.8,

19=200,110=211.7,111=216.9,112=223.1,113=240,114=256.6,115=280.6,116=285.4,117=290.118=290/ 
TOUTJ(J)/J 1 = 122.1, J2 = l82.75, J3=480/
F1(I) /11 —23.15,12=185.4,13=108.33,14=46,15=107.54,16=203.6,17=75.46,

18=342.35,19=129.157,110=364.14,111=115.24,112=50.19,113=25.99,114=389.65,115=46.38,
116=27.58,117=148.74,118=79.5/

FJ(J) /J 1 =467.4, J2=758 7, J3=577.7/
OMEGA /1000000/
TAL /1000000/
EMAT /20.2/;

VARIABLES
dt(l,J,K) Approach temperature
dtcu(I) Approach temperature between cold utility and hot stream
dthu(J) Approach temperature between hot utility and cold stream
q(I,J,K) heat exchanged between hot 1 and cold J
qcu(l) heat exchanged between cold utility and hot 1
qhu(J) heat exchanged between hot utility and cold J
ti(I,K ) temp o f hot stream i at hot end o f stage k
tj(J,K) temp o f cold stream j  at hot end o f stage k
z(I,J,K) exchanger matching between hot I and cold J at stage k
zcu(I) cold utility matching with hot 1
zhu(J) hot utility matching with cold J
zz total energy
dtt(I,J,K) actual temperature;

POSITIVE VARIABLE dt(I,J,K),dtcu(I),dthu(J),q(I,J,K),qcu(I),qhu(J),tj(J,K);
BINARY VARIABLES zcu(I),zhu(J),z(I,J,K);
EQUATIONS

MINU objective function minimize utilities
HOTl(l) heat balance in hot streams 1
COLDJ(J) heat balance in cold stream J 
HOTK 1(1) heat balance o f hot at stage K 1
HOTK2(I) heat balance o f hot at stage K2
HOTK3(I) heat balance o f hot at stage K3
HOTK4(I) heat balance o f hot at stage K4
HOTK5(I) heat balance o f hot at stage K5
HOTK6(l) heat balance o f hot at stage K6
HOTK7(I) heat balance o f hot at stage K7
HOTK8(I) heat balance o f hot at stage K8
HOTK9(I) heat balance o f hot at stage K9
HOTK 10(1) heat balance o f hot at stage K 10
HO TK11 (1) heat balance o f hot at stage K 11
HOTK12(l) heat balance o f hot at stage K 12
HOTK13(I) heat balance o f hot at stage K I3
HOTK 14(1) heat balance o f hot at stage K 14
HOTK 15(1) heat balance o f hot at stage K 15
HOTK 16(1) heat balance o f hot at stage K 16
HOTK 17(1) heat balance o f hot at stage K 17
HOTK 18(1) heat balance o f hot at stage K 18
HOTK19(I) heat balance o f hot at stage K19
HOTK20(I) heat balance o f hot at stage K20



HOTK21(I)
HOTK22(I)
C O L D K l(i)
COLDK2(J)
COLDK3(J)
COLDK4U)
COLDK5(J)
COLDK6(J)
COLDK7Ù)
COLDKB(J)
COLDK9Ù)
COLDKIO(J)
C O L D K ll(J )
COLDK12(J)
COLDK13Ù)
COLDK14(J)
CO LD KI5Ù )
COLDK16(J)
COLDK17(J)
COLDK18U)
COl.DK19(J)
COLDK20(J)
COLDK21(J)
COLDK22Ù)
TINHOT(I)
TINCOLD(J)
FEH O TKl(I)
FEHOTK2(I)
FEHOTK3(I)
FEHOTK4(I)
FEHOTK5(I)
FEHOTK6(l)
FEHOTK7(I)
FEHOTK8(I)
FEHOTK9(I)
FEHOTKIO(I)
FEHOTK.11(1)
FEHOTK12(I)
FEHOTK13(I)
FEHOTK14(I)
FEHOTK150)
FEHOTK16(l)
FEHOTK17(I)
FEHOTK18(I)
FEHOTK19(I)
FEHOTK20(I)
FEHOTK2H0
FEHOTK22(I)
FECOLDKl(J)
FECOLDK2Ù)
FECOLDK3(J)
FECOLDK4(J)
FECOLDK5Ù)
FECOLDK6(J)
FECOLDK7(J)
FECOLDK8(J)
FECOLDK9(J)
FECOLDKIO(J)
FECOLDK11(J)
FECOLDK12(J)
FECOLDK!3(J)
FECOLDK14Ù)
FECOLDKI5(J)
FECOLDK16(J)
FECOLDK17(J)
FECOLDK18(J)
FECOLDK19Ù)
FECOLDK20(J)
FECOLDK21(J)
FECOLDK22Ù)
FEHOTOUT(i)

heat balance o f hot at stage K.21 
heat balance o f hot at stage K22 
heat balance o f cold at stage K 1 
heat balance o f cold at stage K.2 
heat balance o f cold at stage K3 
heat balance o f cold at stage K.4 
heat balance o f cold at stage K5 
heat balance o f cold at stage K6 
heat balance o f cold at stage K7 
heat balance o f cold at stage K8 
heat balance o f cold at stage K9 
heat balance o f cold at stage K10 
heat balance o f cold at stage K 11 
heat balance o f cold at stage K12 
heat balance o f cold at stage K13 
heat balance o f cold at stage K14 
heat balance o f cold at stage K 15 
heat balance o f cold at stage K16 
heat balance o f cold at stage K17 
heat balance o f cold at stage K.18 
heat balance o f cold at stage K19 
heat balance o f cold at stage K20 
heat balance o f cold at stage K.21 
heat balance o f cold at stage K22 

hot temp in 
cold temp in
feasibility o f hot temp at stage K 1 
feasibility o f hot temp at stage K2 
feasibility o f hot temp at stage K3 
feasibility o f hot temp at stage K4 
feasibility o f hot temp at stage K5 
feasibility o f hot temp at stage K6 
feasibility o f hot temp at stage K7 
feasibility o f hot temp at stage K8 
feasibility o f hot temp at stage K9 
feasibility o f hot temp at stage K10 
feasibility o f hot temp at stage K l 1 
feasibility o f hot temp at stage K12 
feasibility o f hot temp at stage K13 
feasibility o f hot temp at stage K14 
feasibility o f hot temp at stage K15 
feasibility o f hot temp at stage K16 
feasibility o f hot temp at stage K17 
feasibility o f hot temp at stage K18 
feasibility o f hot temp at stage K19 
feasibility o f hot temp at stage K20 
feasibility o f hot temp at stage K21 
feasibility o f hot temp at stage K22 
feasibility o f cold temp at stage K1 
feasibility o f cold temp at stage K2 
feasibility o f cold temp at stage K3 
feasibility o f cold temp at stage K4 
feasibility o f cold temp at stage K5 
feasibility o f cold temp at stage K6 
feasibility o f cold temp at stage K7 
feasibility o f cold temp at stage K8 
feasibility o f cold temp at stage K9 
feasibility o f cold temp at stage K 10 
feasibility o f cold temp at stage K4 1 
feasibility o f cold temp at stage K.12 
feasibility o f cold temp at stage K13 
feasibility o f cold temp at stage K14 
feasibility o f cold temp at stage K 15 
feasibility o f cold temp at stage K16 
feasibility o f cold temp at stage K17 
feasibility o f cold temp at stage K18 
feasibility o f cold temp at stage K19 
feasibility o f cold temp at stage K20 
feasibility o f cold temp at stage K21 
feasibility o f cold temp at stage K22 
feasibility o f hot temp out



