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APPENDICES

Appendix A The intermediate results of each step for case study 2

I step
- thi(l,K)
KFIRST K2 K3 KLAST
Il 155.000 105.320 105.320 30.000
2 80.000 80.000 80.000 40.000
13 200,000 176.415 40.000 40,000

- thpi(UK)
KFIRST K2 K3
L1 105324 105320  30.003
102 20000 20000 105320
2J1 80000 80000 36568
202 2684 80000 43370
BIL 20000 46404 40000
32 176416 20000 20000

- te(J,K)

KFIRST K2 K3 KLAST
JU 160.000 140.128 66.254 20,000
J2- 100000 76.415 38.498 20,000



11.J1
11.J2
2)1
12.J2
13J1
13.J2

tepi(l,J,K)

KFIRST
160.000
76.415
140.128
76.415
140.128
100.000

- ai(UK)

1101
121
12.J2
13J1
13.J2

KFIRST
4973
0
0
0.
1459

acui(l)

(ALL  0.000)

- ahui()
(ALL  0.000)

K2
66.254
36.498
66.254
38.498
140.128
76.415

K2

12.758
3.992

K3

68.753
20.000
62.212
38.498
20.000
20.000

K3

5.801
3.549
3.467



Gi(U.K)

KFIRST K2 K3
397443 0 602.557
21 0 0 322.526
202 0 0 217474
131 0 1477474 0

3.2 353.779 568.747 0

qeu.(l)
(ALL  0.000)
ghu(d)
(ALL  0.000)
- 7i(U K)
KFIRST K2 K3
11J1 0397 0 0.603
231 0 0 0.538
202 0 0 0.462
BN 0 0.616 0

132 02% 0474 0

zeui(l)
(ALL  0.000)



zhui(J)

(ALL  0.000)

2nd step

- th(1K)

KFIRST K2
Il 155.000 44.425
12 80.000 80.000

13 200.000 120.000

- thp(1,K BH,SK)
INDEX 1= I
SKFIRST
KFIRST BHL 155.000
KFIRST BH2 155,000

K2 .BH1 44.425
k2 BH2 44.425
K3 BHIL 44.425
K3 BH2 44.425
INDEX 1=12

SKFIRST

KFIRST.BH1 80.000
KFIRST.BH2 80.000

K2 BHL 80.000
K2 .BH2 60.000
K3 BHI 60.000

K3

44 425
80.000
40.000

SK2
95639
62.6%4
44 425
20.000
20.000
30.000

SK2

68.164
47.500
23.468
23.468
52.680

KLAST
30.000
40.000
40.000

K3

44425
62.694
44425
20.000
20.000
30.000

K3

45.261
47.500
23.468
23.468
40.000

SKLAST
44 425
62.694
44.425
20.000
20.000
30.000

SKLAST
45.261
47.500
23.468
23.468
40.000

"1



K3 .BH2 80.000
INDEX 1=13
SKFIRST

KFJRST.BH1 200.000
KFIRST.BH2 200.000
K2 .BHI 120.000
K2 BH2 120.000
K3 .BHI 40.000
K3 BH2 40.000

- tc(J,K)

KFIRST K2
J1 160.000 115.770
J2100.000 20.000

- 1cp(J,K,BC,SK)
INDEX 1=J1

SKFIRST

KFIRST.BC1 160.000
KFIRST.BC2 160.000
KFIRST.BC3 160.000
K2 .BCI 115.770
K2 BC2 115.770
K2 .BC3 115.770
K3 BCl 55.770

20.000

SK2
194.431
147.570
20.000
46.667
20.000
20.000

K3
53.770
20.000

SK2
115.770
115.770
123915
55.770
33.020
32.856
20.000

20.000

SK3
21791
130.949
20.000
46.667
20.000
20.000

KLAST
20.000
20.000

SK3
115.770
115.770
115.770
55.770
33.020
32.856
20.000

20.000

SKLAST
21.791
130.949
20.000
46.667
20.000
20.000

SKLAST
115.770
115.770
115.770
55.770
33.020
32.856
20.000

8



K3
K3

BC2

BC3

INDEX 1=J2

KFIRST.BC1
KFIRST.BC2
KFIRST.BC3
BC1
BC2
BC3
BCl

K2
K2
K2
K3
K3
K3

BC2

BC3

55.770
55.770

SKFIRST
100.000
100.000
100.000

20.000
20.000
20.000
20.000
20.000
20.000

a(l,J,K,BH,BC,SK)
INDEX 1=11 INDEX 2=J1 INDEX 3= KFIRST
SKFIRST

BH1.BC1
BH1.BC2
BH1.BC3
BH2.BC1
BH2.BC2
BH2.BC3

INDEX 1=11 INDEX 2=J1 INDEX 3=K3

4973
4973
4973
4973
4973
4973

SKFIRST

SK2
4973
4973
4973
4973
4973
4973

SK2

29.937
55.770

SK2

97.500
51.042
20.000
20.000
20.000
20.000
20.000
20.000
20.000

SK3
4973
4973
4973
4973
4973
4973

SK3

20.000
20.000

SK3

20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000

SKLAST
4973
4973
4973
4973
4973
4973

SKLAST

19

20.000
20,000

SKLAST
20.000
20.000
20.000
20.000
20,000
20.000
20.000
20.000
20.000



BH1BC1
BH1.BC2
BHL.BC3
BH2.BC1
BH2.BC2
BH2.BC3

BH1.BC1
BH1.BC2
BH1.BC3
BH2.BC1
BH2.BC2
BH2.BC3

BH1.BC1
BH1.BC2
BH1.BC3
BH2.BC1
BH2.BC2
BH2.BC3

5.801 5801  5.801
5.801 5801 5801
5.801 5801 5801
5.801 5801 5801
5.801 5801 5801
5.801 5801  5.801
INDEX 1=12 INDEX2=J1 INDEX 3 =K3
SKFIRST ~ SK2  SK3
3.549 3549 3.549
3.549 3.949 3549
3.549 3549 3.549
3.549 3549 3549
3.549 3549 3549
3.549 3.549  3.549
INDEX 1=12 INDEX 2=J2 INDEX 3 = K3
SKFIRST ~ SK2  SK3
3.467 3467 3467
3.467 3467 3.467
3.467 3467  3.467
3.467 3467  3.467
3.467 3467  3.467
3.467 3467 3.467
INDEX 1=13 INDEX 2=J1 INDEX 3=K2
SKFIRST ~ SK2  SK3
12.758 12758 12.758

BH1.BC1

5.801
5.801
5.801
5.801
5.801
5.801

SKLAST
3.549
3.549
3.549
3.549
3.549
3.549

SKLAST
3.467
3.467
3.467
3.467
3.467
3.467

SKLAST
12.758

80



BHLBC2
BH1.BC3
BH2.BC1
BH2.BC2
BH2.BC3

BHI.BC1
BH1.BC2
BHLBC3
BH2.BC1
BH2.BC2
BH2.BC3

BHI.BC1
BH1.BC2
BH1.BC3
BH2.BC1
BH2.BC2
BH2.BC3

acu(l)

12.758 12758 12758 12758
12.758 10758 12758 12758
12.758 10758 12758 12758
12.758 10758 12758 12758
12.758 10758 12758 12758

INDEX 1= 13 INDEX2=J2 INDEX 3= KFIRST
SKFIRST ~ SK2  SK3  SKLAST
1459 1459 1459 1450
1459 1459 1459 1459
1459 1450 1459 1459
1459 1459 1459 1459
1459 1459 1459 1459
1459 1459 1459 1459

INDEX 1= 13 INDEX 2=J2 INDEX 3= K2
SKFIRST = SK2  SK3  SKLAST
3502 3592 3592 3502
3592 3502 35902 3592
3592 3502 3592 3502
3592 3502 3592 359
3592 3502 3502 3592
3502 3502 3592 3592
0.000)

(ALL



ahu())
(ALL  0.000)

q(1,J,K,BH:BC SK)

INDEX =11 INDEX 2=l INDEX 3= KFIRST
SKFIRST K2

BHLBCL 307443 0

BHLBC3 307443 89715

INDEX 1=11 INDEX 2=J1 INDEX 3= K3
SKFIRST

BH2BC1 11539

INDEX 1=12 INDEX 2=J1 INDEX 3= K3
SKFIRST ~ SK2

BHLBCL 100427 0

BHLBC2 308372 118617

BHLBC3 0 5 TL58A

INDEX 1=13 INDEX 2=J1 INDEX 3= K2
SKFIRST

BHLBCI  375.000

BH2BC1  825.000

INDEX 1=13 INDEX 2= 2 INDEX 3= KFIRST
SKFIRST ~ SK2

BHLBC1 8379 259,753

BH2BC2 353779 224310

BH2BC3 33719 0

82



- qou(i)

(ALL  0.000)
ghu(J)
(ALL  0.000)
- fhp(,K,BH)
BH1
ILKFIRST  8.000
11.K2 8.000
11.K3 0
12.K3 15.000
13.KFIRST 1505
BK2 3.750
fep(J,K,BC)
BCL
JLKFIRST 8986
JLK2 20.000
JLK3 6.062
JZKFIRST  3.352
J2.K2 6.133
J2.K3 5.690

3rdstep

BH2

8.000

13495

11.250

BC2

11.937

1.226

4.655

BC3
11.014

2.001
4.422
8.867
4,695

83



- (1K)
KFIRST
I 155000
0 80,000
13200000

K2

- 155,000

80.000
200.000

- thp(1,K BH,SK)

INDEX 1=11

KFIRST.BH1
KFIRST.BH2
K2 BHI

K2 .BH2

K3 .BHI

K3 .BH2
INDEX 1=12

KFIRST.BH1
KFIRST.BH2
K2 BHI

K2 BH2

K3 BHI

K3 .BH2
INDEX 1=13

SKFIRST
155.000
155.000
155.000
155.000
30.000
30.000

SKFIRST
60.000
80.000
80.000
80.000
60.000
60.000

SKFIRST

K3

30.000
80.000
40.000

SK2
155.000
155.000
155.000
155.000
30.000
30.000

SK2

80.000
80.000
80.000
80.000
80.000
80.000

SK2

KLAST
30.000
40.000
40.000

SK3
155.000
155.000
30.000
155.000
30.000
30.000

SK3

80.000
80.000
80.000
80.000
80.000
80.000

SK3

SKLAST
155.000
155.000
30.000
155.000
30.000
30.000

SKLAST
80.000
80.000
80.000
60.000
40.000
80.000

SKLAST



KFIRST.BH1 200.000
KFIRST.BH2 200.000
K2 BHL 200.000
K2 BH2 200.000
K3 BHL 40.000
K3 BH2 40.000
- te(JK)
KFIRST K2
J 160.000 160.000
2 100.000 100.000
- tep(J,K,BC, SK)

INDEX 1=]1

SKFIRST
KFIRST.BCL 160.000
KFIRST.BC2 160.000
KFIRST.BC3 160.000
K2 BCL 160.000
K2 BC2 160.000
K2 .BC3 160.000
K3 .BCL 20.000
K3 BC2 20.000
K3 BC3 20.000

INDEX 1=2

200.000
200.000
154.482
131.429
40.000
40.000

K3
20.000
60.000

SK2
160.000
20.000
160.000
121.429
20.000
20.000
20.000
20.000
20.000

200.000
200.000
40.000
40.000
40.000
40.000

KLAST
20.000
20.000

SK3
160.000
20,000
160.000
20.000
20.000
20.000
20.000
20.000
20.000

200.000
200.000
40.000
40.000
40.000
40.000

SKLAST
160.000
20.000
160.000
20.000
20.000
20.000
20.000
20.000
20.000



KFIRST.BC1
KFIRST.BC2
KFIRST.BC3

K2
K2
K2
K3
K3
K3

BCl
BC2

BC3

BC1

BC2
BC3

SKFIRST  SK2

100.000
100.000
100.000
100.000
100.000
100.000
60.000
60.000
60.000

- q(1JK,BH,BC,SK)

100.000
100.000
100.000
100.000
20,000
80.750
60.000
60.000
60.000

INDEX 1=11 INDEX2=J1 INDEX 3 = K2

BHL.BC1
INDEX 1=12 INDEX 2=J2 INDEX 3=K3

BH1.BCl
BHL.BC2
BH1.BC3
INDEX 1=13 INDEX2=1J1 INDEX 3=K2

BH2.BC1
INDEX 1=13 INDEX 2=1J2 INDEX 3= K2

SK2
1000.000

SK3

221.597
186.202
186.202

SKFIRST
171.429

SKFIRST

SK2
1028.571

SK2

K3
100.000
100.000
100.000
30.000
20.000
80.750
60.000
60.000
60.000

SKLAST
100.000
100.000
100.000
30.000
20.000
80.750
20.000
20.000
20.000



BH1.BC1 0 429.306
BH1BC3  170.694 0

- qeu(l)
(ALL  0.000)

ghu(J)
(ALL  0.000)

- 2(1,3K,BH,BC.SK)

NDEX 1= 11 INDEX 2=J1 INDEX 3=K?
SK2

BHLBCL 1000

INDEX 1=12 INDEX 2= J2 INDEX 3= K3
SK3

BHLBCL 1,000

BHLBC2 1000

BHLBC3 1000

INDEX 1=13 INDEX 2=J1 INDEX 3= K2
SKFIRST ~ SK2

BH2BCL 1000 1,000

INDEX 1=13 INDEX 2=J2 INDEX 3=K?
SKFIRST K2

BHLBCI 0 1000

BHLBC3 1000 0



zeu(l)
(ALL  0.000)

2hi())
(ALL  0.000)

- a(1J,K,BH,BC,SK)

INDEX 1=11 INDEX2=J1 INDEX 3= K2
SK2

BHLBC1  99.993

INDEX 1=12 INDEX2=J2 INDEX 3=K3
SK3

BHLBC1  22.758

BH1.BC2 18619

BHLBC3 18619

INDEX 1=13 INDEX2=J1 INDEX3=K2
SKFIRST ~ SK2

BH2BC1  77.138 102.850

INDEX 1=13 INDEX 2=J2 INDEX
SKFIRST  SK2

BHLBCI 0 42.928

BHLBC3  17.068 0

acu(l)
(ALL  0.000)



ahu())

(ALL  0.000)
Athstep ‘
- th(1K)
KFIRST
1 155.000
2 80.000
13 200.000

K2
155.000
60.000
200.000

- thp(1K BH,SK)

INDEX 1=11

KFIRST.BH1
KFIRST.BH2
K2 BHI

K2 BH2

K3 BHI.

