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APPENDICES
Appendix A Composite Curve Analysis Data

Example 1:This example involves a process with one hot process stream (I1),
two cold process stream (J1-J2), one hot, and one cold utilities.

Table A1 Data for example L

Stream  TIN(°C) TOUT(°C) F(kW/°C) h(kW/m2-°C) Cost ($§/kW-yr)

il 167 7 22 2 -
i1 76 157 20 2 -
J2 47 95 1.5 0.67 -
HU 227 ' 221 ? 1 120
cu 27 47 = 1 20

EMAT = |°C, Exchanger cost () = 6,600 + 670(Area)°&

(
N
o

80 @/ ~@-Hot stream

=== Cold stream ;

Temperature [°C]

i 0 500 1000 1500 2000 2500
Enthalpy [kW]

Figure A1 Composite curve of example 1.



Table A2 Composite curve analysis for example 1.

F ot Steam dH 0
1 kw kw
Temp. FCp 22 rupi Temp.
0Cl a7 PCI
167 1980 157
1 90 1980 1980 0 95
76
47
1980

From figure Al

Cold Stream
I

FCp 20

a7

62 1240

19 380

29

Minimum cold utility = 0 kW Maximum cold utility = 1980 kw
Minimum hot utility = 0 kw, Maximum hot utility = 1762.5 kw

J2
1.5

142.5
217.5

dH
kw

1240
522.5
217.5
1762.5

kw
[Down]

11980
140
2175
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35000 | . /
|
30000 -
% 25000 /
G \

S 20000 - | -
15000 - g
10000 | ad
5000 - //
|
0 20 40 60 80 100 120 140 160

Area[m?2]

Figure A2 Trend of heat exchanger cost per area of example 1.
»

Table A3 Analysis cost for example 1.

Utility cost Area cost Fixed cost TAC
Cost/kW  Hot (kW) Cost/kW Cold (kW) Cost/m2 Total area (m2) Cost/unit No. ofunit $
120 0 20 0 309.9 182.5 6600 3 76,327
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Example 2 This example involves a process with three hot process stream
(11-13), two cold process stream (J1-J2), one hot, and one cold utilities.

Table A4 Data for example 2.

Stream

il

12
13
i1

J2

HU
cu

EMAT = [°C, Exchanger cost (§) = 6,000 + 660(Area)0®

Temperature [°C]

250

200

150

100

50

TIN(°C)

155
80
200
20
20
220
20

1000

TOUT(°C)

30
40
40
160
100
220
30

2000

F(kW /°C)

8
15
15
20
15

3000

Enthalpy [kW]

Figure A3 Composite curve of example 2

h (KW /m2-°C)

4000

2

RO PO PO P D

5000

Cost ($/kW-yr)

120
20

~@--Hot stream

== Cold stream



Table A5 Composite curve analysis for example 2

Temp. FCp
pei a7
200
155 45
80 75
40 40
30 10

From figure A3:

dot Steam

il
8

600
320
80

12
15

600

13
15

675
1125
600

dH
kw

675
1725
1520
80
4000

[Up]

4000

3325

1600
80

Minimum cold utility = 0 kw, Maximum cold utility = 4000 kw
Minimum hot utility = 0 kw, Maximum hot utility = 4000 kw

Temp.

PC]
160
100
20

Cold Stream
J1

FCp 20

dT

60 * 1200

80 1600

J2
15

1200

dH

1200
2800

4000

[Down]

4000
2800



60000
50000 -
40000 -

130000
20000
10000 =

0

0 20 40 60 80 100 120 140 160 180
Area [m2]

Figure A4 Trend of heat exchanger cost per area of example 2.

Table A6 Analysis cost for example 2.

Utility cost Area cost Fixed'cost TAC
Cost/kW  Hot (kW) Cost’/kW Cold (kW) Cost/m2 Total area (m2) Cost/unit No. ofunit $
120 0 20 0 328.93 217.8 6000 4 95,643

00



Example 3: This example involves a process with two hot process stream (11-
12), four cold process stream (J1-J4), one hot, and one cold utilities.

Table A7 Data for example 3.

Steam  TIN(°C)  TOUT(°C) F(KW/C) h (KW/m2-°C)  Cost ($/kW-yr)

1 180 75 30 2 -
12 240 60 40 2 -
I1 40 230 20 15 -
J2 120 260 15 15 -
I3 40 130 25 2

J4 80 190 20 2 -
HU 325 325 2 1 120
cu 25 25 v 2 20

EMAT = 1°C, Exchanger cost () = 8,000 + 50(Area)°™

300

~@-=Hot stream

Temperature [°C|

«f#=Cold stream |

0 2000 4000 6000 8000 10000 12000
Enthalpy [kW]

Figure A5 Composite curve of example 3



Table A8 Composite curve analysis for example 2

Hot Steam

Temp. FCp
pei a7
240
180 60
75 105
60 15

From figure A5:

Minimum cold utility = 315 kw, Maximum cold utility = 10350 kw

dH

kw kw
[Up]
10350

2400 7950

7350 600

600 0

10350

Temp.

PC]
260
230
190
130
120
80
40

Minimum hot utility = 315 kw, Maximum hot utility = 10350 kw

FCp
a7

30
40
60
10
40
40

Cold Stream
I J2
20 15
450
800 600
1200 900
200 150
800
800

I3
25

250
1000
1000

J4
20

1200
200
800

dH
kw

450
1400
3300
800
2600
1800
10350

0
kw

[Down]

10665
10215
8815
5515
4715
2115
315
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Cost[$]
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Area [m2]

Figure A6 Trend of heat exchanger cost per area of example 3.

Table A9 Analysis cost for example 3.

Utility cost Area cost Fixed cost TAC
Cost/kW  Hot (kW)  Cost/kW Cold (kW) Cost/m2 Total area (m2) Cost/unit No. of unit $
120 0 20 0 11.61 1728.4 8000 8 128,169

l d
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Example 4: This example involves a process with five hot process stream (11-

|s), one cold process stream (J1), one hot, and one cold utilities.

Table A10 Data for example 4.

Stream  TIN(°C) TOUT(°C) F(kW/°C) h (kW/m2°C)  Cost ($/kW-yr)
1 227 47 0 2
]l 207 107 4 2
2 - 187 87 6 2
3 107 87 20 2
14 107 47, 12 2
5 17 387 18 2
HU 427 427 2 140
cu 27 47 2 10
EMAT = 5°c, Exchanger cost ($) = 200(Area) 6
450
3
g «®=Hot stream
E
=

0 2000 4000 6000 8000
Enthalpy [kW)]

Figure A7 Composite curve of example 4.

~@-Cold stream |

90



Table A1l Composite curve analysis for example 4.

F ot Steam dH
1 12 13 14 15 kw

m dT

2217

207 20 120 * 120

187 20 120 80 200

107 80 480 320 480 1280

87 20 120 120 400 240 880

47 40 240 480 120
3200

From figure AT:
Minimum cold utility = 90 kw, Maximum cold utility = 3200 kW
Minimum hot utility = 3550 kw, Maximum hot utility = 6660 kw

kw
rup]

3200
3080
2880
1600
120

Cold Stream
1
Temp. FCp 18
[°C] dT

387
17 370 6660

dH
kW

6660

6660

kw
[Down]

6750
90

0



Cost [9]
(o]
o
o
o

0 10 20 30 40 50 60

Area [m?)

Figure A8 Trend of heat exchanger cost per area of example 4.

Table A12 Analysis cost for example 4.

Utility cost Area cost
Cost/kW Hot (kW)  Cost’kWw  Cold (kW) Cost/im2 Total area (m2)
140 315 10 315 250.96 257.9

70

80

Fixed cost
Cost/unit No. ofunit
953.82 8

TAC

$
571,657

ro



Example 5: This example involves a process with eleven hot process stream
(11-15), two cold process stream (J1-J2), one hot, and one cold utilities.

Table A13 Data for example 5.

Stream TIN(°C)  TOUT(°C) F(KW/C) h (kW/m2°C)  Cost ($/kW-yr)

1 140.2 395 382.3 2
2 248.8 110 115.2 2
13 170.1 60 121.6 2
14 277 121.9 90.1 2
15 250.6 90 471.2 2
16 210 163 424.3 2
17 303.6 270.2 840.7 2
18 360 115 1408 2
19 117.7 50 441.9 2
110 178.6 108.9 170.4 2
1 359.6 280 87.3 2
i 30 130 720 2
12 130 350 1051 2
HU 25 25 2 2.78
cu 370 370 2 21.78

EMAT = 10°C,



Table A14 Composite curve analysis of hot stream for example 5.

Temp.

[Cl
360
359.6
303.6
280
211
210.2
2506
2488
210
1786
1701
163
1402
1219
177
115

FCp
a7

04
56
23.6
3
6.8
196
18
388
314
8.5
11
22.8
183
42
2.1

il
382.3

6996.1
1605.7
1032.2

2
115.2

4469.8
3617.3
979.2
817.9
817.9
2626.6
2108.2
483.8

1

3
1216

863.4
21725
22253
510.7
328.3

14
90.1

612.7

1766
162.2
3459.9
2829.1
765.8
639.7
2054.3
1648.8

Hot Steam
b 16 17
471.2 424.3 840.7

19840
2522
5716.8

848.2

18283

14796 13323
4005.2 3606
33455 30125
10743

8623

1979

1272

18
1408

56.3
7884.8
3322.9
4722.4

957.4
2759.7
253.4

5463
4421.1
1196.8
999.7
3210.2
2576.6
591.4
380.2

19
441.9

1193.1

1

110
170.4

»

1448 4
1208.8
3885.1
3118.3
1157
460.1

11
87.3

4888.8
2060.3

0H
kw

56.3
12773.6
25223.1
2944.5
7286.9
4525.6

1263.8
31711.2
38986.2

1002

10888.6
25292
27296
5886
4977.2

d

(L]

28891 15
288855.2
276081.6
250857.9
247913.4
240626.6
236100.9
234837.1
203125.9
164139.7
15213.7

141249.1
115957.1
88660.8

82774.5

17797.3



Table AL5 Composite curve analysis of hot stream for example 5 (continue).