FECOLDOUT(J) 
HOTU(I) 
COLDU(J) 
LogicKl ( บ )  
LogicK2(I,J) 
LogicK3(I,J) 
LogicK4(I,J) 
LogicK5(I,J) 
LogicK6(I,J) 
LogicK7(I,J) 
LogicK8(I,J) 
LogicK9(I,J) 
LogicKl 0(1,J) 
LogicKl l ( l ' j )  
LogicKl 2(1, J) 
LogicKl 3(1, J) 
LogicKl 4(1,J) 
LogicKl 5(I,J) 
LogicKl 6(1, J) 
LogicKl 7(I,J) 
LogicKl 8(I,J) 
LogicK l 9(1, J) 
LogicK20(I,J) 
LogicK21 ( บ )  
LogicK22(I,J) 
LogicHOT(J) 
LogicCOLD(I) 
ApproK 1 ( บ )  
AApproK l (I,J) 
ApproK2(I,J) 
AApproK2(I,J) 
ApproK3(I,J) 
AApproK3(I,J) 
ApproK4(I,J) 
AApproK4(I,J) 
ApproK5(I,J) 
AApproK5(l,J) 
ApproK6(l,J) 
AApproK6(I,J) 
ApproK7(l,J) 
AApproK7(I,J) 
ApproK8(I,J) 
AApproK8(I,J) 
ApproK9(I,J) 
AApproK9(I,J) 
ApproK 10(1,J) 
AApproKl 0(1,J) 
ApproK 11 ( บ )  
AApproKl 1 ( บ )  
ApproK 12(1,J) 
AApproK 12(I,J) 
ApproK 13(1,J) 
AApproKl 3 ( บ )  
ApproK 14(I,J) 
AApproKl 4(I,J) 
ApproK 15 ( บ )  
AApproKl 5(I,J) 
ApproK 16(1,J) 
AApproK 16(1, J) 
ApproK 17(1,J) 
AApproK 17(บ) 
ApproK 18(1J) 
AApproK 18(1,J) 
ApproK 19(1, J) 
AApproK 19(I,J) 
ApproK20(I,J) 
AApproK20(I,J) 
ApproK21 ( บ )  
AApproK21(l,J) 
ApproK22(l,J) 
AApproK22(I,J)

feasibility o f  cold temp out 
hot utility load 

cold utility load 
Logical constraint at stage k l 
Logical constraint at stage k2 
Logical constraint at stage k3 
Logical constraint at stage k4 
Logical constraint at stage k5 
Logical constraint at stage k6 
Logical constraint at stage k7 
Logical constraint at stage k8 
Logical constraint at stage k9 
Logical constraint at stage kio 
Logical constraint at stage k l 1 
Logical constraint at stage k l2  
Logical constraint at stage k 13 
Logical constraint at stage k 14 
Logical constraint at stage k 15 
Logical constraint at stage k 16 
Logical constraint at stage k 17 
Logical constraint at stage k l8  
Logical constraint at stage k 19 
Logical constraint at stage k20 
Logical constraint at stage k21 
Logical constraint at stage k22 
Logical constraint hot utility 
Logical constraint cold utility 

approach temp at stage k l 
the other approach temp at stage k l 

approach temp at stage k2 
the other approach temp at stage k2 

approach temp at stage k3 
the other approach temp at stage k3 

approach temp at stage k4 
the other approach temp at stage k4 

approach temp at stage k5 
the other approach temp at stage k5 

approach temp at stage k6 
the other approach temp at stage k6 

approach temp at stage k7 
the other approach temp at stage k7 

approach temp at stage k8 
the other approach temp at stage k8 

approach temp at stage k9 
the other approach temp at stage k9 
approach temp at stage k 10 

the other approach temp at stage kio 
approach temp at stage k l 1 

the other approach temp at stage k 11 
approach temp at stage k l2  

the other approach temp at stage k 12 
approach temp at stage k 13 

the other approach temp at stage k 13 
approach temp at stage k l4  

the other approach temp at stage k 14 
approach temp at stage k 15 

the other approach temp at stage k 15 
approach temp at stage k 16 
the other approach temp at stage k 16 

approach temp at stage k 17 
the other approach temp at stage k 17 

approach temp at stage k 18 
the other approach temp at stage k 18 

approach temp at stage k 19 
the other approach temp at stage k 19 

approach temp at stage k20 
the other approach temp at stage k20 

approach temp at stage k21 
the other approach temp at stage k21 

approach temp at stage k22 
the other approach temp at stage k22
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EM ATdtl ( บ ,K) EM AT constraint
c o n s t r a in t !  constraint no 1
CONSTRAINT2 constraint no.2
CONSTRAINT3 constraint no.3
CONSTRAINT4 constraint no.4
CONSTRAINTS constraint no.5
CONSTRAINT6 constraint no 6
CONSTRAINT? constraint no.7
CONSTRAINTS constraint no 8
CONSTRAINT9 constraint no 9
CONSTRAINT 10 constraint no. 10
CONSTRAINT 11 constraint no. 11
CONSTRAINTS constraint no 12
CONSTRAINT13 constraint no. 13
CO NSTRAINTS constraint no 14
CO NSTRAINTS constraint no. 15
CONSTRAINT 16 constraint no 16
CO NSTRAINTS constraint no.17
CONSTRAINT 18 constraint no. 18
CONSTRAINTS constraint no. 19
CONSTRAINT20 constraint no.20
CON STRAINT21 constraint no.21
CONSTRAINT22 constraint no.22
CONSTRAINT23 constraint no.23
CONSTRAINT24 constraint no.24
CONSTRAINT25 constraint no.25
CONSTRAINT26 constraint no.26
CONSTRAINT27 constraint no.27
CONSTRAINT28 constraint no.28
CONSTRAINT29 constraint no.29
CONSTRAINT30 constraint no.30
CONSTRAINTS I ( บ , K) constraint no.31 ;

M INU .. zz =E= 10*SUM(I,qcu(I)) + 10*SUM(J,qhu(J))+10*SUM((I,J,K),z(I,J,K))+10*SUM(I,zcu(l))+ 
10*SUM(J,zhu(J));
HOTI(I) ..
COLDJ(J)
HOTK 1(1)
HOTK2(I)
HOTK3(I)
HOTK4(I)
HOTK5(I)
HOTK6(I)
HOTK7(I)
HOTK8(I)
HOTK9(I)
HOTK 10(1)
HOTK 11(1)
HOTK 12(1)
HOTK 13(1)
HOTK 14(1)
H O TK15(1)
HOTK 16(1)
HOTK 17(1)
HOTK 18(1)
HOTK 19(1)
HOTK20(I)
HOTK21(l)
HOTK22(I)

(TIN I(I)-TO UTI(I))* FI(I)=E= SUM((J,K),q(l,J,K))+qcu(I);
. (TOUTJ(J)-TINJ(J))*FJ(J)=E= SUM((I,K),q(l,J,K))+qhu(J); 

(ti(I,'K r)-ti(I,'K 2 '))*F I(I)-E =  SUM (J,q(I,J'Kr)K 
(ti(I,'K2')-ti(I,'K3’))*FI(l)=E= SUM(J,q(I,J,'K2')); 
(ti(I,'K3')-ti(I,'K4'))*FI(I)=E= SUM(J,q(I,J,'K3'));
(ti(I, K4')-ti(I, K5'))*FI(I)=E= SUM(J,q(I,J,'K4'));
(ti(l, K5')-ti(l,'K6'))*Fl(l)=E= SHM(J,q(I,J,'K5')); 
(ti(I,K 6 ,)-ti(I,'K7'))*FI(I)=E= SUM(J,q(I,J,'K6')), 
(ti(l,'K 7 ')-ti(I,K 8 ’))*Fl(I)=E= SUM(J,q(I,J,’K7')); 
(ti(I,'K8')-ti(I,'K9'))*FI(I)=E= SUM(J,q(I,J,'K8')); 
(ti(I,'K9')-ti(I,'K  10))*FI(I)=E= SUM(J,q(I,J,'K9'));

. (ti(I,'K  10')-ti(l,'K  11 '))*FI(I)=E= SUM(J,q(I,J,’K10'));

. (ti(I, K l 1 ')-ti(I, K12'))*FI(I)=E= SUM(J,q(I,J,'Kl 1'));

. (ti(I,'K 12')-ti(I,'K 13'))*FI(I)=E= SUM(J,q(I,J,’K12’));

. (ti(I, K 13')-ti(I,'K 14'))*FI(I)=E= SUM(J,q(I,J,’K13'));

. ( ti( I,K  14')-ti(I,'K 15'))*FI(I)=E= SUM(J,q(I,J,'K14'));

. (ti(I,'K 15')-ti(I,'K 16'))*FI(I)=E= SUM(J,q(l,J,'K15'));

. (ti(l,'K  16 ')-ti(I,'K l 7'))*F1(1)=E= SUM(J,q(I,J,'K16'));

. (ti(I,'K  17’)-ti(l,'K  18'))*F1(I)=E= SlJM(J.q(I J,'K17'));

. (ti(I,'K  18')-ti(I,K  19'))*FI(I)=E= SHM(J,q(I,J,’K18'));

. (ti(I,'K  19')-ti(I,'K20’))*FI(I)=E= SUM(J,q(I,J,'K19'));

. (ti(l, K20’)-ti(I,'K 21 '))*FI(I)=E= SUM(J,q(I,J,'K20'));

. (ti( i;K 21 ’)-ti(I,'K22'))*Fl(l)=E= SUM(J,q(I,J,'K2T));

. (ti(I,'K22')-ti(I,'K23'))*FI(I)=E= SUM(J,q(I,J,'K22')); 
CO LD Kl(J) .. (tj(J,’K 1 ')-tj(J,K2’))*FJ(J)=E= SUM(l,q(i,J,’K r) ) ;  
COLDK2(J) .. (tj(J,'K2')-tj(J,'K3'))*FJ(J)=E= SUM(I,q(I,J,'K2’)); 
COLDK3(J) .. (tj(J,'K3')-tj(J, K4'))*FJ(J)=E= SUM(I,q(I,J,'K3'));

