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1 Stage model of Retrofrt H.EN. of Example 1with EMAT =7.7 °c
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AApproK3(U) the other approach temp at stage k3

EMATAtI(L,j,K) EMAT constraint

CONSTRAINT! constraint no. 1
CONSTRAINT2 constraint no.2
CONSTRAINTS constraint no.3
CONSTRAINT4 constraint no 4

HOTNOSPLITTING1K1
HOTNOSPLITTING2K1
HOTNOSPLITTING 1K2
HOTNOSPLITTING2K2

constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting

93

HOTNOSPLITTING1K3 constraint of no splitting
HOTNOSPLITTING2K3 constraint of no splitting
COLDNOSPLITTING1K1 constraint of no shlitting
COLDNOSPLITTING2K1 constraint of no splitting
COLDNOSPLITTING3KI constraint of no splitting
COLDNOSPLITTING1K2 constraint of no splitting
COLDNOSPLITTING2K2 constraint of no splitting
COLDNOSPLITTING3K2 constraint of no splitting
COLDNOSPLITTrNGIK3 constraint of no splitting
COLDNOSPLITTING2K3 constraint of no splitting
COLDNOSPLITTING3K3 constraint of no splitting
APPROACHTEMPKI(I,J) actual approac temperature at k|
APPROACHTEMPK2(1,J) actual approac temperature at k2
APPROACHTEMPK3(l,J) actual approac temperature at k3
APPROACHTEMPKA4(1,J) actual approac temperature at k4;

MING ZZ =E= 10*SUM(l,qcu(l))+ 10*SUM(J.ghu(J))

+10*SUM((1,J,K),z(1,IX))
+10*SUM(i,zcu(l))+ 10*SUM(J,zhu(J));

HOTI(I) .. (THWNK)-TOW TUW()Y) Trmly= E= SWMIWJ,i),odi.J.K)Facu(l);

COLDJ(@J) ..(TOUTJI(J)-TINI(I)*FI(I)=E= SUM((LK),q(l,J,K))+qhu(J);

HOTKI(I) .. (ti(l,,Kr)-ti(1,'K2"))*FI(I)=E= SUM(J,q(U'KT));

HOTK2(l) .. (ti(l, K2")-ti(l,'K3"))*FI(l)=E= SUM(J,q(U,'K2"));

HOTK3(I) . (ti(L'K3")-ti(l.'K4")*FI(I)=E= SUM(J,q(h,J,‘.KS'%;

EBLBKI(M (5 HE ), KE N IE= S UM(Lq( , KI):

COLDK.2(J)  (tj(J,'"K2")-tj(J, K3"))*FI(JI)=E= SUM(l,q(l,d,'K2"));

COLDK3U) . (tj(J,K3")-tj(J,'K4"))*FI(J)=E= SL)M(l,q(l,d,'K3"));

TINHOT(l) TIN11)-E - ti(L'KI');

TINCOLD(J).. TINJ(J) =E= tj(J,'K4);

FEHOTKI(I).. ti(l,'K1 ) =G=ti(i,'K2);

FEHOTK2(]).. ti(1,'K2") =G= ti(1,'’K3");

FEHOTK3().. ti(], K3") =G=ti(1,'’K4");

FECOLDKI(J).. tj(3,'KI") =G= tj(J,'K2")

FECOLDK2(J).. tj(J,'K2") =G= tj(J,’K3’)

FECOLDK3(J).. tj(J,'K3") =G= tj(J,’K4'):

FEHOTOUT(l).. TOUTI(I) =L= ti(l 'K4");

FECOLDOUT(J).. TOUTJ(J) =G=tj(J,'K 1);

HOTU(I) .. (ti(l, K4)-TOUTI())*FI(l) =E= qgcu(l);

COLDU(J).. (TOUTJII)-tj(j,'’K 1))*FI(J) =E- ghu(J);

LogicKI( ).. q(1,3,’)K1)-OMEGA*z(l,J, K1) =L= 0;

LogicK2(1,3).. q(1,3,'’K2)-OMEGA*z(1,J,'’K2") =L= 0;

LogicK3(1,J).. q(1,J,'’K3)-OMEGA*z(1J, K3") =L= 0;

LogicHOT(j).. ghu(J)-OMEGA*zhu(J) =L= 0;

LogicCOLD(l).. gcu(l)-OMEGA*zcu(l) =L= 0;

ApproKI( ).dt(u'kr) =L= (ti(l,'"KI)-tj(J.'"KI"))+TAL*( 1-z(1.J/K 1));

AApproKI( ).. dt(l,J/K2’) =L= (ti(I.,K2,)-tj(3.'"K2")t TAL*( 1-/(13.'"K I *)p);

ApproK2(l1,J) .. dt(l.j;K2") =L= (ti(i;K2")-tj(J,'"K2"))+ TAL*(I-z(1 3.'K2"));

AApproK2(1,J).. dt(l,j;K3") =L= (ti(l.,K3")-tj(j;K3"))+TAL*(l-z(1J,'R2"));

ApproK3(l,J).. dt(]J,'K3") =L= (ti(i;K3")-tj(J,,K3))+TAL*(l-z(l I*K3");

AApproK3(l1,J).. dt(1,J,'K4") =L= (ti(l.'K4")-tj(J.'"K4"))+TAL*( 1-z(LJ,'K3"));

EMATdtI( ,K).. dt(l,J,K) =G= EMAT,;

constraint! . sum(K,z(T2,J1K))=G=1,;

CONSTRAINT2 .. sum(K,z(,II','JI",K))=G=l,

CONSTRAINTS .. sum(K,z('12',J2',K))=G=I;

CONSTRAINT4 .. sum(K,z('II''33",K))=G=I;

HOTNOSPLITTING 1K1 .. sum(J,z('ll ,KI)) =l.= 1,

HOTNOSPL1ITTING2K1 .. sum(J,z('12",J,')KI)) =L= 1,

HOTNOSPLITTING 1K2 .. sum(J,z(' T,J,K2")) =L= 1,

HOTNOSPLITTING2K2 .. sum(J,z(T2',J,')K2")) =L= 1

HOTNOSPLITTING 1K3 .. sum(Tz('1'1,'’K3")) =L= 1;

HOTNOSPLITTING2K3 .. sum(J,z('12',J,')K3")) =L= 1;

COLDNOSPLITTING 1KL. sum(Lz(L'JIVKI))=L=1



COLDNOSPLITTING2K1.. sum(l,z(],'J2'')KI')) =L=
COLDNOSPLITTING3KL. sum(l,z(1,"33"'KI')) =L=
COLDNOSPLITTING 1K2.. sum(l,z(1,dr,K2") =L=
COLDNOSPLITTING2K2.. sum(l,z(1,'J2','K2")) =L=
COLDNOSPLITTING3K2.. sum(l,z(L'J3,'K2")) =L=
COLDNOSPLITTING 1K3.. sum(l,z(UI''K3")) =L=
COLDNOSPLITTING2K3.. sum(l,z(1,'327K3")) =L=
COLDNOSPLITTING3K3.. sum(l,z(1,;737K3")) =L= 1
APPROACHTEMPKI(I,J).. dtt(1,J,'KI") =E= ti(L'KI")-tj(J,'KI")
APPROACHTEMPK2(U).. dtt(l,3,'’K2") =E= ti(L'K2")-tj(j"K2")
APPROACHTEMPK3(l,J).. dtt(1,J,’K3") =E= H(l,’K3")-tj(J,K3")
APPROACHTEMPK4(U)dtt(l,J,'"K4>=E=ti(l,'K4")-tj(J,'’K4")
MODEL TSHIP/ALL/,

SOLVE TSHIP USING MIP MINIMIZING ZZ;

DISPLAY z.L.zcu.L.zhu.L.ZZ Lg.L,qcu.L,ghu.L,ti.L,tj.L;

Result of stage model of Retrofit H.E.N. of Example 1with EMAT
°C

e

GAMS Rev 136 MS Windows 04/05/10 13:58:32 Page 6
General Algebraic Modeling System

Execution

- 190 VARIABLE Z.L exchanger matching between hot | and cold J at stage k

K1 K3
1191 1,

11.32 1.000
1 1.080

12 1.000

12.92 1.000

1233 1.000

- 190 VARIABLE zcu.L cold utility matching with hot |

Il 1,000, 12 1.000

- 190 VARIABLE zhu.L hot utility matching with cold J

J1 1000, J2 1.000, J3 1000

- 190 VARIABLE ZZ.L = 117732.395 total energy
- 190 VARIABLE g.L heat exchanged between hot | and cold J

1, Kl
11.32 3569.507
11. J3 1432.507
12J1 7316.274
12.J2 1159.994
1233 3980.093
- 190 VARIABLE gcu.L heat exchanged between cold utility and hot |
112213 681, 122663.639
- 190 VARIABLE ghu.L heat exchanged between hot utility and cold J
J] 2744.421, J22423.099, J3 1717.400
- 190 VARIABLE ti.L temp ofhot stream i at hot end of stage k
Kl K2 K3 K4
1 165.000 155321 134.076  109.957
12 240.000 155321  141.895 95.829
- 190 VARIABLE tj.L temp of cold streamj
Kl K2 K3 K4
J1  200.256  147.621  125.000 125.000
12 147621 147621 126.376  61.000
J3  157.300 134195 134.195  70.000
EXECUTION TIME = 0.000 SECONDS 15Mb  WIN212-136
USER: The Petroleum and Petrochemical College 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 TINI(I) /11 = 500,12 = 450,13 = 400/
TINJ(J) /J1 = 300,J2 = 340,J3 = 340/
TOUTI(I)/Il = 350,12 = 350,13 = 320/
TOUTJ(J)/JI = 480,32 = 420,33 = 400/

FI(l) /11 = 10,12= 12,13=8/
FJJ) N1=9 J2=10,03=18/
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OMEGA /1000000/
TAL /1000000/
EMAT /10/;
VARIABLES
dt(LJ,K) Approach temperature
dtcu(l) 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 | and cold J
qgecu(l) heat exchanged between cold utility and hot |
ghu(J) heat exchanged between hot utility and cold J
ti(1,K) temp of hot stream i at hot end of stage k
tj(J,K) temp ofcold streamj at hot end of stage k
z(LJ,K) exchanger matching between hot | and cold J at stage k
zcu(l)  cold utility matching with hot |
zhu(J)  hot utility matching with cold J
zz total energy
dtt(1,J,K) actual temperature;
POSITIVE VARIABLE dt(1,J,K),dtcu(l),dthu(J),q(LLK),qcu(l),ghu(J),ti(1,K);tj(3,K);
BrNARY VARIABLES zcu(l),zhu(J),z(LJ,K); '

LogicHOT(J)
LogicCOLD(l)
ApproKI(LJ)
AApproK 1( )
ApproK2(1,J)
AApproK2(l,J)
ApproK3(l,J)
AApproK3(l,J)
EMATdtI(1,J,K)
CONSTRAINT!
CONSTRAINT2
CONSTRAINT3
CONSTRAINT4

EQUATIONS . . .
MINU objective function minimize utilities
HOTI(I) heat balance in hot streams |
COLDJ(J) heat balance in cold stream J
HOTKI(I) heat balance of hot at stage K1
HOTK2(I) heat balance of hot at stage K2
HOTK3(l) heat balance of hot at stage K3
COLDKI(J) heat balance of cold at stage K1
COLDK2(J) heat balance of cold at stage K2
COLDK3(J) heat balance of cold at stage K3
TINHOT(I) hot temp in
TINCOLD(J) cold temp in
FEHOTKI(I) feasibility of hot temp at stage K 1
FEHOTK2(I) feasibility of hot temp at stage K2
FEHOTK3(I) feasibility of hottemp at stage K3
FECOLDKI(J) feasibility of cold temp at stage K1
FECOLDK2(J) feasibility of cold temp at stage K2
FECOLDK3(J) feasibility of cold temp at stage K3
FEHOTOUT(I) feasibility of hot temp out
FECOLDOUT(J) feasibility of cold temp out
HOTU(l) hot utility load
COLDU(@J) cold utility load
LogicKI( ) Logical constraint at stage kIl
LogicK2(1,J) Logical constraint at stage k2
LogicK3(U) Logical constraint at stage k3

Logical constraint hot utility
Logical constraint cold utility
approach temp at stage k1
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
EMAT constraint
constraint no. |
constraint no.2
constraint no 3
constraint no.4

HOTNOSPLITTING1K1
HOTNOSPLITTING2K1

constraint of no splitting
constraint of no splitting

HOTNOSPLITTING1K2 constraint of no splitting
HOTNOSPLITTING2K2 constraint of no splitting
HOTNOSPLITTING 1K3 constraint of no splitting
HOTNOSPLITTING2K3 constraint of no splitting
COLDNOSPLITTING 1K 1 constraint of no splitting
COLDNOSPLITTING2K1 constraint of no splitting
COLDNOSPLITTING3K1 constraint of no splitting
COLDNOSPLITTING 1K2 constraint of no splitting
COLDNOSPLITTING2K2 constraint of no splitting
COLDNOSPLITTING3K2 constraint of no splitting
COLDNOSPLITTING 1K3 constraint of no splitting
COLDNOSPLITTING2K3 constraint of no splitting
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COLDNOSPLITTING3K3 constraint of no splitting

APPROACHTEMPKZ1(1,J) actual approac temperature at k|
APPROACHTEMPK2(I,J) actual approac temperature at k2
APPROACHTEMPK3(U) actual approac temperature at k3
APPROACHTEMPKA4(1,J) actual approac temperature at k4;

MINU  ..ZZ =E= 10*SUM(I,gcu(l)) + 10*SUM(J,ghu(J))+10*SUM((1,d,K),z(1,J,K.))+10*SUM(I,zcu(l))+
10*SUM(J zhu(d));

HOTI(l) .. (TINI(I)-TOUTL(1))*F1()=E= SUM((J,K) q(1,J,K))+qcu(l);

COLDJ() .. (TOUTJIW)-TINI@A)*FI(I)=E= SUM((LK.),q(LJ.K))+ghu(J);

HOTKI() .. (ti(l,'K 1)-ti(l,'’K2"))*F1(1)=E= SUM(J,q(l,J/K 1>

HOTK2(I) .. (ti(l,'’K2")-ti(I,'K3"))*FI(l)=E= SUM(J.q(LL'K2");

HOTK3(I) .. (ti(l, K3")-ti(l,'’K4"))*FI(l)=E= SUMaq(U,'K3"));

COLDKIJ) .. (t(3,'’K I')-tj(J,'’K2))*FI(JI)=E= SUM(I,q(LJ,'KI"));
COLDK2(J) .. (tj(J3,'’K2")-tj(J,'K3"))*FI(J)=E= SUM(I.q(1J.'"K2"));
COLDK.3(J) .. (tj(J,'K3")-tj(J,'K4"))*FI(I)=F= SUM(l,q(LJ,'K3");
TINHOT(I) .. TrNI(l) -E - ti(1.'Kr);

TFNCOLD(J).. TINJ(J) =E= tj(J,'’K4");