K3 BH2
INDEX 1=12

KFIRST.BH1
KFIRST.BH2
K2 .BHI
K2 BH2

SKFIRST
155.000
155.000
155.000
155.000
30.000
30.000

SKFIRST
80.000
60.000
80.000
80.000

K3

30.000
60.000
40.000

SK2
155.000
155.000
155.000
155.000
30.000
30.000

SK2

80.000
60.000
80.000
80.000

KLAST
30.000
40.000
40.000

SK3
155.000
155.000
30.000
155.000
30.000
30.000

SK3

80.000
80.000
80.000
80.000

SKLAST
155.000
155.000
30.000
155.000
30.000
30.000

SKLAST
80.000
80.000
80.000
60.000



K3 BHL 80.000
K3 BH2 80.000
INDEX 1= 13
SKFIRST
KFIRST.BHI 200.000
KFIRST.BH2 200.000
K2 BHI 200,000
K2 .BH2 200.000
K3 BHL 40.000
K3 BH2 40.000
tc(J,K)
KFIRST K2
J. 160,000 160.000
J2100.000 100.000
- 1ep(J,K,BC,SK)
INDEX 1=]1
SKFIRST
KFIRST.BC1 160.000
KFIRST.BC2 160.000
KFIRST.BC3 160.000
K2 BCl 160.000
K2 .BC2 160.000
K2 .BC3 160.000

60.000
60.000

SK2
200.000
200.000
200.000
149.036
40.000
40.000

K3
20.000
60.000

SK2
160.000
20.000
160.000
130.773
20.000
20.000

60.000
80.000

SK3
200.000
200.000
30.037
43.066
40.000
40.000

KLAST
20,000
20.000

SK3
160.000
20.000
160.000
20.000
20.000
20.000

40.000
60.000

SKLAST
200.000
200.000
30.037
43.066
40.000
40.000

SKLAST
160.000
20.000
160.000
20.000
20.000
20.000

90



K3 BCl 20.000 20.000 20.000
K3 BC2 20.000 20.000 20.000
K3 BC3 20.000 20.000 20.000
INDEX 1=1)2

SKFIRST  SK2 SK3

KFIRST.BC1 100.000 100.000 100.000
KFIRST.BC2 100.000 100.000 100.000
KFIRST.BC3 100.000 100.000 100.000

K2 BCl 100.000 100.000 20.000
K2 BC2 100.000 20.000 20.000
K2 BC3 100.000 00.000 100.000
K3 BCl 60.000 0.000 60.000
K3 BC2 60.000 0.000 60.000
K3 BC3 60.000 0.000 60.000

- g(1lJKBH,BCSK)

INDEX 1=11 INDEX 2=1J1 INDEX 3= K2
SK2

BHLBCL 1000000

INDEX 1= 12 INDEX 2=J2 INDEX 3= K3
SK3

BHLBC3  600.000

INDEX 1=13 INDEX 2= J1 INDEX 3= K2
SKFIRST ~ SK2

BH2BCL 584547 1215453

20.000
20,000
20.000

SKLAST
100.000
100.000
100.000
20.000
20.000
100.000
20,000
20,000
20,000

91



INDEX 1=13 INDEX2=J2 INDEX 3= K2

SK2
BHLBCI  600.000

- qeu(l)
(ALL  0.000)
- hu(d)
(ALL  0.000)
- fhp(1,K,BH)
BH1
ILKFIRST 8.000
11.K2 8.000
11.K3 0
12K3 15.000
13.KFIRST 1505
13.K2 3530
- fep(J,K,BC)
BC1
JLKFIRST 8.986
JLK2 20,000
JLK3 6.062

J2.KFIRST 3.352

BH2

6.000

13495

11.470

BC2

11.937
1.226

BC3
11.014

2.001
4.422



12K2 1.500 0
J2.K3

a(1,J K BH,BC,SK)

INDEX 1=11 INDEX 2=J1 INDEX 3= K2
SK2

BHLBCL  33.466

INDEX =12 INDEX 2=J2 INDEX 3= K3
SK3

BHL1BC3 18011

INDEX 1=13 INDEX 2 =J1 INDEX 3= K2
SKFIRST K2

BH2BCL 13344 32043

INDEX 1=13 INDEX2=J2 INDEX 3= K2
SK2

BHLBCI 10108

acu(l)
(ALL  0.000)

ahu())
(ALL  0.000)

bthstep

1.500
15.000



- th(IK)

KFIRST K2
I 155000 155.000
080000 80000
B 200000 200000
- thp(LK BH,SK)
INDEX =11
SKFIRST
KFIRST.BHL 155,000
KFIRST BH2 155.000
K2 BHL 155,000
K2 BH? 155.000
K3 BHL 30,000
K3 BH? 30,000
INDEX 1=12
SKFIRST
KFIRST.BHL 80,000
KFIRSTBH2 80000
K2 BHL 80,000
K2 BH? 80,000
K3 BHL 80,000
K3 BH2 80,000
INDEX 1=13
SKFIRST

K3

30.000
60.000.
40.000

SK2
155,000
155.000
155,000
155,000
30.000
30.000

SK2

80.000
60.000
60.000
60.000
60.000
60.000

SK2

KLAST
30.000
40.000
40.000

SK3
155.000
155.000
30.000
155.000
30.000
30.000

SK3

60.000
60.000
60.000
60.000
60.000
60.000

SK3

SKLAST
155,000
155.000
30.000
155.000
30.000
30.000

SKLAST
60.000
60.000
60.000
60.000
40.000
60.000

SKLAST
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KFIRST.BH1 200.000
KFIRST.BH2 200.000
K2 BHL 200.000
K2 BH2 200.000
K3 BHL 40.000
K3  BH2 40.000
tc(J,K)
KFIRST K2
J 160,000 160.000
32 100.000 100.000
tep(J,K,BC, SK)
INDEX 1=J1
SKFIRST
KFIRST.BC1 160.000
KFIRST.BC2 160.000
KFIRST.BC3 160.000
K2 BCL 160.000
K2 BC2 160.000
K2 .BC3 160.000
K3 .BCl 20.000
K3 BC2 20.000
K3 BC3 20.000

200.000
200.000
1200000
149,036
40.000
40.000

K3
20.000
60.000

SK2
160.000
20.000
20.000
130.773
20.000
20.000
20.000
20.000
20.000

200.000
200.000
30.037
43.066
40.000
40.000

KLAST
20.000
20,000

SK3
160.000
20,000
20,000
20,000
20,000
20,000
20000
20,000
20,000
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200.000
200.000
30.037
43.066
40.000
40.000

SKLAST
160.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000



INDEX 1=J2

SKFIRST ~ SK2
KFIRST.BC1 100.000 100.000
KFIRST.BC2 100.000 20.000
KFIRST.BC3 100.000 20.000

K2 BCl 100.000 100.000
K2 BC2 100.000 20.000
K2 BC3 100.000 100.000
K3 BCl 60.000 20.000
K3 +BC2 60.000 20.000
K3 .BC3 60.000 60.000

- q(1JK,BH,BC.SK)

INDEX 1=11 INDEX 2=J1 INDEX 3=K?2
SK2

BHLBCL  1000,000

INDEX 1= 12 INDEX 2= 12 INDEX 3=K3
SK3

BHLBC3  600.000

INDEX 1=13 INDEX 2=JL INDEX 3=K?
SKFIRST K2

BH2BCL 84547 1215453

INDEX 1=13 INDEX 2=J2 INDEX 3= K2
SK2

BHLBCI  600.000

SK3
100.000
20.000
20,000
20,000
20.000
100.000
20,000
20,000
60.000

SKLAST
100.000
20.000
20.000
20.000
20.000
100.000
20.000
20.000
20.000
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qeu(l)

(ALL  0.000)
- ghu(d)
(ALL  0.000)
- fhp(1,K,BH)
BHL
11.K2 8.000
11.K3 0
12.K2 0
12.K3 15.000
13 KFIRST  15.000
13.K2 3.530
13K3 15.000
- fep(,K,BC)
BCl
JLKFIRST  20.000
JLK2 20.000
JLK3 20.000
J2KFIRST 15,000
J2.K2 7500

J2.K3 0

BH2

6.000
15.000

11.470

1.500
15.000
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- 7(1,J,K,BH,BC.SK)

INDEX 1=11 INDEX 2=J1 INDEX 3= K2
SK2

BHLBCL 1000

INDEX 1= 12 INDEX 2= 12 INDEX 3= K3
SK3

BHLBC3 1000

INDEX 1=13 INDEX 2=J1 INDEX 3= K2
SKFIRST ~ SK2

BH2BCI 1,000 1000

INDEX 1= 13 INDEX 2= 12 INDEX 3= K2
SK2

BHLBCL 1000

- zeu(l)
(ALL  0.000)

- zhu(J)
(ALL  0.000)

- 4(1J,K,BH,BC,SK)
INDEX 1=11 INDEX2=J1 INDEX 3=K2
SK2
BHLBC1  33.466
INDEX 1=12 INDEX 2=J2 INDEX3=K3
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SK3

BHLBC3 18011

INDEX 1=13 INDEX2=J1 INDEX 3=K2
SKFIRST 1.. SK2

BH2.BCl 13344 32.043

INDEX 1=13 INDEX2=J2 INDEX 3=K2
SK2

BHLBCI  10.108

- acu(l)
(ALL  0.000)

ahu(J)
(ALL  0.000)

by



Appendix B The Comparison of the HEN with Isothermal and Non-isothermal for
Case Study 2

The purpose of this comparison is to illustrate the benefits of using non-
isothermal mixing model instead of isothermal mixing one. The optimal structure for
the non-isothermal mixing model is different from for the isothermal mixing model.

The TAC for using non-isothermal mixing model allowing stream
splitting is $100,720 per year with 210.9 nr exchange area; whereas, the non-
isothermal mixing model obtains the TAC of $94,183 and total exchange area of
187,55 m:. No external utilities are used in any solutions. This difference is because
an isothermal model cannot even admit the HEN in Figure B2, as it would see a
temperature cross in heat exchanger number 2

FCn (kwrc)

155 _8

80 15

1880
200 18 Ve

XA
£l

160 20 o 160 655

100 _75 100 60 20

Figure BL The HEN under isothermal mixing for case study 2 with the TAC of
$100,720 and total exchange area of 210.9 m2



FCp (kwrc)

1000
155 8 ( ﬁgk\(/)\o*c o
L ok
S — %_ 6_'N_W40

2= 11¥47\(5§4'w o EEM
N .

b4 fou

160 20 A~ 180 R |
SO0 Vi Tik 1$73*Q/ 70°CA

W.5 @ g pok

Figure B2 The HEN from this work considering non-isothermal mixing for case
study 2 with the TAC of $94,183 and total exchange area of 187.55 m2



Appendix ¢ HEN Synthesis

SETS
| Hot stream /11,12,13/
J Cold stream/J1,J2/
K Major stage /KFIRST,K2*K3 KLAST/
SK Sub-stage /SKFIRST,SK2*SK3 SKLAST/
BH  Branch of hot splitting stream /BH1*BFI2/
BC  Branch of hot splitting stream /BC1*BC3/

SCALARS
NoBH Number of branch of hot splitting stream /2/
NoBC Number of branch of hot splitting stream /3/
ACHX Area cost coefficient of process heat exchanger /600/
ACCU Area cost coefficient of cold utility /600/
ACHU Area cost coefficient of hot utility /600/

CFHX Fixed charges of exchanger /6000/
CFCU Fixed charges of cold utility /6000/
CFHU Fixed charges of hot utility /6000/

ecu Per unit cost of cold utility /20/
CHU Per unit cost of hot utility /120/

CUMIN Minimum cold utility require /of
CUMAX Maximum cold utility require /4000/

HUMIN Minimum hot utility require /o
HUMAX Maximum hot utility require  /4000/



EMAT Exchange minimum approach temperature /10/

TMIN Minimum temperature In HEN /20/
TMAX Maximum temperature In HEN /200/

PARAMETERS
ATEMPERATURE OF STREAM.......oooocvmvmsisesssmsssssssssssssins
THIN(I) ~Inlet temperature of hot stream
[ 1 155
2 8
B3 200 |/
THOUT(I) ~ Outlet temperature of hot stream
[ 130
2 40
B 40
TCIN(J)  Inlet temperature of cold stream
[ 2
2 20 |
TCOUT())  Outlet temperature of cold stream
[ ]l 160
2 100 |
TCUIN 120/
TCUOUT /30/
THUIN 220/
THUOUT /220/*