Hot Steam dH Q
1 iV, 13 14 15 16 17 18 19 110 111 kw kw
Temp. FCp 3823 1152 1216 90.1 4712 4243 8407 1408 4419 1704 873 [Up]
[c) AT
110 5 19115 311 608 2356 22095 852 8513 69284.3
1089 11 4205 576 1338 518 486.1 187.4 1873 674114
90 189 72255 1267 22982 8905.7 8351.9 26781.3 40630.1
60 30 11469 3648 13257 28374 12256.1
50 10 3823 4419 8242 4014.1
4014.1 0

395 105 40141
2889115



Table A16 Composite curve analysis of cold stream for example 5.

Cold Steam dH 0

il 12 kw kw
Temp.  FCp 720 1051 [Down]

[°’C] T
350 353220
130 220 231220 231220 122000
30 100 72000 72000 50000
303220

From figure A9:
Minimum cold utility = 50000 kw, Maximum cold utility = 28891 1.5 kw
Minimum hot utility = 64308 kw, Maximum hot utility = 303220 kw

Table AL7 Analysis cost for example 5.

Utility cost Area cost Fixed cost TAC
Cost/kW  Hot (kW)  Cost/kW  Cold (kW) Cost/m2 Total area (m2) Cost/unit No. of unit $
27.78  108,114.45 2.78 93,679.28  271.2 6,296.7 127,129 14 571,657
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Appendix B Programming Model for Grass-Roots Design

SETS
I Hot streams /11/
J Cold streams /J1*J2 /
MK Major-stage location / MKFMK2*MK4 MKL /
K Sub-stage location [ K.FK2*K5 KL /
Bh Split Hot stream location  /BhI,Bh2/
Be Split Cold stream location /Bcl,Bc2/

SCALARS

HULimit The minimum heat utility require /0/
HUMAX  The maximum heat utility require / 1762.5 /

CULimit The minimum cold utility require [0/
CUMAX  The maximum cold utility require / 1980/

EMAT  exchanger minimum approach temperature /!/
DTMFEN  utility minimum approach temperature /I/

CAP  areacost of process-process /309.74/
CAC  areacostofcold utility /309.74/
CAH  areacost of hot utility  /309.74/

ecu unit cost for cold utility /20/
CHU  unit cost for hot utility  /120/
CF fixed charge for exchangers /6600/
EAC  exponent for area cost /1

MinT ~ Minimum temp, of the process /47 /
MaxT ~ Maximum temp, of the process /167 /

XT Number of iteration / 2 /



PARAMETERS

TINH(I) inlet temperature of hot stream

[ 1 167 /
TINC(J) inlet temperature of cold stream
[ J 76

2 4 /

TOUTH(I) outlet temperature of hot stream
[ /
TOUTC(J) outlet temperature ofcold stream

[ J1 157

J2 95 /
FH(I) heat capacity of hot stream
[ 22 /
FC(J) heat capacity of cold stream
[ 3 20

J2 15 /
hH(I)  heat capacity of hot stream
[ 1 2 /
hC(J) heat capacity of cold stream
[ 2

J2 0.67 /

* Heat capacity Branch FIOW s
fhbP(I,MK,Bh) Heat capacity Bow of branch Bh cold on I at stage MK
fcbP(J,MK,Bc) Heat capacity flow of branch Be cold on J at stage MK

* Overall heat exchange
Overall heat transfer coefficient when match
Uc Overall heat transfer coefficient of cold utility at |
Uh Overall heat transfer coefficient of hot utility at J

*Upper bound....unen
QUP(ILJ,MK,Bh,Bc,K) Upperbound of heat exchange
QLO(I,J,MK,Bh,Bc,K) Lower bound of heat exchange*

* Binary parameter 0f Heat LOCAtiON rvrrmsmmmmmsmsmmsssssssssssssssses
ZP(1,J,MK,Bh,Bc,K) Binary parameter of HE for Process-Process
ZcuP(l) Binary parameter of HE for Cold Utility



ZhuP()) Binary parameter of HE for Hot Utility

* For Logical constraints..

OMEGA
GAMMA
GAMh
GAMc¢
HCT
CCT

*L00p CONtrol s
X
CX
MKLoop
KLoop
I[Loop
JLoop
Be Loop
BhLoop
INHLoop
Dinter

upper bound for heat exchange

upper bound for temperature difference

Upper bound of I stream for temperature difference
Upper bound of J stream for temperature difference
Heat content of 1stream

Heat content of J stream

Iteration Countor

[teration Countor

Iteration of MK

[teration of K

Iteration of |

Iteration ofJ

Iteration of branch J

Iteration of branch |

[teration loop control of heat interval
Delta heat exchange of each interval

* Upper bound of Total annUal oSt

TACup

VARIABLES

* Objective variables.......
uTcC
NUC
ARC
TAC1
TAC2
TAC3
TAC4
TACS
TAC6

Upper bound of Total Annual Cost

Total Utility Cost

Total Number of Unit Cost
Total Area Cost

Total number of units
Total Utility requires
Total annoul+Utility cost
Total annoul+Utility cost
Total annoul+Utility cost
Total annoul+Utility cost



*Temperature.. ..
TH(1,MK)
Thb(I,MK,Bh K)
TC(J,MK)
Teb(J,MK,Bc,K)

Temperature of hot stream 1 at location K

Temperature of hot stream 1 at location K in stage MK
Temperature of cold stream J at location MK
Temperature of cold stream J at location K in stage MK

* Heat Stage Intermedia variable

QHM (MK, )
QH(MK,I,Bh)
Ha(MK)

qHK (MK Bh,K)

QCM(MK,J)
QC(MK J,Bc)
Ca(MK)
qCK(MK,J,Bc.K)

Heat of hot stream lat Stage MK _

Heat of hot stream 1 is branch stream Bh at Stage MK
Heat of hot stream | in Stage MK region

Heat sub-stage K of stream |

Heat of cold stream J at stage MK

Heat of cold stream J is branch stream at Stage MK
Heat of cold stream Jin stage MK region

Heat sub-stage K of stream J

* Multiple of Temperature & Heat capacity flOW ..

AH(IMK BhK)
AC(J,MK,Bc,K)

* Heat Capacity flow.......
fhb(I,MK,Bh)
fcb(J,MK Bc)

* Total Heat Exchange....
TOTALqgex
TOTALHU
TOTALCU
TOTALarea

BINARY VARIABLES
*Number of units..........
Z(1,J,MK Bb,Bc K)
Zeu(l)
Zhu(J)

Multiple of Temperature & Heat capacity flow of |
Multiple of Temperature & Heat capacity flow ofJ

Heat capacity flow of branch Bh hot on | at stage MK
Heat capacity flow of branch Be cold on J at stage MK

Total heat exchange
Total hot utility

Total cold utility

Total heat exchange area

hinary variable to denote existence of match IJ
hinary variable to denote existence of cold utility with 1
hinary variable to denote existence of hot utility with J
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S (1) 0T )
hg(I,LMK ,Bh) Binary variable to donate existence of hot branch stream |
¢g(J,MK Bc) Binary variable to donate existence ofhot branch stream J

POSITIVE VARIABLES

* Temperature approach ...
dTHS(I,J,MK,Bh,B¢,K) Hot side temperature different
dTCS(I,J,MK,Bh.Bc,K) Cold side temperature different

dteu(l) Temperature approach for match hot stream land cold utility
" dthu(J) Temperature approach for match cold stream Jand hot utility
*ATea 0F HX oo

LMTD(J MK ,BhBe,K)  Log temperature different between  at location MK substage K
of branch Km

LMTDcu(l) Log temperature different of cold utility at stream |
LMTDhu(J) Log temperature different of hot utility at stream J
Ap(UMK,Bh,Bc,K) Area of process-process HX

Acu(l) Area of cold utility at stream |

Ahu(J) Area of hot utility at stream J

* Heat eXChange s

(UMK ,Bh,BcK) Heat exchanged hetween stream |and stream J
geu(l) Heat exchanged between hot stream | and cold utility
ghu(Jd) Heat exchanged between cold stream J and hot utility

khkkkkkkkkkkkhkhkhkhkhkhrhhhkhhhhhkhhhhhhhrhrhhhhhhhhxhrhdxhhhhhhhrdrhrrhhhkdxhrhdxdxx

* BOUNT CONSEIAINS cuvvrvmrrmsvmmmmsssmsmsmsmssssmsssmssssssssssssssssssssssssnen
kkkkkkkkkkkkhhhhkkhkhhhhhkkhhhhhkkhhhhhkkhhhhkhkhhhhhkhhhhhkkhhhhhkkhhhhkkhhhhkxkkhdk
* Total heat exchange........

TOTALqgex.lo = 0;

TOTALHU.lo = 0;

TOTALCU.lo = 0;*

* Multiple of Temperature & Heat capacity flow.



AH.lo(I,MK Bh K) = 0;
AC.lo(J MK Bc,K)=0;

| Loop=I;
WHILE(I Loop<=CARD(l),

HCT()$(ord(1)=1_Loop)= FH(I)*(TINH(I)-TOUTH(I));

GAMN(1)$(ord(1)=1_Loop) = TINH(I)-TOUTH(I);
*Hot Temperture. ...