/*:/1 IV /»t\ ♦ะ/1 IV 1/ Cl IN 4/1 ^./ไ I IV 4')V

CO LD Kl(J) .. (tj(J,’K 1 ')-tj(J,'K2'))*FJ(J)=E= SUM(I,q(I,J,’K 1 ')); 
COLDK2(J) .. (tj(J,'K2')-tj(J,'K3'))*FJ(J)=E= SUM(I,q(I,J,'K2’)); 
COLDK3(J) .. (tj(J,'K3’)-tj(J, K4'))*FJ(J)=E= SUM(I,q(11,^3 ')); 
COLDK4(J) .. (tj(J,'K4')-tj(J,'K5’))*FJ(J)=E= SUM(l,q(Ej''K4')); 
COLDK5(J) .. (tj(J, K5')-tj(J,'K6'))*FJ(J)=E= SUM(I,q(I,J,'K5')); 
COLDK6(J) .. (tj(J,’K6')-tj(J, K7'))*FJ(J)=E= SUM(I,q(U,'K6')); 
COLDK7(J) .. (tj(J,'K7')-tj(J,’K8'))*FJ(J)=E= SUM(l,q(บ , ,K7')); 
COLDK8(J) ,. (tj(J,’K8')-tj(J,'K9'))*FJ(J)=E= SU M (I,q(U 'K8')); 
COLDK9(J) .. (tj(J, K9')-tj(J,’K10 ))*FJ(J)=E= SUM(I,q(UI,'K9’)); 
C O LDKIO (J).. (tj(J,'K 10')-tj(J,'K 1 T))*FJ(J)=E= SUM(I,q(I,J.'K!0')) 
COLDK11(J) ,. ( t j( j;K I 1 ')-tj(J, K 12'))*FJ(J)=E= SUM(I,q(I,J,'Kl 1’)) 
COLDK12(J),. (tj(J,’K 12’)-tj(J,'K 13’))*FJ(J)=E= SUM(l,q(Tj''K12’)) 
COLDK13(J).. (tj(J,'K13')-tj(J 'K14'))*FJ(J)=E= SUM(I,q(I,J.'K13'))
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CONSTRAINT! 5 .. sum(K,z(’I6 ','jr,K )>  =G= 1; 
CONSTRAINTS .. z('I4VJ 1,'K 1 O’) =E= 1; 
CONSTRAINT!7 .. sum(k,z('14,,'J l',K )) =G= 1; 
CO NSTRAINT!8 .. z('I57Jl ,'K10') =E= 1; 
CONSTRAINT 19 .. sum(K,zCI57Jr.K)) =G= 1; 
CONSTRAINT20 .. sum(K,z('13';Jl’,K)) =G= 1, 
CONSTRAINT21 .. z( 'I13VJ3';KI8') =E= 1; 
CONSTRAINT22 .. sum(K,z(’1137J3',K)) =G= 1; 
CONSTRAINT23 .. z(’I]2 ,J3V K18 ') =E= 1; 
CONSTRAINT24 . sum(K,z('I12VJ3',K)) =G= 1; 
CONSTRAINT25 .. z(’111 VJ3','K 18') =E= 1; 
CONSTRAINT26 .. sum(K,z(’11 r , ’J3',K)) =G= 1 ; 
CONSTRAINT27 „ z(ฯ 10, j i ’.TC 18*) =E= I; 
CONSTRAINT28 .. sum(K,z('110’/JT.K)) =G= 1; 
CONSTRAINT29 .. sum(K,z(ๆ2 7 H \K )) =G= 1; 
CONSTRAINT30 .. sum(K,z('11 J1',K)) =G= 1; 
CONSTRAINT31 (1,J,K) .. dtt(l,J,K) =E= ti(I,K)-tj(J,K); 
MODEL TSHIP /A L L / ;
SOLVE TSHIP USING MIP M IN IM IZIN G  ZZ; 
DISPLAY ZZ:L,z L,zcu.L,zhu.L,q.L,qcu.L,qhu.L,ti.L,tj.L;

Result of retrofit of stage model of Retrofit H.E.N. of Example 6 (Heavv 
Crude Oil) with EMAT = 20.2 °c
GAMS Rev 136 MS Windows 04/05/10 16:02:38 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

— - 485 VARIABLE ZZ.L = 1072409.367 total energy
—  485 VARIABLE Z.L exchanger matching between hot 1 and cold J at stage k

K l l  K13 K16
1.000

K9 K I0
I l  J1
12 J1 1.000
13 J1 1 000
14 J1 1.000
14 ,J2
15 J! 1.000
16 J1
18 J2 1.000
I14.J3
II5.J3 1,000
116.J3 1 000
117.J3 1.000
118.J3 1.000

+ K18 K19 K2
14 J1 1 000
17 J1 1.000
19 J2 1.000
19 J3 1.000
I10.J3 1.000
I11.J3 1.000
I12.J3 1.000
I13.J3 1.000

1 000

1 000

1.000

—  485 VARIABLE ZCU.L cold utility matching with hot I
( A LL  0.000 )

—  485 VARIABLE zhu.L hot utility matching with cold J
3 1 000
—  485 VARIABLE q.L heat exchanged between hot I and cold J

K l K9 K10 K l l  K13 K16
I l  J1 1432.985
12 J1 10975.680
13 J1 7929.756
14 J1 1350.162
14 J2 225.569
15 J1 5678 112
16 J1 8795.520
18 -J2 10475.910
114. J3
115. J32012.892

18820.095

116.J3 1230.068
I17.J3 10173 816
118 J3 6360.000
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+ K 18 K19 K.22
14 J 1 1331.469
17 Jl 5553.856
19 J2 10352.446
19.J3 225.512
110. J3 16349.886
111. J3 4160.164
112. J3 2690.184
113. J3 1179.946
-—  485 VARIABLE qcu.L heat exchanged between cold utility and hot I

( ALL 0.000 )
—  485 VARIABLE qhu L heat exchanged between hot utility and cold J 
J3 107218.937
-—  485 VARIABLE ti.L  temp o f hot stream i at hot end o f stage k

K1 K2 K3 K4 K5 K6
11 132.250 132.250 132.250 90.000 90.000 90.000
12 202.050 202.050 157.000 157.000 157.000 157.000
13 216 700 216.700 216.700 216.700 216.700 216.700
14 223 100 218.606 218.606 218 606 218 606 218.606
15 216.900 216.900 216.900 216.900 216.900 216.900
16 202.050 202.050 202.050 202.050 202.050 202.050
17 233.000 159.400 159.400 159 400 159.400 159 400
18 220.400 189 800 189.800 189.800 189.800 189.800
19 281.900 281.900 281.900 201.600 201.600 201.600
n o 256.600 256.600 256.600 256.600 256.600 256.600
111 253.000 253.000 253.000 253.000 253.000 253.000
112 276700 276.700 276.700 276.700 276.700 276.700
113 285.400 285.400 285.400 285.400 285.400 285.400
114 304.900 304.900 304.900 304.900 304 900 304.900
115 324.000 280.600 280.600 280.600 280.600 280.600
116 330000 285 400 285.400 285 400 285.400 285.400
117 358.400 290.000 290.000 290 000 290.000 290.000
118 370000 290 000 290.000 290.000 290.000 290.000

+ K7 K8 K.9 K.10 K1 1 K.12
11 90 000 90 000 90.000 90.000 90.000 90.000
12 157 000 157.000 157.000 157.000 157.000 157.000
13 216.700 216 700 216.700 216.700 216.700 216.700
14 218.606 218 606 218.606 218.606 159.900 159.900
15 216.900 216.900 216.900 216.900 164 100 164.100
16 173.000 173.000 173.000 173.000 173 000 173.000
17 159.400 159,400 159.400 159.400 159.400 159.400
18 189 800 189.800 189.800 189.800 189,800 189 800
19 201.600 201 600 201.600 201.600 201.600 201.600
110 256.600 256.600 256.600 256.600 256.600 256600
I I I 253 000 253.000 253.000 253.000 253 000 253.000
112 276.700 276.700 276.700 276.700 276 700 276.700
113 285.400 285.400 285.400 285.400 285.400 285.400
114 304 900 304.900 304.900 304.900 271.708 271.708
115 280 600 280.600 280.600 280.600 280.600 280.600
116 285.400 285.400 285.400 285.400 285.400 285.400
117 290.000 290.000 290.000 290.000 290.000 290.000
118 290.000 290.000 290.000 290 000 290 000 290 000
+ K13 K14 K15 K.16 K.17 K 18