FEHOTKI(1).. ti(1,'K1") =G=ti(l,'’K2");

FEHOTK?20).. ti(l,'’K2") =G=ti(l,'"K3");

FEHOTKS3(I).. ti(l, K3") =G= ti(I/K4");

FECOLDKI@J) tj(J,’KI') =G=tj(J,'K2});

FECOLDK2(J).. tj(J,'’K2") =G= tj(J,'K3");

FECOLDK3(J) *tj(J,'K3") =G=tj(J,'’K4");

FEHOTOUT(l).. TOUTI(I) =L= ti(l,'K4");

FECOLDOUT(J).. TOUTJI(Q) =G= tj(J.'K 1¢);

HOTU(I) .. (ti(l, K4)-TOUTI())*FI(l) =E= qcu(l);

COLDU(J).. (TOUTJIJ)-tj(j,'KI ))*FI(J) =E= ghu(J);

LogicKI( ).. q(1,3,’)K1)-OMEGA*z(l,J, K I') =L= 0;

LogicK2(1,J).. q(1,J,'’K2")-OMEGA*z(1,J,'’K2") =L=0;

LogicK3(1,J).. q(1,J,'’K3)-OMEGA*z(1,J,'K3") =L= 0;

LogicHOT(J).. ghu(J)-OMEGA*zhu(J) =L= 0;

LogicCOLD(l). qcu(l)-OMEGA*zcu(l) =L= 0;

ApproKI(l,3).. dt(l,j;kI") =L= (ti(l,'K 1)-tj(J, K 1))+ TAL*( 1-z(1,J,'K 1'));
AApproKI(l,3).. dt(1,3,'’K2") =L= (ti(i;K2,)-q(I/K2"))+TAL*(I-z(1,JIK I"));
ApproK2(1,J),. dt(,J,'’K.2") -L = (ti(i;K2>tj(J,,K2))+TAL*(I-z(13,'K2));
AApproK2(1,J).. dt(l,j;K3") =L= (ti(i;K3")-tj(j;K3"))+TAL*( 1-z(1,3,'K2"));
ApproK3(U).. dt(,J,K3 ) -L= (ti(l,'’K3")-tj(J,,K3"))+TAL*(l-z(1,J,'K.3"));
AApproK3(l,J).. dt(1,J,'’K4") =L= (ti(I,'K4")-tju;K4"))+TAL*(l-z(1,3,'K3"));
EMATdtI(1,3,K).. dt(1.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(,12",'jr,K))=G =I;

CONSTRAINT4 .. sum(K,z('I3VJr,K))=G=l,

HOTNOSPLITTING1KI

HOTNOSPLITTING2K1 ..
HOTNOSPLITTING1K2 ..
HOTNOSPLITTING2K2 ..
HOTNOSPLITTING1K3 .
HOTNOSPLITTING2K3 ..
COLDNOSPLITTING1K 1

COLDNOSPLITTING2K1.
COLDNOSPLITTING3K1..
COLDNOSPLITTING 1K.2.
COLDNOSPLITTING2K?2..
COLDNOSPLITTING3K?2..

COLDNOSPLITTING 1K3

COLDNOSPLITTING3K3

APPROACHTEMPKI( ).
APPROACHTEMPK2(LJ)..
APPROACHTEMPK3(1,J)..
APPROACHTEMPKA4(LJ)..

MODEL TSHIP /ALL/ ;

.sum(Lz(1,1 ,'K3")) =L=
COLDNOSPLITTING2K3..

sum(J,z(,II',I3KI))==L= 1;
sum(j’z('12',J,'K T)) =L=1;

sum(J,z('lr,j;K2") =L= I;

sum(@,z(,12,,3,K2") =L= 1;

sum(J,z(ir,J,'K3") =L=1;
sum(J,z(T2'j"K3")) =L= 1;
sum(l,z(1,'31','Kr)) =L=
sum(l,z(1,"J2','’KI)) =L=
sum(l,z(1,'33''KI) =L=
sum(l,z(1,"JIVK2")) =L=
sum(l,z(l, J2,K2")) =L=
sum(Lz(l,'J33,,,K2") =L=

rPrT I RRE

PR RR

sum(l,z(1,J2VK.3Y)) =L=
.sum(1,z(1,'33";K3") =L= 1,
dnd.J.’K1') =E= ti(l,'"Kr)-tj(J,’Kr);
dtt(LJ,K2") =E= ti(l. K2')-tj(J.'"K2");
dU(1,3;K3") =E=ti(l,'"K3")-tj(J 'K3");
dn(1.J,K4") =E=ti(1,’K4")-tj(J 'K4");

SOLVE TSHIP USING MIP MINIMIZING ZZ;
DISPLAY z.L,zcu.L,zhu.L,ZZ.L,q.L,qcu L.ghu.L.ti L,tj L;

Result of stage model of Retrofit H.E.N. of Example 2 with EMAT = 10

I£

GAMS Rev 136 MS Windows

General Algebraic

04/05/10 14:09:28 Page 6
Modeling System



EXec tiO

- 190 VARIABLE zL exc
K1 K2 K3

1.J1 1.000

IL J2 1.000

1133 1.000

12.J1 1.000

1371 1000

1333 1000

190 VARIABLE zcu L ¢
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 | and cold J
K1 K2 K3

1.J1  620.000

1nJ2 800.000

11.J3 80 000

121 1000.000

13J3 400.000

- 190 VARIABLE qgcu.L heat exchanged between cold utility and hot |
12200.000, 13240.000
- 190 VARIABLE ghu.L heat exchanged between hot utility and cold J
(ALL 0.000 )
— 190 VARIABLE ti.L temp ofhot stream i at hot end of stage k
K1 K2 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 ofcold stream
K1 K2 K3 K4
Jl 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 TIME = 0.000 SECONDS  15Mb  WIN212-136
USER: The Petroleum and Petrochemical College G030915:! 142AP-W1N

3. Stage model of Retrofit H.EN. of Example 3with EMAT = 10 °c

| hot streams /11.12,13.14/
J cold streams /J 1,J2,33,J4,J5/
K Stage no. /K 1,K2,K3,K4,K5,K6/;
PARAMETER TIN1(l) /Il = 327,12 = 220,13 = 220,14 = 160/
TINJ(J) /J1= 100,J2 = 35,33 = 80,J4 = 60,J5 = 140/
TOUTI()/Il = 30,12 = 160,13 = 60,14 = 45/
TOUTJ(J)/J 1= 300,32 = 164,33 = 125,34 = 170,35 = 300/
FI(l) /11 = 100,12 = 160 ,13 = 60,14 = 200 /
FJ@J) /1= 100 ,J2=70 ,J3=175J4=60,J5=200 /
HI(1) /11 =0.8,12 = 0.5 .13=2,14=0.4 /
HJ(J) M1 =5 ,J2=1J3=0.5J4=02J5=0.8/
OMEGA /1000000/
TAL /] 000000/
EMAT 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(l,J,K) heat exchanged between hot 1and cold J
qcu(l)  heat exchanged between cold utility and hot 1
ghu(J) heat exchanged between hot utility and cold J
ti(1,K) temp ofhot stream i at hot end of stage k
tj(J.K) temp ofcold streamj at hot end of stage k
z(1,3,K) exchanger matching between hot 1and cold J at stage k
zcu(l) cold utility matching with hot |
zhu(Jd) hot utility matching with cold J
zZ total energy
dtt(1,J,K) actual temperature;
POSITIVE VARIABLE dt(U,K),dtcu(l),dthu(J),q(1,J,K),qcu(]).ghu(J),ti(l,K),tj(3,K);
BINARY VARIABLES zcu(l),zhu(J),z(1,J,K);
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EQUATIONS

MINU

HOTI(I)
COLDJ(J)
HOTKI(I)
HOTK2(I)
HOTK3(I)
HOTKA4(1)
HOTKS5(1)
COLDKI(J)
COLDK2(J)
COLDK3(J)
COLDK4(J)
COLDKS5(J)
TINHOT(I)
TINCOLD(J)
FEHOTKI(I)
FEHOTK2(I)
FEHOTK3U)
FEHOTKA4(I)
FEHOTKS5(1)
FECOLDKI(J)
FECOLDK2(J)
FECOLDK3(J)
FECOLDKA4(J)
FECOLDKS5(J)
FEHOTOUT(l)
FECOLDOUT(J)
HOTU(l)
COLDU(@J)
LogicKI(U)
LogicK2(1,J)
LogicK3(l,J)
LogicK4(l,J)
LogicK5(1,J)
LogicHOT(J)
LogicCOLD(l)
ApproKI(l,J)
AApproK 1(1,J)
ApproK2(1,J)
AApproK2(1,J)
ApproK3(l,J)
AApproK3(l,J)
ApproK4(l,J)
AApproK4(l,J)
ApproK5(1,J)
AApproK5(1,J)
EMATdtI(1,j,K)
constraint!
CONSTRAINT2
CONSTRAINTS
CONSTRAINT4
CONSTRAINTS

objective function minimize utilities
heat balance in hot streams |

heat balance in cold stream J

heat balance of hot
heat balance of hot
heat balance of hot
heat balance of hot
heat balance of hot
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
hot temp in
cold temp in
hot temp
hot temp
hot temp
hot temp
hot temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp

at stage K1
at stage K2
at stage K3
at stage K4
at stage K5
at stage K1
at stage K2
at stage K3
at stage K4
at stage K5

at stage Kl
at stage K2
at stage K3
at stage K4
at stage K5

at stage Kl
at stage K2
at stage K3
at stage K4
at stage K5

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 at stage k4
Logical constraint at stage k5
Logical constraint hot utility
Logical constraint cold utility

approach temp at stage kl

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

HOTNOSPLITTING1K 1
HOTNOSPLITTING2K1
HOTNOSPLITTING3K1
HOTNOSPLITTING4K1
HOTNOSPLITTING 1K2
HOTNOSPLITTING2K2
HOTNOSPLITTING3K2
HOTNOSPLITTING4K2
HOTNOSPLITTING IK3
HOTNOSPL1TTING2K3
HOTNOSPLITTING3K3
HOTNOSPLITTING4K3
HOTNOSPLITTING! K4
HOTNOSPLITTING2K4
IIOTNOSPLITTING3K4
HOTNOSPLITTING4K4
HOTNOSPLITTING 1K5
HOTNOSPLITTING2K5

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



HOTNOSPLITTING3K5 constraint ofno splitting
HOTNOSPLITTING4K5 constraint ofno splitting
COLDNOSPLITTING IK 1 constraint of no splitting

COLDNOSPLITTING2K1
COLDNOSPLITTING3K1
COLDNOSPLITTING4K1
COLDNOSPL1ITTING5K1
COLDNOSPLITTING 1K2
COLDNOSPLITTING2K2
COLDNOSPLITTING3K2

constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting

COLDNOSPLITTING4K2 constraint of no splitting
COLDNOSPLITTING5K2 constraint of no splitting
COLDNOSPLITTING 1K3 constraint of no splitting
COLDNOSPLITTING2K3 constraint of no splitting
COLDNOSPLITTING3K3 constraint of no splitting
COLDNOSPLITTING4K3 constraint of no splitting
COLDNOSPLITTING5K3 constraint of no splitting
COLDNOSPLITTING 1K4 constraint of no splitting
COLDNOSPLITTING2K4 constraint of no splitting
COLDNOSPLITTING3K4 constraint of no splitting
COLDNOSPLITTING4K4 constraint of no splitting
COLDNOSPLITTING5K4 constraint of no splitting
COLDNOSPLITTING1K5 constraint of no splitting
COLDNOSPLITTING2K5 constraint of no splitting
COLDNOSPLITTING3K5 constraint ofno splitting
COLDNOSPLITTING4K5 constraint of no splitting
COLDNOSPLITTING5K5 constraint of no splitting
APPROACHTEMPKI(1,J) actual approac temperature at ki
APPROACHTEMPK2(1,J) actual approac temperature at k2
APPROACHTEMPK3(l,J) actual approac temperature at k3
APPROACHTEMPKA4(1,J) actual approac temperature at k4
APPROACHTEMPKS5(I,J) actual approac temperature at k5
APPROACHTEMPKG6(I,J) actual approac temperature at k6;

MIND .ZZ =E=10*SUM(l,gcu(l)) + 10*SUM(J,ghu(d))+10*SUM((U,K.),z(1,d,K))+10*SUM(Lzcu(l))+

10»SUM(J,zhu(J));

HOTI(l) .. (TINI(I)-TOUTI())*FI(l)=E= SUM((J,K),q(l,J,K))+qgcu(l);

COLDJ@J) .. (TOUTJIQ)-TINJI(J))*FI(I)=E= SUM((I,K),q(U,K))+qhu(J);

HOTK 1(2) . (ti(l, K1 Zi(1,,K2">*FI(1)=E= SUM(J,q(l,J,'K 1));

HOTK2(l) .. (ti(1,'"K2")-ti(l, K3"))*FI(l)=E= SUM(J,q(U/K2"));

HOTK3(l) .. (ti(1,'’K3")-ti(1,'K4"))*FI(l)=E= SGM(J.q(1,J,'K3"));

HOTKA4(I) .. (ti(l, K4")-ti(l, K5))*F1(l)=E= SUM(J,q(1,J,'K4"));

HOTK50) .. (ti(l,'"K5")-ti(I,'K6"))*FI(l)=E= SUM(J,q(U,'K5");

COLDKI(J) .. (tj(3,'KI)-tj(3,'’K2 ))*FI(I)=E= SUM(I,q(l,J,'KI"));

COLDK2(J) .. (tj(J,'K2")-tj(3,'K3"))*FI(J)=E= SUM(l,q(1,J,'K2"));

COLDK3(J) .. (tj(J,'K3,)-tj(J,'K4"))*FI(J)=E= SUM(l,q(l1,J,'K3"));

COLDK4(J) .. (j(J,"K4")-tj(3,K5))*FI(J)=E= SUM(l,q(1J,'K4"));

COLDK5(J) .. (tj(J,'’K5")-tj(J,'K6")*FI(J)=E= SUM(l,q(1,J,'K5"));

TINHOT(I) .. TINKI) -E - ti(l,'’KI');

TINCOLD(J).. TINJ(J) =E= tj(J,'K6");

FEHOTKI(I).. ti(I,'Kl ) =G= ti(l,'K2");

FEHOTK20). ti(I,K2") =G=ti(I,’K3");

FEHOTKS3(I).. ti(1,’K3") =G=ti(l,’"K4");

FEHOTKA4(I).. ti(l, K4") =G= ti(l,'K5");

FEHOTK50).. ti(I,K5") =G= ti(L'K6");

FECOLDK1 (J).. tj(3,'KI") =G=tj(j;K2"):

FECOLDK2(J).. tj(J/K2") =G=tj(J,'K3’>;

FECOLDK3(J).. tj(J;K3") =G= tj(J,’K4");

FECOLDKA4(J).. tj(J,'K.4") =G= tj(J/K5");

FECOLDK5(J).. tj(j;K5") =G=tj(J,'K6);

FEHOTOUT(l).. TOUTI(I) =L= ti(l 'K6);