*HEAT CAPACITY FLOWRATE OF PROCESS
STREAM....ooovmvresnssssssisssnn
FH(1) Heat capacity flowrate of hot stream
[ 18
2 15

103
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B 5L
FCQ)) Heat capacity flowrate of cold stream
[ 1 2

2 5

t BRANCH FLOW _ [PARAMETER].....ccuorvvsrmmsmrmsssmmsmssssssssssssnnn
FHP P(1,K,BH) Branch flow parameter of hot stream
FCP P(J,K,BC) Branch flow parameter of cold stream
FBHPT P(1,K)
FBCPT P(JK)

t BINARY PARAMETER _ [PARAMETER]......ccocurmmmmmmsmmssssssin
z_P(I,LK,BH,BC,SK) Binary parameter of exchanger existence
ZCU P(I)  Binary parameter of cold utility existence
ZHU P(J)  Binary parameter of hot utility existence

t BOUND OF FIEAT EXCHANGE ~ [PARAMETER]...............
QUP_P(l,J,K,BH,BC,SK) Upper bound of heat exchange
QLO P(I,J,K,BH,BC,SK) Lower bound of heat exchange

t FORLOGICAL CONSTRAINTS _ [PARAMETER]
OMEGA(IJ)  Upper bound for heat exchange
FICT P(I)  Fleat content of hot stream
CCT_P(J)  Heat content of cold stream

GAMMA(I,J)  Upper bound for temperature difference
GAMMAH(I)  Upper bound for temperature difference of hot stream
GAMMAC(J)  Upper bound for temperature difference of cold stream

t UPPERBOUND FOR HEAT UTILITY _ [PARAMETER]
TOTALUTIL P Total heat exchange value
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BETA(I,J)  exponent for area costs of HX 1-]
BETACU(I)  exponent for area costs of cooler
BETAHU(J)  exponent far area costs of heater

MOVERALL HEAT TRANSFER COEFFICIENT

!

(1J)  overall heat transfer coeff of heat exchanger of I-J [KW*(m2*K)-

UCU(I)  overall heat transfer coeff. of cooler
UHU())  overall heat transfer coeff. of heater
(

*U(1J) = R RONTR+HE)]

DTCUP(I)
DTHUP())

DTHUP(J) = THUIN-TCOUT(J);
DTCUP(I) = THOUT(1)-TCUIN;
BETA(l,J) = 085
BETACU(1) = 0.85;
BETAITU(J) = 085

() =1
ucu(l) =1;
UHU() =1

VARIABLES
TEMPERATURE OF PROCESS STREAM...occcovcmvnsrnnssivnnsssiernssinenes

th(I,K) ~ Temperature of hot stream at stage K

thp(I,K,BH,SK) Temperature of hot stream at sub-stage SK In stage K
tc(J,K)  Temperature of cold stream at stage K

tep(J,K,BC,SK) Temperature of cold stream at sub-stage SK In stage K
thpi(l,J,K)

tepi(l,J ,K)

*HEAT CAPACITY FLOWRATE OF PROCESS
STREAM...vvvrrnssisresssiinns
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f(UK)
§(U K)
'hp(1,K,BH) Branch flow parameter of hot stream
fep(J,K,BC) Branch flow parameter of cold stream

*M LTIPLE OF TEMPERATURE AND HEAT CAPACITY FLOWRATE
0*1-CP).vrvvrrvrsren
fhpt(1,K,BH,SK) Multiple of temperature and heat flow of hot stream
fept(J,K,BC,SK) Multiple of temperature and heat flow of cold stream
fohpt(1,K)
focpt(J,K)
FHEATEXCHANGE ...
qi(1,J,K)
qn(K,1,BH,SK) Heat exchange of hot splitting BH In sub-stage SK
ghKhb(K,I,BH) Heat exchange of hot splitting BH at stage K
gnK(K,I)  Heat exchange of hot (I-J) at stage K
ghe(K)  Heat exchange of hot stream | In stage K

qc(K,J,BC,SK)  Heat exchange of hot and cold (I-J) In sub-stage SK
qcKh(K,J,BC) Heat exchange of cold splitting BC at stage K
qcK(KJ)  Heat exchange of cold (I-J) at stage K

qch(K)  Heat exchange of cold stream | In stage K

TOTALgex  Total heat exchange
TOTALJJU  Total hot utility
TOTAL CU  Total cold utility

uc Utility cost
NEX Number of exchanger
AC Area cost
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BRANCH
TACI
TAC2
TAC3
TAC4
TACS
COST

BINARY VARIABLES

*EXISTENCH OF EXCHANGER.......c.ccovvmivmmmmsnssmssssssssssssssnns
2i(1,J,K)
zeui(l)
zhui(J)
z(1,J,K,BH,BC,SK)  Existence of exchanger I-J In each sK
zeu(l) — Existence of cold utility
zhu(J)  Existence of hot utility

POSITIVE VARIABLES

ATEMPERATURE APPROACH......ccvmmsivssssmssmssssssssssssssssssssins
dthi(UK)
dtci(l,J,K)
dtcui(l)
dthui())
dth(l,J,K,BH,BC,SK) Temperature difference at "hot end" of exchanger
dte(l,J,K,BH,BC,SK) Temperature difference at "cold end" of exchanger
dtcu(l) ~ Temperature difference of cold utility
dthu(J) ~ Temperature difference of hot utility*

*LOG MEAN TEMPERATURE DIFFERENCE..........ccovvsmmmvmssssmsnssssssssinn
LMTDHX(I,J,K,BH,BC,SK)  Log mean emperature difference of
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exchanger I-J

LMTCU(I) Log mean emperature difference of cold utility
LMTHU()) Log mean emperature difference of hot utility

a(1,J,K,BH,BC,SK)  Heat exchange area of process exchanger
acu(l)  Heat exchange area of cold utility
ahu(J)  Heat exchange area of hot utility

*HEAT EXCHANGE........ccotiiiiiiscsinesesssnnes

qi(1,J,K)

qeui(l)

ghui(J)

q(1,J,K,BH,BC,SK)  Heat exchange hetween process stream [-]
qeu(l)  Heatexchange of cold utility

ghu(d)  Heat exchange of hot utility

..... AUTOMATICCALCULATION OF PARAMETER / VARIABLE

SCALARS HI,CJ;

HIM;



CM;
*1.001» OF HOT PROCESS STREAM.........oovvmmmemiiisssvensssssssis sosssesssns
FOR(HI=1 to CARD(),
HCT_P(1)$[0RD(1) = HI] = FH(I)*(THIN(I)-THOUT()));
GAMMAH()$[ORD(I) = HI] = THIN(I)-THOUT(1)
*TEMPERATURE
th.lo(1,K)$[ORD(l) = HI] = THOUT(1);
th.up(1,K)S[ORD(1) = HI] = THIN(1);
thp.lo(1,K,BH,SK)$[ORD(1) = HI] = TMFN;
thp.up(1,K,BH,SK)$[ORD(I) = HI] = TMAX;
*HEAT CAPACITY FLOWRATE
fhp.lo(1,K,BH)S[ORD(1) = HI] = 0
fhp.up(1,K,BH)$[ORD(1) = HI] = FH(1):
*MULTIPLE OF TEMPERATURE AND HEAT CAPACITY FLOWRATE
(T*FCP)
fhpt.lo(1,K,BH,SK)S[ORD(I) = HI] = 0;
fhpt.up(1,K,BH,SK)S[ORD(I) = HI] = FH(I)*TMAX;
fohpt.lo(1,K)$[ORD(1) = HI} = 0;
fohpt.up(1,K)S[ORD(I) = HI] =FH(I)*THIN(I):
*HEATEXCHANGE
gh.lo(K,I,BH,SK)$[ORD(I) = HI] = 0;
gh.up(K,1,BH,SK)S[ORD(I) = HI] = HCT_P(l);
ghKb.lo(K,|,BH)$[ORD(l) = HI] = 0;
ghKb.up(K,I,BH)$[ORD(1) = HI] = HCT _P(l);
ghK.Io(K,$[ORD(1) = HI] = 0;
ghK.up(K,$[ORD(1) = HI] = HCT_P(l):
ghc.lo(K) = 0;
ghe.up(K) = CUMAX;
qeu.lo(1)$[ORD(I) = HI] = 0;
qeu.up())$[ORD(1) = HI] = HCT P(l);

geui.lo(1)$[ORD(I) = HI] = 0;
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qeui.up(l)$[ORD(I) = HI] = HCT _P(I);
2‘LOOP OF COLD PROCESS STREAM.....cccccorvvmmmrmmmmmsssssesssssssssessinn
For(CJ=I to CARD(J),
CCT P(J)$[ORD(J) = CJ] = FC()*(TCOUT(J)-TCIN(J));
GAMMAC())$[ORD(J) = CJ] = TCOUT(J)-TCIN(J);
*TEMPERATURE
tc.lo(J,K)S[ORD(J) = CJ] = TCIN());
tc.up(J,K)$[ORD(J) = CJ] = TCOUT(J);
tep.lo(J,K,BC,SK)$[ORD(J) = CJ] = TMIN;
tep. up(J,K,BC,SK)$[ORD(J) = CJ] = TMAX,;
*HEAT CAPACITY FLOWRATE
fcp.lo(J,K,BC)$[ORD(J) = CJ] = 0;
fep.up(J,K,BC)S[ORD(J) = CJ] = FC());
*MULTIPLE OF TEMPERATURE AND HEAT CAPACITY FLOWRATE
(T*FCP)
fept.lo(J,K,BC,SK)$[ORD(J) = CJ] = 0;
fept. up(J,K,BC,SK)$[ORD(J) = CJ] = FC()*TMAX;
focpt.lo(J,K)$[ORD(J) = CJ] = 0;
focpt.up(J,K)$[ORD(J) = CJ] = FC(J)*TCOUT(J); 0
*HEATEXCHANGE
gc.lo(K,J,BC,SK)$[ORD(J) = CJ] = 0;
qe.up(K,J,BC,SK)$[ORD(J) = CJ] = CCT_P(J);
qcKb. lo(K,J,BC)$[ORD(J) = CJ] = 0;
qcKb.up(K,J,BC)$[ORD(J) = CJ] = CCT_P(J);
qcK.lo(K,J)$[ORD(J) = CJ] = 0;
qcK.up(K,J)8[ORD(J) = CJ] = CCT_P(J);
qech.lo(K) = 0;
qch.up(K) = HUMAX:
ghu.lo(J)$[ORD(J) = CJ] = 0;
ghu.upl))$[ORD(J) = CJ] = CCT_P(J);



ghui.lo(J)$[ORD(I) = CI] =
ghui.up(J)$[ORD(J) = CJ] = CCT P():

K e BOUNDS

qi.lo(1,J,K) = 0;
qi.up(1,J,K) = MIN(HCT _P(1),CCT_P(J));

f.lo(l,J,K) = 0;

thpi.lo(1,J,K) = TMIN;
thpi.up(l,J,K) = TMAX;
tepi.lo(l,J,K) = TMIN;
tepiup(l,J,K) = TMAX;

BOUND OF HEAT EXCHANGE _ [PARAMETER]....cevrerenn
QUP_P(1,J,K,BH,BC,SK) = MIN(HCT_P(1),CCT_P(3),MAX(0,(THIN(l)-
TCIN()-EMAT)*MIN(FH().FC(2)):
QLO_P(I,J,K,BH.BC.SK) = 1* ( )*EMAT;

*FOR LOGICAL CONSTRAINTS _ [PARAMETER v
OMEGA(U) = MIN(HCT_P(),CCT_P()))



GAMMA(1J) = MAX[O,(THIN(I)-TCIN(J)),(THIN(I)-
TCOUT()),(THOUT(1)-TCIN()),
(THOUT(I)-TCOUT()),(TCIN()-THIN(I)),(TCIN()-THOUT(1),
(TCOUT(I)-THIN(I)),(TCOUT()-THOUT())];