11 90.000 90.000 90 000 90 000 90.000 90000
12 157.000 157.000 157.000 157.000 157.000 157.000
13 143.500 143.500 143.500 143.500 143.500 143.500
14 159.900 159,900 159.900 159.900 159.900 159.900
15 164.100 164 100 164.100 164.100 164 100 164.100
16 173.000 173 000 173.000 173 000 173.000 173.000
17 159 400 159.400 159.400 159.400 159.400 159.400
18 189 800 189 800 189.800 189 800 189 800 189 800
19 201.600 201.600 201.600 201.600 201.600 201.600
no 256.600 256.600 256.600 256.600 256.600 256.600
111 253.000 253.000 253.000 253.000 253.000 253.000
112 276.700 276.700 276.700 276.700 276.700 276.700
113 285.400 285.400 285.400 285.400 285.400 285.400
114 271.708 271.708 271.708 271.708 271.708 271.708
115 280,600 280.600 280.600 280,600 280.600 280.600
116 285.400 285.400 285.400 285.400 285.400 285.400
117 290 000 290000 290 000 290.000 290.000 290.000
118 290.000 290,000 290.000 290.000 290.000 290.000
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+ K19 K20 K.21 K.22 K23
11 90.000 90.000 90.000 90.000 190.000
12 157.000 157.000 157.000 157.000 157.000
13 143.500 143.500 143.500 143.500 143.500
14 159.900 159.900 159.900 159.900 159.900
15 164.100 164.100 164.100 164.100 164.100
16 173,000 173.000 173.000 173 000 173.000
17 159.400 159 400 159.400 159 400 159.400
18 189 800 189.800 189 800 189.800 189.800
19 201.600 201.600 201 600 200 000 200 000
no 211.700 211.700 211.700 211.700 211.700
111 216.900 216.900 216.900 216.900 216.900
112 223.100 223.100 223.100 223,100 223.100
113 240.000 240.000 240.000 240.000 240.000
114 271.708 271.708 256.600 256.600 256.600
115 280 600 280.600 280.600 280.600 280.600
116 285.400 285.400 285.400 285.400 285.400
117 290.000 290.000 290.000 290.000 290.000
118 290.000 290.000 290.000 290.000 290.000

— 485 VARIABLE tj L temp o f cold stream j  at hot end o f stage k
K1 K2 K.3 K4 K5 K6

J1 111 610 99.964 80.781 78.887 78.887 78.887
J2 179.470 167.054 167.054 155.000 155.000 155.000
J3 319 148 277.159 277.159 277 159 277.159 277.159
+ K7 K8 K9 K10 K l l  K12
J1 64.197 64.197 64.197 64.197 46.628 46.628
J2 155.000 155.000 155.000 155.000 155.000 155.000
J3 277.159 277.159 277.159 277.159 249.700 249.700
+ K13 K14 K15 K16 1K17 K18

J] 30.000 30.000 30.000 30.000 30.000 30.000
J2 155.000 155.000 155.000 155.000 155.000 155.000
J3 249.700 249.700 249.700 249.700 249.700 249.700
+ K.19 K.20 K21 K.22 1K23

J1 30.000 30.000 30.000 30.000 30.000
J2 155.000 155.000 155.000 155 000 155.000
J3 197.937 197.937 185.439 185.000 185.000
EXECUTION TIME = 0.125 SECONDS 4.2 Mb WIN212-136
USER: The Petroleum and Petrochemical College 0030915:1142AP-WIN

Source code of Microsoft c++ in relocation concept 1
#include<stdio.h>
#include<conio.h>
#include<math h> 
void main()
! int ij,k,n,p,v,s=0,a,b,d,g; 

int h; /*  number o f hot stream*/
int c; /* number o f cold stream*/ 
double z=0.3333; 

char name[50];
char matching[40][10]; 
float บ [20][20]; 
double dt[20][20][3]; 
double dtret[20][20][3]; 
double q[20][20][2], 
double qret[20][20][2]; 
double sum.summ; 
double พ [20][20][2]; 
double A [20][20][2]; 
double Aret[20] [20] [2]; 
double L[20][20][2]; 
double Uret[20][20][2];
int one[20][20][2],two[20][20][2],three[20][20][2];
int oone[20][20][2][5],ttwo[20][20][2][5],tthree[20)[20][2][5];
int hex[20] [20] [2],y>'[20][20][2];
int fix ,investi,invest2;
float expol,expo2;
FILE *fptr;
fptr = fopen("BASECASE.txt","r");



if ( fp tr= N U L L )
{printf("This basecase file can not be opendAn");! 

else
printf("This basecase file is opend.\ท");

/ * --------------------------- ----------- ---------------------- — —  ..........................*/
printf(”\n\n* * * * * Base Case* * * * *\ท'ท"); 

fscanf(fptr,"%s",name);

fscanf(fptr,”%d",&h); /*l.Read number o f hot streams*/
printf(" %d\n",h);
fscanf(fptr,"%s",name);
printf('%s",name);
fscanf(fptr,”%d",&c); /*2.Read number o f cold streams*/
printfC %d\ท)n\n",c);

/ * .............................................................— — .............................................ฯ
fscanf(fptr,"%s",name);

printf(".%s",name); 
fscanf(fptr,"%s",name); 
printf(\n%s",name); 
fscanf(fptr,"%d",&fix); 
printfX" %d\ท",fix); 
fscanf(fptr,"%s",name); 
printf)"%s",name); 
fscanf(fptr,"%d",&investl); 
printf(" %d\ท",investi); 
fscanf(fptr,"%ร,',name); 
p rin tç  "%s ”,name); 
fscanf(fptr,”% f',&expo 1 ); 

printf(" %0.2f\n",expol);
/ * — - ----- ------------------------------------------------------------------------------------ * /

fscanf(fptr,"%s",name); 
printf("%s .name); 
fscanf(fptr,"%s",name); 
printf("\n%s",name); 
fscanf(fptr,"%d",&invest2); 
printfC %d\ท",invest2); 
fscanf(fptr,”%s",name); 
printf( "%s",name); 
fscanf(fptr,"%f',&expo2); 

printfC %0.2f\ท",expo2),
/ * — ------- —  ------ --------------------------------------------------------- ------------- */

fscanf(fptr,"%s".name); /*3. Read U i*/
printf("\n\ท\n%ร",name); 
for(i=0,i<h;i++)

fo r(j=0 j<c j++ )
{

fscanf(fptr,"%s",name); 
printf( '\n\ท%s\ท",name); 

fscanf(fp tr,"% f',&U [i][j]);
printfC % .3 f’,U [i][j]);

, ________ _________________________________________V
fscanf(fptr,"%s",name); 
printf( "\n\n%s\n",name); 

fscanf(fptr,"%s",name);
printf("\ท %ร",name);

fscanf(fptr,"%s",name);
printfC %ร",name); 
fscanf(fptr,"%s",name); 
printfC %ร'ท",name),

/ * --------------------------------------------------------- ------------------------------------- «/
ท=h*c;

p=0;
for(i=0;i<h;i++)

for(j=0j<cy++)
{
fscanf(fptr,"%s",matching[p]); 
printf("'n% ร",matching[p]);
for(k-0;k<3;k++)
{
fscanf(fptr,"% lf’,& d t[i][i][k ]);
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printf(" %.31f’,dt[i][j][k]);
1’'":

fscanf(fptr, "%ร",name);
pri ntf( "\n\n\n%s\ท ", name) ; 

fscanf(fptr,"%ร",name);
printf(" %ร",name);
fscanf(fptr,"%ร",name); 
printfc %s\ท",name);
for(i=0;i<h;i++)

for(j=0j<cj++) )fscanf(fptr,"%s",name);
printf("\n%s",name);
for(k=0;k<2;k++)
fscanf(fptr,"%lf',&q[i]Ij][k]); 
printf(" %.3lf',q[i][j][k]);เ1fclose(fptr);

fptr = fopenCRETROFIT.txt","r"); 
ifffptr —NULL){ printf("\n\n\nThis retrofit file can not be opendAn");)else

printf(”\n\n\nThis retrofit file is opendAn");
printf(''\n\ท** * * ‘Retrofit Case* * ***\n\ท"); 

fscanf(fptr,"%s",name); 
printf("\n\n%ร\ท",name); 

fscanf(fptr,"%s",name);
printf("\n %ร".name);

fscanf(fptr,"%ร",name);
printff" %ร",name); 
fscanf(fptr,"%s",name); 
printfc %s\n",name); 
for(i-0;i<h;i++)

for(j=0j<cj++)
fscanf(fptr,"%s",name); 
printf('\n%ร",name); 
for(k-0;k<3;k++)
fscanf(fptr,"%lf',&dtret[i][j][k)); 
printfc %.3lf',dtret[i][j][k]);Î}fscanf(fptr,"%ร",name);

printf("\n\ท'ท %s\ท", name); 
fscanf(fptr,"%s",name);

printfc %ร",name);
fscanff fptr, "%s", name); 
printfc %s\ท",name);
for(i-0;i<h;i++)

for(j=0j<cj++) !fscanf(fptr,"% ร ".name);
printf("\n%s",name);
for(k-0;k<2;k++)
fscanf(fptr,"%lf’,&qret[i][j][k]); 
printfc %.3lf'.qret[i][j][k]);}Îfclose(fptr);

for(i=0:i<h:i++)
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L[i]ü][0] = pow(((dt[i]U][0]+dt[i]U][l])*(dt[i][j][0]*dt[i]ü][l l)*0.5Xz);
L[,][j][l] = pow(((dlii][j][l]+dt[i]ü][2])*(dt[i]y][l] ๚น,][j][2]r0.5),z);