TH.lo(I,MK)$(ord(l)=1_Loop) = TOUTH(I);

TH.up(I,MK)$(ord(l)=1_Loop) = TEINH(I);

Thb.lo(I,MK,Bh,K)$(ord(l)=I_Loop) = MinT;

Thb.up(I,LMK,Bh,K)$(ord(1)=1_Loop) = MaxT;

* Heat capacity flow of Hot stream.........
fhb.lo(I,LMK.,Bh)$(ord(l)=1_Loop) = 0;
fhb.up(I,MK,Bh)$(ord(1)=1_Loop) = FH(l);

* Heat Constrain of hot stream.............
gcu.lo(l)$(ord(l)=1_Loop) =0;
geu.up()$(ord(l)=1_Loop) =HCT();
gHK.lo(I,MK,Bh,K)$(ord(l)=i_Loop) =0;
gHK.up(I,MK,Bh,K)$(ord(l)=1_Loop) = HCT(I);
QHM.lo(MK,1)$(ord(l)=I_Loop) =0;
QHM.up(MK,)$(ord(I)=4_Loop) = HCT(l);
QH.lo(MK,I,Bh)$(ord(l)=1_Loop) =0;
QH.up(MK,1,Bh)$(ord(l)=1 Loop) = HCT(I);
Ha.lo(MK) = 0;

Ha.up(MK) = CUMAX;
| Loop = | _Loop+l;);

J_Loop=];
WHILE(J_Loop<=CARD(J),

CCT(I)$(ord(3)=J_Loop)=FC(J)*(TOUTC(I)-TINC(I));

GAMc(J)$(ord(J)=J_Loop) = TOUTC(J)-TINC(J);
*Cold Temperature....
TC.lo(J,MK)$(ord(J)=J_Loop) = TINC(J);
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TC.up(J,MK)$(ord(J)=J_Loop) = TOUTC(J);
Teb.lo(J,MK,Bc,K)$(ord(J)=J_Loop) = MinT;
Tcb.up(J,MK,Bc,K)$(ord(J)=J_Loop) = MaxT;

* Heat capacity flow of Cold stream.........
fch.lo(J,MK,Bc)$(ord(J)=J_Loop) = 0;
fch.up(J,MK,Bc)$(ord(J)=J_Loop) = FC(J);

* Heat Constrain of cold stream ............
ghu.lo(J)$(ord(J)=J_Loop)=0;
ghu.up(J)$(ord(J)=J_Loop)=CCT(J);
qCK.lo(MK,J,Bc,K)$(ord(J)=J_Loop)=0;
qCK.up(MK,J,Bc,K)$(ord(J)=J_Loop)=CCT(J);
QCM.lo(MK,J)$(ord(J)=1_Loop) = 0;
QCM.UP(MK,J)$(ord(J)=3_Loop) = CCT(J);
QC.lo(MK,J,Bc)$(ord(J)=J_Loop) = 0;
QC.UP(MK,J Bc)$(ord(3)=J_Loop) = CCT();
Calo(MK)=10;

Ca.UP(MK) = HUMAX:

J_Loop=J Loop+l;);

* ()=
* Ue(l)=
* Uh()=1

U(1L9)=hH (1)*hC 3)/(hH (1)+hC (3));
Uc()=hH (1)*1/(hH (1)+1);
Uh(J)= 1*hC(3)/( 1+hC 2));

QUP(I,J,MK,Bh Bc,K)=Min(HCT(1),CCT(3),Max(0,TINH(I)-TINC(J)-
EMAT)*min(FH(1),FC(3));
QLO(I,J, MK BhBc,K)=1*U(II)*EMAT;

OMEGA(1) = min(HCT(),CCT():
GAMMA(,)) = max(TINH(1)-TINC(), TINH{)-TOUTC() TOUTH(1)-TINC(), TOUTH()
TOUTCH),



TINC(J)-TINH(I),TOUTC(J)-TINH(I),TINC(J)-TOUTH(I),TOUTC(J)-TOUTH(I));

b HOt Sream .

fhbP('11', MK 'Bh 1= 19;
fbP(ir MK 'Bh2")=3;
fhbP (‘1L MKL" 'Bh 1)=22;
fbP("1IVMKL', 'Bh2")=0

*Cold Stream .o

fecbP("Jr,MK,'Bcl)=15;
fcbP('J 1'"MK,'Bc2,)=5;
fcbP('J I','MKLVBc 1')=20;
fcbP('J 1''MKL",'Bc2")=0;
*

fchP(J2,MK,'Bcl')=5.5;
fchP('J2'MK,'Bc2')=2;
fcbP('J2VMKL','Bc 1')=7.5;
fcbP('J2,'MKL",'Bc2")=0;

EQUATIONS

* Heat constraint......n.

A(1,J MK Bh,Bc)

* Qverall heat balance.........

OHB_H(I)
OHB_C(J)

* Heat Balance at each stage

SHB Ha(MK)

SHBHC(MK)
SHB_QHM(MK,I)

Assignment initial point of Branch FIOW SEream ...mmmmmmmmmmmmsmmmmin

Heat constraint at KL

Overall heat balance for each hot stream
Overall heat balance for each cold stream

Total heat of each hot stream |

Heat Balance of Hot and Cold Zone
Heat Balance of total branch | at stage MK
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SHB_QHL(MK,I)
SHB_QH2(MK 1,Bh)
SHB_QH3(MK,1.Bh,K)
SHBCa(MK)
SHB_QCM (MK J)
SHB_QC1(MK,J)
SHB_QC2(MK,J Bc)

SHB_QC3(MK,J,BcK) -

Heat balance of sub-stage K.

SHB_fqH(I.Bh,MK K)
SHBfqH 1(1.Bh,MK K)
SHB_fqC(J Bc,MK K)
SHBfqC 1(J,Bc,MK K)
SHB fqH2(1,Bh,MK ,K)
SHB_fqC2(J,Bc,MK K)

TFAH(I,MK B K)

TFAC(JMK Bc,K)

TFAH_P(I,MK BhK)
TFAC P(JMK BcK)

Assignment of Temperature.

ASITH(I)
ASITMHI(I,MK)
ASITMH2(IMK)
ASITMH3(,MK Bh)
ASITC(J)
ASITMC1(J,MK)
ASITMC2(J,MK)
ASITMC3(J MK Bc)

ASITMHI_P(IMK Bh)
ASITMH2_P(I,MK)
ASITMC 1_P(J MK)

Total of branch hot stream at stage MK
Heat of branch hot stream at stage MK
Heat of branch K hot stream at stage MK
Total heat of each hot stream |

Heat Balance of total branch Lat stage MK
Total of branch cold stream at stage MK
Heat of branch cold stream at stage MK
Heat of branch K cold stream at stage MK

Heat balance of Sub-stage K at Hot stream
Intermediate Variable equivalent of Hot 1
Heat balance of Sub-stage K at Cold stream
Intermediate Variable equivalent of Cold J
Intermediate Variable equivalent of Hot |
Intermediate Variable equivalent of Cold J

Temperature and Heat capacity flow...[Variable]...cmnn

Multiple of Temperature&Heat capacity flow of |
Multiple of Temperature&Heat capacity flow ofJ

Temperature and Heat capacity flow ... [Parameter] .

Multiple of Temperature&Heat capacity flow of 1
Multiple of Temperature&Heat capacity flow ofJ

Assignment of inlet temperature of hot stream |
Assignment of inlet sub-stage temperature of |
Assignment of outlet sub-stage temperature of 1
Assignment of inlet sub-stage temp of Flot 1
Assignment of inlet temperature of J
Assignment of inlet sub-stage temperature of J
Assignment of outlet sub-stage temperature ofJ
Assignment of inlet sub-stage temp of Cold J

Assignment of inlet sub-stage temperature of |
Assignment of outlet sub-stage temperature of |
Assignment of inlet sub-stage temperature of J



ASITMC2 P(J,MK,Bc) Assignment of outlet sub-stage temperature ofJ

AFeasibility of Temperature.........

LG_H(I,J,MK Bh,Bc,K)

LG_HU(1)
LG_CU(J)

LGP_H(I,J, MK Bh,Bc,K)

LGP_HU(I)
LGP CU(J)

MMCI(I,MK,Bh,K)

MMC2(J MK Bc,K)

MBH(I,MK)
MBC(JMK)

* Maximum Matching Constraints

* Mass Balance of each stage.....

FOTHI(ILMK) Feasibility of Hot Temperature 1 of Stage MK
FOTH2(I,MK,Bh K) Feasibility of Hot Temperature 1 of Sub-stage K
FOTH3(I) Feasibility of Hot Temperature |
FOTH4(I,MK,Bh K) Feasibility of Hot Temperature branch stream |
FOTHS5(I,MK,BhK) Feasibility of Hot Temperature branch stream |
FOTCI(JMK) Feasibility of Cold Temperature J of Stage MK
FOTC2(J,MK,B¢,K) Feasibility of Cold Temperature J of Sub-stage K
FOTC3(J) Feasibility of Cold Temperature J
FOTC4(J,MK Bc,K) Feasibility of Hot Temperature branch stream J
FOTC5(J,MK,Bc,K) Feasibility of Hot Temperature branch stream J
* Feasible of branch flow ...
FOTthbI(ILMK,Bh) Lower bound of hot branch flow |
FOTfhb2(I,MK,Bh) Upper bound of hot branch flow |
FOTfch 1(J,MK Bec) Lower bound of cold branch flow J
FOTfch2(J,MK,Bc) Upper bound of cold branch flow J
S VAT 1 11§ SO Y
HULOAD(I) Hot utility load
CULOAD(J) Cold utility load

* Logical constraints of Heat Exchange and Utility ...

Countheat exchanger

Count hot utiility

Count cold utility

* Fix Logical constraints of Heat Exchange and Utility ...
Count heat exchanger of ZP

Count hot utiility of ZhuP

Count cold utility of ZcuP

Limit of maximum matching stream I

Limit of maximum matching stream J

Mass balance ofhot stream at stage MK
Mass balance of cold stream at stage MK

* Heat Exchange and Hot& Cold Utility Constraints,



CONHUI Total minimum of Hot Utility

CON_HU2 Total maximum of Hot Utility
CON_HU3(J) Maximum of Hot Utility J

CON HU4 Total Hot Utility

CONCUI Total minimum of Cold Utility
CONCU2 Total maximum of Cold Utility
CON_CU3(I) Maximum of Cold Utility 1

CON CU4 Total Cold Utility

CONEXSE Total Heat Exchange of process by guess
CON EXFR Total Heat Exchange of process by guess
CON EX Total Heat Exchange of process

CON HEU(I,J,MK,Bh,Bc,K) Upper bound of heat exchange
CON HEL(I,J,MK,Bh,Bc,K) Lower bound of heat exchange

Total Number of heat exchange ...