K s BQUATION

EQUATIONS
thinassign(l) assignment of inlet hot temperatures
tcinassign(J) assignment of inlet cold temperature

hotk(K,I)  heat balance for hot stream at each stage
coldk(K,J) heat balance for cold stream at each stage

ghnoniso(l,J,K)
genoniso(l,J,K)

thoutst(1,K)
tcoutst(J,K)

qeooler(l) cold utility load
gheater(J) hot utility load

hoteqi(l) ~ overall heat balance for hot stream
coldeqi(J)  overall heat balance for cold stream



logif(U K)
logig(l,J,K)

sumf(l,K)
sumg(J,K)

monoth(1,K)  monotonie decrease in temperature for hot stream at each stage

monothout(l) monotonie decrease in temperature for hot stream at outlet of
superstructure

monotc(J,K)  monotonie decrease in temperature for cold stream at each stage

monotcout(J) monotonie decrease in temperature for cold stream at outlet of
superstructure

logiqi(l,J,K) logical constraint for qi(ijk)
logiqeu(l) logical constraint for geu(i)
logighu(J) logical constraint for ghu(j)

dthimin(l,J,K)  minimum temperature approach for hot end of HX i at stage
dtcimin(l,J,K) - minimum temperature approach for cold end of HX i-] at stage

dtcuimin(l) ~ minimum temperature approach for cooler
dthuimin(J) ~ minimum temperature approach for heater

logidthi(l,J,K) logical constraint for dt(ijk) at inlet of stage k
logidtci(l,J,K) logical constraint for dt(ijk) at outlet of stage k
logidtcu(l) logical constraint for dtcu(i)
logidthu(J) logical constraint for dthu(j)

areai(1,J,K)  area equation of heat exchanger i-j in stage k
areacui(l)  area equation of cold utility
areahui())  area equation of hot utility
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obji objective function to be minimized

kkkkkkkkkkkkkkkhkkNkkkkkkkrkhkkkrkhkkkkhkkkkkkkkkhkhkrkhkkkhkkkkkhkkkkkkx

*HEAT CONSTRAINT FOR LAST SUB-STAGE (ALL SPLITTING STREAM
ARE MERGED,NO HEAT TRANSFERRING)
QSKLAST(I,J,K,BH,BC)

* 1 OVERALL HEAT BALANCE FOR EACH
ST R EA M kkkkkkkkkkkkkkkhkkhkkhkkkkkkkkkhkkkkkkkkkhkkhkkk
HOTEQ(l)

COLDEQ()

*2. HEAT BALANCE AT EACH STAGE

|</\'k******** kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkhhkkkkkx

HOTCOLDK(K)

QHC,K(K)
QHK_K(K]
QCH_K(K)

QCK_K(KJ)*

*3, HEAT BALANCE AT EACH SUB-STAGE
gj/\**********************************************
NVARIABLE]
QHKSK(KJ)
SUMSK_QH(K,,BH)
MJ BC_Q(I,K,BH,SK)
QH_SK(1,K,BH,SK)
HOT SK(1,K,BH,SK)
FHPT SK(1,K,BH,SK)
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QCK_SK(K.J)
SUMSK_QC(K J,BC)
SUMI BH Q(J,K,BC,SK)
0C_SK(J,K,BC.SK)
COLD_SK(J,K,BC,SK)
FCPT SK(JK,BC.SK)
*[FLOW PARAMETER]
HOT SK_P(I,K,BH,SK)
FHPT SK_P(LK,BH,SK)
COLD_SK_P(J,K,BCSK)
FCPT SK_P(J,K,BC.SK)

*4, COLD/HOT

UTI LTTY************************************************************

QCULOAD(I)
QHULOAD())

*5, TEMPERATURE
ASS'G N M ENT* kkkkkkkkhkkhkkkkkkhkkkhkkkhkkkhkkkhkkhkkkhkkkhkkkhkkkhkkkkkkhkkkhkkkk *0
ASSIGNTHK (1)

ASSIGNTH_SK(1,K)

ASSIGNTH_BYPASSH(IK)

HMIX(1,K)

ASSIGNTH TSK(1,K,BH)

ASSIGNTCIC(J)

ASSIGNTC_SK(J,K)

ASSIGNTH_BYPASSC(J,K)

CMIX(I,K)

ASSIGNTC_TSK(J,K,BC)

*[FLOW PARAMETER]

ASSIGNTH_SK_P(I,K)



ASSIGNTH_BYPASSH_P(I,K)
HMIX P(1.K)
ASSIGNTC_SK_P(I,K)
ASSIGNTH_BYPASSC_P(JK)
CMIX_PK)

*7, TEMPERATURE
FEAS' B | L|TY********************************************************
THFEAS K(IK)

THPFEAS SK(I,K BH,SK)

THFEAS KLAST(l)

THPFEAS SK MIN(1,K,BH,SK)

THPFEAS_SK_MAX(1,K BH,5K)

TCFEAS_K(J,K)

TCPFEAS_SK(JK,BC,SK)

TCFEASKFIRST())

TCPFEAS_SK_MIN(JK,BC,SK)

TCPFEAS SK_MAX(JK BC,SK)

*8. FLOW

FF ASl B” JTY* kkkkkkkkkkkkkkkkkkkkrkhkkkhkkkkkkrkhkkkkkk kkkkkkkkkkkkkkkk

N[VARIABLE]

SUMFHP(1 K)

SUMFCP(K)

*[FLOW PARAMETER]

SUMFHP_P(1 K)
MFCP_P(IK)

*0,LOGICAL CONSTRAINTS [FIEAT EXCHANGE
BRANCH+BYP ASS]************ Kkkkkkhk kkkkkkkkk

*iteat exchange *rririti
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[ Z-VARIABLE]
L0Gq(1JK:BH,BC,SK)
LOGQCU(1)

LOGQHU())
*[Z-PARAMETER]
LOGQ_P(1,J,K,BH,BC.SK)
LOGQCUP())
LOGQHUP())

*10.0THER

CO N STRAI N TS kkkkkkkkkkrkkkkkkkkkkhkkkkkkkkrkkkkkkkkkrrhkkkkkkkkkkkk

( Fkkckckdckkk ( MAX'MUM MATCH'NG************

# z- VARIABLE]

CONZ1(1,K BH,SK)

CONZ2(J,K,BC,SK)

CONZ3(1JK)

CONZH(IK)

CONZC(IK) *

* Z-PARAMETER]

CONZI_P(1,K,BH,SK)

CONZ2_P(JK,BC,SK)

CONZ3_P(1JK)

CONZH_P(IK)

CONZC_P(IK)

*kkkkkkkkk *p LOW CONSTRA' NT* *kkkkkkkkhkk
*[VARIABLES]

CON_FLOWHI(1,K BH)

CON_FLOWH2(I K BH)
CONFLOWC1(J,K,BC)
CON_FLOWC2(J,K,BC)



*[FLOW PARAMETER]

CON FLOWHI F P(LKBH)

con FLOWH2 F P(I,K,BH)

CON FLOwc L F_P(K,BC)
CON_FLOWC2_P_P(JK,BC)

wikeekiokirn|ASS BALANCE AT EACH STAGE ¥+
MASSKHI(1K)

MASSK_CL(JK)
************CONSTRA'NT*********************
CONCUI

CON_C 2

CON CU3(l)

CONCU4

CONHUI

CONHU?2

CON_HU3())

CONJIU4

CONQ_UP(i,J,K,BH,BC,SK)
CONQ_LO(1,J,K,BH,BC,SK)

CON EX

*11, CALCULATION OF APPROACH
TEM PERATURE* kkkkkkkkkkkkkkkkkhkkkhkkkhkkkkkhhkkhkhkkhkkkhkkkx
[ z- VARIABLE]

DTHMIN(1,J,K,BH,BC.SK)

DTHMAX(1.J K BH,BC,SK)

DTCMIN(1,J,K,BH,BC,SK)

DTCMAX(1,JK BH,BCSK)

DTCUMIN(])
DTCUMAX(l)
DTHUMIN(J)



DTHUMAX(J)

[ Z- PARAMETER]

DTHMIN P(1JK BH,BC,SK)
DTHMAX_P(1J K BH,BC,SK)
DTCMINIP(1,J,K,BH,BC SK)
DTCMAX P(U,K,BH,BC,SK)

DTCUMINP(I)
DTCUMAXP())
DTHUMINP())
DTHUMAXP(J)

*12. AREA

kkkkkkkkkkkkkkkkkhkkkkkkkkrhkhkkkkkkkrhkkkkkkkkkrhkkkkkkkkkk
EQUATION

LMTD(1,J,K BH,BC,SK)
LMTHc(1JK BH,BC,5K)
LMTDCU(1)
LMTCUc(1)
LMTDHU(J)
LMTHUC()

AREA(1J K BH,BC,SK)
AREACU(I)
AREAHU())

* 13 OBJECTIVE

FU N CT | O N kkkkkkkkkkkkkkkkkrhhkkkkkkkkrhhhkkkkkkkrrhkkkkkkkkkkkhkkkkkkkx
**k

OBJINOHX
0BJ2UTIL
OBJ3 AREA



OBJFN1
OBJFN2
OBJFN3
OBJFN4
OBJFN5
TOTALCOST

hoteqgi(l)..  FH(I)*(THEIN(I)-THOUT(I)) =e= sum((J,K),qi(1,,K)) +qeui(l);
coldegi(d)..  FCU)*(TCOUT(J)-TCIN(J)) =e= sum((l,K),qi(UK)) + ghui(J);

hotK(K,1)$(ORD(K) NE CARD(K))..
th(LK+l))  =e= sum(J,i(1,,K)) ;
coldK(K,J)$(ORD(K) NE CARD(K))..  FC(J)*(tc(J,K) -
te(JK+1))  =e= sum(l,qi(l,J,K));

FH()*(th(1.K) -

qeooler(l)..  FH(I)*(th(I,KLAST")-THOUT(I)) ze= qeui(l) ;

gheater())..  FC()*(TCOUT(J)-tc(J,KFIRSTY))  =e=  qhui(J) ;

ghnoniso(l,J,K)$(ORD(K) NE

CARD(K))..  qi(lJK)  =1=(f(1,3,K)*+0.001)*(th(1,K)-thpi(l,J,K));

genoniso(l,J,K)$(ORD(K) NE

CARD(K))..  qi(UK)  =I= (g(U,K)+0.002)*(tcpi(U,K)-tc(J,K+1));
thoutst(l,K)$(ORD(K) NE

CARD(K)). th(LK+)*FH(I) ~ =e= sum(J,f(1,J,K)*thpi(l,J,K));

tcoutst(J,K)$(ORD(K) NE

CARD(K)). tc(JK)EFCQ)  =e= sum(l,g(1,J,K)*tcpi(U K));

logif(1,J,K)$(ORD(K) NE CARD(K)).. fI4K)  =l= FH():
logig(1,,K)$(ORD(K) NE CARD(K)).. gl lK)  =1= FC()



sumf(l K)$(ORD(K) NE CARD(K)). sum(f(13K) =1=  FH():
sumg(J,K)$(ORD(K) NE CARD(K))., sum(lg(lJK) == FC():
monoth(l,K)$(ORD(K) NE CARD(K)).. th(LK)  =g= th(l,K+1);
monothout(1).. th(I,’KLAST)  =g= THOUT(l);
monotc(J,K)$(ORD(K) NE CARD(K)).. te(K)  =g= te(J,K+);

monotcout(J).. tc(J,KFIRST)  =1= TCOUT(J);

thinassign(l). ~ THIN(I) ~ =e= th(T'KFIRST);
teinassign(J)..  TCIN(J) ~ =e=tc(J, KLAST;

logiqi(1,J,K)$(ORD(K) NE

CARD(K))..  qi(l,J,K) 7= OMEGA(1,J)*zi(1,J,K);
logigeu(l).. qeui(l) A FICT _P(l)*zcui(l);
logighu(J).. ghui()) Sie CCT_P(J)*zhui(d);
dthimin(1,J,K).. dthi(1,J,K) =g= EMAT;
dicimin(l,J,K).. dtci(lJ,K) =g= EMAT;
dtcuimin(l).. ~ dtcui(l) == EMAT;

dthuimin(J).. dthui(J) =g= EMAT,
logidthi(1,J,K)$(ORD(K) NE CARD(K)).. ~ dthi(l,J,K) =1= th(1 K)
tepi(l,J,K)+GAMMA(1,J)* (1 zi(1,J,K));

logidtci(l,J,K)$(ORD(K) NE

CARD(K)).. dtci(l,J,K) =1= thpi(1,J,K)-

te(J, K+ D+GAMMA(1,9)*( 1-zi(1,J K));

logidteu(l).. dtcui(l) =1= th(l,'KLAST)-
TCUOUT+GAMMAH(1)*( 1-zcui(1));

logidthu(J).. dthui(J) =1= THUOUT-

tc(J, KFIRST')+GAMMAC(J)*( L-zhui(J));



areai(l,J,K)..  qi(lJK) -
(2/3)*U(1,3)*(dthi(1,J,K)**0.5)*(dtci(l,J,K)**0.5)*(ai(1,J,K)**(I/BETA(,J)))-
(I/6)*U(1,)*dthi(1,J,K)*(ai(1,J,K)**(/BETA(I,J))) -
(I16)*U(1,9)*dtci(l,,K)*(ai(1,J,K)**(IIBETA(LJ)) == O;
areacui(l).. — qeui(l)-
(23)*UCU(1)*(dtcui(1)**0.5)*(dtcup(1)**0.5)*(acui(l)**(I/BETACU(1)))-
(116)*UCU(1)*dtcui(l)*(acui(l)**(I/BETACU(I))) -
(116)*UCU(I)*dtcup(1)*(acui(l)* *( YBETACU(I)) == 0
areahui(d)..  qhui(J) -
(2/3)*UHU(2)*(dthui(J)**0.5)*(dthup(J)**0.5)* (ahui(J)**(I/BETAHU(J)))-
(U6)*UHU()*dthui(J)*(ahui(J)**( YBETAHU()))) -
(1/6)*UHU(J)*dthup(J)*(ahui(J)**(I/BETAHU(J))) == 0

obji. costi =e=suin((l,J,K),CFHX*zi(l,J,K))+sum(l,CFCU*zcui(l))+
m(J,CFHU*zhui(J))+sum(1,CCU*gcui(l))+sum(J,CHU*qhui(J))+
sum((1,J,K),ACHX*ai(l,J,K))+sum(I,ACCU*acui(l))+sum(J ACHU*ahui(