FECOLDOL)T(J).. TOUTJ(J) =G=tj(j;KI"),

HOTU(I) .. (ti(I,’K6")-TOUTI())*FI(l) =E= qcu(l);

COLDU(J).. (TOUTJIQ)-tj(j,'K 1))*FI(J) =E= ghu(J);

LogicKI(U)., q(1,J,K1)-OMEGA*z(U,'KIr) =L= 0;

LogicK2(LJ).. q(1,J,'K2)-OMEGA*z(l J,'’K2') =L= 0;

LogicK3(U).. q(U,'’K3)-OMEGA*z(1,J,'’K3") =L= 0;

LogicK4(1,3).. q(1,J,’K4")-OMEGA*z(1,J,'’K4") =L= 0;

LogicK5(1,J).. q(1,J,K5')-OMEGA*z(l,J, K5} =L= 0;

LogicHOT(i).. ghu(J)-OMEGA*zhu(J) =L= 0;

LoeicCOLD(l).. qoullVoOMEGA”zcutl) =L= 0;

ApproKI(U)..dt(U,'kr)=L= (tid'KI'HjtJ/KI'W+TALM-zG.J.'Kr));
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AApproKI( ).. dt(1,3,'K2") =L= (ti(l,,K2,Hj(J.,K2,))+TAL*(I-z(1.J.,Kr))
ApproK2(l,J).. dt(1,3,’K2") =L= (ti(l,,K2")-tj(3,'K2"))+ TAL*(I-z(1 I*K2");
AApproK2(1,J).. dt(U'K3") =L= (ti(l,'K3")-tj(J,’K3 ))+ TAL*( 1-z(1,J,'K2));
ApproK3(l,J).. dt(1,3,'K3") =L= (li(i;K3>tj(I=K3"))+TAL*(I-z(U,'K3"))
AApproK.3( ).. dt(l,J,'’K4") =L= (ti(l 'K4")-tj(J 'K4")+TAL*(I-z(1,J/K3));
ApproK4(1,3).. dt(U, K4l =L= (ti(i;K4)-1j(j;K4 )+ TAL*(I-z(1.J,'K4"));
AApproK4(1,J).. dt(],J/K5") =L= (ti(i;K5")-tj(J,'’K5))+ TAL*(I-z(1,j;K4"));
ApproK5(LJ).. dt(1.J,'’K5") =L= (ti(l,'"K5>tj(i,K5)*"TAL*0-z (I J,'’K5"));
AApproK5(1,J3).. dt(1,3,'K6") =L= (ti(I,'K6")-tj(J,'K6"))+TAL*(1-z(1,J/K5");
EMATdtI( ,K) .. dt(l,J,K) =G= EMAT
CONSTRAINTI . (K,z('l''jr,K))=G= 1
CONSTRAINT2 .. sum(K.z('12','35,K)) =G= 1,
CONSTRAINT3 .. sunKK’zCMVJy'K)) =G= 1,
CONSTRAINTA .. sum(K,z('13VJ4'K)) =G= 1,
CONSTRAINTS .. (K,z('I'r;j2',K)) =G= 1,
HOTNOSPLITTINGIKI 1 sum(J,z(IT,J,'KT)) =L=
HOTNOSPLITTING2K.1 .. sum(J,z('12",3,KI")) =L=
HOTNOSPLITTING3K1 J,z(113,3,'KI")) =L=
HOTNOSPLITTING4K 1 sum(J,z(,4'3,Kr)) =L=
HOTNOSPLITTING1K2 .. sum(J,z(il',J,'K2")) =L=
HOTNOSPLITTING2K2 .. sum(J,z('12',J,1C2") =L=
HOTNOSPLITTING3K2 .. sum(J z('13',J,'K2")) =L=
HOTNOSPLITTING4K2 .. m(J,z('14'j:K2")) =L=
HOTNOSPLITTING IK3 .. sum(J,z(ir,J,'’K3")) =L=
HOTNOSPLITTING2K3 .. sum(J,z('12,,3,'K3")) =L=
HOTNOSPLITTING3K3 .. sum(J,z(13",J,'K3")) =L=
HOTNOSPLITTING4K3 .. sum(J,z('14',J,/K3")) =L=
HOTNOSPLITTING IK4 .. sum(J,z('Il'J,'’K4")) =L=
HOTNOSPLITTING2K4 .. sum(J,zn2,J,'’K4")) =L=
HOTNOSPLITTING3K4  sum(J,z(13',J, K4%)) =L=
HOTNOSPLITTING4K4 . sum(J,z(,14,J'K4))) =L=
HOTNOSPLITTING 1K5 .. sum(J,z('11",3,'’K5")) =L=
HOTNOSPLITTING2K5 . sum(J.z('12",J,K5")) =L=
HOTNOSPLLITTING3K5 . sum(J,z('I3\J,'K5")) =L=
HOTNOSPLITTING4KS5 .. sum(J,z('14,J.'K5")) =L=
COLDNOSPLITTINGIK 1. sum(l,z(I/JIVKP)) =L=
COLDNOSPLITTING2K1. sum(Tz(l,'32"KI")) =L=
COLDNOSPLITTING3K1. sum(Tz(l,'JJ3VKr)) =L=
COLDNOSPLITTING4K1. sum(l,z(L'J4VKI)) =L=
COLDNOSPLITTING5KI.. (1,z(i;35','K1)) =L=
COLDNOSPLITTING 1K2.. sum(Tz(l,Jr;K2")) =L=
COLDNOSPLITTING2K2.. sum(l,z(1,'32','K2")) =L=
COLDNOSPLITTING3K2.. sum(l,z(i;j3".'’K2")) =L=
COLDNOSPLITTING4K2.. sum(l,z(l, J4','K2")) =L=
COLDNOSPLITTING5K2.. sum(l,z(1,'35','K2")) =L=
COLDNOSPLITTING1K3.. sum(l,z(TJ1,,K3")) =L=
COLDNOSPLITTING2K3.. sum(l,z(1,'32VK3")) =L=
COLDNOSPLITTING3K3.. sum(Tz(I"J3"'K3")) =L=
COLDNOSPLITTING4K3.. sum(l,z(1,'J4','’K3")) =L=
COLDNOSPLITTING5K3.. sum(l,z(l,'J5VK3")) =L=
COLDNOSPLITTING1KA4.. (1,z(1,'31VK4Y)) =L=
COLDNOSPLITTING2K4.. sum(l,z(1,'32";K4")) =L=
COLDNOSPLITTING3KA4.. (I'z(i;j34,K4%) =L=
COLDNOSPLITTING4K4.. sum(l,z(1,'34';K4")) =L=
COLDNOSPLITTING5KA4.. (Lz(1,'J5VK4)) =L=
COLDNOSPLITTING1KS5.. sum(l,z(l,"JI','’K5")) =L=
COLDNOSPLITTING2KS.. sum(l,z(T'J2,,K5") =L=
COLDNOSPLITTING3K5.. sum(]'z(1,'J3"K5") =L=
COLDNOSPLITTING4KS5.. (1 z(1,/34VK5")) =L=
COLDNOSPLITTING5KS5.. sum(l,z(l, JS ,'K5’)) =L=
APPROACHTEMPKI( ). dn(!,J/KI') =E=ti(l,'"KI)-tj(J,'K T);
APPROACHTEMPK2(I J).. dn(1,3,'’K2") =E= ti(l,’K2")-tj(J,'K2");
APPROACHTEMPK3UT).. dtt(1,J,'K3’) =E= ti(I,'K3")-tj(J,'K3");
APPROACHTEMPK40J)"dnUJJKw):E:ﬂUJKwyUUJK4y
APPROACHTEMPKS5(1,J) .. dtt(1,J,'’K5") =E= ti(l,'K5)-tj(J,'K5");
APPROACHTEMPKG6(LJ).. dtt(1,J,'’K6") =E= ti(l,'"K6")-tj(J,’K6);
MODEL TSHIP/ALL/ ;

SOLVE TSHIP USING M1P MINIMIZING ZZ;

DISPLAY ZL.zcu L.zhu.L.ZZ.L.q L.qcu L.ghu L.ti.L.tj L;

PRrRERRRERERERIRRERIRRRERITER
TR RRRPRPRREPRESRREPERRERERRERERPERRRE T T T N
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101

Result of stage model of Retrofit H.E.N. of Example 3 with EMAT = 10
If

GAMS Rev 136 MS Windows 04/05/10 14:25:35 Page 6

General Algebraic Modeling System

Execution

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

1131 1000

11.J2 1.000

11.35 1.000

1235 1.000

13.J1 1000

13.J2 1000

1334 1.000

14.32 1.000

14.33 1.000

14.35 1.000

- 286 VARIABLE zcu.L cold utility matching with hot |

111.000, 13 1.000, 14 1.000

- 286 VARIABLE zhu.L hot utility matching with cold J4

- 286 VARIABLE ZZ.L = 323700.000 total energy

- 286 VARIABLE qg.L heat exchanged between hot 1and cold J
K1 K2 K3 K4 1

11.J1 9800 000

1132 4350.000

11.J5 11900.000

12.35 9600.000

13.J1  720.000

1332 1680.000

1334 6600.000

14,2 3000.000

1433 7875.000

14.35 2000.000

- 286 VARIABLE qcu.L heat exchanged between cold utility and hot |
1 3650.000, 13 600.000, 14 10125.000

- 286 VARIABLE ghu.L heat exchanged between hot utility and cold J
J19480.000, J5 8500.000

- 286 VARIABLE ti.L temp ofhot stream i at hot end of stage k

K1 K2 K3 K4 K5 K6
1 327.000 208.000 110.000 110.000 110.000  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 ofcold stream| at hot end of stage k
K1 K2 K3 K4 K5 K6
Jl  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 125000 125.000 125.000 125.000 125.000  80.000
J4  170.000 170.000 170.000 60.000 60.000  60.000
J5 257500 198.000 150000 140.000 140.000  140.000

EXECUTION TIME 0.016 SECONDS 15Mb  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 1,12,13,14/
J cold streams/J1,J2,J3,J4,J5/
K Stage no. /K 1,K2,K3,K4,K5,K6,K7/;

PARAMETER TINI(l) /1l = 327,12 = 220,13 = 220,14 = 160/
TINJ(J) /J1 = 100,J2 = 35,J3 = 85,J4 = 60,J5 = 140/
TOUTI()/Il = 40,12 = 160,13 = 60,14 = 45/
TOUTJ(J)/JIl = 300,J2 = 164,J3 = 138,34 = 170,35 = 300/
F1(1) /11 = 100,12 = 160 ,13= 60,14 = 400 /

FJ(J) /J1 = 100 ,J2 =70 ,J3 = 350,J4 = 60,J5= 200 /
HI(l) /11 =05 ,12=0.4 ,13=0.14,14=0.3 /

HJJ) /1 =035 ,J2=0.7 ,J3=0.5,J4=0.1435=0.6 /
OMEGA /1000000/

TAL /1000000/



EMAT /12.92/;
VARIABLES
dt(1,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(l,J,K) heat exchanged between hot | and cold J
qecu(l) heat exchanged between cold utility and hot 1
ghu(Jd) heat exchanged between hot utility and cold J
ti(1,K) temp ofhot stream i at hot end of stage k
tj(J.K) temp of cold stream]j at hot end of stage k
z(1,J,K) exchanger matching between hot 1and cold J at stage k
zcu(l)  cold utility matching with hot 1
zhu(J)  hot utility matching with cold J
Y44 total energy
dtt(1,J,K) actual temperature;
POSITIVE VARIABLE dt(l,J,K).dtcu(l),dthu(J),q(LJ,K),qcu(l),ghu(d),ti(l.K),tj(J,K).
BINARY VARIABLES zcu(l),zhu(J),z(1,J,K);

EQUATIONS
MIN.U objective function minimize utilities
HOTI(I) heat balance in hot streams |
C.OLDJ(J) heat balance in cold stream J
HOTKI(I) heat balance of hot at stage K 1
HOJK2(I) heat balance of hot at stage K2
HOTK3(I) heat balance of hot at stage K3
HOTKA4(l) heat balance of hot at stage K4
HOTKS5(I) heat balance of hot at stage K5
HOTK®6(I) heat balance of hot at stage K6
COtDKI(J) heat balance of cold at stage K1
COLDK2(J) heat balance of cold at stage K2
COLDK3(J) heat balance of cold at stage K3
COI.DK4(J) heat balance of cold at stage K4
COLDKS5(J) heat balance of cold at stage K5
COLDK®6(J) heat balance of cold at stage K6
TINHOT() hot temp in
TINCOLD(J) cold temp in
FEHOTKI(I) feasibility of hottemp at stage K1
FEHQTK2(I) feasibility of hot temp at stage K2
FEHOTK3(I) feasibility of hot temp at stage K3
FEHOTKA4(I) feasibility of hottemp at stage K4
FEHOTK5(I) feasibility of hottemp at stage K5
FEHOTKG6(I) feasibility of hottemp at stage K6

FECOLDKI(J) feasibility of cold temp at stage K1
FECOLDK2(J) feasibility of cold temp at stage K2
FECOLDK3(J) feasibility of cold temp at stage K3
FECOLDK4(J) feasibility of cold temp at stage K4
FECOLDKS5(J) feasibility of cold temp at stage K5
FECOLDK®6(J) feasibility of cold temp at stage K6
FEFIOTOUT(l) feasibility of hot temp out
FECOLDOUT(J) feasibility of cold temp out
HOTU(I) hot utility load

COLDU(J) cold utility load

LogicK 1(1,J) Logical constraint at stage k 1
LogicK2(l,J) Logical constraint at stage k2
LogicK3(l,J) Logical constraint at stage k3
LogicK4(l,J) Logical constraint at stage k4
LogicK5(1,J) Logical constraint at stage k5
LogicK6(1,J) Logical constraint at stage k6
LogicllOT(J) Logical constraint hot utility
LogicCOLD(l) Logical constraint cold utility
ApproKI(1,J) approach temp at stage kIl

AApproK 1(1,J) the other approach temp at stage k 1
ApproK2(1,J) approach temp at stage k2
AApproK2(1,J) the other approach temp at stage k2
ApproK3(l,J) approach temp at stage k3
AApproK3(1,J) the other approach temp at stage k3
ApproK4(l1,J) approach temp at stage k4
AApproK4(1,J) the other approach temp at stage k4
ApproK5(1,J) approach temp at stage k5
AApproK5(1,J) the other approach temp at stage k5
ApproK6(l,J) approach temp at stage k6
AApproK6(l,J) the other approach temp at stage k6



EMATdtI( ,K)
CONSTRAINT!
CONSTRAINT2
CONSTRAINT3
CONSTRAINT4
CONSTRAINTS
CONSTRAINT6
CONSTRAINT?