COUNTING Total heat exchange
COUNTING A Total heat exchange area

AppProach temperature. ... s
APPTEM LI(I,J,MK,Bh,Bc,K
APPTEMRY ,MK,BhBc,K
APPTEM _L2(1,J,MK,Bh.B¢,K

" APPTEM R2(I,J,MK,BhBc,K

. == (S

APPTEMCU(I)
APPTEMHU(J)

APPTECU(I)
APPTEHU(J)

Approach temperature.....[Z is Parameter]
APPTEMP_LI(IJ,MK,BhBc,K)
APPTEMPRYIJ MK Bh.BcK)

APPTEMPCU(I)
APPTEMPHU(J)

Approach temperature at the left of stage K
Approach temperature at the right of stage K
Approach temperature at the left of stage K
Approach temperature at the right of stage K

Approach temperature at HE of 1
Approach temperature at HE of J

Approach temperature of cold utility
Approach temperature of hot utility
Approach temp at the left of stage K

Approach temp at the right of stage K

Approach temperature at HE 0f 1
Approach temperature at HE ofJ
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FATEA CAICUIATIONS oot
LMTHx(1,J,MK,Bh,Bc,K)  Limitaion minimum temperature of HX
LMTCU(I) Limitaion minimum Tern of Cold utility
LMTHU(QJ) Limitaion minimum Tern of Heat utility

LMTHc(l,J,MKBh,Bc,K) Limitaion minimum temperature of HX
LMTCUc(I) Limitaion minimum Tern of Cold utility
LMTHUc(J) Limitaion minimum Tern of Heat utility

AreaP(l,J,MK,BhBc,K) Area of process-process HX
AreaC(l) Area of cold utility

AreaH(J) Area of hot utility

* Qbjective function..

UTILITY Total Utility used

NOUNIT Total number of HE Unit

TOAREA Total Heat exchanger area

OBJFN! Number of unit

OBJFN2 utility cost

OBJFN3 utility cost + fixed heat exchanger cost
OBJFN4 utility cost + fixed heat exchanger cost + Area
OBJFN5 utility cost + fixed heat exchanger cost + Area
OBJFNG utility cost + fixed heat exchanger cost + Area
BrouTAC

kkhkkkkkkkkkhkhkkkhkkhkkhkkhhkhhkhhkkhhkhkhkkhkkhkhkhhkkhkhhkkhkhkhkhkkhkkhkhkhkkkhkkhkkhkkkkkkx

A EQUALTON v *
kkkkkhkhkkhkkkkkkhkhkhkhkkhkkhkkhkhkhkhkkhhkhkkhkkhkkhkkhkkhkkhhkkhkkhkhkhkkkhkkhkkkhkkhkkkhkkkkkx

* HEAE CONSLIAINTS ovvvreevvressseessssssssssssssssssssssssssssssins
A(l,J,MK,Bh,Bc) .. q(I,J, MK Bh,Bc,'KL") =E=0;
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*Overall ENergy DalanCe s o

OHB_H(I) . (TINH(L)-TOUTH(1))*FH(I) =E= SUM((MK,Bh,JBc,K)$((ORD(MK) NE
CARD(MK))and(ORD(K) NE CARD(K))),q(l,J,MK,Bh,Bc,K))+qcu(l);

OHB_C(J) . (TOUTC(J)-TINC(I))*FC(J) =E= SUM((MK,Bc,I,Bh,K)$((ORD(MK) NE
CARD(MK))and(ORD(K) NE CARD(K))).q(l,J,MK ,Bh,Bc,K))+ghu(J);

* Heat halance 0f €ACN STAGR .
SHB_HC(MK)$(ORD(MK)NE CARD(MK)).. Ha(MK) =E= Ca(MK);

* Hot stream.......

SHB_Ha(MK)$(ORD(MK) NE CARD(MK)).. Ha(MK) =E= SUM(I,QHM (MK, 1));

SHB_ QHM(MK I)$(ORD(MK) NE CARD(MK)) . (TH(LMK)-TH(ILMK+1))*FH(l) =E=
QHM (MK, I);

SHB QHIMK,$(ORD(MK)NE CARD(MK)) . QHM (MK I) =E= SUM(Bh,QH(MK,I,Bh));
SHB_QH2(MK,I,.Bh)$(ORD(MK) NE CARD(MK)) .. QH(MK,I,Bh) =E= SUM(KS(ORD(K) NE
CARD(K)),gHK(I,MK,Bh,K));

SHB_QH3(MK,IBh,K)$((ORD(MK) ~NE CARD(MK))and(ORD(K) NE CARD(K))
GHK (LMK BhK) =E= AH(I,MK,BhK)-AH(I,MK B K+1);

* Cold stream.....

SHB_Ca(MK)$(ORD(MK)NE CARD(MK)).. Ca(MK) =E= SUM(J,QCM (MK J));

SHB QCM(MK,J)$(ORD(MK) NE CARD(MK)) . (TC(JMK)-TC(JMK+1))*FC(J) =E=
QCM(MK,J);

SHB QCLMK,J)$(ORD(MK)NE CARD(MK)).. QCM(MK,J) =E= SUM(B¢,QC(MK J,Bc));
SHB_QC2(MK,J,Bc)$(ORD(MK) NE CARD(MK)) .. QC(MK,J,Bc) =E= SUM(KS(ORD(K) NE
CARD(K)),gCK(MK,J,Bc,K));

SHB_QC3(MK,JBc,K)S(ORD(MK) NE  CARD(MK)and(ORD(K) NE  CARD(K)))
GCK(MK,J,Bc,K) =E= AC(J,MK Bc,K)-AC(IMK Be,K+I);

* Heat balance 0f SUb-Stage K ..o
SHB_fqH(I,Bh,MK,K)$((ORD(MK) NE CARD(MK))and(ORD(K) NE CARD(K)))
gHK(LIMK BhK) =E= SUM((J,Bc),q(l,J,MK,Bh,Bc,K));

SHB_fgHI(1Bh,MK,K)$((ORD(MK) NE CARD(MK))and(ORD(K) NE CARD(K)))
(Thb(I,MK,Bh,K)-Thb(LMK Bh K+I))*thb(I,MK ,Bh) =E= AH(I,MK,Bh K)-AH (LMK Bh K+I);



SHB_fqC(J,B¢,MK,K)$((ORD(MK) NE  CARD(MK))and(ORD(K) NE  CARD(K)))
gCK(MK,J,Bc,K) =E= SUM((1,Bh).(1,J, MK Bh,Bc,K));

SHBfqC 1(JBc,MK K)S((ORD(MK) NE CARD(MK))and(ORD(K) NE
CARD(K))  (Tch(J,MK,Bc,K)-Teh(d,MK Be,K+1)*fcb(JMK Bc) =E=  AC(J,MKBcK)-
AC(IMK Be,K+I);

SHB_fqH2(I,Bh,MK K)$((ORD(MK) NE CARD(MK)jand(ORD(K) NE CARD(K)))

(Thb(I,MK Bh,K)-Thb(I,MK Bh,K+1)*fhbP(I,MK Bh) =E= AH(I,MK,Bh K)-AH(I,MK Bh,K+I);

SHB_fqC2(JBc,MK K)$((ORD(MK) NE CARD(MK))and(ORD(K) NE
CARD(K)))  .(Tch(I,MK,Bc,K)-Teh(I MK Be,K+I)*fcbP(IMK Be) =E=  AC(I,MK,BcK)-
AC(IMK BecK+I);

*Multiple of Temperature and Heat capacity flow ............ [Variable].........

TFAH(I,MK Bh,K)$((ORD(MK) NE CARD(MK))and(ORD(K) NE CARD(K))) .. AH(LMK Bh,K)
=E= Thb(I,MK,Bh,K)*fhb(I,MK,Bh);

TFAC(J,MK,Bc,K)$((ORD(MK) NE CARD(MK))and(ORD(K) NE CARD(K))) .. AC(J,MK,Bc,K)
zE= Tch(J,MK Be,K)*feh(J,MK Bc);

* Multiple of Temperature and Heat capacity flow ... [Parameter]........

TFAH_P(IMK Bh K)$((ORD(MK) ~ NE CARD(MK))and(ORD(K) NE CARD(K)))
AH(IL,MK,Bh,K) =E= Thb(I,MK,Bh,K)*fhbP(I,M K ,Bh);

TFAC_p(J,MKBc,K)S((ORD(MK) NE  CARD(MK))and(ORD(K) NE CARD(K)))
AC(J,MK,Bc,K) =E=Tch(J,MK,Bc K)*fchP(J,MK Bc);

FHEALE COlA ULTTTY oo
HULOAD(l).. (TH(I,'MKL")-TOUTH(I))*FH(I) =E= qcu(l);
CULOAD(J).. (TOUTC(J)-TC(J,'MKE"))*FC(J) =E= ghu(J);

* Assighment of superstructure inlet Temperature. .
ASITH(I).. TINH(l) =E= TH(VMKF);

ASITMHI(I,MK)$(ORD(MK) ~ NE  CARD(MK)) . FHL)*TH(LMK) =E=
SUM (BhAH(I,MK Bh,'KF));
ASITMH2(ILMK)$(ORD(MK) ~ NE  CARD(MK)) .  FH(*TH(IMK+1)  =E=

SUM(BhAH(I,MK Bh,'KL");
ASITMH3(I,MK,Bh)$(ORD(MK) NE CARD(MK)) .. TH(I,MK) =E= Thb(I,MK ,Bh:KF);

ASITC() .. TINC() =E= TC[IMKL)
ASITMCIOMK)SORDIMK) ~ NE CARDIMK) . FCUMTCOMK) ==
SUM(BS,AC(MK B, KF)):
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ASITMC2(JMK)$(ORD(MK) ~ NE  CARD(MK)) .  FCU)*TCUIMK+l)  =E=
SUM (Bc,AC(J,MK Bc, KLY);
ASITMC3(J, MK Bc)$(ORD(MK) NE CARD(MK)).. TC(J,MK+1) =E= Tch(J,MK Be/KLY;

K e ———— [Linear EqUation FOrm Jommmmmmmmmmmmmmns *
ASITMHL P(ILMK,Bh)$(ORD(MK) NE CARD(MK)).. TH(I,MK) =E= Thb(I,MK Bh»KF’);
ASITMH2_P(ILMK)$(ORD(MK) NE CARD(MK)) . FH(D*TH(ILMK+1) =E=