J);
{/\ }:/\}/\ |1}/‘H* { ') } Nk AN

*HEAT CONSTRAINT FOR LAST SUB-STAGE (ALL SPLITTING STREAM
ARE MERGED,NO HEAT TRANSFERRING)
QSKLAST(1,J,K,BH,BC).. q(1,J,K BH,BC,SKLAST) =E= 0:

* | OVERALL HEAT BALANCE FOR EACH

STR EAM kkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkhkhkkkkkkkk
HOTEQ(l).  FH()*[THIN()-

THOUT()]  =E=  SUM((K,BH,J,BC,SK)$[(ORD(K) NE
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CARD(K))AND(ORD(SK) NE CARD(SK))],(1.J,K BH,BC,SK)) + geu(l)
COLDEQ().  FCU)¥[TCOUT()-

TCIN()]  =E=  SUM((K,BC,LBH,SK)$[(ORD(K)NE
CARD(K))AND(ORD(SK) NE CARD(SK))],(1.J,K,BH,BC,SK)) + ghu())

©

*2. HEAT BALANCE AT EACH STAGE

QHC K(K)$[ORD(K) NE CARD(K)].. ghe(K) =E= SUM(I,ghK(K,1));

QHK_K(K,)$[ORD(K) NE CAIRD(K)].. ~ FH(I)*[th(I,K) -

th(ILK+)]  =E= ghK(K,I);

QHK_SK(K,I)$[ORD(K) NE

CARD(K)].. ghK(K,I) ~ =E= SUM(BH,qhKb(K,I,BH));

SUMJ BC_Q(I,K,BH,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE

CARD(SK))].. qh(K,I,BH,SK) =E= SUM((J,BC),q(1J,K,BH,BC,SK));

SUMSK_QH(K,I,BH)$[ORD(K) NE

CARD(K)].. ghKh(K,I,BH) =E=SUM(SK$(ORD(SK) NE

CARD(SK)),qn(K,1,BH,SK));

QCH_K(K)$[ORD(K) NE CARD(K)].. qeh(K) =E= SUM(J,qcK(KJ));

QCK_K(KJ)$[ORD(K) NE CARD(K)]..  FC(J)*[tc(J,K) -

(@ K+T)]  =E=  qcK(KJ);

QCK_SK(K,J)$[ORD(K) NE

CARD(K)].. qcK(KJ)  =E= SUM(BC,qcKh(K,J,BC));

SUMI_BH_Q(J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE

CARD(SK))].. qc(K,J,BC,SK) =E= SUM((1,BH),q(1,J,K,BH,BC,SK));
MSK_QC(K,J,BC)$[ORD(K) NE

CARD(K)].. qckb(K,J,BC) =E= SUM(SK$(ORD(SK) NE

CARD(SK)),qc(K,J,BC,SK));

HOTCOLD K(K)S[ORD(K) NE CARD(K)].  ghe(K) =E= qch(K):

*3. HEAT BALANCE AT EACH SUB-STAGE
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*[VARIABLE]

QH_SK(I,K,BH,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]..  gh(K,I,BH,SK)  =E=flipt(l,K,BH,SK) - fhpt(l,K,BH,SK+I);
HOT SK(I,K,BH,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))]..  fhpt(l,K,BH,SK) -

fhpt(,K,BH,SK+1)  =E= fhp(I,K,BH)*[thp(I,K,BH,SK)-thp(l,K,BH,SK+1)];
FHPT _SK(I,K,BH,SK)$[(ORD(K) NE cARD(K))AND(ORD(SK) NE
CARD(SK))]..  fhp(I,K,BH)*thp(I,K,BH,SK) =E= " fhpt(l,K,BH,SK);
QC_SK(J,K,BC,SK)$[(ORD(K) NE ¢ ARD(K))AND(ORD(SK) NE
CARD(SK))]..  qc(K,J,BC,SK) =E= fept(J,K,BC,SK) -
fept(J,K,BC,SK+1);

COLD SK(J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]..  fept(J,K,BC,SK)-

fept(J,K,BC,SK+1)  =E=" fep(J,K,BC)*[tep(J,K,BC,SK)-tep(J,K,BC,SK+1)];
FCPT_SK(J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]..  fep(J,K,BC)*tcp(J,K,BC,SK)  =E= fept(J,K,BC,SK);
*[FLOW PARAMETER]

HOT SK P(I,K,BH,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) NE
CARD(SK))]..  FHP_P(I,K,BH)*[thp(l,K,BH,SK)-

thp(I,K,BH,SK+1)]  =E= fhpt(I,K,BH,SK) - fhpt(l,K,BH,SK+1);

FHPT SK_P(1,K,BH,SK)$[(ORD(K) NE cARD(K))AND(ORD(SK) NE
CARD(SK))].. FHP_P(L,K,BH)*thp(I,K,BH,SK) =E= " flipt(i,K,BH,SK);
COLD_SK _P(J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. FCP_P(J,K,BC)*[tep(J,K,BC,SK)-

tep(J,K,BC,SK+1)]  =E= fept(J,K,BC,SK) - fept(J,K,BC,SK+1);
FCPT_SK_P(J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. FCP_P(J,K,BC)*tcp(J,K,BC,SK) =E=fept(J,K,BC,SK);

*4, COLD/HOT

UTl L|TY************************************************************

QCULOAD(I).. qeu(l)  =E= [th(I KLAST)-THOUT()]*FH(l) :
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QHULOAD()).. qhu(l)  =e= [TCOUT(I)-tc(J;KFIRST*FC()) ;

*5. TEMPERATURE

A |GN1VIE%\ * % ***/\*A*****?F*A***A*************M********A*:/\*::.V\:
ASSIGNTHK(I).. THIN(I) ~ =E=th(l,KFIRST);
ASSIGNTH SK(1,K)$[ORD(K) NE

CARD(K)].. FH(I)*th(1,K) =E=  SUM(BH,fhpt(l,K,BH, SKFIRST'))+
thhpt(1,K);

ASSIGNTH_BYPASSH(I,K)$[ORD(K) NE

CARD(K)].. fohpt(1,K)  =E=" (FH(I)-SUM(BH,fhp(1,K,BH)))*th(1,K);
HMIX(I,K)$[ORD(K) NE

CARD(K)].. FH(I*th(l,K+]) =E= SUM(BH,fhpt(I,K,BH,'SKLAS

T))+fohpt(1,K);
ASSIGNTH_TSK(I,K,BH)$[ORD(K) NE CARD(K)]
TH(I,K) ~ =E="thp(I,K,BH,SKFIRST);

ASSIGNTCK(J).. TCINQ))  =E= tc(J,KLAST);
ASSIGNTC_SK(J,K)$[ORD(K) NE

CARD(K)].. FC(J)*tc(J,K+l) =E= SUM(BC,fcpt(J,K,BC, SKLAST'))
+hept(J,K+l);

ASSIGNTH_BYPASSC(J,K)$[ORD(K) NE

CARD(K)].. focpt(J,K+1) =E= (FC(J)-

SUM(BC,fep(J,K,BC)))*te(J,K+1);
CMIX(J,K)$[ORD(K) NE
CARD(K)].. FCO)*tc(J,K) =E=  SUM(BC,fcpt(J,K,BC,'SKFIRS
T'))+thept(J,K+1);
ASSIGNTC_TSK(J,K,BC)$[ORD(K) NE CARD(K)]
TC(K+1)  =E= tcp(J,K,BC;SKLAST;

*[FLOW PARAMETER]

ASSIGNTH_SK_P(I,K)$[ORD(K) NE

CARDK).  FH()*h(L,K) =E= SUM(BH,FHP_P(1,K,BH)*thp(l,K,BH,
KFIRST))+FBHPT P(IK):



ASSIGNTH_BYPASSH_P(1,K)$[ORD(K) NE

CARD(K)].  FBHPT P(LK) =E=  (FH()-

SUM(BH,FHP_P(1,K BH)))*th(1K);

HMIX_P(1,K)$[ORD(K) NE

CARD(K)]. FH()*th(IK+) =E=  SUM(BH,FFLP_P(1,K,BH)*thp(I
K BH:SKLAST))+(FH(I)-SUM(BH,FHP P(1,K BH)))*th(1,K):

ASSIGNTC SK P(J,K)$[ORD(K) NE

CARD(K)].  FC()*c(),K+l) =E= SUM(BC,FCP P(J,K,BC)*tcp(J,K,BC/
SKLAST'))+FBCPT_P(J,K+1)

ASSIGNTH_BYPASSC_P(J K)$[ORD(K)NE

CARD(K)].  FBCPT P(K+l) =E= (FC()-
SUM(BC,FCP_P(J,K,BC)))*tc(J,K+1);

CMIX_P(JK)S[ORD(K) NE

CARD(K)]. FC(I)*tc(JK) =E=  SUM(BC,FCP_P(J,KBC)*tcp()
K BC,'SKFIRST))+(FC(J)-SUM(BC,FCP_ P(J,K BC)))*tc(j,K+1)

***********prYy CO N STRA' NT************

*[VARIABLES]

CONFLOWH 1(1,K,BH)$[ORD(K) ne

CARDK).  fhp(lKBH) =L= FH():

CON_FLOWH2(1,K BH)S[ORD(K) ne CARD(K)]. ~ fhp(I,K,BH) =G=
CONFLOWC1(J,K,BC)$[ORD(K) NE

CARDK).  fep(lKBC) =L= FC(J);

CON_FLOWC2(JK BC)$[ORD(K) NE CARD(K)]..  fep(K,BC) =G= 0
*[FLOW PARAMETER]

CONFLOWH |_F_P(1,K BH)$[ORD(K) ne

CARD(K).  FHP P(LK,BH) =L= FH();
CON_FLOWH2_F P(I,K BH)$[ORD(K) NE

CARD(K)..  FHP P(LKBH) =G= 0;

CONFLOWC |_F_P(JK,BC)S[ORD(K) NE

CARD(K)..  FCP PUKBC) =L= FC())

CON_FLOWC2_F P(J,K,BC)$[ORD(K) NE

I
I
=
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CARD(K)].  FCPP(IKBC) =G= 0

*7, TEMPERATURE
BILITY
THFEAS_K(i,K)$[ORD(K) NE CARD(K)].. th(1,K) =G= th(1,K+]):
THPFEAS_SK(1,K,BH,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARDSK)).  thp(LKBHSK) =G=  thp(l,K,BH,SK+I)
THFEASKLAST()).. th(LKLAST) =G= THOUT():
TCFEAS_K(J,K)$[ORD(K) NE CARD(K)]. (1K) =6=  te(J K+):
TCPFEAS_SK(J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))l.  tep(JKBCSK) =G= tcp(J,K,BC,SK+I)
TCFEASKFIRST()). te(JJKFIRST) =L= TCOUT());

*8. FLOW

FEASIBILITY********************************************************

*[VARIABLE]

SUMFHP(1,K)S[ORD(K) NE

CARD(K)]..  SUM(BH,fhp(1,K,BH)) L= FH():
MFCP(J,K)$[ORD(K) NE

CARD(K)]..  SUM(BC,fcp(J,K,BC)) =L= FC(J);

*[FLOW PARAMETER]

SUMFHP_P(1 K)$[ORD(K) NE

CARD(K).  SUM(BH,FHP P(LKBH))  =L= FH():

SUMFCP_P(J K)$[ORD(K) NE

CARD(K)]. SUM(BCFCP P(KBC)  =L= FcQ);

*9.LOGICAL CONSTRAINTS [HEAT EXCHANGE

QRANCH+BYPAS ]**** Kk kR KRR h KRR KR kK
*kkk ********ppg/\Y ex Ch an g e***** RAORIRON

*[2-VARIABLE]



LOGq(l,J,K,BH,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. q(l,J,K,BH;BC,SK) - OMEGA(,J)*z(1,J,K,BH,BC,SK) =L= 0;
LOGQCU(I).. geu(l) - HCT P(I)*zcu(l) =L= 0;

LOGQHU()).. ghu(J) - CCT P(J)*zhu(J) =L= O

*[Z-PARAMETER]

LOGQ P(I,J,K,BH,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. q(1,J,K,BH,BC,SK) -

OMEGA(J)*Z_P(IJ,K,BHBC,SK) =L= 0;

LOGQCU P(I).. geu(l) - HCT P(I)*ZCU P(l) =L= 0;

LOGQHU P(J).. ghu(J) - CCT_P(J)*ZHU P()) =L=

*10.0THER

rNTS******************************************************

kkkkkkkkkkkk MAX |MUM MATCH ING kkkkkkkkkkkk

*[z- VARIABLE]

CONZI(1K,BH,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))]. SUM((J,BC)z(lLK.BH.BCSK)) =L= 1
CONZ2(J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]. SUM((IBH)z( KBHBCSK) =L= 1
CONZ3(1,J,K)$[ORD(K)NE CARD(K)].. nexh(l,K) =E=  nexc(J,K)
CONZH(I,K)$[ORD(K) NE CARD(K)]..

nexh(lK) =E=  SUM((J.SK,BH,BC),z(1,J,K,BH,BC.SK));
CONZC(J,K)$[ORD(K) NE CARD(K)]..

nexc(lK) =E=  SUM((1,SK,BH,BC).z(U,K,BH,BC SK))

¥ Z-PARAMETER]

CONZI_P(1,K,BH,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]. SUM((BC).Z P(LJKBHBCSK) =L= 1
CONZ2_P(3,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]. SUM((IBH).Z P(LJKBHBCSK) =L= I
CONZ3_P(1,J,K)S[ORD(K) NE CARD(K)].  ZH_P(IK) =E= ZC P(IK)
CONZH P(1,K)$[ORD(K) NE

TN S TN N
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CARD(K)].  ZH_P(IK) =E=  SUM((J.SK,BH,BC).Z_P(I,J,K,BH,BC,SK)):
CONZC_P(3,K)$[ORD(K) NE
CARD(K)..  ZC PUK) == SUM((1,SK,BH,BC)Z_P(l,J,K,BH,BC.SK)):

*MASSBALANCE AT EACH STAGE
MASSKH1(1 K)$(ORD(K) NE CARD(

M(BH fhp(lK.BH))  =E=  FH(l)
MASSK CI(J,K)$(ORD(K) NE CARD(
SUM(BC fep(lK.BC))  =E=  FC())

). SUM(BH.fhp(1,K BH))+(FH()-
)

X\—/X

). SUM(BC,fcp(J,K,BC))+(FC(>

-—

* Heat Exchange and Heat & Cold utility constraints
*Cold utility....