EMAT constraint
constraint no 1
constraint no 2
constraint no.3
constraint no.4
constraint no.5
constraint no 6
constraint no 7

HOTNOSPLITTING IK.]
HOTNOSPLITTING2K1
HOTNOSPLITTING3K1
HOTNOSPLITTING4K1
HOTNOSPL1TTING1K2
HOTNOSPLITTING2K2
HOTNOSPLITTING3K2
HOTNOSPLITTING4K2
HOTNOSPLITTING 1K3
HOTNOSPLITTING2K3
HOTNOSPLITTING3K3
HOTNOSPLITTING4K3
HOTNOSPLITTING 1K4
HOTNOSPLITTING2K4
HOTNOSPLITTING3K4
HOTNOSPLITTING4K4
HOTNOSPLITTING1K5
HOTNOSPLITTING2K5
HOTNOSPLITTING3K5
HOTNOSPLITTING4K5
HOTNOSPLITTING 1K6
HOTNOSPLITTING2K6
HOTNOSPLITTING3K6
HOTNOSPLITTING4K6

YiHdthalid b Ho splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting

COLDNOSPLITTING1K 1 constraint of no splitting
COLDNOSPLITTING2K1 constraint of no splitting

COLDNOSPLITTING3KI
COLDNOSPLITTING4K1
COLDNOSPLITTING5KI
COLDNOSPLITTING IK2
COLDNOSPLITTING2K2
COLDNOSPLITTING3K2
COLDNOSPLITTING4K2
COLDNOSPLITTING5K2
COLDNOSPLITTING 1K3
COLDNOSPLITTING2K3
COLDNOSPLITTING3K3
COLDNOSPLITTING4K3
COLDNOSPLITTING5K3
COLDNOSPLITTING1K4
COLDNOSPLITTING2K4
COLDNOSPLITTING3K4
COLDNOSPLITTING4K4
COLDNOSPLITTING5K4
COLDNOSPLITTINGIK5
COLDNOSPLITTING2K5
COLDNOSPLITTING3K5
COLDNOSPLITTING4KS5
COLDNOSPLITTING5K5
COLDNOSPLITTING 1K6
COLDNOSPLITTING2K6
COLDNOSPLITTING3KG6
COLDNOSPLITTING4K6
COLDNOSPLITTING5K6

constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting
constraint of no splitting

APPROACHTEMPKI( ) actual approac temperature at k|

APPROACHTEMPK2(LJ) actual approac temperature at k2

APPROACHTEMPKS3(TJ) actual approac temperature at k3

APPROACHTEMPKA4(I,J) actual approac temperature at k4

APPROACHTEMPK5(1,J) actual approac temperature at k5

APPROACHTEMPKG6(1,J) actual approac temperature at k6

APPROACHTEMPKT7(1J) actual approac temperature at k7;
MINU . ZZ =E= 10*SUM(l,qcu(D) + 10*SUM (J.qhu(J))+10*SUM ((13.K),z(1,.1,K))+I)*SUM(l.zcu(l))+
10*SUM(J,zhu(J));
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HOTNOSPLITTING4K3 ..
HOTNOSPLITTING1K4 ..
HOTNOSPLITTING2K4
HOTNOSPLITTING3K.4 ..
HOTNOSPLITTING4K4 ..
HOTNOSPLITTING1KS5 ..
HOTNOSPLITTING2K5
HOTNOSPLITTING3KS ..
HOTNOSPLITTING4KS ..
HOTNOSPLITTINGIKG ..
HOTNOSPLITTING2K6 ..
HOTNOSPLITTING3K6 ..
HOTNOSPLITTING4K®6 ..
COLDNOSPLITTING 1KL

COLDNOSPLITTING2K1

COLDNOSPLITTING3KL
COLDNOSPLITTING4K1.
COLDNOSPLITTING5KL
COLDNOSPLITTING 1KZ

COLDNOSPLITTING2K2..

COLDNOSPLITTING3K2.
COLDNOSPLITTING4K2.
COLDNOSPLITTINGSIC2.

COLDNOSPLITTING 1K3..

COLDNOSPLITTING2K3.

COLDNOSPLITTING3K3..

COLDNOSPLITTING4KS3.

COLDNOSPLITTING5KS..

COLDNOSPLITTINGIK4.
COLDNOSPLITTING2K4.

COLDNOSPLITTING3KA4..

COLDNOSPLITTING4KA4.
COLDNOSPLITTING5KA4.
COLDNOSPLITTING 1K5.
COLDNOSPLITTING2K.5.
COLDNOSPLITTING3KS5.
COLDNOSPLITTING4KS5.
COLDNOSPLITTING5KS.
COLDNOSPLITTING 1K6.
COLDNOSPLITTING2K6.
COLDNOSPLITTING3K6.

COLDNOSPLITTING4K®6..
COLDNOSPLITTING5KSG..
APPROACHTEMPKX(I,J)..
APPROACHTEMPK2(1,J).
APPROACHTEMPK3(1,J)..
APPROACHTEMPKA4(1,J)..
APPROACHTEMPK5(1,J)..
APPROACHTEMPKG6(I,J)..
APPROACHTEMPKT7(1,J)..

MODEL TSHIP /ALL/;

sum(J,z('14',j;K3") =L=
sum(J,z('I\J,K4") =L=
..sum(J,z('12',3,’K4")) =L=
sum(J,z('13',J,'K4") =L=
sum(J,z('14,,J,'K4")) =L=

sum(j'z('ll

,'K.5)) =L=
..sum(J,z('12",3,'K5")) =L=
sum(J,z(T3',J,'K5")) =L=
sum(J,z(T4',J,'K.5)) =L=
sum(Lz('ir,J,'’K6")) =L=
sum(J,z('12’,J/K6")) =L=
sum(J,z('13',J,’)K6")) =L=
sum(J,z('14',J, K6")) =L=
.sumoio.'JIVKIY)) =L=
.sum(l,z(1,'"327KI")) =L=
. sum(l,z(1,'33",'KI")) =L=
. sum(l,z(1,"J4VKI)) =L=
. sum('z(1,"35VKr)) =L=
. sum(Lz(LJI''K2)) =L=
sum(l,z(1,'J2VK2’)) =L=
. sum(l,z(1,;93VK2")) =L=
. sum(l,z(I"J4VK2")) =L=
. sum(l,z(1,735','K2")) =L=
sum(l,z(1,"JIVK3")) =L=
. sum(l,z(L'J2VK3")) =L=
sum(l,z(1,'33"K3")) =L=
. sum(l,z(1,;94VK3)) =L=
sum(l,z(l,'"J5VK3")) =L=
.sum(l,z(i;jr,'’K4)) =L=
.sum(l,z(i;j2';K4") =L=
sum(l,z(1,'33 ,'K4")) =L=
. sum(l,z(1,,J4,'K4")) =L=
. sum(l,z(i'35','K4")) =L=
.sum(l,z(i;JI'\K5")) =L=
. sum(I'z(i;j2VK5")) =L=
. sum(l,z(1,'33','K5")) =L=
. sum(l,z(1,'34VK5")) =L=
. sum(l,z(L'J5"'K5")) =L=
.sum(l,z(l,J1,K6") =L=
. sum(I'z(1,'J2VK6")) =L=
. sum(l,z(I"I3VK6')) =L=
sum(l,z(l,"J4VK6")) =L=
sum(l'z(1,'J5VK®6")) =L=
dtt(1,3.'KI") =E= ti(l,’KI")-tj(J,’KI);
L dtt(1,3,'K2") =E=ti(1,'K2")-tj(j;K2");
dtt(l,j;K3") =E= ti(L'K3")-tj(J,'K3");
dtt(1,J,'K4") =E= ti(l,'K4")-tj(J3,'’K4");
dtt(U'K5") =E=ti(I,K5")-tj(J,'K5");
dtt(U'K6’) =E= ti(l,'"K6’)-tj(J,,K6");
dtt(LJ,’K7") =E=ti(l,'"K7")-tj(J,'K7");

SOLVE TSHIP USING MIP MINIMIZING ZZ;
DISPLAY ZLZCU L,zhu.L,ZZ.L,q.L,gcu.L,ghu.Lti L tj.L;

Result of stage model of Retrofit H.E.N. of Example 4 with EMAT -
c
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329 VARIABLE Z.L exchanger matching between hot 1and cold J at stage k
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Modeling System

K4

1000

1.000

K1 K2 K3
1.J1 1.000
11.J2
11 1.000
12. 1,080 1.000
13. 1.090
1334 1.000
13. J5 1000
14. J2  1.000
1433 1.000

K5
1.000

1.000

1000

K6

1.000
1.000

1000
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106

14.34 1.000

- 329 VARIABLE zcu L cold utility matching with hot |
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 1and 1

Kl K2 K3 K4 K5 K6

11.J1 20000,000

11.J4  1408.000 2400.000

12J5 5005.587 3958.259 636.154

13.J2 1184.400 3072.354

134 84.951

1335 989.565 1575.038

14.32 785.005 3988.240

14.33 18550 000

14.34 2707.049

- 329 VARIABLE qcu.L heat exchanged between cold utility and hot 1
Il 4892.000, 13 2693.692, 14 19969 705
- 329 VARIABLE ghu.L heat exchanged between hot utility and cold J
J5 19835.397
-— 329 VARIABLE ti.L temp of hot stream i at hot end of stage k

K1 K2 K3 K4 K5 K6

1 327.000 312.920 312920 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 182351  156.101  104.895
14 160.000 160.000 158.037 158 037 151.270  104.895
+ K7
1 88.920
12 160 000
13 104.895
14 94.924
329 VARIABLE tj L temp of cold streams at hot end of stage k
K1 K2 K3 K4 K5 K6

JL  300.000 300.000 300.000 300.000 300.000 100.000
J2 164000 147.080 135.866 135.866 135.866 91.975
J3  138.000 138.000 138.000 133000 138.000 85.000
J4  170.000 146.533  146.533 145117  100.000 100 000
J5 200823 175.795 170.847 151.056 143 181 143 181

+ K7

Jl  100.000

J2  35.000

J3 85.000

J4 60 000

J5  140.000

EXECUTION TIME = 0.016 SECONDS 15 Mb WIN2L

USER: The Petroleum and Petrochemical College G030915 1142AP-WIN

b, St%ge model of Retrofit H.E.N. of Example 5(Light Crude Oil) with
EMAT=33°c

SETS

1 hot streams ,12,13,14,15,16,17,18,19,110,111.112,113,114,1 15,11 6,117.118/
J cold streams /J1,J2,J3/

/K 1,K.2,K3,K4,K5,K6,K7,K8,K9,K 10,K 11K 12.K 13 K 14,K 15,K 16,K 17,K 18,K 19,K20,K21,K22,K23/;
PARAMETER TIN(l) /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/
TINJ(J) /31=30, J2= 155, J3= 185/
TOUTI(1)/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=111.61, J2=179.47, J3=480/
FI(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/
FJQJ) /J1=476.9, J2=860.4, J3=471/
OMEGA /1000000/
TAL  /1000000/
EMAT /3.3/;
VARIABLES



dt(U,K) Approach temperature
dtcu(l) 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 | and cold J
qcu(l) heat exchanged between cold utility and hot 1
ghu(Jd) heat exchanged between hot utility and cold J
ti(I,K) temp of hot stream i at hot end o f stage k
tj(J.K) temp ofcold streamj at hot end of stage k
z(1,J,K) exchanger matching between hot | and cold J at stage k
zcu(l)  cold utility matching with hot 1
zhu(J) hot utility matching with cold J
zz total energy
dtt(LJ.K) actual temperature;
POSITIVE VARIABLE dt(U,K),dtcu(l),dthu(3),q(l1,J,K),qcu(l),ghu(J),tj(J,K);
BINARY VARIABLES zcu(l);zhu(J),z(i,J,K);

EQUATIONS
MINU objective function minimize utilities
HOTI(I) heat balance in hot streams |
COLDJ(J) heat balance in cold stream J
HOTKI(I) heat balance of hot at stage K1
HOTK2(l) heat balance ofhot at stage K2
HOTK3(I) heat balance of hot at stage K3
HOTKA4(I) heat balance of hot at stage K4
HOTKS5(I) heat balance of hot at stage K5
HOTKG6(I) heat balance of hot at stage K6
HOTK7(l) heat balance of hot at stage K7
HOTKS(I) heat balance of hot at stage K8
HOTK9(I) heat balance of hot at stage K9
HOTK 10(2) heat balance of hot at stage K10
HOTK 11(2) heat balance of hot at stage K| 1
HOTK 12(1) heat balance of hot at stage K12
HOTK 13(1) heat balance of hot at stage K 13
HOTK 14(1) heat balance of hot at stage K 14
HOTK 15(2) heat balance of hot at stage K15
HOTK 16(1) heat balance of hot at stage K 16
HOTK17(2) heat balance of hot at stage K17
HOTK 18(2) heat balance of hot at stage K 18
HOTK 19(1) heat balance of hot at stage K19
HOTK20(l) heat balance of hot at stage K20
HOTK2XI) heat balance of hot at stage K21
HOTK22(l) heat balance of hot at stage K22
COLDK 1(9) heat balance of cold at stage K 1
COLDK2(J) heat balance of cold at stage K2
COLDK3(J) heat balance of cold at stage K3
COLDK4(J) heat balance of cold at stage K4
COLDK5(J) heat balance of cold at stage K5
COLDKB6U) heat balance of cold at stage K6
COLDK7(J) heat balance of cold at stage K7
COLDKS8Q) heat balance of cold at stage K8
COLDK9(J) heat balance of cold at stage K9
COLDK 10(J) heat balance of cold at stage K 10
COLDK 11(J) heat balance of cold at stage K 11
COLDK 12(J) heat balance of cold at stage K 12
COLDK 13(J) heat balance of cold at stage K13
COLDK 14(J) heat balance of cold at stage K 14
COLDK 15(J) heat balance of cold at stage K 15
COLDK 16(J) heat balance of cold at stage K16
COLDK 17(J) heat balance of cold at stage K 17
COLDK 18(J) heat balance ofcold at stage K 18
COLDK 19(J) heat balance of cold at stage K19
COLDK20(J) heat balance of cold at stage K20
COLDK21(J) heat balance of cold at stage K21
COLDK22(J) heat balance of cold at stage K22
TINHOT() hot temp in
TINCOLD(J) cold temp in
FEHOTKI(I) feasibility of hot temp at stage Kl
FEHOTK2U) feasibility of hot temp at stage K2
FEHOTKS30) feasibility of hot temp at stage K3
FEHOTKA4(I) feasibility of hot temp at stage K4