SUM(Bh,Thb(I, MK Bh,'KL")*fhbP(1,MK Bh)):

ASITMCLP(JMK)S(ORD(MK) NE  CARD(MK)) .  FCO)*TC(JMK)  =E=
SUM (B¢, Teh(J, MK, Be,'KF)*febP(J,MK Be));
ASITMC2_P(J MK Bc)$(ORD(MK) NE CARD(MK)).. TC(J,MK+1) =E= Tceh(J MK, Bc,'KLY);

* Feasibility 0f TeMPeratUre . mmmmsmmsismssmsmssismmssssissssssissss

FOTHL(I,MK)$(ORD(MK) NE CARD(MK)).. TH(I,MK) =G= TH(1 MK+1);
FOTH2(LMK,Bh,K)$((ORD(MK) NE CARD(MK))$(ORD(K) NE CARD(K))) .. Thb(LMK,BhK)
=G=Thb(,MK Bh K+I);

FOTH3(I).. TOUTH(I) =L= TH(l,'MKL");

FOTH4(I,MK,Bh,K)$((ORD(MK) NE CARD(MK))$(ORD(K) NE CARD(K))) .. Thb(LIMK,Bh,K)
=L= MaxT;
FOTH5(I,MK,Bh,K)$((ORD(MK) NE CARD(MK))$(ORD(K) NE CARD(K))) .. Thb(I,MK,BhK)
=G= MinT;

FOTCI(J,MK)$(ORD(MK) NE CARD(MK)) . TC(J,MK) =G= TC(J,MK+1);
FOTC2(J,MK,B¢,K)$((ORD(MK) NE CARD(MK))$(ORD(K) NE CARD(K))) .. Teb(J, MK BcK)
=G=Tcb(J,MK,Be,K+1);

FOTC3(J). TOUTC(J) =G= TC(J,MRF);

FOTC4(J,MK,Bc,K)$((ORD(MK) NE CARD(MK))$(ORDIK) NE CARD(K))) .. Tch(J,MK Bc,K)
=L= MaxT;
FOTC5(J,MK,B¢,K)S((ORD(MK) NE CARD(MK))$(ORD(K) NE CARD(K))) .. Teh(J,MK B¢ K)
=G= MinT;

% Feasible 0 DIANCH FIOW oo
FOTtfibI(I,M K,Bh)$(ORD(MK) NE CARD (MK)).. fhb(I,MK Bh)=G=0:
FOTfhb2(I,MK,Bh)S(ORD(MK) NE CARD (M K))fhb(I,M K ,Bh)=L=FH (I);
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FOTfcbI(J,MK Bc)$(ORD(MK) NE CARD(MK)).. feb(J,MK,Bc)=G=0;
FOTfch2(J,MK,Bc)S(ORD(MK) NE CARD(MK)) .. feb(J, MK Bc)=L=FC(J);

* Logical constraints of Fleat Exchange and Utility ..
LG_H(IJ,MKBh,BcK)$((ORD(MK) NE c¢ARD(MK))and(ORD(K) NE CARD(K)))
q(1,J,MK,Bh,Bc,K)-OMEGA(1,J)*2(1,J, MK,Bh,Bc,K) =L=0;

LG_HU(I). geu(l)-HCT(I)*Zcu(l) =L=0;

LG_CU(J).. ghu(d)-CCT()*Zhu(J) =L= 0;

* Fix Logical constraints of Heat Exchange and Utility ..o

LGP_H( MK,BhBcK)$((ORD(MK) NE CARD(MK))and(ORD(K) NE CARD(K)))
q(1,J,MK,Bh,Bc,K)-OMEGA(I,J)*ZP(l,J,MK,Bh.B¢,K) =L= 0;

LGP_HU(I).. qeu(l)-HCT(I)*ZcuP(l) =L=0;

LGP_CU(J). qhu(J)-CCT(J)*ZhuP(J) =L=0;

* Maximum Matching CONStrAiNtS ...

MMCI(I,MK Bh,K)$((ORD(MK) NE CARD(MK))and(ORD(K) NE CARD(K)))..
SUM((J,Bc),Z(I,J,MK BhBc,K)) =L= 1.

MMC2(J,MK,Bc,K)$((ORD(MK)  NE CARD(MK))and(ORD(K) NE CARD(K)))..
SUM((1,Bh),Z(1,J,MK,Bh,Bc,K)) =L= 1;

* Mass balance of each stage MK ..
MBH(1,MK).. FH(I) =E= SUM (Bh,fhb(I,M K,Bh));
MBC(J,MK).. FC(J) =E= SUM (Bc,fch(J,MK Bc));

* Heat Exchange and Heat & Cold utility conStraintS...mmmmmmrmsmnnn
* Hot utility....

CON HU1. SUM(J,qhu(d))=G= HULimit;
CON HU2 . SUM(J,ghu(J))=L= HUMAX;
CON_HU3(J) .. ghu(J) =L= Zhu(J)*CCT(J);
CON HU4 . TOTAL HU =E= SUM(J,qhu(J));
* Cold utility....

CON CUI .. SUM(l,qcu(l))=G= CULimit;
CON CU2 .. SUM(l,gcu(l))=L= CUMAX;
CON_CU3(I).. qeu(l) =L= Zcu(I}*HCT(1);
CON CU4 . TOTAL CU =E= SUM(l,gcu(l));
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* Heat Exchange....

* Importance Equations not both in this thesis and paper but needed

CON_HEU(I,J,MK,BhBc,K)$S(ORD(MK) NE CARD(MK))$(ORD(K) NE CARD(K))
q(1LI,MK BhBc,K)=L=Z(1,J,MK Bh,B¢,K)*QUP(1,J,MK Bh,BCK);
CON_HEL(I,J,MK,Bh,Bc,K)$((ORD(MK) NE CARD(MK))$(ORD(K) NE CARD(K)))
q(1,J,MK,Bh Bc,K)=G=Z(I,J MK Bh,B¢,K)*QLO(I1,J, MK Bh,B¢,K);

* Counting total heat exchange.....

COUNTING .. TOTALgex =E=SUM((I,J,MK Bh,B¢c,K)$((ORD(MK) NE CARD(MK))and(ORD(K)
NECARD(K))),q(l,J,MK ,BhBc,K));

COUNTINGA TOTALarea =E=SUM((I,J,MK BhBc,K)$((ORD(MK) NE
CARD(MK.))and(ORD(K)NECARD(K))),Ap(l,J,MK Bh,Bc,K))+SUM (I,Acu(l))+SUM (J, Ahu(Jd));

* Calculation of approach tEMPerature ..
APPTEM LI(I,J,MK,Bh,Bc,K)$((ORD(MK) NE CARD(MK))and(ORD(K) NE CARD(K))) .
dTHS(I,J MK Bh,Bc,K) =L= Thb(I,MK,Bh,K)-Tch(J,MK Bc,K)
+GAMMA(1,9)*(I-Z(1,J,MK Bh,Bc,K));

APPTEM R1( MK,BhBcK)$((ORD(MK) NE CARD(MK))and(ORD(K) NE CARD(K))) .
dTCS(1,J,MK,BhBc,K)=L=Thb(I,MK Bh K+I)-Tch(JMK Bc,K+l)

+tGAMMA(LI)*(I-Z(1,J,MK,Bh B¢ K));
APPTEM _L2(1,JMK,BhBc,K)$((ORD(MK) NE CARD(MK))and(ORD(K) NE CARD(K))) .
dTHS(IJ,MK,BhBc,K)=G= EMAT;
APPTEMIR2(ILJ MK BhBc,K)$(ORD(MK) NE CARD(MK))and(ORD(K) NE CARD(K))) .
dTCS(U,MK,BhBc,K)=G= EMAT;

APPTEM CU(I). dtcu(l) =L= TH(,'MKL")-TOUTH(I)+GAMh(I)*( 1-Zcu(l));

APPTEM HU(J). dthu(d) =L= TOUTC(J)- TC(J,MKF')}+GAMc(d)*(I-Zhu(d));

APPTECU(I).. dtcu(l) =G= DTMIN;
APPTEHU(J). dthu(J) =G= DTMIN;

* Calculation of approach temperature..[Z is Parameter].. e
APPTEMP_LI(I,JMK,Bh,Bc,K)$((ORD(MK) NE CARD(MK))and(ORD(K) NE CARD(K))) .
dTHS(I,J,MK Bh,Bc,K) =L= Thb(I,MK,Bh K)-Tch(J,MK,Bc,K)

+GAMMA(1,J)*(1-ZP(1,J,MK Bh,Bc,K));



APPTEMP RI(1,J,MK BhBc,K)$((ORD(MK) NE CARD(MK))and(ORD(K) NE CARD(K))) .

dTCS(1,J,MK Bh,Bc,K) =L= Thb(I,MK Bh,K+1)-Tcb(J, MK Be,K+1)
+GAMMA(1,J)*(I-ZP(1,J, MK Bh Bc.K));

APPTEMP_C (1). dtcu(l) =L= TH(I'MKL)-TOUTH (I)+GAMh(1)*(I-ZcuP(1));

APPTEMPHU(J) .. dthu(d) =L= TOUTC(J)- TC(J,'MKF)+GAMc(J)*(I-ZhuP(J));

¥ ATEA BQUATIONS v
LMTHx(I,J,MK,Bh,Bc,K)$((ORD(MK) NE CARD(MK))and(ORD(K) NE~ CARD(K)))

LMTD(UMK,Bh,BcK) =E=

(ATHS(1,J, MK Bh,Bc,K)*dTCS(1,J, MK Bh,Be,K))*((dTHS(1,J,MK,Bh Bc,K)+dTCS(1.J, MK Bh,Bc,
K))12)))**(113);

LMTCU(l) LMTDcu(l) =E=  ((dtcu(I)*(TH(I,'MKL)-TOUTFI(I))*(dtcu(MTH (], MKL")-

TOUTH(1)))12)))**(113);

LMTHU(J) . LMTDhu(d) =E= (((dthu@)*(TOUTC(I)- TC(I'MKF))*(dthu(d)+(TOUTC(I)-
=

TC(J,'MKFE"))I2)))+*(13);