Lret[i][j][0] -pow(((dtret[i]|j][0]+dtret[i]|j][l])*(dtret[i][j][0]*dtret[i][j][l])*0.5),z); 
Lret[i]0][l] = pow(((dtret[i]0i[l]+dtret[i]Lj][2])*(dtret[i]UÏ[l]*dtret[i]lj][2])*O.5),z); 
!printf("\n\ท''); for(i=0;i<h;i++) 

for(j=Oj<cj++)
A[i]U][0]= q[i][j][0]/(L[i][j][0]*U[i]|j]);

A[i][j][i] = q[i]ll][l]/(L[i]l)][l]*U[i]ü]);
if(A[i][j][0]<0)

A[i]ü][0]=0;
' 1 f(A[i]U][l]<0)

Are\[i][j][0] = qret[i][j][0]/(Lret[i][j][0]*U[i][j]);
Aret[i][j][l]= qret[i]0][l]/(Lret[i]0][l]*U[i]Ü]);ifIAret[i][|][0]<0)

Aret[i][j][0]=0;
if(Aret[i][j][l ]<0)

Aret[i][j][l]=0;
Aret[3][2][0] = 909;

printf("\n\ท**»»*Existing Heat Exchanger Area*****๒\ท"); 
printf("๒๒ Kl K2\n\ท");
p=0;

for(i=0;i<h;i++)
for(j=0j<cj++){ printf("%s ”,matching[p]); 

printf("%0.01f %0.0lf\n,,,A[i][j][0],A[i][j][l]);
P++,)printf("\ท๒*****Retrofit Heat Exchanger Area*****w๒"); 

printf(”๒๒ K1 K2\ท๒");p=0;
for(i=0;i<h;i++)

for(j=0j<cj++){ printf("%ร ",matching[p]);
printfi("%0.0lf %0 0IPn\Aret(i][jl[0],Aret[i][|][l]);

P++;>printf("๒******************************************๒")■
sum=0;

for(i=0;i<h;i++)
for(j=0J<c-j++)for(k=0;k<2;k++)

if(Aret[i][j][k]>0)
sum=sum+fix+(investl*pow(Aret[i][j][k],expol));

printf)"๒—>Area cost of Grassroot=>%lf\n",sum); printf("\ท******************************************\ท")- 
I*--------- ----------------------------------------------------

for(j=Oj<cj++)

/* I Finding that heat exchanger is the same matching in retrofit */
for(i=0;i<20;i++)

for(j=0j<20j++)
for(k-0;k<2;k++)

hex[i][j][k]=0;
v=0;

for(i=0;i<h;i++)
for(j=0j<çj++)

if((A[i]Ll][k]—Aret[i]lj][k])&&(A[i][j][k]>0))
A[i]L)][k]=0;

Aret[i][j][k]=0;
q[ilUP]-0;qret[i]U][k]=0;

hex[i][|][k]=l;
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{s++;
printf(''\n\ท0/»d.บnmoved and fix-sized Heat Exchanger\ท',,ร); 
printf("=>There area %d heat exchanger are not movedVi ,v);
>for(i=0;i<h;i++)

for(j=0J<cJ++)for(k=0;k<2;k++)
if(hex[i][|][k]=l)

printf{"=>Unmoved heat exchanger at hot-cold stream is %d-%d at stage %d\ท",i+1 j+l,k+l); /*------ ------------------------------- ---------------------------------- -----------•/
/* 2.1.Check where fixed-size heat exchanger moved to? */

for(i=0;i<20;i++)
for(j=0j<20j++)

for(k-0;k<2;k++)

for(i=0;i<h;i++)
for(j=0J<cj++)

for(k-0;k<2;k++)
if(A[i]D][k]>0)

{ hex[i][HM=0; 
one[i][j][k}=0; 
two[i][j][k}=0; 
three[i][j][k]=0;

for(a=0;a<h;a++)
for(b=0;b<c;b++)

for(d=0;d<2;d++)

{ v=0;

three[i](j][k]=d;

ifIA[i]Li][k]=Aret[a][b][d]){ V++;
one[i][j][k]=a;

tw°['][jp]=b;

' hex[i]L)][k]=l;

for(i-0;i<h;i++)r(i=U;i<h;i++)
for(j=0j<cj++)

for(k-0;k<2;k++)
sum=sum+hex[i][j][k];

if(sum>0)
{ S+ +;printfC \ท\n%d.There are %d heat exchanger to move",ร,sum);}for(i=0;i<h;i++)

for(j=0j<cj++)
for(k=0;k<2;k++)

if(hex[i]U][k]=l)
{printf("\ท=>Existing fix-sized heat exchanger at %d-%d at stage 

%d moves to %d-%d at stage %d in retrofit\n",i+l j+l,k+l,one[i](j][k]+l,two[i][j][k]+l,three[i][j][k]+l); 
A[i][j][k]=0; _

Aret[one[i][)][k]](two[i][j][k]][three[i][j][k]]=0; 
q ret [one f I ]บิ] [k ๅ ] [two [i ] [7] [k]] [th ree [ i ] Lllfk ] ]=0 ;

/*-
/* 2.2.Check where fixed-size heat exchanger moved to?(version2) */

for(i=0;i<20;i++) 
for(j=0J<20J++) 

for(k=0;k<2 ;k++)
{ hex[i]|j][k]=0;

for(p=0;p<5;p++)
>7[i]U][k]=0; 

oone[i)[j][k][p]=0; 
ttwo|i|UI|k|[p] 0, 
tthreefi] jj][k][p]=0;
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sum=0;
for(i=0;i<h;i++)

for(j=Oj<cj++)
for(k=0;k<2;k++)

for(a=0;a<h;a++)
for(b=0;b<c;b++)
for(d=0;d<2;d++)

1!

if(A[i]UP]>0)
g=0;’

tthree[i][j][k][g]=d;
g++;

if(A[.]U][k]=Aret[al[b][d])
{ V++;oone[i][j][k][g]=a;
ttwo[i]|j][k][g]=b;

sum++;
1
hex[i][|][k]=l;

if(v> 1 )
yy[i][)P]=g;

if(sum>0)
{ S++;printf("\n\ท,’/od.More Existing heat exchanger is moved\ท",ร);1for(i=0;i<h;i++) 

for(j=OJ<cj++) 
for(k=0;k<2 ;k++)

if(hex[i][j][k]=l)
{ a=oone[i](j][k][0];

b=ttwo[i][j][k)[0],
d=tthree[i]|j][k][0];

vvhile(p<yy[i][j][k])
if(abs((int)(q[i][j][k]-

qret[a][b][d]))>abs((int)(q[i][j][k]-qret[oone[i][j][k][p])[ttwo[i][i][k][p]][tthree[ii[j][k][p]])))!a=oone[i][j][k][p];
b=ttwo[i][j][k][p];

d=tthree[i][j][k][p];
)

printf("=>Heat Exchanger at %d-%d at stage %d's moved to %d-%d at stage %d in retro- 
fit\ท",i+1 j+1 ,k+1 ,a+1 ,b+1 ,d+1);
A[i]ü][k]=0;q[i]UP]=0;Aret[a][b][d]=0;
qret[aj[b][d]=0;

Z - — ________________ -Î____________________ ,
/* 3.Check where unfixed-size heat exchanger moved to? */
Sum=0;
g=0; p=0;for(i=0;i<h;i++) 

for(j=0J<cj++) 
for(k=0 ;k<2 ;k++)

if(A[!]U][k]>0)
1 zg++;

if(g>0) {
S++;

printf("\ท\n%d.The unfixed size of heat exchanger\n\ท",ร);
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}
for(i=0;i<20;i++)

for(j=0J<20j++)
for(k=0;k<2;k++)

{ พ [i][j][k]=0;
one[i]U][k]=0;

two[.][j][k]=0;
three [ i ] u ] [k]=0;Îfor(i=0;i<h;i++)

for(j=0j<cj++)
for(k=0;k<2;k++)