CON CUI .. SUM(I,gcu(1))=G= CUMIN;
CON CUZ .  M(l,gcu(l))=L= CUMAX;
CON_CU3(1).. geu(l) =L= zcu(l)*HCT _P(1);
CON CU4 . TOTAL CU =E= SUM(l,qeu(1));
* Hot utility....

CONHUI .. SUM(J,ghu(J))=G= HUMIN:
CON HU2 .. SUM(J,ghu(J))=L= HUMAX;
CON HU3(J).. ghu(J) =L= zhu(J)*CCT _P(J);
CON HU4 .. TOTAL HU =E= SUM(J,ghu(0));

************m /\_p gXCFLANGE************

4 Z- VARIABLE]

CON EX.. SUM({1,JK BH BC SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) ne
CARD(SK))].q(1,JK BH BC.SK)) =6= HUMAX-TOTAL_HU;
CONQ_UP(1,JK,BH,BC.SK)S[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))]

. q(lJKBHBCSK) =L=  2(U,K BH,BC,SK)*QUP_P(UK BH,BC,SK);
CONQ_LO(1JK BH,BC,SK)S[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))]

. q(lJKBHBCSK) =G= (1,)K,BH,BC SK)*QLO_P(UK,BH,BC,SK);
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*11. CALCULATION OF APPROACH

TEM PERATU R E kkkkkkkkkkkkkkkhkkkhkkkkkkkkkkkkkkkkkkkkx

*[ z- VARIABLE]

*DTHMAX(1,J,K,BH,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]..  dth(l,J,K,BH,BC,SK) =L= " thp(l,K,BH,SK)-
tep(J,K,BC,SK)+GAMMA(1J)*( 1-z(1,J,K,BH,BC,SK));
DTCMAX(I,J,K,BH,BC,SK)$[(ORD(K) NE cARD(K))AND(ORD(SK) NE
CARD(SK))]..  dtc(l,J,K,BH,BC,SK) =L="thp(l,K,BH,SK+I)-

top{J K,BC,SK+1)+GAMMA(I,J)*( 1-z(1,J K,BH,BC,SK));
DTCUMAX(1). dicu(l) ~ =L= th(l,KLAST')-
TCUOUT+GAMMAH(IY*( 1-zcu(l);

DTHUMAX(J). dthu()) ~ =L= THUQUT-
tc(J/KFIRST)+GAMMAC())*( 1-zhu(J));

DTHMIN(1,J,K,BH,BC,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) NE
CARD(SK))].  dth(IJK BH,BC,SK)=G= EMAT;
DTCMIN(I,J,K,BH,BC,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))].  dtc(1,),K,BH,BC,SK) =G=  EMAT;

DTCUMIN(I).. dteu(l)  =G= EMAT;

DTHUMIN(J). dthu(l)  =G= EMAT;

A z- PARAMETER]

DTHMAX_P(1,J,K,BH,BC,SK)$[(ORD(SK) ne CARD(SK)) and (ORD(K) ne
CARD(K))]..  dth(1,J,K,BH,BC,SK) =L= thp(IK BH,SK)-
tep(J,K,BC,SK)+GAMMA(U)Y(L-Z_P(1,J,K,BH,BC.SK))
DTCMAX_P(1,J,K,BH,BC,SK)$[(ORD(SK) ne CARD(SK)) and (ORD(K) ne
CARD(K))].  dtc(l,J,K,BH,BC,SK) =L= thp(l,K,BH,SK+])-

tep(J,K BC,SK+1)+GAMMA(I,)*(1-Z_P( ,K,BH,BC,SK)):
DTCUMAXP()..  dtcu(l)  =L= th(l,KLAST)-
TCUOUT+GAMMAH(I)*(1-ZCU_P())

DTHUMAXP())..  dthu()  =L= TFFUOUT-
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te(J, KFIRST)+GAMMAC(I)*(-ZHU P());

DTHMIN P(1,J K BH,BC,SK)$[(ORD(SK) NE CARD(SK)) AND (ORD(K) NE
CARD(K))].  dth(1,J,K BH,BC,SK) =G= EMAT;
DTCMIN_P(1J K BH,BC,SK)$[(ORD(SK) ne CARD(SK)) AND (ORD(K) NE
CARD(K))].  dtc(1,),K,BH,BC,5K) =G= EMAT;
DTCUMINIP(l)..  dtcu(l)  =G= EMAT:
DTHUMIN P().  dthu() =G= EMAT;

*12. AREA
EQUATION

LMTD(I,J,K,BH,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. LMTDHX(l,J,K,BH,BC,SK) =E=

(2/3)*((dth(l,J,K,BH,BC,SK)+0.001)**0.5)*((dtc(l,J,K,BFI,BC,
SK)+0.002)**0.5)+( 1/6)*dth(l,J,K,BH,BC,SK)+(I/6)*dtc(l,J,K,BH,BC,SK);
LMTDCU(I).. LMTCU(I) =E=
(2/3)*((dtcu(1)+0.001)**0.5)*((DTCUR(1)+0.001)**0.5)+(1/6)*dtcu(1)+(I/6)*DTCU
Fa);

LMTDHU().. LMTHU() =E=
(213)*((dthu(J)+0.001)+0.5)*((DTHUP(J)+0.001)**0.5)+(I/6)*dthu())+(1/6)*DTH
UPQ);

AREA(1,J,K,BH,BC,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))L.(1.J,K,BH,BC.SK)-
(a(1,J,K,BH,BC,SK)**(IBETA(1J))*U(1 ) *LMTDHX(1,J,K BH,BC,SK)) =L
AREACU(I).  qeu(l)-(acu(l)**(UBETACU(I))*UCU()*LMTCU(I)) =L= o;
AREAHU()).  ghu(d)-(ahu(d)**(IBETAITU(Q)*UFIUQ)*LMTFIUQ)) =1=

*13. OBJECTIVE

JQPJ ************************************************* qc ******* *



OBJ1 NoHX. NEX =E= sum((U,K,BH,BC,SK),CFHX*z(LJ,K,BH,BC,SK
))+sum(l,CFCU*zcu(1))+sum(J,CFHU*zhu(J));

OBJUTIL.. UC =E= sum(l,CCU*qcu(l))+sum(J,CHU*ghu(d));

OBJ3 AREA. AC =E= sum((l,J,K,BH,BC,SK),ACHX*a(U,K,BH,BC,SK)
)sum(L,ACCU*acu(l))+sum(J,ACHU*ahu(J));

OBJNL. TACL =E= UC:

OBJFN2. TAC2? =E= NEX+UC;
OBJFN3. TAC3 =E= AC:

OBJFN4. TAC4 =E= (UC+AC):
OBJFN5. TAC5 =E= (UC+NEX +AC);

TOTALCOST..  COST =E= (UC+NEX+AC);

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

MODEL NONISOI "NONISOI MINLP"
/

hoteqi,coldeqi,hotk,coldk,qhnoniso,qcnoniso,qcooler,gheater,thinassign, teina
ssign,monoth,
monothout,monotc,monotcout,thoutst,tcoutst,logif,logig,
sumf,sumg,logiqi,logiqcu,logighu,dthimin,dtcimin,dtcuimin,dthuimin,logidthi, logidt
ci,logidtcu,
|logidthu,areai,areacui,areahui,obji -/

MODEL FLOW "MINTACL =UC__ NLP"
/
QSKLASTFIOTEQ,COLDEQ,QHC_K,QHK_K,QHK_SK,SUMJ BC 0,
UMSK_QH,QCH_K,QCK K,
OCK_SK,SUMI_BH_Q,SUMSK QCHOTCOLD K,QH SK,HOT SK,FHPT SK,
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QC_SK.COLD SK,FCPT SK,

ASSIGNTH_K,ASSIGNTH SK,ASSIGNTH BYPASSH,HMLX, ASSIGNTH_TSK,
ASSIGNTC K,AS IGNTC_SK,
ASSIGNTH_BYPASSC,CMIX,ASSIGNTC_TSK,CON_FLOWH LCONFLOWH?
SUMFHP,CON_FLOWC 1

CONFLOWC2, MFCP,THFEAS K, THPFEAS_SK THFEAS_KLAST TCFEAS
_K,TCPFEAS,_SK,

TCFEAS_KFIRST, QCULOAD,QHULOAD,LOGQ P,LOGQCU_P,LOGQHU P,M
ASSKHIMASSKC13
CON_CUI,CON_CU2,CON_CU4CON_HUIZON_HU2,CON_H 4,CON_EX,
DTHMAX_P,DTCMAX_ P,DTCUMAX_P,DTHUMAX_P,DTHMIN_P.DTCMIN_
P.DTCUMIN_P,DTHUMIN P3

0BJ2_UTIL,0BJFN U/

MODEL STRUCTURE "MIN TAC2 = UC+NoHX___ MILP"
/

QSKLAST HOTEQ,COLDEQ,QHC_K,QHK_K,QCH_K,QCK_K,QITK_SK
3 MJ_BC_QBUMSK_QH,
QCK SK,SUMI_BH_Q.SUMSK_QC,HOTCOLD K,QH_SK,HOT SK P,FHPT S
K_P,QC_SK,COLD SK p,
FCPT SK_P,ASSIGNTH_KASSIGNTH SK_P,ASSIGNTH_BYPASSHP,HMIX
_PASSIGNTH_TSK,
ASSIGNTC_K,ASSIGNTC_SK_P,ASSIGNTH_BYPASSC P,CMIX_P,ASSIGNT
CTSK,
CONFLOWHI_F_P,CON_FLOWH2_F P,CON_FLOWC1 FP.CON_FLOWC2_
F_p,
THFEAS_K THPFEAS_SK THFEAS_KLAST TCFEAS_K TCPFEAS_SK TCFEA
SKFIRST,
QCULOAD,QHULOAD,LOGQ,LOGQCU,LOGQHU,MASSK_H1MASSKC 15
CONCULLON_CU2,CON_CU3TON_CU4CON_HUITON_HU2,CON_HU3%:
ON_HU4,CON_EX,
DTHMAX,DTCMAXDTCUMAXDTHUMAX,DTHMINDTCMINDTCUMIND
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THUMIN,
OBJ1N oHX,0BJ2 UTIL,0BJFN2 /

MODEL FLOWarea "MIN TAC3 = UC+AC____ NLP"

/ g
QSKLAST,HOTEQ,COLDEQ,QHC_K,QHK_K,QHK SK,SUMJ BC_Q,

UMSK_QH,QCH_K,QCK K,

QCK_SK,SUMI BH Q,SUMSK_QC,HOTCOLD K,QH_SK,HOT SK,FHPT SK,

QC SK,COLD SK,FCPT SK,

ASSIGNTH_K,ASSIGNTH_SK,ASSIGNTH_BYPASSH,HMIX ASSIGNTH_TSK,

ASSIGNTC K,ASSIGNTC_SK,ASSIGNTH BYPASSC,CMIX,ASSIGNTC TSK,

CON FLOWHI,CON FLOWH2SUMFHP,CON_FLOw ¢ 1ZON_FLOWC2,SUM

FCP,

THFEAS K, THPFEAS SK,THFEAS KLAST,TCFEAS K,TCPFEAS SK,TCFEA

S KFIRST,QCULOAD,QHULOAD,

LOGQ P,LOGQCU P,LOGQHU_P,MASSK_H1MASSK C 15

CONCUILON CU2,CON_CU4,CON H 1TON H 2,CON_HU4,CON _EX,

DTHMAX P,DTCMAX P,DTCUMAX P,DTHUMAX P,DTHMIN P,DTCMIN_

PIDTCUMINPIDTHUMINP,

LMTD,LMTDCU,LMXDHU AREA AREACU,AREAHU,

0BJ2_UTIL,0BJ3_AREA,0BJFNI,OBJFN2,0BJFN3,0BJFN4 /

MODEL NONLINEAR "FINAL"
/

QSKLAST HOTEQ,COLDEQ,QHC_K,QHK_K,QHK_SK,SUMJ_BC_0,
UMSK_QH,QCH_K,QCK K,
QCK_SK,SUMI_BH_Q,SUMSK_QC,HOTCOLD K,QH_SK,HOT SK,FHPT SK,
0C_SK,COLD SK,FCPT SK,