LMTHc(1,J, MK Bh,Bc,K)S(ORD(MK) NE  CARD(MK))and(ORD(K) NE CARD(K)))
LMTD(U,MK Bh,Bc,K)=L=0.5%(dTHS(I,J,MK,Bh,Bc,K)+dTCS(1,J, MK Bh,Bc,K)):
LMTCUc(1). LMTDeu(l) =L= 0.5*(dtcu(l)+(TH(I,'MKL)-TOUTH()));

LMTHUc(J).. LMTDhu(J) =L= 05*(dthu(d)+(TOUTC(I)- TC(J, MKF));

AreaP(1,J MK ,Bh B¢ K)$((ORD(MK) NE €ARD(MK))and(ORD(K) NE CARD(K)))
q(1,J,MK,Bh,Bc,K)-(Ap(1 I, MK, BthK)*U(IJ)*LMTD(IJMK Bh,Bc,K)) =L= 0

AreaC(l).. geu(D)-(Acu(l)*Uc(*LMTDcu(l)) =L=

AreaH(J).. ghu(d)-(Ahu(J)*Uh(J)*LMTDhu(J)) =L

*ODJECIVE FUNCTION s

UTILITY .. UTC =E= (CCU*SUM(L,gcu(l)))+ (CHU*SUM(J,qhu(J)));

NoUNIT . NUC =E=
(CF*SUM((I,J,MK,BhB¢,K),Z(I,J,MK,Bh,Bc,K)))+(CF*SUM(I,Zcu(l)))+(CF*SUM(J,Zhu(J)));
TOAREA . ARC =E=

(CAP*sum((1,J, MK Bh,Bc,K),Ap(l,J.MK,BhBc,K)))+(CAC*sum(I,Acu(l)))+(CAH*sum(J,Ahu(J)));

OBJFNI . TAC1=E=NUC+UTC;
OBJFN2 .. TAC2 =E= UTC;



0BJFN3 .. TAC3 =E= NUC+UTC,

0BJFN4 . TAC4 =E= (UTC + ARC);
0BJFN5 .. TAC5 =E= (UTC + NUC + ARC);
0BJFNG .. TAC6 =E= (UTC + NUC + ARC);

BrouTAC .. TAC6 =L= TACup;

OPTION Ap:6:2:4;
OPTION q:6:2:4;
OPTION QH:3:2:1;
OPTION QC:3:2:1;
OPTION Thh:4:3:1;
OPTION Tch:4:3:I;
OPTION Z:6:2:4;
OPTION ZP:6:2:4;
OPTION fhb:3:1:2;
OPTION fch:3:1:2;
OPTION fhbP:3:1:2;
OPTION fchP:3:1:2;
OPTION hg:3:1:2;
OPTION cg:3:1:2;

OPTION sysout = on;
OPTION iterlim = le+09;
OPTION reslim = 5e+06;

MODEL LINEARL "MILP model"

| OHB_H,0HB_C,SHB HaSHB QHM,SHB_ QH LSHB_QH2,SHB QH3,
SHB_Ca,SHB_QCM,SHB_QC 1,SHB_QC2,SHB_QC3,SHB_HC,
SHB_fqH SHB_fqH2,

SHB_fqC,SHB _fqC2,

TFAH _P,TFAC P,

ASITHASITMH LASITMH2 ASITMH3,

ASITC ASITMC LASITMC2,ASITMC3,
FOTHIFOTH2,FOTH3,FOTCI,FOTC2FOTC3,HULOAD,CULOAD,
LG H,LG_HU,LG_CUMMC L,MMC2,



CONCULCON_CU2,CON_CU3,CON_CU4,

CON_EXSE,COUNTING,

APPTEMLI APPTEM_R1APPTEM_L2APPTEM_R2APPTEM_CU,APPTEMHU,
APPTECU.APPTEHU,

UTILITY,NoUNIT,0BJENI /

LINEAR2 "MILP model"
|OHB_H,0HB_C,SHB HaSHB_QHM SHB QH 1SHB_QH2,SHB_QH3,
SHB_Ca,SHB_QCM SHB_QCI,SHB_QC2SHB_QC3,SHB_HC,

SHB_fqH,SHB fqH?2,

SHB_fqC,SHB_fqC2,

TFAH P TFAC_P,

ASITH,ASITMH LASITMH2,ASITMHS3,
ASITC,ASITMCLASITMC2,ASITMC3,
FOTH1,FOTH2,FOTH3,FOTC L,FOTC2,FOTC3HULOAD,CULOAD,
LG H,LG HULG_CUMMCLMMC?2,

CONHULCON_HU2,CON _HU3,CON_HU4,
CON_CUI,CON_CU2,CONICU3,CON_CU4,
CONEXFR,COUNTING,

APPTEM LIAPPTEM _R1APPTEM L2,APPTEM R2APPTEM CUAPPTEM HU,
APPTECU,APPTEHU,

UTILITY,NoUNIT,0BJFN3 |

NONLINEAR 1 "Flow(Variable)"
| OHB_H,0HB_C,SHB HaSHB_QHM,SHB_QH 1SHB_QH2,SHB_QH3,
SHB_Ca,SHB_QCM,SHB_QCISHB QC2,SHB QC3,SHB_HC,
SHB_fqH SHB_fqH 1,
SHB_fqC SHB_fqCl,'
TFAH,TFAC,
ASITH,ASITMH LASITMH2,ASITMH3,
ASITC ASITMC LASITMC2ASITMCS3,
FOTfhb 1,FOThb2,FOTfcbl, FOTfch2,
FOTHIFOTH2,FOTH3,FOTCI,FOTC2FOTC3HULOAD,CULOAD,
LGP_H,LGP_HULGP_CU,
MBH,MBC,
CON_HU ITON_HU2,CON_HU4,
CONCU 1,CON_CU2,CON_CU4,
CONEXSE,COUNTING,



APPTEMPLLAPPTEMP_R IIAPPTEMP_CU,APPTEMP_HU,
APPTEM _L2 APPTEM R2APPTECUAPPTEHU,
UTILITY,0BJFN2 |/

NONLINEARZ2 "Flow(Parameter)+Area"
/IOHB _H,OHB_C,SHB_Ha,SHB_QHM SHB _QHI,SHB_QH2,SHB _QH3,
SHB _Ca,SHB_QCM,SHB_QCI,SHB_QC2,SHB_QC3,SHB_HC,
SHB _fqH,SHB_fqHI,
SHB_fqC,SHB _fqC 1,
TFAH,TFAC,
ASITH ASITMH LASITMH2,ASITMH3,
ASITC,ASITMC 1IASITMC2,ASITMC3,
FOTfhb 1,FOTfhb2,FOTfch L,FOTfch2,
FOTHLFOTH2,FOTH3,FOTC L,FOTC2,FOTC3,HULOAD,CULOAD,
LGP_H,LGPHU,LGP_CU,
MBH MBC,
CON HUI,CON_HU2,CON_HU4,
CONCUICON_CU2,CON_CU4,
CONEXFR,COUNTING,
APPTEMP L1APPTEMP_R1APPTEMP_CUAPPTEMP HU,
APPTEM _L2,APPTEM _R2,APPTECU APPTEHU,
LMTHX,LMTCULMTHU LMTHc,LMTCUc,LMTHUc,AreaP AreaC AreaH,
UTILITY TOAREA,OBJFN4 |

NONLINEAR3 "Flow(Varialbe)+Area"
/|OHB_H,0HB_C,SHB Ha,SHB_QHM SHB QH 1,SHB QH2,SHB_QH3,
SHB Ca,SHB_QCM ,SHB_QC 1,SHB_QC2,SHB_QC3,SHB_HC,
SHB _fqH,SHB_fqH|,
SHB_fqC,SHB _fqC I,
TFAH TFAC,
ASITH ASITMH LASITMH2,ASITMH3,
ASITC,ASITMC L ASITMC2,ASITMC3,

..................... Temperature Bound.......
FOTHIFOTH2,FOTH3,

FOTCLFOTC2FOTC3,

HULOAD,CULOAD,
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FOTfhb L,FOTfhb2,FOTfch L,FOTich2,

LG HLG HULG CUMMCI1MMC2MBH,MBC,

CON HUZL,CON_HU2,CON_HU3,CON_HU4,
CONCULCON_CU2,CON_CU3,CON_CU4,

CON_HEU,CON_HEL,

CONEX,COUNTING,COUNTINGA,

APPTEM L1APPTEM R1APPTEM L2APPTEM R2APPTEM CUAPPTEM HU,
APPTECU,APPTEHU,
IMTHX,LMTCU,LMTHU,LMTH¢,LMTCUc,LMTHUc,AreaP AreaC AreaH,
UTILITY,NoUNIT,TOAREA OBJFN5 |

NONLINEAR4 "Flow(Varialbe)+Area"
| OHB_H,0HB_C,SHB_Ha,SHB_QHM SHB QH 1,SHB QH2,SHB QH3,

SHB_Ca,SHB_QCM,SHB_QCI,SHB_QC2,SHB_QC3,SHB_HC,
SHB_fqH,SHB_fqHI,
SHB_fqC,SHB_fqC 1,
TFAHJFAC,
ASITH,ASITMH LASITMH2 ASITMH3
ASITC,ASITMCL,ASITMC2,ASITMC3,

FOTHLFOTH2FOTH3 FOTH4,FOTHS,
FOTCI,FOTC2,FOTC3,FOTC4FOTCS,

FOTH L,FOTH2,FOTH3,
FOTCLFOTC2,FOTC3,

HULOAD,CULOAD,
FOTfhb I,FOTfhb2,FOTfch 1,FOTHch?,

CONJ 1ULCON_HU2,CON_HU3-CON_HU4,

CON CUI,CON_CU2,CON_CU3,CON_CU4,

CON_HEU,CON_HEL,

CONEX,COUNTING,COUNTINGA,

APPTEM LLAPPTEM RLAPPTEM L2,APPTEM R2APPTEM CUAPPTEM HU,
APPTECU,APPTEHU,

LMTHX,LMTCU,LMTHU LMTHc,LMTCUc,LMTHUc,AreaP AreaC AreaH,
UTILITY NoUNIT,TOAREA,OBJFNG,BrouTAC |



khkkkkkkkkhhhhhhhhkhhhhhhhhdhhhhhhhrhdhhhhdhhhhhhhhhhddrhhhhhhhddhhrhhhhhrdrhrhdxk

khkkkkkkkkkkhkhkhkhhkhhkhhhkhhhhhhhhkhhhhkhhhdrkhhhhhhhdhrhdrkhhhdrkhrhkdkhhrdrhhxhkhscxd