{ sum= 1000000;
if(A[i]Li][k]>0)

for(a=0;a<h;a++)
for(b=0;b<c;b++)
for(d=0;d<2;d++)
< if(Aret[a][b][d]>0)

if(abs(A[i][j][k]-Aret[a][b][d])<sum)
sum=abs(A[i][j][k]-Aret[a][b][d]);
one[i][j][k]=a;
two[i]|j][k]=b;
three[i][j][k]=d,
พ [i][|][k]=sum;
}!Î}

for(g=0;g<p;g++)

}sum= 1000000;
for(i=0;i<h;i++)
for(j=0J<cj++)
for(k=0;k<2;k++)

if(A[i]U][k)>0)
if(vv[i][j][k]<sum)! sum=vv[i][j][k];

a=i;
b=j;d=k;

if((a=one[a][b][d])&&(b=two[a][b][d])&&(d=three[a][b][d]))
< printf("=>Heat Exchanger is the same matching at %d-%d stage %d\n\ท",a+l,b+l,d+l); 
if(A[a][b][d]>Aret[one[a][b][d]][two[a][b][d]][three[a][b][d]]) 

printfc- Remove %0 Olf m2\n\n",A[a][b][d]-Aret[one[a][b][d]][two[a][b][d]][three[a][b][d]]);
if(Aret[one[a][b][d]][two[a][b][d]][three[a][b][d]]>A[a][b][d]) 

printf("+ Add %0.01f m2\n\ท",Aret[one[a][b][d]][tvvo[a][b][d]][three[a][b][d]]-A[a][b][d]);!else {
printf(”—>Heat Excganger moved from %d-%d stage %d to %d-%d stage %d in retro- 

fit\n",a+l,b+l,d+l,one[a][b][d]+l,two[a][b][d]+l,three[a][b][d]+l); 
if(A[a][b][d]>Aret[one[a][b][d]][two[a][b][d)][three[a][b][d]])
printfc- Remove %0.0lf m2\n\ท,',A[a][b][d]-Aret[one[a][b][d]][two[a][b][d]][three[a][b][d]]);

if(Aret[one[a][b][d]][two[a][b][d]][three[a][b][d]]>A[a][b][d]) 
printf("+ Add %0.0lf m2\n\ท”,Aret[one(a][b][d]][two[a][b][d]][three[a][b][d]]-A[a][b][d]); 

}summ=summ+(invest2*po\v(abs(Aret[one[a][b][d]][two[a][b][d]][three[a][b][d]]- 
A[a][b][d])_expo2));

A[a][b][d]=0;
q[a][b][d]=0;
Aret[one[a][b][d]][two[a][b][d]][three[a][b][d]]=0;

qret[one[a][b][d]][two[a][b][d]][three[a][b][d]]-0,!
I*
I* 4.Finding that new exchanger *1

■ */
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sum=0;
for(j=0j<cj++)

if((Aret[i]Lt][k]>0)&&(A[i]lj][k]=0))
sum++;

if(sum>0)
{

S++;
printf("\n%d.Have a new ExchangerW,ร);}for(i=0;i<h;i++)

for(j=0j<cj++)
if((Aret[i]|j][k]>0)&&(Ap][j][k]=O))

printf("==>Ne\v Exchanger at %d-%d at stage %d\ท",i+1 j+l.k+1); 
summ=summ+fix+investl *pow(Aret[i][j][k],expol);

for(i=0;i<h;i++)

Aret[i]ü][k]=0; .
qret[i][j][k]=0;Î .printf( "\Y\* *********** ************* ***************** \p " y

printf("\n=>Area cost of Retrofit=>%lfW',summ);
printf("\ท******************************************\ท");

getchO;/*-— -------------------------------------------- --------------------*
Source code of Microsoft c++ in relocation concept 2
#๒ฝนde<stdio.h>
#include<conio.h>
#include<math.h>
void main()
{ int ij,k,n,p,v,s=0,a,b,d,g; 

int h; /* number of hot stream*/
int c; /* number of cold stream*/ 
double z=0.3333; 

char name[50];
char matching[40][ 10]; 
float บ[20][20]; 
double dt[20][20][3]; 
double dtret[20][20] [3]; 
double q[20][20][2]; 
double qret[20] [20][2]; 
double sum,summ; 
double พ [20][20][2]; 
double A[20][20][2]; 
double Aret[20][20][2]; 
double L[20][20][2]; 
double Lret[20][20][2];
int one[20][20][2],two[20][20][2],three[20][20][2];
i nt oone [20] [20] [2 ] [ 5 ] ,ttwo[20] [20] [2] [ 5 J,tthree[20] [20] [2] [5] ;
int hex[20][20][2],yy[20][20][2];
int fix,investi,investi;
float expol,expo2;
fptr = fopen("BASECASE.txt",''r"); 
ififptr =-NULL){ printf("This basecase file can not be opendAn”);)else

printf("This basecase file is opend An'');/*----------------------- ---- ---------------------- ----------*1
printf("\n\ท*****Base Case*****\n\ท"); 

fscanf(fptr,"%ร",name);
printfi"%s",name); 
fscanf(fptr,"%d",&h); 
printf(" %d\ท",h);

/*] .Read number of hot streams*/
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fscanf(fptr,"% ร", name); 
printf( "%s",narne);
fscanf(fptr,' %d",&c); /*2.Read number of cold streams*/
printf(" %d\ท\n\ท”,c);/*------------------~--------------- --------------------------- ♦ /

fscanf(fptr,"%ร",name);
printf("%s",name); 
fscanf(fptr,"%ร",name); 
printf(”\n%s",name); 
fscanf(fptr,"%d",&fix); 
printf(" %d\ท",fix); 
fscanf(fptr,"%s",name); 
printf( "%s",name); 
fscanf(fptr,"%d",&invest 1 ); 
printff' %d\ท",investi); 
fscanf(fptr,"%s",name); 
printf( ”%s",name); 
fscanf(fptr,"%f',&expol ); 

printfX" %0.2f\n",expol);/*-—........... ..................................................................*/
fscanf(fptr,"%s",namc); 
pnntf("%s'',name); 
fscanf(fptr,"%ร",name); 
printf( ”\n%s",name); 
fscanf(fptr,"%d",&invest2); 
printf(" %d\ท",invest2); 
fscanf(fptr,"%s",name); 
printf('ÿos",name); 
fscanf(fptr, "%f',&expo2); 

printf(” %0.2f\ท”,expoi);
fscanf)fptr,"%ร",name); 1*3. Read Ui*/

printf("\n\ท\n%ร",name); 
for(i-0;i<h;i++)for(j=0J<cj-H-)
{ fscanf(fptr,"%ร",name); 

printf("\n\n%s\ท". name); 
fscanf(fptr,"%f',&U[i][j]);

prtntfr % 3 f,น[เ]บ]);
...................... .....ะ : - : - : : . . : : ______ ____ ,

fscanf(fptr,"%s",name), 
printf("\n\ท%ร\ท",name); 

fscanf(fptr,"%ร",name);
printf)"\ท %ร",name);

fscanf(fptr,”%ร",name);
printf(" %ร",name); 
fscanf(fptr,"%s",name); 
printf)' %s\ท",name),/*---------------------------- -------- ...---------------------- ♦ /

ท=h*c;
p=0;

for(i=0;i<h;i++)
for(j=0j<cj++) {fscanf(fptr,"%s”,matching[p]); 

printf("\n%s",matching[p]); 
for( k-0 ;k<3 ;k++)
fscanf(fptr,"%lf'.&dt[i]U][k]); 
prirnff %.3ir.dt|i](j][kj);
น

fscanf(fptr,"%s",name);
printf("\ท\n\ท%s\ท".name); 

fscanf(fptr,"%s",name);
printf(" %s",name); 
fscanf(fptr,"%s".name); 
printf(" %s\n".name);
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for(j=Oj<cj++) !fscanf(fptr,"%ร",ทame); 
printf("\n%ร",name); 
for(k-0;k<2 ;k++)
fscanf(fptr,"%lf'.&q[i][i][k]); 
printfC %.3ir,q[i]ü][kj);}

fclose(fptr);
fptr = fopenCRETROFIT.txt","r"); 
ifffptr —NULL)< printf("\n\n\nThis retrofit file can not be opend.\ท");}else

printf("\n\n\nThis retrofit file is opendAn");
printf("\n\ท** * * ‘Retrofit Case** * * *\ท)ท"); 

fscanf( fptr,"%s",name); 
printf("\n\n%ร)ท",name);

fscanf(fptr,"%s",name);
printf(")n %s",name); 

fscanf(fptr,"%s",name);
printf(" %ร",name); 
fscanf( fptr,"%s",name); 
printin' %s)n",name); 
for(i-0;i<h;i++)

for(j=0j<cj++)
{fscanf( fptr,"%s",name); 
printf("\n%ร",name); 
for(k=0;k<3;k++)
fscanf(fptr,”%lf',&dtret[i][j][k]); 
printfC %.3lf',dtret[i][j][k]);}Ifscanf( fptr,"%ร",name);

printf(")n)n)n%ร)ท",name); 
fscanf(fptr,"%s”,name);

printfC %ร",name);
fscanff fptr,”%s",name); 
printfC %ร)ท".name);
for(i=0;i<h;i++)

for(j=0j<cj++) {fscanf(fptr,"%s",name);
printf(')n%s",name);
for(k=0;k<2;k++)
fscanf(fptr,"%lf',&qret[i][j][k]); 
printin' %.31f',qret[i][j][k]);!