FEHOTK5(I) feasibility of hot temp at stage K5



FEHOTK6(I)
FEHOTKT7(l)
FEHOTKS(I)
FEHOTK9(I)
FEHOTKIO(l)
FEHOTKII(I)
FEHOTK12(l)
FEHOTK13(l)
FEHOTK14(l)
FEHOTK15(l)
FEHOTK16(l)
FEHOTK17(l)
FEHOTK18(l)
FEHOTK19U)
FEHOTK20(!)
FEHOTK21(l)
FEHOTK22(l)
FECOLDKI(j)
FECOLDK2(J)
FECOLDK3(J)
FECOLDK4(J)
FECOLDK5(J)
FECOLDKGU)
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(l)
FECOLDOUT(J)
HOTU(I)
COLDU(@J)
LogicKI( )
LogicK2(l,J)
LogicK3( )
LogicK4(l,J)
LogicK5(1,J)
LogicK6(l,J)
LogicK7(1,J)
LogicK8(l,J)
LogicK9(l,J)
LogicKI10(1,J)
LogicKI 1( )
LogicKl2(1,J)
LogicKI3(1,J)
LogicKl14(1,J)
LogicKI5(1,J)
LogicKI6(1,J)
LogicKI 7(1,J)
LogicKI18(1,J)
LogicKl19(1,J)
LogicK20(1,J)
LogicK21(l,J)
LogicK22(1,J)
LogicHOT(J)
LogicCOLD(l)
ApproKI(1,J)
AApproKI(LJ)
ApproK2(1,J)
AApproK2(1J)

feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp

feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold tenjp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp

at stage K6
at stage K7
at stage K8
at stage K9
at stage K 10
at stage K1 1
at stage K12
at stage K 13
at stage K 14
at stage K 15
at stage K 16

at stage K17
at stage K18
at stage K19
at stage K20
at stage K21
at stage K22

at stage K1
at stage K2
at stage K3
at stage K4
at stage K5
at stage K6
at stage K7
at stage K8
at stage K9
at stage K10
at stage K 11
at stage K12
at stage K13
at stage K14
at stage K15
at stage K16
at stage K 17
at stage K18
at stage K19
at stage K20
at stage K21
at stage K22

feasibility of hot temp out
feasibility of cold temp out

hot utility load
cold utility load

Logical constraint at stage kil
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 kI 1
Logical constraint at stage k 12
Logical constraint at stage k 13
Logical constraint at stage kl4
Logical constraint at stage k 15
Logical constraint at stage k 16
Logical constraint at stage k 17
Logical constraint at stage k I8
Logical constraint at stage k19
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 k1

approach temp at stage k2

the other approach temp at stage k2



ApproK3(l,J)
AApproK3(l,J)
ApproK4(1,J3)
AApproK4(1,J)
ApproK5(1,J)
AApproK5(1,J)
ApproK6(l,J)
AApproK6(1,J)
ApproK7(1,3)
AApproK7(1,J)
ApproKa8(l,J)
AApproKa8(l,J)
ApproK9(l,J)
AApproK9(l,J)
ApproK 10(1,J)
AApproK 10(1,J)
ApproK 11(1,J)
AApproK 11( )
ApproK 12(1,J)
AApproK 12(1,J)
ApproK 13(1,J)
AApproK 13(1,J)
ApproK 14(1J)
AApproK 14(1,J)
ApproK 15(1J)
AApproK 15(1,J)
ApproK 16(1,J)
AApproK 16(1,J)
ApproK 17(1,J)
AApproK 17(1,J)
ApproK!8(U)
AApproK 18(1,J)
ApproK19(1,J)
AApproK 19(0)
ApprokK20(l,J)
AApproK20(l1,J)
ApproK21( )
AApproK21( )
ApproK22(1,J)
AApproK22(1,J3)
EMATdtI( ,K)
CONSTRAINT!
CONSTRAINT2
CONSTRAINT3
CONSTRAINT4
CONSTRAINTS
CONSTRAINT6
CONSTRAINT?7
CONSTRAINTS
CONSTRAINT9
CONSTRAINT10
CONSTRAINT11
CONSTRAINTS
CONSTRAINTS
CONSTRAINTS
CONSTRAINTS
CONSTRAINTS
CONSTRAINTS
CONSTRAINTS
CONSTRAINTS
CONSTRAINT20
CONSTRAINT21
CONSTRAINT22
CONSTRAINT23
CONSTRAINT24
CONSTRAINT25
CONSTRAINT26
CONSTRAINT27
CONSTRAINT28
CONSTRALINT29
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| 1
the other approach temp at stage k 11
approach temp at stage k12
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 kl4
approach temp at stage k 15
the other approach temp at stage k 15
approach temp at stage k16
the other approach temp at stage kl6
approach temp at stage k 17
the other approach temp at stage k 17
approach temp at stage kI8
the other approach temp at stage k 18
approach temp at stage k19
the other approach temp at stage k19
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
EMAT constraint
constraint no |
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( ).. dt(U 'K II') =L= (tift'K | r)-tj(3,'"K I r))+TAL*(l-z(1,J,'’K10"));
ApproKIl1( ). dt(l,3,'kl r) =L= (ti(I,'"Kir)-tj(J,'K1 I)+TAL*(i-z(1,3,'KI I *));
AApproK 11( ).. dt(1,3,'’K 12") =L= (ti(I,'K12")-tj(J,’K 12"))+ TAL*( 1-z(1,J,'K 11));
ApproK12(1,J).. dt(1,3,'K12") =L= (0(1,'K 12,)-tjCi,’K 12"))+ TAL*( 1-z(1,3,'K i 2"));
AApproK 12(0).. dt(1,J,'’K13") =L= (ti(I/K 13>tj(J,'K 13"))+TAL*( 1-zd.J.'K 127)),
ApproKI3(1,J).. dt(1,3,'’K13")=L= (ti(i;kI3>tj(J,'’K.13"))+ TAL*(l-z(0,'’K13"));
AApproK 13(0) «dt(1,J,'’K 14) =L= (ti(l,'K 14")-tj(J,'K 14"))+TAL*( 1-z(1,J,'K 13"));
ApproKl4(1,3).. dt(1,J,’K14") =L= (ti(l,'K 14")-tj(J,'’K 14"))+TAL*(l-z(1,3,'K 14Y));
AApprokK 14(0)- dt(U/K15") =L= (ti(l,'K 15)-tj(J,'’K 15"))+TAL*( 1-z(1,J,'K 14"));
ApproKI5(1,J).. dt(1,J,k 15")=L= (ti(l,'’K 1 )-tjO/K 15))+'TAL*(1-z(1,J,K 1 »;
AApproK 15(0).. dt(1,J,'’K 16") =L= (ti(l,’K 16")-tj(J,’K 16"))+TAL" (1-z(1,J,’K 15"));
ApproK16(0).. dt([,J,'’K 16") =L= (ti(l,'K 16")-tj(J,’K. 16"))+TAL*(1-z(0,’K 16"));
AApproK 16(0) dt(l,j;K17) =L= (ti(1,'’K17")-tj(J,,K17")+TAL*(l-z(1,J,,K16"));
ApproKI7(1,3).. dt(1,J, K17) =L= (ti(i;k17>tj(J,’K173>4TAL*(i-z(0,,K.177);
AApproK 17(0). «dt(l,J,’K 18) =L= (ti(l,'K 18")-tj(J,’K 18"))+TAL*( 1-z(1,J,'K 17"));
ApproKI8(1,J).. dt(1,J,'’K18") =L= (ti(l,'K 18')-tj(J,'’K 18"))+ TAL*(I-z(1,J,'’K18"));
AApproK 18(0) dt(1,3,'K 19") =L= (ti(I,’K 19")-tj(J,'’K 19"))+ TAL*( 1- d,]K( 18Y);
ApproKI9(1,J).. dt(l,3,'kI9") =L= (ti(l,'K 19")-tj(J,'K 19"))+ TAL*( i y I\19Y);
AApproK 19(0). dt(1,J,'K20") =L= (ti(l,,K20")-tj(J,'’K20"))+TAL*(1-z(0,'K 19Y);
ApproK20(1,J).. dt(1,3,'K20") =L= (tKI."K"OM-tjOVICZO'O+TAL"C 1-z(l,jVk 20%);
AApproK20(1,J).dt(1,J,’K20 =L= (ti(l,'"K21")-tj(J,'K2 1))+ TAL*(l-z(O,'K20");
ApproK21(l,J).. dt(0,'’K21") =L= (ti(I,'K21")-tj(J,'"K2r))+ TAL"™*(l-z(0,'K 2r));
AApproK21(0).. dt(1,J,’K22") =L= (ti(l,’K22")-tj(J,’K22"))+TAL*(I-z(1.J,'’K21"));
ApproK22(0) .. dt(1,J,'K22") =L= (ti(l,'K22")-tj(i,'’K22,))+ TAL*(1-z(0, k22"));
AApprokK22(1,J).. dt(1,J,'K23") =L= (ti(1,'K23")-tj(J,'K23"))+TAL*(I-z(,J,'K22"));
EMATdtI(0,K) «dt(l,J,K) =G=EMAT,;

CONSTRAINT! .. sum(J,ghu(J)) =L= 75939;

CONSTRAINT2 .. sum(l,qcu(l)) =L= 207.9;

CONSTRAINT3 .. z(T17VJ3vkl)=E= 1,

CONSTRAJNT4 .. sum(K,z('117VJ3'K))=G= 1;

CONSTRAINTS .. z('118VJ3','KI") =E= 1;

CONSTRAINT6 .sum(K,z('118''J3' K))=G= 1,

CONSTRAINT7 .. z(115,J3'KT) =E= 1;

CONSTRAINTS .. (K,z('115','33'K)) -G= 1,

CONSTRAINTY .. z('116','J3VKr) =E= I;

CONSTRAINTIO .. sum(K,z('ll6','33",K)) =G= 1,

CONSTRAINT! 1..sum(K,z('114,J3",K))=G= 1,

CONSTRAINTS . sum(K,z(17","ir,k)) =G= 1;

CONSTRAINTS .. sum(K,z('I19VJ2'K)) =G= 1;

CONSTRAINT 14 .. sum(K,z('187J2',K)) =G= 1,

CONSTRAINTS .. sum(K,z('167JT,K)) =G= 1;

CONSTRAINTS z(T47Jr,'’K10") =E= 1;

CONSTRAINTS ..sum(k,z('147J1'k)) =G= 1;

CONSTRAINTS .. z(I157J1,'K 10) =E= 1,

CONSTRAINTS .. sum(K,z('15',JI' K)) =G= 1;

CONSTRAINT20 .. sum(K,z('13",'3I'K)) =G= 1;

CONSTRAINT21 .. z(1137J3%;kI8") =E= 1,

CONSTRAINT22 .. sum(K,z('1137J3',K)) =G= 1,

CONSTRAINT23 . z('112, 3K 18)-E= 1,

CONSTRAINT24 .. sum(K,z('1127J3'K))=G= 1,

CONSTRAINT25 . z('llr,J3','K18") =E= 1;

CONSTRAINT26 .sum(k,z('11r,'33'K)) =G= 1,

CONSTRAJNT27 . z(1107J3','K18") =E- 1,

CONSTRAINT28 .. sum(k,z('110713'K))=G= 1,

CONSTRAINT29 .. sum(K,z('127JI'K))=G= 1,

CONSTRAINT30 ..sum(K,z('ll,'J,K)) =G= 1,

CONSTRAINT31 ( ,K).. dtt(l.J.K) =E= ti(I,K)-tj(J,K);

MODEL TSHIP /ALL/ ;
SOLVE TSHIP USING M1P MINIMIZING ZZ;
DISPLAY ZZ.L,z.L,zcu L,zhu L,q.L,qcu L,ghu.L,ti.L,tj.L;

112

Result of stage model of Retrofit H.E.N. of Example 5(Light Crude Oil)

with EMAT =33 °c

GAMS Rev 136 MS Windows 04/05/10 14:58:44 Page 6
General Algebraic Modeling System

- 485 VARIABLE ZZ.L = 757833.567 total energy

- 485 VARIABLE z.L exchanger matching between hot | and cold J at stage k

K1 K2 K3 K6 kio K12



n Ja 1000

12 3 1.000

13 3

14 J1 1.000
14 J2 1.000

15 J1 1000
16 J1 1.000

17 a1 1000

18 J2 1.000

19 J2 1.000

114 J3 1.000
115.J3 1000

116.J3 1000

117.33 1000
118.J3 1000

+ K18 K20 K21
19 J3 1.000

110.J3 1.000

111.33 1.000

11233 1000

113.J3 1.000

114.33 1.000

- 485 VARIABLE ZCU.L cold utility matching with hot 1
(ALL 0.000)

- 485 VARIABLE zhu.L hot utility matching with cold J

J3 1.000

- 485 VARIABLE q.L heat exchanged between hot | and cold J

K1 K2 K3 K6 K10 K12
na 903.305
123 9148.303
13 J1 7929.756
14 J1 2700.488
14 .32 206.712
15 J 5678.112
16 J1 7005.988

17 J1 5553.856
18J2 10475.910
19 J2 10371.366
11433 12933.167
11533 2012.892
116.J3 1230.068
117.J3 10173.816
118.J3 6360.000

+ K18 K.20 K21
19 33 206.592
110.J3 16349.886
111.J3 4160.164
112.J3 2690 184
113.J3 1179.946
114.33 5886.928
- 485 VARIABLE qcu.L heat exchanged between cold utility and hot 1

(ALL 0.000)

- 485 VARIABLE ghu L heat exchanged between hot utility and cold J
J3 75761.357
485 VARIABLE ti.L temp ofhot stream i at hot end o f stage k
Kl K2 K3 K4 K5 K6
132250 132.250 132.250 90.000 90.000  90.000
202.050 202.050 157.000 157.000 157.000 157.000
216 700 216.700 216.700 216.700 216.700 216.700
223.100 218.606 218.606 218,606 218.606 218.606
216 900 216.900 216.900 216.900 216.900 216.900
202.050 202 050 202.050 202.050 202.050 202.050
233.000 159400 159400 159.400 159.400 159.400
220.400 189800 189.800 189.800 189.800  189.800
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
11 253.000 253.000 253,000 253.000 253.000 253.000
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 304900 304.900 304.900 304.900 304900 304.900
115 324.000 280.600 280.600 280.600 280.600 280 600

CBREGREBRE
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116
117
118

1,

12
13
14
15
16
17
18
19

110
11
112
113
114
115
116
117
118

EEREERBER o

110

112

114
115
116
117
118

114
115
116
117
118

Ji
J2
J3

J3

285.400 285.400 285.400 285.400
290.000 290.000 290.000 290.000
290.000 290.000 290.000 290.000
K9 K10 Kl K12
90,000 90.000 90.000 90.000
157.000 157.000 157.000 157.000
216.700 216.700 216.700 216.700
218.606 218606  159.900  159.900
216.900 216.900 164.100 164.100
173.000 173000 173.000  173.000
159.400 159.400 159.400  159.400
189.800 189.800 189.800  189.800
201.600 201.600 201.600 201.600
256.600 256.600 256.600 256.600
253.000 253.000 253.000 253.000
276.700 276.700 276.700 276.700
285.400 285.400 285.400 285.400
304.900 304.900 271.708 271.708
280.600 280.600 280.600 280 600
285.400 285.400 285.400 285.400
290.000 290.000 290.000  290.000
290.000 290.000 290.000 290.000
K15 K16 K17 K18
90.000 90.000  90.000  90.000
157.000 157.000  157.000  157.000
143,500 143.500  143.500 143.500
159.900 159.900 159.900  159.900
164.100 164.100 164.100 164.100
173.000 173.000 ~ 173.000  173.000
159.400 159.400 159.400  159.400
189.800 189.800 = 189.800  189.800
201.600 201.600 201.600 201 600
256.600 256.600 256.600 256.600
253.000 253.000 253.000 253.000
276.700 276.700 276.700 276.700
285.400 285.400 285.400 285.400
271.708 271.708 271.708 271.708
280.600 280.600 280.600 280.600
285.400 285.400 285.400 285.400
290.000 290000 290.000 290.000
290.000 290.000 290.000 290.000
K21 K22 K23
90.000  90.000 90.000
157.000 157.000  157.000
143.500 143.500  143.500
159.900 159.900  159.900
164.100 164.100 164.100
173.000 173000 173.000
159.400 159.400  159.400
189.800 189.800  189.800
201.600 200.000 200.000
211.700 211.700 211.700
216.900 216.900 216.900
223.100 223.100 223.100
240.000 240.000 240.000
256.600 256.600 256.600
280.600 280.600 280.600
285.400 285.400 285.400
290.000 290000 290.000
290.000 290.000 290.000