PARAMETER
AlinearP(l1,J,MK Bh,Bc,K) Areaof process-process HX for linear case
AlinearC(l) Area of cold utility for linear case
AlinearH(J) Area of hot utility for linear case
QCuUn(l) Cold utility for linear case
QHUN(QJ) Hot utility for linear case

QEXn(l,J,MK,Bh,Bo;K) Heat exchange for linear case

TCMlinear(J.MK) Temperature of cold stream at location for linear case
TClinear(J,MK,Bc,K) Temperature of cold stream at substage for linear case
THMlinear(I,MK) Temperature of hot stream at location for linear case
THlinear(I,MK,Bh,K) Temperature of hot stream at substage for linear case

dTHS_IN(I,J,MK,Bh,Bc,K) Hot side approach temperature
dTCS_IN(I,J,MK Bh,Bc,K) Cold side approach temperature
)
)

dtcu_IN(I
dthu_IN(J

Approach temperature of Cold utility
Approach temperature of Hot utility

Zlinear(l,J,MK,Bh,B¢,K) Existent HX
ZCUlinear(l) Existent cold utility of stream |
ZHUlinear(J) Existent hot utility of stream J

hkkkhkkkkhkkkkhkkhkhhkhkhhhkhhhhkhhkhhhkhkhhkhhhhhhkhkkhhhhhhkhkhdhhkkhkhkhkkhhkhdhhkkhkkkhkkhkkkhkkkhxdxkx
x=1:

WHILE(x<=XT,

SOLVE LINEAR1 USING MIP MINIMIZING TACI;

DISPLAY TH.L,Thb.I,TC.I,Tch.1,q.l,qcu.l,ghu.l,Z.I,Zcu.l,Zhu.l,fhbP, fcbP,

TOTALgex | TOTAL_HU.LTOTAL_CU.ITAC LL*

* |nitial Area.
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AlinearP(l,J,MK BhBcK) =
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Q.1(1,0, MK Bh,Be,K)/((U(LI)*( (dTHS.I(1,J, MK Bh,Bc,K)*dTCS.I(1LJ,MK,Bh Be,K)*((dTHS.I(1,J,MK

BN BC,K)+ATCSI(1,I,MK BN BC,K))2))**(1/3) ))+1 e-06);

AlinearC(1) = geu.I(1)/ (Uc()* ((dtcu.I()*ABS(TH.I(I'MKL")-
TOUTH(I))*(dtcu.I(1)+ABS(TH.I(I,MKL')-TOUTH (1)))/2)**(1/3)))+le-06);
AlinearH(J) = ghu.IQ)/((UR()*((dthu.I(3)*ABS(TOUTC(J)-

TCI(J, MKF)*(dthu.I(3)+ABS(TOUTC(J)- TC.II,MKF)))12)**(1/3)))+1e-06);

Ap.I(1,J,MK,Bh B¢ K)
Acu.I(l) = AlinearC(l)
Ahu.l(J) = AlinearH(J);

Display Ap.l,Acu.l,Ahu.l;

L LT T LR

fhb.I(1,M K Bh)=fhbP (MK ,Bh);
feb.I(J,MK Bc)=fcbP(J,MK,Bc);

* Initial heat recovery & ULIITY s

QcUn(l) = qeu.I(l);
QHUN(J) = ghu.l(d);
QEXn(1,J, MK Bh,Bc,K) = q.I(1,J MK Bh,Bc.K);

geud(l) = QCUn(l);
ghu.l(J) = QFIUn(J);
q.(1LJ,MK,Bh,Bc,K) = QEXn(l,J, MK,Bh,B¢ K);

*INTtIal tEMPEFALUTE oo

TCMlinear(J,MK) = TC.1(JMK);
TClinear(J,MK Bc,K) = Tcb.I(J,MK Bc,K);
THMlinear(I,MK) = TH.1(I,MK);
THlinear(I,MK Bh,K) = Thb.I(I,LMK,Bh,K);

TC.1(J,MK) = TCMlinear(J,MK);
Tch.I(J,MK,Bc,K) = TClinear(J,MK Bc,K);
TH.L(1L,MK) = THMlinear(l,MK);
Thb.I(I,MK,Bh,K) = THlinear(I,MK Bh K);

= AlinearP(1,J,MK Bh,Bc,K);
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*Initia] existen 0f HX s
Zlinear(l,J,MK Bh,Bc,K) = Z.I(UMK,Bh,Bc K);
ZCUlinear(l) = Zcu.l(1);
ZHUlinear(J) = Zhu.I(9);

ZP(1,J,MK,Bh,Bc,K) = Zlinear(l,J, MK ,Bh,B¢,K);
ZcuP(l) = ZCUlinear(l);
ZhuP(J) = ZHUlinear(J);

khkkkhhhkhhhkhhhhhhhhhhhdhhhhrdhhhhhhhhhhdhrdhhhhhhhddhdhrddhhhrhdhdhrddrdrkdrhhrdd

NONLINEARI .optfile = 1
$onecho>dicopt.opt
MAXCYCLES 30
Soffecho

kkhkkkkkkkkkkkkkhkkkhkkkhkhkkhkkkhkkhkhhkhhkkhkkkhkhhrkhkkhkhkhkkkhkhkhkkhkkhkhkkhkkkhkkhkkkhkkkkkkkx

SOLVE NONLINEARI USING NLP MINIMIZING TAC2;
DISPLAY QH.ILQC.ILTH.I,Thb.I,TC.i,Tcb.l,g.l,geu.l,ghu.l,.ZP,ZcuP,ZhuP fhb.l.fch.l,
TOTALqgex.|TOTAL_HU.LTOTAL_CU.I,TAC 1,1, TAC2.L;

B LT LY T O

AlinearP(1,J,MK Bh,BcK) =

q.I(UMK Bh,Be,K)/((U(LI)*((dTHS.I(1,J,MK Bh,Bc,K)*dTCS.I(LLMK Bh,Bc,K)*((dTHS.I(LJ,MK
Bh,Bc,K)+dTCS.I(UMK,Bh,Bc,K))/2))**(1/3)))+]e-06);

AlinearC(l) = qeu.l(I)/ ((Uc(h)*((dtcu.l(N*ABS(TH.I(I,'MKL")-
TOUTH(1)*(dtcu.l(1)+ABS(TH.I(I,'MKL")-TOUTH (1)))/2)**(1/3)))+le-06);

AlinearH(J) = ghu.l(3)/((Uh(J)*((dthu.I(J)*ABS(TOUTC(J)-
TC.I(J,"MKF"))*(dthu.I(J)+ABS(TOUTC(J)- TC.](J,"M KF")))/2)**(1/3)))+1e-06);

Ap.I(1,J,MK Bh,Bc,K) = AlinearP(l,J,MK,Bh,Bc¢,K);
Acu.l(l) = AlinearC(l);
Ahu.l(J) = AlinearH(J);

Display Ap.lLAcu.lLAhu.l;
*Inintial FlOW v

fhbP(],M K ,Bh)=fhb.!(LMK,Bh)
fcbP(J,MK Bc)=fcb.I(J,MK,Bc)



* Initial heat recovery & ULty s
QCUn(l) = geu.l(I);

QHUN(J) = ghu.l(J);

QEXn(I,J,MK,BhBc,K) = q.l(1,J,MK BhBcK);

geu.l(l) = QCun(b);
ghu.l(J) = QHIInQ);
g.1(ILJ, MK ,BhBc,K) = QEXn(l,J,MK,Bh,Bc,K);

*INitial teMPErAtUTE .. vnercvsvssrmrssrssessmsssesmssssssssssssenen
TCMlinear(JMK) = TC.1(JMK);

TClinear(J,MK,Bc,K) = Tch.I(J,MK,Bc,K);
THMlinear(LMK) = TH.1(1,MK);

THlinear(I,MK,BhK) = Thb.I(I,MK BhK);

TC.1(J,MK) = TCMlinear(J,MK);
Teb I(I,MK,Bc,K) = TClinear(J,MK Bc,K);
TH.L(I,MK) = THMlinear(I,MK);
ThbI(ILMK,Bh K) = THlinear(I,MK ,Bh,K);

*Initial eXiSten 0F H X s
Zlinear(1,J, MK ,Bh,Bc,K) = ZP(I,J,MK,Bh,B¢,K);
ZCUlinear(l) = ZcuP(l);

ZHUlinear(J) = ZhuP(J);

ZI(1J,MK,BhBcK) = Zlinear(l,J,MK,Bh B¢ K);
Zcu.I(l) = ZCUlinear(l);
Zhu.I(J) = ZHUlinear(J);

SOLVE LINEAR2 USING MIP MINIMIZING TAC3;.
DISPLAY QH.LQC.ILTH.LThb.LTC.I,Tch.lg.l,qcu.l,ghu.l,Z.[,Zcu.l,Zhu.l,fhbP fchP,
TOTALqex.,TOTAL_HU.LTOTAL_CU.L,TAC 1L.1,TAC2.1, TAC3.1;*

*Inintial floW v
fhb /(LMK ,Bh)=thbP(I,MK Bh);
fch.I(J,MK ,Bc)=fchP(J,MK Bc);
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FANAL ATLA s

AlinearP(1,J,MK BhBcK) =

q.I(1,3,MK,BhBe,K)(( (13)*((dTHS.I(1,J,MK Bh,Bc,K)*dTCS.I(1,J,MK,Bh Be,K)*((dTHS.I(1,J, MK
Bh,Bc,K)+dTCS.I(1,J,MK,Bh,Bc,K))/2))**(1/3)))+1e-06);

AlinearC(l) = qcu.I(1)/ ((Uc(l)*((dtcu.I(I)*ABS(TH.I(I,'MKL>

TOUTH (1))*(dtcu.I(1)+ABS(TH.J(I'MKL")-TOUTH(1)))/2)**(1/3)))+le-06);