ASSIGNTH_K,ASSIGNTH_SK,ASSIGNTH BYPASSH,HMIX ASSIGNTH_TSK,
ASSIGNTC K,ASSIGNTC SK,ASSIGNTH_BYPASSC,CMIX,ASSIGNTC_TSK,
CONFLOWH 1Z0ON_FLOWH2,SUMFHP,CON_FLOWC 1CON_FLOWC2,SUM
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FCP,
THFEAS K THPFEAS SK THFEAS KLAST TCFEAS K TCPFEAS SK TCFEA
SK FIRST,
QCULOAD,QHULOAD,LOGQ,LOGQCU,LOGQHU,MASSK_HIMASSK_Cl,
CONCULCONCU2,GONCU4,CONHU LCON HU2,CON_HU4,CON EX,C
ONQ_UP,CONQ LO,
DTHMAX,DTCMAX DTCUMAX, DTH(JMAX DTHMIN,.DTCMIN,DTCUMIN,D
THUMIN,

LMTD,LMTDCU,LMTDHU, AREA AREACU,AREAHU,0BJ | NoFFX,0BJ2 UTI
L,0BJ3 AREAOBJFNS |

Ht*******************************************************************

*DECLARATION

PARAMETER
AHX_INT(1,J,K,BH,BC,SK)  Area of HX I-J (Area-linear)
ACUINT(I) Area of HX I-CU (Area-linar)
AHUINT(J) Area 0f HX J-HU (Area-linear)

TH INT(IK)
THP_INT(1,K,BH,SK)
TC_INT(IK)
TCPINT(J,K BC SK)

Q_INT(1,J,K,BH,BC,SK)
QCUINT()
QHUINT())
QHK_INT

(Kil)
QCK_INT(K

|
J)

FHP INT(K,],BH)
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FCP_INT(J,K,BC)

Z_INT(1,J,K,BH,BC,5K)
ZCU INT()) °
ZHUINT())

FBHPT INT(I,K)
FBCPT_INT(JK)

DTHINT(I,J,K,BH,BC, SK)
DTCINT(I,J,K,BH,BC.SK)
DTCUINT(])
DTHUINT(J)

*******************************/\gg IGN I N ITlAL

PY’ kkkkkkkkkkkkkkkkkkhkkkk kkkkkkkkkkkkk

ai.l(1,J,K)="0.001;
acutl(l) = 0.001;
ahui.l(J)= 0.001;
fI(UK) = FH(I);
gl(l3K) = FC(Q);

qi.l(1,J,K)$(ORD(K) NE CARD(K)) = MIN(HCT _P(1),CCT_P(J));
qeuid() = 0

hil)) = 0
deid(l) = THIN() - TCUOUT;
dthil() = THUOUT - TCINQ):

dthil(LJ,K) = THIN(I) - TCINQ);
dtci.l(1J,K) = THIN(I) - TCIN(QJ);

******-|-******************** ||* (|******1|*(|*1* (*]-I*k 1** )iob\'kk|| |*-|*k-)7b\'k

kkkkkkkkkkkkkk
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NONIS01 .optfile = 2;
option reslim = 10000;
option iterlim = 29;
OPTION SYSOUT=ON;

$onecho>dicopt.op2
STOPO
MAXCYCLES 400
epsmip 50

Soffecho

SOLVE NONISOI USING MINLP MINIMIZING costi;
DISPLAY th.I,thpi.Ltc.|tcpi.lai.l,acui.l ahui.l,i.lqeut.l,ghui.lzi.l,zeui.l zhui L f.1,g.l,

costi. 1
******************************* oroipy op SOLVE

N O N | SO 1*******************************

AHX_INT(I,J,K,BH,BC,SK) = ai.L(1J K);
ACUINT(I) = acui.L(1);
AHUINT(J) = ahui.L(J);

aL(1,J,K,BH,BC,SK)=AHX_INT(IJ K,BH,BC SK):
acuL(1) = ACUINT(I):
ahu.L()) = AHUINT(J):

DTH INT(1JK,BH,BC,SK) = dthi.L(1,JK):
DTC_INT(I,J,K,BH,BC SK) = dtci.L(1,J,K):
DTCUINT(1) = dtcui.L(l)
DTHUINT(J) = dthui.L ()

dth.L(1,J,K,BH,BC, SK) = DTH_INT(1,J,K BH,BC,5K):
dte.L(1,J,K,BH,BC,SK) = DTC_INT(1,J K BH,BC SK):
dtcuL(1) = DTCUINT())



dthuL(J) = DTHU INT());

QCUINT(I) =qeui.L()):

QHUINT(J) = ghui.L ()
Q_INT(I,J,K,BH,BC.SK) = gi.L(1,JK):
QHK_INT(K,|) = sum(Jgi.L(1JK):
QCK_INT(K,J) = sum(1,gi.L(1L3.K));

qeu.L(l) = QCUINT(I);

ghu.L(J) = QHUINT(J);

q.L(1,J,K,BH,BC,SK) = QMINT(1,J,K,BH,BC,SK);
ghK L(K,I) = QHKINT(K.I);

qcK.L(K,J) = QCK_INT(KJ);

Z P(1JK,BH,BC,SK) = zi.L(1JK);
ZCU_P(1) = zeui.L(1);
ZHU_P(J) = zhui.L());

FLOW.optfile = 3;
option reslim = 10000;
option iterlim = 2e9;
OPTION SYSOUTON;

$onecho>dicopt. op3
STOPO
MAXCYCLES 200
mipoptfile cplex.opt 1
epsmip 20

Soffecho

SOLVE FLOW USING NLP MINIMIZING TACY,;
DISPLAY
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th. thp.Ltc.Ltep.l.a.l acu.l,ahu.l,q.lqeu.l,ghu.l,Z__P,ZCU_P,ZHU P fhp.lfepl,
TACLL,

*hkkkkk kkkkkk kkkkkk kkkkkkhhhk *A****j£|\[£) O|: SO |_VE

FLOW/\ kkkkkkkkkrkk \ kkkkkkkkkkkkkkkk

FHP_P(1,K BH)=fhp.I(1,K,BH):

FCP P(JK,BC)=fep.I(JK BC):

FBHPT P(1,K) =(FH(1)-SUM(BH,FHP P(1,K,BH)))*th.I(1.K);
FBCPT P(J,K+1)= (FC(J)-SUM(BC,FCP_P(J K BC))MCI(JK +):

AHX_INT(1,J,K,BH,BC,SK) = a.L(U,K,BH,BC,SK):
ACUINT(I) = acu.L(1);
AHUINT(J) = ahu.L())

a.L(1J K,BH,BC,SK)=AHXINT(1.J,K,BH,BC SK);
acuL(1) = ACUINT(I):
ahu.L()) = AHUINT())

TC_INT(K) = teI(JK):
TCP_INT(3,K,BC,SK) = tep(3,K,BC,SK);
TH_INT(.K) = thI(1K):
THP_INT(1,K,BH,SK) = th.I(1,K,BH,SK):

teI(3K) = TC_INT(IK):
tep.I(J K BC,SK) = TCP_INT(J,K BC,SK):
th.1(1,K) = TH_INT(L,K)
thp.I(1,K BH,SK) = THP_INT(1,K,BH,SK):

DTH_INT(I,J,K,BH,BC,SK) = dth.L(1,J,K,BH,BC,SK):
DTC_INT(1JK BH,BC,SK) = dtc.L (1)K BH,BC SK):
DTCUINT(1) = dtcui.L(1):
DTHUINT(J) = dthui.L(J)
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dth.L(1,J,K BH,BC,5K) = DTH_INT(U K BH,BC,SK):
dtc.L(1,J,K:BH,BC,SK) = DTC INT(l,J,K,BH,BCSK):
dtcu.L(1) = DTCUINT(I):
dthu.L(J) = DTHUINT(J):

QCU_INT(l) = geu.L (1)
QHUINT(J) = ghu.L());
Q_INT(1,J,K,BH,BC,SK) = g.L(1,J,K,BH,BC SK):

qeu.L(l) = QCUINT(I);
ghu.L(J) = QHUINT());
q.L(1,J,K,BH,BC,SK) = Q_INT(I,J,K,BH,BC,SK);

Z.L(1,JK,BH,BC,SK) =Z P(l,J,K,BH,BC,SK);
ZCUL() = ZCU_P(l)
zhu.L(J) = ZHUP(J);

SOLVE STRUCTURE USING MIP MINIMIZING TACZ;

DISPLAY

th.thp.Ltc.Ltep.l,a.lacu.l ahu .1, gcu.t,ghu.tz.l,zcu.L zhu.L,FF[P_P,FCP_P,
TAC2.L;

********************************gjqp) OF SOLVE

fSTRTTm rR F************** kkkkkk kkkkkkkk

fhp.|(1,K,BH) = FHP_P(1K BH):
fep.(J,K,BC) = FCP_P(J,K BC);
fohpt (1K) = FBHPT P(IK);
foeptI(J,K+l) = FBCPT P(J,K+0)

L [T E LY (T T
AHX_INT(1,J,K,BH,BC,SK) = q.L(1,J,K,BH,BC,SK)/((U(I)*(
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(213)*((dth.L(1,J,K,BH,BC,SK)+0.001)**0.5)*((dtc.L(1,J,K BH,BC,5K)+0.001)**0.
5)+(1/6)*dth.L(1J K BH,BC,SK)+{I/6)*dtc.L(1,J,K,BH,BC,5K)))+le-06):
ACUINT(l) =

e (1)/((UCU(I)*(2/3)*((dtcu.L(1)+0.001 }*0.5)%((DTCUP(1)+0.001)**0.5)+(1/6)*
dicu. L(1)#( L6)*DTCUP(1))+1e-06):

AHUINT(J) =

ghud Q)/((UHU()*(2/3)*((dthuX (3)+0.001)**03)*((DTHUP(J)+0.001)**0.5)+(l6)
*(thu.L (J)+(1/6)*DTHUP(J))+le-06)

a.l(1J,K,BH,BC,SK) = AHX INT(I,J,K,BH,BC,SK);
acu.l(l) = ACUINT(I);
ahu.I(J) = AHU_INT(J);

Display a.l,acu.l,ahu.;

TC_INT(,K) = tel(JK);
TCP INT(JK,BC,SK) = tep.I(3,K,BC,SK):
TH INT(LK) = thI(1,K);
THP_INT(1,K,BH,SK) = thp.l(1,K,BH,SK);

te.I(JK) = TC_INT(IK):
tep.I(J K BC,SK) = TCP_INT(J K BCSK):
th.I(1,K) = TH_INT(IK):
thp.J(1,K BH,SK) = THP_INT(1,K,BH,SK);

DTH_INT(I,J,K,BH,BC.SK) = dth.L (1,J,K BH,BC SK):
DTC_INT(1JK,BH,BC,SK) = dtc.L(1.J K BH,BC SK);
DTCUINT(I) = dteui.L (1)
DTHUINT(J) = dthui.L(J);

dth.L(1,J,K,BH,BC,SK) = DTHINT(I,J,K,BH,BC,SK);
dtc.L(1,J,K,BH,BC,SK) = DTCINT(I,J,K,BH,BC,SK);



dteuL(1) = DTCUINT():
dthu.L(J) = DTHUINT());

QCUINT(I) = geu.L(I);
QHUINT(J) = ghu.L(J);
QINT(1,J,K,BH,BC,SK) = q.L(I,J,K,BH,BC,SK);

qeu.L(l) = QCUINT(I);
ghu.L(J) = QHUINT(J);
q.L(1,J,K,BH,BC,SK) = Q_INT(1,J,K,BH,BC,SK);

Z INT(1J,K,BH,BC,SK) = Z.1(1,J,K BH,BC,SK);
ZCUINT(I) = zeu.I(1);
ZHUINT(J) = zhu I(0);

Z_P(UK,BH,BC,5K) =z_INT(I,JK,BH,BC SK):
ZCU P(l) = ZCUINT(l);
ZHU_P(J) = ZHUINT(J);

FLOWarea.optfile = 4;
option reslim = 10000;
option iterlim = 2¢9;
OPTION SYSOUTON;

$onecho>dicopt. op4
STOPO
MAXCYCLES 200
mipoptfile cplex.opt 1
epsmip 20

Soffecho
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SOLVE FLOWarea USING NLP MINIMIZING TAC4;

DISPLAY

th.l.thp.Ltc.ltep.1,q.1,qcu.l,ghu.lfhp.l fep.l,Z_P,ZCU P,ZHU Pa.lacu.lahu.l,
TACLLTAC2.1JAC3.1) AC4L