fclose(fptr);/*--—-— ------------------------------------------------*/
for(i=0;i<h;i++)
for(j=0j<cj++)

L[i][j][0] = pow(((dt[i][j][0]+dt[i][j][l])*(dt[i][j][0]*dt[i][j][l])*0.5),z);
L[i][j][l] -  pow(((dt[i]|J][l]+dt[i][j][2])*(dt[i][j][l]*dt[i][j][2])*0 5),z);

l,ret|i|[|||0) = pow(((dtret[i](j][0]+dtret[i][j][l])*(dtret(i][j][0]*dtret[i][j][l])*0.5),z); Lret[i)[j][l] = pow(((dtret[ij[j][l]+dtret[i]ij)[2])*(dtret[i][j][l]*dtret[i]jj][2])*0.5),z);)printf(")n)n");
for(i=0;i<h;i++)

for(i=0;i<h:i++)
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A[i]ül[0] = q[i]Ü][0]/(L[.]บ][0]*บ[1]บ]),
AliJLiim -  q[i][|][l]/(L[i][j][l]*U[i]U]);if(A[i][j][0]<0)

A[i]ü][0]=0;
if(A[i][j][l]<0)

A[i]Li][>]=0;AretfilLillO] = qret[i][j][0]/(Lret[i]บ][อ]*บ[ï]บ]);
Aret[i][|][l] = qret[i]บิ][ 1 ]/(Lret[ï]บิ][ 1 ]*U[i]U]); 
if(Aret[i][j][0]<0)

Aret[i][i][0]=0;
if(Aret[i][j][l]<0)

Aret[i](j][I]=0;
Aret[3][2][0] = 909;

printf("\n\ท*****Existing Heat Exchanger Area*****\n\n"); 
printf("\n\ท Kl K2\n\ท"); - .
p=0;

for(i=0;i<h;i++)
for(j=0'j<cj++)î printf(”%s ",matching[p]);

printf("%0.01f %0.01f\n",A[i][j][0],A[i]|j][l]); '
P++;

}printf("\n\ท*****Retrofit Heat Exchanger Area*****\n\n"); 
printf("\n\n K1 K2\n\ท");
p=0;for(i=0;i<h;i++)

for(j=0j<cj++){ printf)"%s "1matching[p]);
printf("%0.01f %0.01f\n",Aret[i][j][0],Aret[i][j][l]);

P++; “  '}printf("\ท******************************************\ท");
sum=0; 

for(i=0;i<h;i++) 
fortj 0;j<c,j • • )for(k=0;k<2;k++)

if]Aret[i]p][k]>0)
sum=sum+fix+(invest 1 *pow( Aret[ i] [j][k],expo 1 ));

printf) "\ท—>Area cost of Grassroot==!>%lf\n",sum); 
printf("\ท******************************************\ท,,);/*--------- ——- ------------------------------------------------—-*/

for(j=0j<cj++)

/* 1 Finding that heat exchanger is the same matching in retrofit
for(i=0;i<20;i-H-)

for(j=0J<20J++)
for(k-0;k<2;k++)

hex[i][j][k]=0;
v=0;

for(i=0;i<h;i++)
for(j=0j<èj++)

°f((A[i'][j][k]—Aret[i][j][k])&&(A[i][j][k]>0))
* Aบ]บ][k]=0;

Aret[i][j][k]=0; 
q[i]ช][k]-0; 
qret[i]บ][k]=0; 

hex[i][)][k]=l;
if(v>0)

{s++;
printf("\n\n%d.Unmoved and fix-sized Heat Exchanger\ท",ร); 
printf(”=>There area %d heat exchanger are not moved\n",v); 
}for(i=0;i<h;i++)

for(j=0j<cj++)
for(k=0;k<2;k++)

*1



134

if(hex[i]Lj][k]=l)
printf("=>Unmoved heal exchanger at hot-cold stream is %d-%d at stage %d\n",i+l,j+!,k+l);/*......... ........................... ...................................................---*/

เ* 2.1 Check where fixed-size heat exchanger moved to? *1
for(i=0;i<20;i++)

for(j=0j<20j++)
for(k=0;k<2;k++)

{ hex[i][j][k]=0; 
one[i]U][k]=0; 
two[i]U][k]=0; 
three! i][j][k]=0;!for(i=0;i<h;i++)

for(j=0J<cj++)
for(k-0;k<2;k++)

if(A[i][j][k]>0)

one(i][j][k]=a;
two[i][j][k]=b;

three[i][j][k]=d; }

} lfhex[i]Lj][k]=l;

ร ะ Ï ,  <h;i++)
for(j=0J<cj++)

for(k-0;k<2;k++) sum=sum+hex[i][j][k];
if(sum>0)< ร4+;printf(''\n\n%d.There are %d heat exchanger to move",ร,sum);
Îfor(i=0;i<h;i++) 

for(j-0j<cj++) 
for(k=0 ;k<2 ;k++) 

if(hex[i][j][k]— 1) {printf(''\ท=>Existing fix-sized heat exchanger at %d-%d at stage 
%d moves to %d-%d at stage %d in retrofit\ท",i+1 j+l,k+l,one[i][j][k]+l,two[i]Lj][k]+l,three[i](j][k]+l);

A[i]ช][k]=0; ( _
Aret[one[i]|j][k]][two[i]ü][k]][three[i](j][k]]=0; 
qret [one [ t] ชั] [k]] [two[ไ] ชิ] [ k]î [three [ i] ชิ] [k]]—0 ;

_______ _________ ___________________  . . .
I* 2.2.Check where fixed-size heat exchanger moved to?(version2) */

for(i=0;i<20;i++)
for(j=0j<20j++)for(k=0;k<2;k++)

< hex[i]|j][k]=0;
for(p=0;p<5;p++)

>•>[■ ]ข][k}=0; 
oone[i][j][k][p]=0; 
nwo|i|Li|[k||p]-0; 
tthree [ i] ช] [k] [p]=0 ;}Îsum=0;

for(i=0;i<h;i++)
for(j=0j<cj++)
for(k=0;k<2;k++)

if(A[n[j][k]>0)
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« 1;1™ , = - , * P 1,
oone[i][j][k][g]=a;
ttwo[i]ü][k][g]=b;

tthree[ï][j][k][g]=d;
g++; sum++;

hex[i][|][k]=l; 'nv ])
yy[i]|j][k]=g;

if(sum>0)
( S++;

printf("\n\n%d More Existing heat exchanger is moved\ท",ร);
for(i=0;i<h;i++)
for(j=0j<cj++)
for(k=0;k<2;k++)

if(hex[i][j][k]=l)
{ a=oone[i][j][k][0];

b=ttwo[i]jj][k][0];
d=tthree[i][j][k][0];

whiie(p<yy[i][j][k]) {
if)abs((int)(q[i][j][k]-

qret[a][b][d]))>abs((int)(q[i][j][k]-qret[oone[i][j][k][p]][ttwo[i][j][k][p]][tthree[i)|j][k][p]]))){a=oone[i][j][k][p];
b=tt\vo[i](j][k][p];

d=tthree[i](j][k][p]; Î
printf("=>Heat Exchanger at %d-%d at stage %d's moved to %d-%d at stage %d in retro- 

fit\ท",i + 1 j + 1 ,k + 1 ,a+1 ,b+1 ,d+1 );
A[i]บ][k]=0;
q[i]ÜB]=0;
Aret[a][b][d]=0;
qret[a][b][d]-0;
. ..............................._ ! _ ..................................- ,

I* 3 Check additional or removal fixed heat exchanger? *1
sum=0;

for(i=0;i<h;i++)
for(j=0J<cj++)

if((A[i]Ll][k]>0)&&(Aret[i][j][k]>0))
sum-t-t-;

if(sum>0){ S++;printf("\n%d.Additional or Removal fixed Heat Exchanger Area\ท",ร);>summ=0;
for(i=0;i<h;i++)

for(j=0j<cj++)
if((A[i][j][k]>0)&&(Aret[i][j][k]>0))I summ=summ+(invest2*po\v(abs(A[i][j][k]-Aret[i]|j][k]),expo2));

if(A[i]U][k]>Aret[i]Ll][k])
printf("\ท=>Remove Heat exchanger Area at %d-%d stage 