485 VARIABLE tj.L. temp of cold streamj at hot end of stage k

330.000 285.400
358.400 290.000
370.000 290.000
K7 K8
90.000 90.000
157.000  157.000
216.700 216.700
218.606 218.606
216.900 216.900
173.000  173.000
159.400  159.400
189.800  189.800
201.600 201.600
256.600 256.600
253.000 253.000
276.700  276.700
285.400 285.400
304.900 304.900
280.600 280.600
285.400 285.400
290.000 290.000
290.000 290.000
K13 K14
90.000  90.000
157.000  157.000
143.500  143.500
159.900  159.900
164.100  164.100
173.000  173.000
159.400 159 400
189.800 189 800
201.600 201.600
256.600 256.600
253.000 253.000
276.700 276.700
285.400 285.400
271.708 271.708
280.600 280.600
285.400 285.400
290.000 290.000
290.000 290.000
K19 K20
90.000  90.000
157.000  157.000
143.500  143.500
159.900  159.900
164.100 164 100
173.000  173.000
159.400  159.400
189.800 189 800
201.600 201.600
211.700 211 700
216.900 216.900
223.100 223.100
240.000 240.000
271.708 271.708
280.600 280.600
285.400 285.400
290.000 290.000
290.000 290,000
K1 K2
111.610  99.964
179.470 167 054
319 148 277.159
K7 K8
64.197 64.197
155.000  155.000
277.159 277 159
K13 K14
30.000  30.000

K3 K4 K5 K6
80.781 78.887 78.887  78.887
167.054  155.000 155.000  155.000
277.159  277.159 277.159  277.159
K9 K10 Kl K12

64.197 64.197 46.628  46,.628
155.000 155.000 155.000  155.000
277.159 277.159 249.700 249.700
K15 K16 K117 K18

30.000  30.000 30.000 3C©°e
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115

J2 155000 155000 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 197937 197937 185439 185000 185.000

EXECUTION TIME 0.031 SECONDS 2.1Mb  WIN212-
USER: The Petroleum and Petrochemical College G030915:1142AP-WIN

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

1 hot streams /11,13&3&4,&?%6 é7J]78J]89;]]§%111,112,113,114.115.116,117,118.119,120. 121,122/
J cold streams /J 1,V ,J, ,J, WOWIW 10/

/K 1,K2,K3,K4,K5,K6,K7,K8,K9,K 10,K 11,K 12,K 13,K14,K 15,K 16,K 17,K 18,K 19,K20,K21,K22,K23/;
PARAMETER TINI(I) /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) J1=30, J2=155, J3=185/

TOUTI(1)/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=182.75, J3=480/

F1(l) /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) /J1=467.4,J2=758 7, J3=577.7/

OMEGA /1000000/

TAL /1000000/

EMAT /20.2/;

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(l,J,K) heat exchanged between hot 1and cold J
qgcu(l) heat exchanged between cold utility and hot 1
ghu(J) heat exchanged between hot utility and cold J
ti(1,K) temp of hot stream i at hot end o f stage k
tj(J,K) temp ofcold streamj at hot end of stage k
z(1,3,K) exchanger matching between hot | and cold J at stage k
zcu(l)  cold utility matching with hot 1
zhu(J)  hot utility matching with cold J
Y44 total energy
dtt(1,J,K) actual temperature;
POSITIVE VARIABLE dt(l,J,K),dtcu(l),dthu(J),q(1,J,K),gcu(l),ghu(J),tj(J3,K);
BINARY VARIABLES zcu(l),zhu(J),z(1,J,K);

EQUATIONS
MINU objective function minimize utilities
HOTI(I) heat balance in hot streams 1
COLDJ(J) heat balance in cold stream J
HOTK 1(1) heat balanceofhotat stage K1
HOTK2(I) heat balanceof hot at stage K2
HOTK3(I) heat balanceof hotat stage K3
HOTKA4(I) heat balanceofhot at stage K4
HOTKS5(I) heat balanceofhot at stage K5
HOTKG6(I) heat balance of hot at stage K6
HOTK7(l) heat balance of hot at stage K7
HOTKS8(I) heat balanceofhotat stage K8
HOTK9(I) heat balance of hot at stage K9
HOTK 10(2) heat balance of hot at stage K 10
HOTK11(1) heat balance of hot at stage K 11
HOTK12(l) heat balance of hot at stage K 12
HOTK13(l) heat balance of hot at stage K13
HOTK 14(1) heat balance of hot at stage K 14
HOTK 15(2) heat balance of hot at stage K 15
HOTK 16(1) heat balance of hot at stage K 16
HOTK 17(2) heat balance of hot at stage K 17
HOTK 18(1) heat balance of hot at stage K 18
HOTK19(l) heat balance of hot at stage K19

HOTK20(1) heat balance of hot at stage K20



HOTK21()
HOTK22(l)
COLDKI(i)
COLDK2(J)
COLDK3(J)
COLDKA4U)
COLDK5(J)
COLDK6(J)
COLDK7U)
COLDKB(J)
COLDKOU)
COLDKIO(J)
COLDKII(J)
COLDK12(J)
COLDK13U)
COLDK14(J)
COLDKI5U)
COLDK16(J)
COLDK17(J)
COLDK18U)
COI.DK19(J)
COLDK20(J)
COLDK21(J)
COLDK220)
TINHOT(l)
TINCOLD(J)
FEHOTKI(I)
FEHOTK2(I)
FEHOTK3(I)
FEHOTKA4()
FEHOTK5(I)
FEHOTKG6(I)
FEHOTK7(l)
FEHOTKS(I)
FEHOTKO(I)
FEHOTKIO(l)
FEHOTK.11(1)
FEHOTK12(l)
FEHOTK13(l)
FEHOTK14(l)
FEHOTK150)
FEHOTK16(l)
FEHOTK17(l)
FEHOTK18(l)
FEHOTK19(l)
FEHOTK20(l)
FEHOTK2HO
FEHOTK22(I)
FECOLDKI(J)
FECOLDK2U)
FECOLDK3(J)
FECOLDKA4(J)
FECOLDK5U)
FECOLDKG6(J)
FECOLDK7(J)
FECOLDKS8(J)
FECOLDK9(J)
FECOLDKIO(J)
FECOLDK11(J)
FECOLDK12(J)
FECOLDK!3(J)
FECOLDK14U)
FECOLDKI5(J)
FECOLDK16(J)
FECOLDK17(J)
FECOLDK18(J)
FECOLDK19U)
FECOLDK20(J)
FECOLDK21(J)
FECOLDK220)
FEHOTOUT(i)

heat balance of hot at stage K21
heat balance of hot at stage K22

heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
heat balance of cold
hot temp in
cold temp in
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of hot temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp
feasibility of cold temp

at sl

at sl

at stage K7

at stage K8

at stage K 1
at stage K.2

tage K3

at stage K4

tage K5

at stage K6

at stage K9

at stage K10
at stage K 11
at stage K12
at stage K13
at stage K14
at stage K 15
at stage K16
at stage K17
at stage K.18
at stage K19
at stage K20
at stage K21
at stage K22

at stage K 1
at stage K2

at stage K3

at stage K4

at stage K5
at stage K6
at stage K7
at stage K8
at stage K9

at stage K10
at stage K1 1
at stage K12
at stage K13
at stage K14
at stage K15
at stage K16
at stage K17
at stage K18
at stage K19
at stage K20
at stage K21
at stage K22
at stage K1
at stage K2
at stage K3
at stage K4
at stage K5
at stage K6
at stage K7
at stage K8
at stage K9
at stage K 10
at stage K4 1
at stage K.12
at stage K13
at stage K14
at stage K 15
at stage K16
at stage K17
at stage K18
at stage K19
at stage K20
at stage K21
at stage K22

feasibility of hot temp out



FECOLDOUT(J)
HOTU(l)
COLDU(@J)
LogicKI( )
LogicK2(1,J)
LogicK3(l,J)
LogicK4(l,J)
LogicK5(1,J)
LogicK6(l,J)
LogicK7(1,J)
LogicK8(l,J)
LogicK9(l,J)
LogicKI10(1,J)
LogicKII(I'])
LogicKI2(1,J)
LogicKI3(1,J)
LogicKl14(1,J)
LogicKI5(1,J)
LogicKI 6(1,J)
LogicKI17(1,J)
LogicKI 8(1,J)
LogicK19(1,J)
LogicK20(1,J)
LogicK21 ( )
LogicK22(1,J)
LogicHOT(J)
LogicCOLD(l)
ApproK1( )
AApproKI(1,J)
ApproK2(1,J)
AApproK2(1,J)
ApproK3(l,J)
AApproK3(l,J)
ApproK4(l1,J)
AApproK4(1,J3)
ApproK5(1,J)
AApproK5(1,J)
ApproK6(l,J)
AApproK6(l1,J)
ApproK7(1,J)
AApproK7(1,J)
ApproKa8(l,J)
AApproKsg(l,J)
ApproK9(l,J)
AApproK9(l,J)
ApproK 10(1,J)
AApproKI10(1,J)
ApproK 11( )
AApproKI 1( )
ApproK12(1,J)
AApproK 12(1,J)
ApproK 13(1,J)
AApproKI3( )
ApproK 14(1,J)
AApproKl14(1,J3)
ApproK15( )
AApproKI5(1,J)
ApproK 16(1,J)
AApproK 16(1,J)
ApproK 17(1,J)
AApproK17( )
ApproK 18(1J)
AApproK 18(1,J)
ApproK 19(1,J)
AApproK 19(1,J)
ApproK20(1,J)
AApproK20(1,J)
ApprokK21 ( )
AApproK21(l,J)
ApproK22(1,J)
AApproK22(1,J)

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 at stage k4
Logical constraint at stage k5
Logical constraint at stage kb
Logical constraint at stage k7
Logical constraint at stage k8
Logical constraint at stage k9
Logical constraint at stage Kio
Logical constraint at stage kI 1
Logical constraint at stage k12
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 k17
Logical constraint at stage k18
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 ki
the other approach temp at stage k|
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 k1 1
the other approach temp at stage k 11
approach temp at stage kl2
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 kl4
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 k16
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



EMATdt( ,K)
constraint!
CONSTRAINT2
CONSTRAINT3
CONSTRAINT4
CONSTRAINTS
CONSTRAINT6
CONSTRAINT?
CONSTRAINTS
CONSTRAINT9
CONSTRAINT 10
CONSTRAINT 11
CONSTRAINTS
CONSTRAINT13
CONSTRAINTS
CONSTRAINTS
CONSTRAINT 16
CONSTRAINTS
CONSTRAINT 18
CONSTRAINTS
CONSTRAINT20
CONSTRAINT21
CONSTRAINT22
CONSTRAINT23
CONSTRAINT24
CONSTRAINT25
CONSTRAINT26
CONSTRAINT27
CONSTRAINT28
CONSTRAINT29
CONSTRAINT30

EMAT constraint

constraint no 1
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

CONSTRAINTSI( ,K) constraint no.31;

MINU

.2Z =E= 10*SUM(l,gcu(l)) + 10*SUM(J,ghu(d))+10*SUM((1,d,K),z(1,d,K))+10*SUM(l,zcu(l))+

10*SUM(J,zhu(J));

HOTI(I)

COLDJ(J)
HOTK 1(1)
HOTK2(l)
HOTK3(l)
HOTKA4(l)
HOTKS5(I)
HOTK6(l)
HOTK7(l)
HOTKS(l)
HOTKO(l)
HOTK 10(1)
HOTK 11(1)
HOTK 12(1)
HOTK 13(1)
HOTK 14(1)
HOTK15(1)
HOTK 16(1)
HOTK 17(1)
HOTK 18(1)
HOTK 19(1)
HOTK20(I)
HOTK21(l)
HOTK22(1)
COLDKI(J)
COLDK2(J) .
COLDK3(J) .
COLDKA4(J) .

COLDK5(J) ..

COLDK®6(J)
COLDK7(J)
COLDKS8(J)
COLDK9(J)

- (TINI()-TOUTI(I))* FI(I)=E= SUM((J,K),q(l,J,K))+qcu(l);
L(TOUTII)-TINI))*FI(J)=E= SUM((I,K),q(l,d,K))+ghu(d);

(ti(1, 'K ) -ti(1, 'K 2"))*F1(1)-E= SUM(J,q(1,3'KNK
(ti(1,'K2")-ti(1,'K 3)*FI()=E= SUM(J,q(1,3,'K2"));
(ti(1,' K37 -ti(1,'’K4))*FI(I)=E= SUM(J,q(1,J,'K3));
(ti(1, K4")-ti(1, K5")*FI()=E= SUM(J,q(1,d,'’K4");
(ti(l, K5")-ti(1,’K6)*FI(N=E= SHM(J,q(1,J,K5"));
(ti(1,K 6 )-ti(1,'K7))*FI(1)=E= SUM(J,q(1,J,'K6")),
(ti(l,'K 7°)-ti(1,K 8))*FI(1)=E= SUM(J,q(1,3,K7"));
(ti(1,'K8")-ti(1,’K9))*FI(I)=E= SUM(J,q(1,3,'K8"));
(ti(1,'K9")-ti(1,'K 10))*FI(1)=E= SUM(J,q(1,J,’K9");

C(ti(1,'K 10°)-ti(1,'K 11'))*FI(1)=E= SUM(J,q(1,J,K10");
Lt K1 1)-til, K129))*FI()=E= SUM(J,q(1,d,'’KI 1%);
- (ti(1,'K 12°)-ti(1,'’K 13))*FI()=E= SUM(J,q(1,J,’K12");
-(ti(1, K 13")-ti(1,'K 14Y)*FI(1)=E= SUM(J,q(1,J,’K13"));
C(ti(1,K 14")-ti(1,'K 15")*FI(1)=E= SUM(J,q(1,d,’K14");
(ti(1,'K 15")-ti(1,'’K 16"))*FI(1)=E= SUM(J,q(l,J,'’K15");
C(ti(1,'K 16")-ti(1,'KI 7))*F1(1)=E= SUM(J,q(1,d,’K16);
C(ti(1,'K 17)-ti(1,'K 18))*F1()=E= SIIM(J.q(l J,'K17");
(ti(1,'K 18")-ti(1,K 19")*FI(1)=E= SHM(J,q(1,J,’K18");
C(ti(1,'K 19')-ti(1,'K20°))*FI(1)=E= SUM(J,q(1,d,’K19"));
_(ti(l, K20")-ti(1,'K21))*FI(1)=E= SUM(J,q(1,d,’K20");
C(ti(i;K217)-ti(1,'K22")*FI(I)=E= SUM(J,q(1,3,'’K2T));
C(ti(1,'K22")-ti(1,'K23")*FI(1)=E= SUM(J,q(1,d,'’K22"));
- (ti(3,K 1)-ti(@,K27)*FI(I)=E= SUM(I,q(I,d, 'K ));

. (ti(3,'K2)-tj(3,'K3)*FI(J)=E= SUM(l,q(1,d,'’K2");
tj(J,'K3 tj(J K4))*FI(J)=E= SUM(1,q(1.1,K3
Et,(}wf (s ))*Fyﬁa) E- §IMa,q§ Hm%?