AlinearH(J) = ghu.1(3)/((Uh(J)*((dthu.I(J)*ABS(TOUTC(J)-
TC.I(J,"MKF"))*(dthu.l(J)+ABS(TOUTC(J)- TC.I(J,'MKF")))I2)**(1/3)))+le-06);

Ap.I(UMK BhBcK) = AlinearP(l,J,MK,Bh,BcK);
Acu.l(l) = AlinearC(l);
Ahu.l(J) = AlinearH(J);

Display Ap.lLAcu.lLAhu.l;

* Calculation of approach tem PeratUre i
dTHSIN(U,MK,Bh,Bc,K)=dTHS.I{(I,J, MK ,Bh B¢ ,K);
dTCS_IN(I,J, MK Bh Bc,K)=dTCS.I(1,J, MK ,Bh Be,K):
dteu_IN()=dtcu.l(l);

dthu_IN(J)=dthu.1(J);

dTHS.I(1,J,MK,Bh,Bc,K)=dTHS_IN(I,J,MK,Bh,Bc,K);
dTCS.I(1,J,MK,Bh,Bc,K)=dTCS_IN(I,J,MK ,Bh B¢ K);
dtcu.I(=dtcu_IN(I);
dthu.l(J)=dthu_INQJ);

* Initial heat recovery & ULty s
QCUN(I) = qgeu.I(l);

QFIUNn(J) = ghu.1(J);

QEXn(1,J, MK Bh,Bc,K) = q.I(1,J, MK Bh BcK);

geu.l(l) = QCuUn(l);
ghu.l(J) = QHUn(J);
q.1(1J,MK,Bh,Bc,K) = QEXn(l,J,MK Bh B¢ K);

B LT E U T 0T T T
TCMlinear(J,MK) = TC.1(J MK);
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TClinear(J,MK,Bc,K) = Tch.I(J MK B¢ K);
THMlinear(bMK) = TH.L(I,MK);
THlinear(I,MK,Bh,K) = Thb.I(I,MK Bh K);

TC.1(JMK) = TCMlinear(J,MK);
TebI(J,MK,Bc,K) = TClinear(J,MK,B¢,K);
TH.L(I,LMK) = THMIinear(I,MK);
Thb.I(LMK,Bh,K) = THlinear(I,MK,Bh K);

* Initial existen 0f HX v
Zlinear(1,J,MK,Bh,Bc,K) = Z.I(1,J,MK,Bh,B¢,K);
ZCUlinear(l) = Zcu.I();
ZHUlinear(J) = Zhu.1(9);

ZP(UMK,BhBc,K) = Zlinear(l,J,MK,Bh,B¢,K);
ZcuP(1) = ZCUlinear(1);
ZhuP(J) = ZHUlinear(J);

khkkkkkkkhkhkhkhkhkkkkkkhhhhkhkkkkkhhhhhkhhkhkkhhhhhhhhkhkkhkhhhhhhhhhhkkkkhddhhhkkkkkkkkkdidxk

NONLINEAR2.optfile = 1;

$onecho>dicopt.opt

MAXCYCLES 30

mipoptfile cplex.opt 1

Soffecho

e

SOLVE NONLINEAR2 USING NLP MINIMIZING TAC4;

DISPLAY QH.LQC.I,TH.LThb.I,TC.I,Tch.l,Ap.l,Acu.l, Ahu.Lq l,qcu.l,ghu.l,ZP,ZcuP,ZhuP fhb.l fch.l,
TOTALqex.,TOTAL HU.ILTOTAL CUITAC ,TAC2.1TAC3.1TACAl,

FANINEIAL FIOW o
fhb.I(I,MK,Bh)=fhbP(I,MK,Bh);
fch.I(J,MK Bc)=fchP(J,MK ,Bc);*

S L LT L T O
AlinearP(l1,J, MK ,Bh,Bc¢,K) = Ap.I(I,J,MK,Bh,Bc,K);
AlinearC(l) = Acu.I(I);
AlinearH(J) = Ahu.I(J);



Ap.](1,J,MK,Bh,Bc,K) = AlinearP(l,J, MK,Bh,Bc.K);
Acu.l(l) = AlinearC(l);
Ahu.l(J) = AlinearH(J);

* Calculation of approach temperature.........vmrnvnnne
dTHS_IN(1,J,MK,Bh,Bc,K)=dTHS.I(1,J, MK ,Bh,Bc K);
dTCS_IN(I,J,MK,Bh,Bc,K)=dTCS.I(I,J,MK,Bh,Bc K);
dtcu_IN(I)=dtcu.(1);

dthu_IN(J)=dthu.l(J);

dTHS.I(1,J,MK Bh,Bc,K)=dTHS_IN(U,MK Bh B¢ K);
dTCS.I(1,J,MK,Bh,Bc,K)=d"FCSIN(U,MK Bh,Bc,K);
dtcu.I(l)=dtcu_IN(I);

dthu.I(J)=dthu_IN(J);

* Initial heat recovery & ULIIY ..o
QCUn(I) = geu.l(1);

QHUN(J) = ghu.l(J);

QEXn(1,J,MK,Bh,Bc,K) = q.I(1,J,MK.Bh Bc,K);

geu.l(l) = QCUn(l);

ghu.l(3)'= QHUNQJ);

q.1(1,J,MK,Bh,Bc,K) = QEXn(l J,MK.Bh,Bc,K);

* Initial EMPErALUIE...cvvvvvrvvrrrrisssssssssssssmssssssssssssssess
TCMlinear(J,MK) = TC.1(JMK);

TClinear(J,MK,Bc,K) = Tcb.I(J,MK.Bc,K);
THMIinear(I,MK) = TH.1(I,MK);

THlinear(I,MK,Bh,K) = Thb.I(I,MK,Bh K);

TC.1(J,MK) = TCMlinear(J,MK);

Tch.I(J,MK,Bc,K) = TClinear(J, MK Bc K);

TH.1(I,MK) = THMlinear(EMK);

Thb.I(1,MK,Bh,K) = THlinear(I, MK ,Bh,K);

* NIl BXISEEN OF HX ooooeeeeeeesessessseessssmssnssssssssssssssssesssseessen
Zlinear(1,J,MK.BhBCK) =2 i mk . sn.se.x):

ZCUlinear(1) = Zeu.i(l);
ZHUlinear(J) = Zhu.lQ);

ZI(IJ,MK,Bh,Bc,K) = Zlinear(U,MK,Bh,Bc K);
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Zcu.l(1) = ZCUlinear(1);
Zhu.l(J) = ZHUlinear(J);

If(x=,
kkkkkkkhkkkkkkkhhkhkkkkhkhkkkkhkkkkhkkkkhhkkkhhkkkhhkkkkhhkkkkhhkkkkhkhkkkkhkhkkkkhkhkkkkhkkx

NONLINEAR3.optfile= 1,
$onecho>dicopt.opt
MAXCYCLES 50
mipoptfile cplex.opt 1
Soffecho

kkkkkkkkkkkkhkkhhkkhkkhkhkkhkhkhkhkhhkhkhkhkhkhhkhkhkhkkhkhkhkhkhkhkhkhkkhkhkhkkkhkkkhkkkhkkkkkkkk

SOLVE NONLINEAR3 USING MINLP MINIMIZING TACS;
DISPLAY QH.IQC.I,TH.I,Thb.I, TC.I,Tch.L Ap.L Acu.l,Ahu.lg.l.gcu.l,ghu.l,Z.1,Zcu.l,Zhu.1,fhb.I feb. 1,

TOTALarea, TOTALgex.,TOTAL HU., TOTAL _CU.I, TACI 1, TAC2.1,TAC31TAC4 1 TACS.L,

* Upper bound of Total annoul cost.
TACup=TAC5.1,

*Inintial FOW ..o
fhoP(I,MK,Bh)=fhh.I(I,MK,Bh);
fcbP(J,MK,Bc)=fch.I(J,MK Bc);

MK _Loop=l;
WHILE(MK_Loop<CARD(MK),

fhbP(1,MK,Bh)$(ord(MK)=MK_Loop and fhbP(I,MK,Bh)=0) = 0.05*FH(l);
fcbP(J,MK,Bc)$(ord(MK)=MK_Loop and fcbP(J,MK,Bc)=0) = 0.05*FC(J);

MK_Loop=MK_Loop+l; );

else

kkkkkkkkkhkkhkhkkhkhkhhkhkhkhkhkhkhkhhkhhkkhhkhkkhkkhkhhkhkhkkkhkkkhkkhkkkhkkhkhkkhhkkhkhkkhhkkkkk

NONLINEAR4.optfile = 1;
$onecho>dicopt.opt
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MAXCYCLES 50
mipoptfile cplex.opt |
Soffecho

kkkkkkkkkkhkkkkkhkkhkhkkhkkhkkhkkhkkhkkkhkkkhkkhkhkhkhkhhkhkhkhkkhkkkhkkkhkkhkhkkkhkkhkkkhkkkkkkkx

SOLVE NONLINEAR4 USING MINLP MINIMIZING TACS;
DISPLAY QH.],QC.LTH.L Thb., TC.I,Tch.l, Ap. Acu.l,Ahu.l,q.l,gcu.l,ghu.l,Z.1,Zcu.l.Zhu.l fhb.l fcb.I,

TOTALarea.l TOTALgex.,TOTAL HU.L TOTAL CU.I TACLI,TAC2],TAC3., TAC4.1, TAC5.1,TA
C6.1;

* Upper bound of Total anNOUL COSt......vvvvvsrvvervssrsssissssssssssssssen
TACup$(NONLINEAR4.modelstat<9 and NONLINEAR4.modelstat<>6 and
NONLINEAR4.modelstato4)=TAC6.1;

[f(NONLINEAR4.modelstat=4 or NONLINEAR4.modelstat=6,
4L
fhoP(I,MK,Bh)=flib.I(1, MK ,Bh);

fcbP(J,MK,Bc)=fch.I(J, MK Bc);

);

* Importance Equations not both in this thesis and paper but needed

)

X=x+1);
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