%d=>%0.0lf\n",i+l j+ 1 ,k+l ,(A[i][j)[k]-Aret[i][j][k]));
if(AIi]Ü][k]<Aret[i]ü][k])
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printf("\ท=>Add Heat exchanger Area at %d-%d stage
%d=>%O.OIf\ท",i+1 j+l,k+l,(Aret[i][j][k]-A[i][j][k]));

À[i]Ü][k]-0;
q[i]üp]=0;Aret[i][j][k]=0;
qret[i][j][k]—0; )

/* 4.Check where unfixed-size heat exchanger moved to? */
g=0;p=0;for(i=0;i<h;i++)for(j=0j<c;j++)

for(k=0;k<2;k++)
if(A[i]U][k]>0)

. -g++;
if(g>0)

<
S+ +;

printf("\n\n°/od.The unfixed size of heat exchanger\n\ท",ร);
}for(g=0;g<p;g++)
for(i=0;i<20;i-H-)

for(j=0j<20J++)
for(k=0;k<2;k++)

{ w[i][j][k]=0;
one[i][j][k]=0;

two[i][j][k]=0;
three[i][j][k]=0;}

for(i=0;i<h;i++)
for(j=0j<cj++)
for(k=0;k<2:k++)

{ รนทา=1000000;
iPMi]üP]>0){ for(a=0;a<h;a++)

for(b=0;b<c;b++)
for(d=0;d<2;d++)
{ if(Aret[a][b][d]>0)

if(abs(A[i][j][k]-Aret[a][b][d])<sum)
sum=abs(A[iJ[j][k]-Aret[a][b][d]);
one[i][j][k]-a;
two[i]Diik]-b;
three[i][j][k]=d;vv['][jp]=sum:)}}}}sum= 1000000; 

for(i=0;i<h;i++) 
for(j=0j<cj++) 
for(k=0;k<2;k++)

'f(A [i]üP]>0)
if(vv[i][j][k]<sum){ sum=vv[i][i][k);

a=i; b=j;d=k;
if((a=one[a][b][d])&&(b=two[a][b][d])&&(d=three[a][b][d]))
I

printf("=>Heat Exchanger is the same matching at %d-%d stage %d\n\n".a+l.b+l.d+l); 
if(A[a][b][d]>Aret[one[a][b][d]][two[a][b][d]][three[a][b](d]])
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printfC- Remove %0.01f 1ท2๒๒",A[a][b][d]-Aret[one[a][b][d]][two[a][b][d]][three[a][b][d]]): 
if(Aret[one[a][b][d]][two[a][b][d]][three[a][b][d]]>A[a][b][d]) 

printf("+ Add %0.0lf m2\n\ท", Aret[one[a][b][d]][two[a][b][d]][three[a][b][d]]-A[aJ[b][d]):
} else {

printf("=>Heat Excganger moved from %d-%d stage %d to %d-%d stage %d in retro- 
fiftn",a+l ,b+l ,d+l ,one[a][b][d]+1 ,two[a][b][d]+11three[a][b][d]+l); 

if(A|a][b][d]>Aret[one[a][b][d]][t\vo[a][b][d]][three[a][b][d]])
printfC'- Remove %0.01fm2\n๒',A[a][b][d)-Aret[one[a][b][d]][two[a][b][d]][three[a][b][d]]);

if(Aret[one[a][b][d]][nvo[a][b][d]][three[a][b][d]]>A[a][b][d]) 
printf("+ Add %0.0lf m2\n๒",Aret[one[a][b][d]][two[a][b][d]][three[a][b][d]]-A[a][b][d]);}summ=summ+(invest2*pow(abs(Aret[one[a][b][d]][two(a][b][d]][three[a][b](d]]-A[a][b][d]),expo2));

A[a][b][d]=0;
q[a][b)[d]=0;
Aret[one[a][b][d]][tvvo[a][b][d]][three[a][b][d]]=0;

qret[one[a][b][d]][fwo[a][b][d]][three[a][b][d]]-0,)/*-------------------- ------------------------------------------------ —*/
/* 5.Finding that new exchanger *7

sum=0;
for(i=0;i<h;i++)

for(j=0j<cj++)
if((Aret[i](j][k]>0)&&(A[i][j][k]=0))

sum++,
if(sum>0)

{
S++;

printf("๒%d.Ilave a new ExchangerW,ร);1for(i=0;i<h;i++)
for(j=0j<cj++)

iT((Aret[i][j][k]>0)&&(A[i][j][k]=0)){ printf("=>New Exchanger at %d-%d at stage %d๒''.i+1 j+l,k+l);
summ=summ+fix+invest 1 *pow(Aret[i][j][k],expo 1 ); 

Aret[i]U][k]=0;
qret[i]U][k]=0;

Îprintf( "\n ***************************************** *\ท  "); 
printf("\n=>Area cost of Retrofit==>%lf\n",summ);printf( "\ท******************************************\ท,'); 

getch();



E x a m p l e  1
l i f e  t i m e y e a r

B a s e c a s e  
h o t  น. 
c o l d  น.

U t i l i t y _________ C o s t  o f  น
1 1 , 2 7 5 . 0 0 1 2 0

9 , 2 6 7 . 0 0 2 0

c o s t
บ 5 3 , 0 0 0 . 0 0

1 8 5 , 3 4 0 . 0 0

I n v e s t m e n t _______________ _____P r o f i t ( $ ) = s a v i n g - i n v e s t m e n t

Q h Qc
O h  s a v i n g *  l i f e  

t i m e Q c  s a v i n g * l i f e  t i m e l . m i n m o v e  c o s t 2 .  m i x  a n d  m a t c h  c o s t m i n m o v e m i x  a n d  m a t c h
6 8 8 4 . 9 2 4 8 7 7 . 3 2 1 , 5 8 0 , 4 2 8 . 8 0 2 6 3 , 3 8 0 . 8 0 8 2 5 , 1 7 2 . 7 2 9 4 1 , 1 9 4 . 2 2 1 , 0 1 8 , 6 3 6 . 8 8 9 0 2 , 6 1 5 . 3 8

7 5 0 0 5 4 9 2 . 4 1 , 3 5 9 , 0 0 0 . 0 0 2 2 6 , 4 7 6 . 0 0 6 6 0 , 1 8 6 . 8 4 7 2 0 , 3 3 7 . 2 9 9 2 5 , 2 8 9 . 1 6 8 6 5 , 1 3 8 .  7 1
7 8 0 0 5 7 9 2 . 4 1 , 2 5 1 , 0 0 0 . 0 0 2 0 8 , 4 7 6 . 0 0 6 4 1 , 1 8 2 .  7 1 7 2 2 , 8 3 5 . 9 5 8 1 8 , 2 9 3 . 2 9 7 3 6 , 6 4 0 . 0 5
8 3 0 0 6 2 9 2 . 4 1 , 0 7 1 , 0 0 0 . 0 0 1 7 8 , 4 7 6 . 0 0 5 3 1 , 1 9 5 . 2 5 5 6 8 , 9 5 5 . 6 5 7 1 8 , 2 8 0 . 7 5 6 8 0 , 5 2 0 . 3 5
8 8 0 0 6 7 9 2 . 4 8 9 1 , 0 0 0 . 0 0 1 4 8 , 4 7 6 . 0 0 5 1 8 , 5 2 9 . 0 0 5 8 0 , 6 6 7 . 8 3 5 2 0 , 9 4 7 . 0 0 4 5 8 , 8 0 8 . 1 7
9 9 0 0 7 8 9 2 . 4 4 9 5 , 0 0 0 . 0 0 8 2 , 4 7 6 . 0 0 1 8 3 , 4 8 1 . 6 6 1 8 9 , 7 3 1 . 7 0 3 9 3 , 9 9 4 . 3 4 3 8  7 , 7 4 4 . 3 0

1 0 0 0 0 7 9 9 2 . 4 4 5 9 , 0 0 0 . 0 0 7 6 , 4 7 6 . 0 0 2 1 1 , 3 9 1 . 1 7 2 5 5 , 7 0 0 . 9 0 3 2 4 , 0 8 4 . 8 3 2 7 9 , 7 7 5 . 1 0
1 1 2 7 5 9 2 6 7 - - - - - -

Relocation in Concept 1 : Profit at 6,884.92 in hot utility = 1,580,428.80 + 263,380.80 -  825,172.72 = 1,018,636.88 

Relocation in Concept 2: Profit at 6,884.92 in hot utility = 1,580,428.80 + 263,380.80 -  941,192.22 = 902,615.38
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