(tj(3, K5")-tj(3,'K6"))*FI(I)=E= SUM(l,q(l,J,'K5"));

. (ti(3,K6")-tj(J, K7Y)*FI(I)=E= SUM(I,q(U,'’K6");
. (i3, 'K7)-tj(d,’K8Y))*FI(J)=E= SUM(L,q( ,.K7));
- (ti(3,K8Y-tj(3,'K9Y))*FI(J)=E= SUM(I,q(U'K8"));
- (ti(3, K9")-tj(J,’K10 ))*FI(J)=E= SUM(I,q(UI,’K9"));

COLDKIO(J).. (tj(J,'K 10’)-tj(J,'’K 1T))*FI(J)=E= SUM(I,q(1,J.'KI0")

COLDK11(J)

- (LG K T 143, K 12))*FI(J)=E= SUM(1,q(1,d,'KI 1)

COLDK12(J), (ti(J,’K 12)-tj(J,'’K 13))*FI(J)=E= SUM(I,q(T|"K12"))
COLDK13(J).. (tj(J,'K13")-tj(J 'K14))*FI(J)=E= SUM(I,q(1,J.’K13")
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CONSTRAINT!5 .. sum(K,z('16",'jr,K)> =G= 1,
CONSTRAINTS .. z(14VJ1,K10) =E= 1,
CONSTRAINT!7 .. sum(k,z('14,'JI' K)) =G= 1
CONSTRAINT!8 .. z('157J1 '/K10") =E= 1,
CONSTRAINT19 .. sum(K,zCI57Jr.K)) =G= 1,
CONSTRAINT20 .. sum(K,z('13";JI'K)) =G= 1,
CONSTRAINT21 . z('113VJ3'KI8") =E= 1,
CONSTRAINT22 .. sum(K,z('1137J3'K)) =G= 1,
CONSTRAINT23 .. z(1]2,J3VK18") =E= 1,
CONSTRAINT24 .sum(K,z('112VJ3'K)) =G= 1L,
CONSTRAINT25 . z('111VJ3','K18) =E= 1,
CONSTRAINT26 ..sum(K,z('11r,'J3'K)) =G= 1;
CONSTRAINT27 , z( 10,ji'TC18)=E=I;
CONSTRAINT28 .. sum(K,z('110'/JT.K)) =G= 1,
CONSTRAINT29 .. sum(K,z( 27H\K)) =G= 1,
CONSTRAINT30 .. sum(K,z('11 J1'K)) =G= 1,
CONSTRAINT31 (1,3,K) .. dtt(l,J,K) =E= ti(l,K)-tj(J,K);
MODEL TSHIP /ALL/ ;

SOLVE TSHIP USING MIP MINIMIZING ZZ;
DISPLAY ZZ:L,z L,zcu.L,zhu.L,q.L,qcu.L,ghu.L,ti.L,tj.L;

Result of retrofit of stage model of Retrofit H.E.N. of Example s (Heavv
Crude Oil) with EMAT =202 °c

GAMS Rev 136 MS Windows 04/05/10 16:02:38 Page 6
General Algebraic Modeling System

— - 485 VARIABLE ZZ.L = 1072409.367 total energy

- 485 VARIABLE Z.L exchanger matching between hot 1and cold J at stage k
K9 K10 K1l K13 K16

I Ja 1.000

2 J 1.000

133 1000

40 1.000

14 .32 1000

5 J 1.000

16 3 1.000

18 J2 1.000

114.33 1000

115.33 1,000

116.J3 1000
117.J3 1.000
118.J3 1.000

+ K18 K19 K2
14 J1 1000
17 J1 1.000
19 J2 1.000

19 J3 1.000
110.J3 1.000
111.J3 1.000
112.33 1.000
113.33 1.000
— 485 VARIABLE ZCU.L cold utility matching with hot |
(ALL 0.000)
— 485 VARIABLE zhu.L hot utility matching with cold J

31000
— 485 VARIABLE g.L heat exchanged between hot | and cold J
Kl K9 K10 Kl K13 K16
I Ja 1432.985
1271 10975.680
13J1 7929.756
40 1350.162
14 J2 225.569
15J1 5678 112
16 J1 8795.520
18-J2 10475.910
114. J3 18820.095

115. 2QIR2.892
116.J3  1230.068
117.J3 10173 816
118J3  6360.000



+ K 18 K19 K.22
14J1 1331.469
17 JI 5553.856
19 J2 10352.446

1933  225.512

110. J3 16349.886
111. J3 4160.164

112. J3  2690.184

113. J3  1179.946

-— 485 VARIABLE qgcu.L heat exchanged between cold utility and hot |
0.000)
- 485 VARIABLE ghu L heat exchanged between hot utility and cold J

(ALL

J3 107218.937

-— 485 VARIABLE ti.L temp of hot stream i at hot end of stage k

K1
ik 132.250
12 202.050
13 216 700
14 223 100
15  216.900
16 202.050
17 233.000
18 220.400
19 281.900
no 256.600
111 253.000
112 276700
113 285.400
114 304.900
115  324.000
116 330000
117 358.400
118 370000
+ K7
n 90 000
12 157 000
13 216.700
14 218.606
15  216.900
16 173.000
17 159.400
18 189 800
19 201.600
110 256.600
11 253 000
112 276.700
113 285.400
114 304 900
115 280 600
116  285.400
117 290.000
118 290.000
+ K13
n 90.000
12 157.000
13 143.500
14 159.900
5 164.100
16 173.000
17 159 400
18 189 800
201.600
no 256.600
111 253.000
112 276.700
113 285.400
114 271.708
115 280,600
116 285.400
117 290 000
118  290.000

K2
132.250
202.050
216.700
218.606
216.900
202.050
159.400
189 800
281.900
256.600
253.000
276.700
285.400
304.900
280.600
285 400
290.000
290 000
K8
90 000
157.000
216 700
218 606
216.900
173.000
159,400
189.800
201 600
256.600
253.000
276.700
285.400
304.900
280.600
285.400
290.000
290.000
K14
90.000
157.000
143.500
159,900
164 100
173 000
159.400
189 800
201.600
256.600
253.000
276.700
285.400
271.708
280.600
285.400
290000
290,000

K3 K4 K5 K6
132.250  90.000 90.000  90.000
157.000 157.000 157.000 157.000
216.700 216.700 216.700 216.700
218.606 218 606 218 606 218.606
216.900 216.900 216.900 216.900
202.050 202.050 202.050 @ 202.050
159.400 159400 159.400 159 400
189.800 189.800  189.800  189.800
281.900 201.600 201.600 201.600
256.600 256.600 256.600 256.600
253.000 253.000 253.000 253.000
276.700 276.700 276.700 276.700
285.400 285.400 285.400 285.400
304.900 304.900 304 900  304.900
280.600 280.600 280.600 280.600
285.400 285400 285.400 285.400
290.000 290 000 290.000  290.000
290.000 290.000 290.000 290.000
K9 K.10 K11 K12
90.000  90.000 90.000  90.000
157.000 157.000 157.000  157.000
216.700 216.700  216.700 216.700
218.606 218.606  159.900  159.900
216.900 216.900 164 100  164.100
173.000 173.000 173000 173.000
159.400 159.400  159.400  159.400
189.800 189.800 189,800 189 800
201.600 201.600 201.600 201.600
256.600 256.600 256.600 256600
253.000 253.000 253 000 253.000
276.700 276.700 276 700 276.700
285.400 285.400 285.400 285.400
304.900 304.900 271.708 271.708
280.600 280.600 280.600 280.600
285.400 285.400 285.400 285.400
290.000 290.000 290.000 290.000
290.000 290000 290000 290 000
K15 K.16 K17 K18
90 000 90000 90.000 90000
157.000 157.000 157.000 157.000
143.500 143.500 143.500 143.500
159.900 159.900 159.900  159.900
164.100 164.100 164 100 164.100
173.000 173000 173.000 173.000
159.400 159.400 159.400  159.400
189.800 189800 189800 189 800
201.600 201.600 201.600 201.600
256.600 256.600 256.600 256.600
253.000 253.000 253.000 253.000
276.700 276.700 276.700 276.700
285.400 285.400 285.400 285.400
271.708 271.708 271.708 271.708
280.600 280,600 280.600 280.600
285.400 285.400 285.400 285.400
290 000 290.000 290.000 290.000
290.000 290.000 290.000 290.000

122



EZBBRNBEREBRRE 4

112
114

116
117
118

Ji
J2
J3
+
NI
J2
J3
+
J]
J2
J3
+
Ji
J2
J3

EXECUTION TIME
USER: The Petroleum and Petrochemical College

K19 K20 K21 K.22 K23
90.000 90.000 90.000 90.000  90.000
157.000 157.000 157.000 157.000  157.000
143.500 143500 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 173000 173.000
159.400 159400 159.400 159400  159.400
189800 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 of cold streamj at hot end of stage k
K1 K2 K3 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
K7 K8 K9 K10 K1l 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 K14 K15 K16 K17 K18
30.000 30.000 30.000 30.000 30.000 30.000
155.000 155.000 155.000 155.000 155.000  155.000
249.700 249.700 249.700 249.700 249.700 249.700
K.19 K.20 K21 K.22 K23
30.000 30.000 30.000 30.000 30.000
155.000 155.000 155.000 155 000  155.000
197.937  197.937 185439 185.000 185.000

#include<stdio.h>
#include<conio.h>
#include<math h>
void main()
! intij,k,n,p,v,s=0,a,b,d,g;

int h; /* number of hot stream?*/

0.125 SECONDS 4.2 Mb

WIN212-136
0030915:1142AP-WIN

Source code of Microsoft c++ in relocation concept 1

int ¢; /* number of cold stream?*/
double z=0.3333;

char name[50];

char matching[40][10];

float [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  [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");

123



if(fptr=NULL)
{printf("This basecase file can not be opendAn");!

else

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

/*

——— */

printf("\n\n*****Base Case*****\ ' ");

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

fscanf(fptr,”%d",&h); /*1.Read number of hot streams*/
printf(" %d\n";h);

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

printf('%s",name);

fscanf(fptr,”%d",&c); /*2.Read number of cold streams?*/
printfC  %d\ )n\n",c);

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

printf(" %0.2f\n"

R —

printf(".%s",name);
fscanf(fptr,"%s",name);
printf(\n%s",name);
fscanf(fptr,"%d",&fix);
printfX" %d\ " fix);
fscanf(fptr,"%s",name);
printf)"%s",name);
fscanf(fptr,"%d",&investl);
printf(" %d\ ",investi);
fscanf(fptr,"% ,,name);
print¢"%s ",name);
fscanf(fptr,"%f',&expo 1);
,expol);

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

printf("%s .name);

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

printf("\n%s",name);

fscanf(fptr,"%d",&invest2);

printfC %d\ ",invest2);

fscanf(fptr,”%s",name);

printf("%s",name);

fscanf(fptr,"%f',&expo2);

printfC %0.2f\ " ,expo2),

L

*/

fscanf(fptr,"%s".name); /*3. Read Ui*/

for(j=0j<cj++)

printf("\n\ \n% ",name);
for(i=0,i<h;i++)

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

fscanf(fptr,"%f',&UTi][j]);

printfC % .3, U[i][j]);

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

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

printf("\ % ",name);

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

1*

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

for(j=0j<cy++)

- «/
for(i=0;i<h;i++)

fscanf(fptr,"%s",matching[p]);
printf("'n% ",matching[p]);
for(k-0;k<3;k++)

{
fscanf(fptr,"%If, &dt[i][i][k]);



printf(" .31 dt[i][j](K]);
l’lll .

f(fotr,"%
i p;tjrnn ”?’Ve/os\ “name);
fscanf(fptr,"% name

Pscan for,, f% nﬁl? %
Prmt %s\. " name):
o Tor(I=0;i<hy |++)
for(j=0j<cjt++) )
fscaHI( %% r 968" nane);
s N
s
fsc fptr (V k]
ot b
fclose(fptr); !
ol rprfopenCRETROFITtxt T):
{ printf("\n\n\nThis retrofit file can not be opendAn”);
printf(An\n\nThis retrofit file is opendAn");
rintf("\n\ *** Retrofit Case* ***n)
b f r}IpR%§ name) L
nin%.\ " name);
fscanf{( fp 0/ " Name);
nti(in " % "name);
fscanf f;ﬁ i 0/ \ Eme),
Prm /o0 name);
Srﬁ?lrt] gfptros\ﬁs ngames)
Por(|-0 |<g )

for(j=0j<cj++)

f ir"%
P??%?r’é(ﬁ% Rt
or(k-Dk<3 k)

e
fscanf fpt} %" r\ame/\
fscanf(fp?r %f( name)ds T,

Prmt % name);
scanftiotr, %s' na 2
Prlntc %s\ " name)
or(1-0;i<h;i++)

for(j= 0]<Cj++)

g

or(K

Fiﬁﬁ?féf A

/—\3
cf_\

fclose(fptr);I
for(i=0:i<h:it+)
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for(j=0j<cj++)

L[,]mmgie%%lk (iPJj !

U e —

F
: ?éEFjH

-pXVW(

Eﬂﬂ

for(= OJ<CJ++
A[l]U][(}g Hﬁﬂm[o}lh['m o,

o)’
A ke

Are\be 0 oq%H e R
i\\r t[[]][[||] Hﬁoﬂlﬁl }<o
Aretf3][2

Eau;{ ?09 o™ Ermtm%ke E{changerArea*****\

for(1=0:j<h: 1+
gr&] UJI< JI++}

EHHEE oS kg A,

printf("\ ) **f***Retroflt IIzlieat Exchgngelr) fL\rea*****w e

rt(”
EF((} ? i<hiit)

for(j=0j<cj++
rintf("% " matc

Brln |r("%0 Olf %0 Olgrﬁ)a\ret (00o7, Aret[irm;
)

P+

printf(" 2

R

)
o g

* IF|nd| Shat heat exchanger is the same matchlng in retrofit %
f{g- 120 7+

{éjr s,

for(i=0:i<h:i++
for(J Jo<rE ++5 i)

(A= Aveil ] K] &&ATITKP0)

A
1G:0,
ET[“J-O

hex(i]CJ=0.

hex [l][I] !F



127

rntf An\ B nmoved and fix-sized Heat Exchanger
rint =>There area %d heat excﬁanger are not n&/ed\/l )v)

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

f‘%kﬁjo%iz& +)

* . rintf{"=>Unmoved heat exchanger at hot: éold &Mw }s )od %%d at stage /od LK),

[ 2.1.Check where fixed-size heat exchanger moved to? ¥
forg 1=0;i<20; |++

b

{ hextilHN=0:
oneltHKI=G:
two =,
three{ lf][KI=0;

for%zo <h;i+t)
for(j=J< ++i

o
for(a=0;a<h;at+
W,
|f|A[|]L|][k]:Aret[a][b][dy .
one[i][i][Kk]=°a; o
threefi {][Kl=d; W] lip]=b;
" heilL]Ik=;
for(i n<<thJHl+
&i&) 0{) IJ<2 +4) N
flsum>0) sum=sum-+hex(i][i][K];
pnnne}\ \Sn%d There are %d heat exchanger to move”, sum);
fort( =) h|++2

ﬁiﬁf%d

Y%d moves )\ ﬁﬂ( 51t stage %d in retrofltép I+Fg'|\ k+>|%?1(éﬁ |zedP ﬁ ree |]ﬁ 12/ +| [ stage

s

*_
[* i %he%mher)e fixed-size heat exchanger moved to?(version2) %
B,
i]liJ(k]=0
G
>7[|]U][k]=0

el
i ]—0



| 1
- for =(:i<h;i++)
<+
Bt i’) fALUPI0)
=07
s
o |fmU][k] =Avetfal[B][d])
i
tthreefi][I1(k][o]=d;
bSUmHH,
L 1)
hex(i] lI[k]=1; Wil

f(sum>0)
prln( n\ Jod.More Existing heat exchanger is moved\ ", );

for 0|<h|++
%o&( <JZ++§ if(hex(i]f)KI=])
{ a=oon

Foond T
e Bgﬂi]uuk][ox

iGN
SOOI LR R IE000 [ )
A
['ﬂjwekml[k][m

)

F 8<oCrJir:SKh i)
: if(ATUIK)
19""'; z
if(g>0)
{

printf("\ \noe The Ufied sizeof eat exchangerin\ *, );
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ff} 0-0,<pigt)
for6 1=0;j<20;i++)

r(j=0J<2
Igr-J<2 ++

[]1[:1[@]%“[” N

| [UIK=0;
B,

0 i

&%:0; — for@@=0;a<hiatt)

' retil [ [d}>0)
if(abs(ATG][KI-Avetfal ] <sum)

Sum—atﬂﬁ[ é[l][k] Aretfa][o][e]);
i

e

sum=wl [k

B

f((a=one[a][o][d]) & &(b=two[a][b][d]) &&(d=three[a][B][c])

}a %ﬂ% mm 105 "2l )
it I?% 0 & ias %E Mb}[dmmree[anb]wm
prlnrf +Add0 01 [d] [3] o] -ALa] o] )

> @j 1om %d- 5 e%d to %d-Y%d stage %d in retro-

f|t\n +I + + feeﬂ[} eea
[o] [ threefa] o] el

e
printf("+ d(g f8noe|ta A? ﬂm [ﬂ]

summ-summ+ ﬂVESt po gld

Allfo][d] %
qret[onqé%% Jib Wﬂ@r{r }[ [b][d]]'o

|*
I* 4.Finding that new exchanger !
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sum=0:
for(j=0j<cj++)

If((. Arerﬂl]Lt][k]>0 &&(AIf]TKI=0))
f(sum>0 {

printf(*\n%d.Have a new E)?Ehangerw, )
=0 i<hj++
%J $(1 01<c1++))
if((Aretfi]i][k]>0)&&(Ap][i][k]=0))
printf("==>Nelv Exchanger at %d-%d at stage %d\ "i+1j+1.k+1);
summ=summ+fix+invest! *pow(Aret[i][j][k],expol);

A -0

rintf("\ Kokkkdkk Kk kkok ***-k**-k**l*** ***************-k*\

prlntf \n >Ar ﬁcomgﬂll;;%lm lksy*r*r)]cm ****************\ ")'

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

p0 .
#Sourc<etdcod>e of Microsoft c++ in relocation concept 2
#inclu g<gor|1?o >
#|nalude<§ath >
\VoIg main
PV,$=0, ,bd, ,

int M n mbero hot re?m*
cold stream®/

Int ¢; /* number o

char nam% g8ﬁ2_0.3333

fpﬁ[ fowﬁfSECASEm ),

printf(*This basecase file can not be opendAn”;

I
f ¥ printf("“"This basecase file is opendAr)

INtf(“\n\ ***Bage Cager***n|
fscanf(prJr r(]’/( Hame e L

0
“n% ( ”[H‘e}‘h [*] Read number of hot streams*/
print(*9d\ ")




fscal {fé)g % " name);

sr(lggn n/a@ 1*2.Read number of cold streams*/
pnn , ; N

fscanf(fptr,"% " name);

%" name);
|

sca tr /

Prm p 21 )

SCal tr /os

?nn 05 Ja e

Scaln fptr 0/ invest 1;

Prlnt mvestl

Sr?ﬁ {(tr OS'P eréjme

scant(fptr, "%’ &expol )
I printfX" 9%0.2f\n" exposIO Pl

fsca f(ptr 98" namc);
i

ot 0/ & 2
Psr?ﬁ (pr é mve%S )
Scan] fptr g Qame

rint
A
printf(” %0.2 ” ex%nm%r o02)

fscanf)fptr,"% " nam

Bk e

for(j=0J<cj-H-)
0,
i, "R

{fsca
fscan(fptr,"%6f zfu&i’&]g(y 3f [] ])

fscan( fp\ name St

Mt
fscanf fp?r rb AL

\ 0/ name);
fscanf(fpﬁ)r Y "'name); 0 )
%, "name);

Péé%ﬁg L
i print p%r/os(0$ nameg
=1
"D
for(j:0j<cj++)

13, Read Ui/

for(i=0;i<h;i++)
scgg(o tr %", nﬁ}%g p%
i °Fd8r7ﬂﬁ%%)£

fscant( fptr °/ nerpe

1ame);

fscanf(fpr °/ nan]]{ )
W U %%”%3

prin %es\n" nag):
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0'i<h;i++}

R

L0 Mh i Jow%t '&’?e i {M

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

for(j= OJ<C]++)

v

< k++)

S

fclose(fptr);
= fopenCRETROFIT.txt",'r");
Mptr o ﬁrﬂlLLE "

printf("\n\n\nThis retrofit file can not be opend.\ "),

printf("\min\nThis retrofit file is opendAn”);

printf("\nl. X Retrofif Case™* ¥ ) )
f I
psr?ﬁ?r’ﬁpﬂm e

fcan(fpt -'f)”ame); 04" naime);

fecanf(ol s
Sl ( p Ihm g/0 l)name

canf(fotr, s naime):
st

for(j=0j<cj++)

for(j=0j<cj++)

i

ﬁsﬁg{pgp“o i fdfr‘éjtlﬁﬂw

fscanf(fptr,"% "
scan(pr rrsa

%)
fscanf(fp@rln%g na: )0 bkl

Frln % " name);
Scanftptr, %j Jame);

P e e

{fscan ir,"%s" name);
%é% knarswe

fsr?ﬁm] /oﬁ qre “%Sk]

fclose(fptr);

J<Cj++

—t—4

LA

i

L
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for(j=0j<cj++)
N”“”%’gﬁﬂ%f;]?]’% ity
AR o

- Tmz SRR Edh

Aretfi][i] Fr([ﬁ
Aet[]@;ﬁ“ot“m“ko

Aret[3][2][0] = 909 - -
rintf( R Ef<|st|n(};<|£(e E)xchanger Area \n\n)

JIIIII.

0=
for(1=0:1<h: 1+
forh @j<CJ++}

rnt m tch In

Erln b o o A

rintf("\ n} rekkRatrofit Heat Exchangey Area****\nln'
P printf("\nin \nB er\g )

for=0 1555?13 )

P on ™S e A

P++;
i ntf( \ }<*****************************************\ u).

for(i=0; |<Hr?++

i sl kj+ e
sum—su +iX Hﬁk}ntj ROMNXJeJ%Jof(Branroot"bo/ (fin" sum);

/*

| 1En m%wat heat exchanger i the same matching in retrofit Q
8{ 0J<EOJ++
nexqiff][kI=0;

v=0:
" for(i=0ichi++
for(J-O?<Sej++) )

AT At &&(ATTTIKI)

*A ] ][kL\ret[ Mﬂ]

hex[|][)]
If(v>0)

rintf("=>There area %d heat exchanger are not mevechn"):
forb =0ichii+t)

o5

<2k+t)

Frlnt% \n\n%d. Unmov ’ Odaﬂd fix- s%ed Heat Exchanger\ L
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if(hex(iILj[K]=l
., printf("=>Unmoved heal exchangeralholtg XLIJre m )od %da1stage,%od\n",i+I,j+!,k+I);

x 2.1 Check where fixed-size heat exchanger moved to? il
R,
I
ODke2ic) {hexgl 0
one} 8
e .|ém[i] =)}

for(i=0richyi++)
for(j=0J<cj++
&%mﬁ

one(i]fi] .
thregfil[jj[k|=c: i =
}

} IthexfilLi][K=;

[ <hit+

o
E(su +>.0)
printf(:\n\n%d. There are %d heat exchanger to move", sum);

i
ex{1][]

=>E d 9%0-0t t {
9%d moves }\o[ ‘i/od][fi{id gt stage %d in retr0f|t\{p|f1t}c£ |+ o)rﬁtle Itzv?/of1 Ljﬁ>< ree;f](J k+I .

(
R
- CIECkWiere fivedSize Tearexchamgermoved to?(version?) ¥/

B
] 1K=

£

if(A{IK>0)

sum=sum-+hex(ilil[kl;

I*
for%< I=0:1<20;1+4)

RS

m=0);
for(i=0i<h;i++)
el
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« ™ =- *p]
one
tiveel[jk](g}=d; [%Mﬂ
" SumHH;
hex[i] [][k]=!; '
Pl il
if(sum;O)
( psr+ir+1tf("\n\n%d More Existing heat exchanger is moved\ *, );
for 0|<h [+t
ﬁ%grgkd 2k§r
(heX[I][l}[k] ) [
5 dﬂMjﬁ][l][k][O]
whiie(p<yylifiI(k)

{
e () K ecore Aol [k][%ﬁ('eréﬂﬂﬂﬁ%}kﬂi»

|

ﬁ) mtf( =>Heat Exchgnger at Y%c-%d at stage Y%d's moved to %60-%d at stage %d in retro-
Qi &1+01k+1a+1 +1,041);
qrﬁf]ﬁ?gﬁ
I
* 3Check additional or removal fixed heat exchanger? 'y

’ for(i=0;i<h;i++)
for(j=0J<cj++)

if((. A[|]L|][§>02&& Aret[i][j]1K]>0))

{(sgrﬂfO)
prmt’f( \n%d.Additional or Removal fixed Heat Exchanger Area\ ", );
summ=0 :
for=0j<c+4) Tor( Oi<hii+)
ilf((A[i][i][k]>0)&&(Aret[i][i][k]>0))
summ=summ+(invest2*polv(abs(A[T][1[K]-Aret[i] ] [k]).expo2));

If@& %}Zﬂggl]eulmgger Avrea at %a-%d stage

Uc=>060.0f\n" i+ ]+ L+ Alﬂﬂﬂ']%e ']R Lmk]<Aret[|]u][k]




t Heat exchanger Area at %d-Yd stage

owd=340. 0 i+ ol (et T m\}ﬂ b,
$r

J %%@ )

r
[* 4Check where unfixed-size heat exchanger moved to? *
for&:%j<8;glig;'<h"++)
for(k=0;k<Z;k++) _
If(AUIK]>0)
gH:
if(g>0
AP
printf('}n\nﬁod.The unfixed size of heat exchangerinl ", );
for(g=0.0<pg++)

o 8Jf3 ﬁo 'gzo-i H)

(il
k_
“mﬁbmuo

fili][k1=0;
}
or& 0 <h;i+ }
<C++
L
{ fM 1]iP]>0)

for@a=0;a<hiatt)

it

if(abs(A[i][i][k] Aret[a][b][d])<sum)

sum=wlfik);

B

{(a=onefa] o] e])&&(b=twolal b][d])&&(e=threefa] b][d])

136
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-y d o liveefablfel):
i {m M;%m

printf("+ A [d] [o][cJ-Afalb][d]):

fiftr a#l b P lt xca edfom0 0 te%dto%d %d stage %d in retro-
i (}Fé[lh dL re
|Aﬁe nvo %ﬁg [ veefel o))
F’“”“ (g A A [ c-ALa]od]):

%@% :(r)n +(invest2*pow(abs( Aret[one[a] [b] [l ftwo(a] [b] [o]] three[a] (o] (d]]-Ala][b][]) expo2));
/* qret[onefa][bl[d] iﬁ/ ﬁﬂf” hre [b][d]] 0;

b .
5.Finding that new exchanger il
for(i=0;i<hii++)

gv_a

for(J ’Oj<Cj++)
If((ﬁrﬂﬂg][k]w)&&(/\[i]U][k]=0))

if(sum>0
{

printf(" %d.llave a new E%hangerw, )
h
iR
IT((Aret[I][l][k]>0)&&(AQ][i][k]=0))
printf("=>New Exchanger at %d-Y%d at stage %d ".i+1j+1 k+);
Aret[l]U[lv(jj[ -StEE;nE;ﬂXanest T*pow(Aret[i][j](k] expo2);

n'[f ’\n******************************************\ ')

p”ntf n >AIi-F(a'\C0§ QLL**%&MM”D**H***M*******\ ')-
getch(); "




Examplel

Basecase
hot .
cold

Qh
6884.92
7500
7800
8300
8800
9900
10000
11275

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

U tility
11,275.00
9.267.00

Qc

4877.32
5492.4
5792.4
6292.4
6792.4
7892.4
7992.4

9267

Costof
120
20

Oh saving* life

time
1,580,428.80
1,359,000.00
1,251,000.00
1,071,000.00
891,000.00
495,000.00
459,000.00

cost
53,000.00
185,340.00

Qc saving*life time

263,380.80
226,476.00
208,476.00
178,476.00
148,476.00

82,476.00

76,476.00

[.minmove cost

825,172.72
660,186.84
641,182. 71
531,195.25
518,529.00
183,481.66
211,391.17

life time

year

Profit($)=saving-investment

2.mix and match cost

941,194.22
720,337.29
722,835.95
568,955.65
580,667.83
189,731.70
255,700.90

minmove
1,018,636.88
925,289.16
818,293.29
718,280.75
520,947.00
393,994.34
324,084.83

mix and match

902,615.38
865,138. 71
736,640.05
680,520.35
458,808.17
387,744.30
279,775.10
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