Fhkkkk kkkkkkkkkkkkk *********:(: |=* OF SOLVE

FLOWarea***************************

FHP INT(K,|,BH) = fhp.I(1,K,BH):
FCP INT(J,K,BC) = fep.I(JK BC);
FBHPTINT(LK) = fohpt. 1(1.K);
FBCPTINT (K +1) = focptI(J,K+1):

fhp.I(1, K BH) = FHP_INT(K,| BH):
fep.i(JK,BC) = FCP_INT(J,K,BC):
fohpt. 4LK) = FBHPTINT(LK);
fbcptI(J,K+)= FBCPTINT(J,K+1)

AHX_INT(I,J,K,BH,BC,SK) = a.l(l,J,K,BH,BC,SK);
ACU_INT(1) = acu.l(1);
AHUINT(J) =ahu.l(J);

al(1,3,K,BH,BC.SK) = AHX_INT(1,J,K,BH,BC,SK):
acul(1) = ACU INT(I);
ahu.l()) = AHUINT()

TC_INT(IK) = teI(JK);
TCP_INT(J,K BC,SK) = tep.I(3,K BC SK):
TH_INT(1L,K) = thI(1,K);
THPINT (1K BH,SK) = thp.I(1,K,BH,SK);

tcI(K) = TC_INTOK):
top.|(J,K BC,SK) = TCP_INT(J,K,BC,SK):
th.I(1,K) = TH_INT(1K):



thp.I(1,K,BH,SK) = THP_INT(1,K,BH,SK);

DTH INT(1,J,K,BH,BC,SK) = dth.L(1,J,K BH,BC SK):
DTC INT(1,J,K,BH,BC,SK) = dtc.L(1,J.K BH,BC SK):
DTCUINT(I) = dtcui (1)
DTHUINT(J) = dthui.L())

dth.L(1,J,K,BH,BC.SK) = DTH_INT(I,J,K,BH,BC SK):
dtc.L(U,K,BH,BC,SK) = DTC INT(1,J,K,BH,BC.SK):
dteuL(1)=DTCU INT();
dthu.L(J) = DTHUINT(J):

QCUINT(I) = qeu.L(1);
QHUINT(J) = ghu.L(J);
Q_INT(I,J,K,BH,BC,SK) = q.L(I,J,K,BH,BC,SK);

qeu.L(l) = QCUINT(I);

ghu.L(J) = QHUINT(J);

0.L(1,J,K,BH,BC,SK) = Q_INT(1,J,K,BH,BC,SK);
Z.L(1JKBITBC,SK) =Z P(l,J,K,BH,BC,SK);
ZCUL(l)=ZCU_P(I);

zhu.L(J) = ZHU_P(J);

NONLINEAR.optfile = 5;
option reslim = 100000;
option lterlim = 2¢9;
OPTION SYSOUT=ON;

$onecho>dicopt. op5
STOPO
MAXCYCLES 300
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mipoptfile cplex.opt 1
epsmip 500
Soffecho

SOLVE NONLINEAR USING MINLP MINIMIZING TACS;
DISPLAY th.lthp.l tc.ltep.l,q.L,geu.l,ghu.l fhp.l fep.l,z.L zeu.L zhu.L .l acu.l ahu.
TACI.LTAC2.1,TAC3.1, TAC4., TAC5.LNEX.LLUCLAC.L;



Appendix D HEN Retrofit

SETS
1 Hotstream/11,12/
J Cold stream/J1,J2/
K Major stage /KFLRST,K2*K3,KLAST/
SK  Sub-stage /SKFIRST,SK2*SK3,SKLAST/
BH  Branch of hot splitting stream /BH1*BH2/
BC  Branch of hot splitting stream /BC1 *BC3/

SCALARS

NoBH Number of branch of hot splitting stream /2/
NoBC Number of branch of hot splitting stream /3/
CUMIN Minimum cold utility require /200/
CUMAX Maximum cold utility require /5100/
HUMIN Minimum hot utility require  /o/
HUMAX Maximum hot utility require - /4700/

Eft/IAT Exchange minimum approach temperature /10/
TMIN Minimum temperature in HEN /20/

TMAX Maximum temperature in HEN /170/

AREA MAX  Miximum area for retrofit HEN /375/

KR petrofit *Reer

NEWACHX  Area cost coefficient of "NEW" process heat exchanger

11300/
NEW_ACCU  Area cost coefficient of "NEW" cold utility /1300/
NEWACHU  Area cost coefficient of "NEW" hot utility /1300/
NEWCFHX  Fixed charges of "NEW" exchanger /3000/
NEWCFCU  Fixed charges of "NEW" cold utility /3000/
NEW CFHU  Fixed charges of "NEW" hot utility /3000/
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NEWCCU  Per unit cost of cold utility 20/
NEW CHU  Per unit cost of hot utility /80/

5

PARAMETERS
t TEMPERATURE OF STREAM......cccorrvmmrrrsrsssrn
THIN(I) ~Inlet temperature of hot stream
[ 11170
2 150 |
THOUT(I)  Outlet temperature of hot stream
[ 11 60
2 3
TCIN(J) ~ Inlet temperature of cold stream
[ 1120
2 8 |
TCOUT(J)  Outlet temperature of cold stream
[ ) 13
2 U4
TCUIN 120/
TCUOUT /40/
THUIN
THUOUT /177/
t HEAT CAPACITY FLOWRATE OF PROCESS
STREAM...ooccovvvsvmssssssssssssns
FH(1) Heat capacity flowrate of hot stream
[ 130
2 5
FC()) Heat capacity flowrate of cold stream
[ 12
40
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*BRANCH FLOW _ [PARAMETER]......ccoommmsmmssmmsmsmssssssssssisns
FHP P(1,K,BH) Branch flow parameter of hot stream
FCP_P(J,K,BC) Branch flow parameter of cold stream
FBHPT P(IK)

FBCPT P(JK)

*BINARY PARAMETER _ [PARAMETER]...cc.cnrrvvsrvmmrssisrsssesnn
Z P(1,J,K,BH,BC,SK) Binary parameter of exchanger existence
ZHP(1 K)

ZC P(JK)
ZCU P(I)  Binary parameter of cold utility existence
ZHU P(J)  Binary parameter of hot utility existence

NEW_Z_P(1,J,K,BH,BC,SK)
NEW_ZCU_P(l)
NEWZHUP(J)

*BOUND OF HEAT EXCHANGE _ [PARAMETER].....c...ccrrmrre
QUP_P(1,J,K,BH,BC,SK) Upper bound of heat exchange
QLO _P(I,J,K,BH,BC,SK) Lower bound of heat exchange

FOR LOGICAL CONSTRAINTS _ [PARAMETER]
OMEGA(I,J)  Upper bound for heat exchange
HCT P(I) ~ Heat content of hot stream
CCT P(J)  Heat content of cold stream

GAMMA(I,J)  Upper bound for temperature difference

GAMMAH(I)  Upper bound for temperature difference of hot stream
GAMMAC(J)  Upper bound for temperature difference of cold stream
BETA(I,J)  exponent for area costs of HX I-J



*OVERALL HEAT TRANSFER COEFFICIENT

1

BETACU(I)  exponent for area costs of cooler
BETAHU(J)  exponent far area costs of heater
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(1J) overall heat transfer coeff. of heat exchanger of I-J [KW*(m2*K)-

ueu(|

DTCUP(I)
DTHUP())

*kkkk 1\ Xkkkk
)y

EXAI(I,J,K)
EXACUI(I)
EX_AHUI(J)
EX_Zi( K)
EXZCUI(I)
EX_ZHUi())
EX_Ai_ MAX(1JK)
EXqceui(l)
EXqghui(J)

DTHUP(J) = THUIN-TCOUT(J);
DTCUP()=THOUT()TCUHW
BETA(J) = 0.6
BETACU(I) = 0
BETAHU(J) = 0
() =08;
ucu(l) =08:
UHU() =08:

) overall heat transfer coeff. of cooler
UHU()) overall heat transfer coeff. of heater
(

* ()= [HOHOMHIHE]



***retrofi

LRk kkk
t

EX_AI(12732 'KFIRST) = 46.74:
EX_AI(12,32K2) = 0
EX_AI(12,927K3) = 0
EX_AI(12,J27KLAST) = 0
EX_Ai(12,117K2) = 68.72;
EX_A(12.) 1"KFIRST) 0
EX_Ai(127317K3) = 0
EX_Ai(127)1 KLAST) = 0

EX_Ai(10V) 1 'KFIRST) = 38.3L;
EXAICILI17K2) =0,
EXAICIL7ILTK3) =0:
EXAICILTI1KLAST) =0
EX_AI(11732'K) =0

EX ACUICIT) = 40.23;
EX_ACUI(12) =0

EX_AHUI(12) = 35.0:
EXAHUI(II) = 0;

EX_Zi(12,12 'KFIRST) L
EX_Zi(12.1927K2) =0
EX_Zi(127327K3) = 0
EX Z|(’I27J27KLAST) 0

EX_Zi
EX_Zi
EX_Zi
EX_Zi

127917K2)= 1
1273 17KFIRST) = 0:
12731 'K3) = 0;
12731 'KLAST) = 0;

’\/\’—\/—\



EX_Zi(II'jrKFIRST)= L
EX_Zi('ir,Ir,K2) -
EX_Zi(11VI1K3) =0,
EX_Zi(11,)1 ' KLAST) = 0;
EX ZCUi(Il) = 1;
EX_ZCUi(12) =0,

EX_ZHUI(J2)= L
EX_ZHUi(I1 =0:

EX geui('11) = 1900;
EX_ghui(J2')= 1500;

VARIABLES

ATEMPERATURE OF PROCESS STREAM........ccovvuvmmmrmssmmsssessssssssssnn
th(l,K) ~ Temperature of hot stream at stage K
thp(I,K,BH,SK) Temperature of hot stream at sub-stage SK In stage K
tc(J,K)  Temperature of cold stream at stage K
tep(J,K,BC,SK) Temperature of cold stream at sub-stage SK In stage K
thpi(UK)
tepi(l,J K)

*HEAT CAPACITY FLOWRATE OF PROCESS
STREAM...oovvvrvesrmssssssssssssne
f(1J,K)
g(UK)
fhp(1,K,BH) Branch flow parameter of hot stream
fep(J,K,BC) Branch flow parameter of cold stream

“*‘MULTIPLE OF TEMPERATURE AND HEAT CAPACITY FLOWRATE
(T*FCP)..ovveervvecsrin



fhpt(1,K,BH,SK) Multiple of temperature and heat flow of hot stream
fept(J,K,BC,SK) Multiple of temperature and heat flow of cold stream
fohpt(1.K)
focpt(J.K)

*HEAT EXCHANGE..........ccovv. s —————
qi(lJ,K)
qn(K,1,BH,SK) Heat exchange of hot splitting BH In sub-stage SK
qhKb(K,1,BH) Heat exchange of hot splitting BH at stage K
ghK(K,l)  Heat exchange of hot (I-J) at stage K
ghe(K) Heat exchange of hot stream | In stage K

qc(K,J,BC,SK) Heat exchange of hot and cold (I-J) In sub-stage SK
qcKh(K,J,BC) Heat exchange of cold splitting BC at stage K
qcK(K,J)  Heatexchange of cold (I-J) at stage K

qch(K) Heat exchange of cold stream | In stage K

TOTALgex  Total heat exchange
TOTAL HU  Total hot utility
TOTAL CU  Total cold utility

*RETROFIT___ "ADDITIONAL HEAT EXCHANGE"
add qeui(l)
addqhui(J)
addqcu(l)
add_ghu())*

*RETROFIT___ "COST"
counthxi
counthx
counthxri
counthx r



costhx i
costhx r
costhui
costhu
costhuri
costhu r
costcui
costeu
coStcu i
costcu r
fixcosthxi
fixcosthx
addareal
addarea
costareaaddi
costareaadd
costareahui
costareahu
costareacu
costareacu
areacosti
areacost
capitalcosti
capital cost

costi 1
COSti2
costi3
costii
costi
C0St2
cost3



OBJcostl
OBJcost2
OBJcost3
costi

BINARY VARIABLES
b EXISTENCE OF EXCHANGER wovvvovmssnsnsmmssssmsmsmsssssssnns

Zi(1JK)

zeui(l)

zhui()

new zi(1,J K)

newzcui(l)

newzhui(J)

2(1,J,K;BH,BC,SK)  Existence of exchanger I-J In each sK
zcu(l)  Existence of cold utility
zhu(J)  Existence of hot utility

new_z(1,J,K,BH,BC,SK)
newzcu(l)
newzhu(J)

POSITIVE VARIABLES
¢ TEMPERATURE APPROACH
dthi(lJK)
dici(1,0.K)
dtcuil)
dthi()

dth(1,J,K,BH,BC,SK) Temperature difference at "hot end" of exchanger



dtc(l,J,K,BH,BC,SK) Temperature difference at “cold end" of exchanger
dicu(l)  Temperature difference of cold utility
dthu())  Temperature difference of hot utility

*LOG MEAN TEMPERATURE DIFFERENCE.......ccoooirrnnnn

LMTDHX(I,J,K,BH,BC,SK)  Log mean emperature difference of

exchanger I-J

LMTCU() Log mean emperature difference of cold utility
LMTHU(J) Log mean emperature difference of hot utility

LMTDHXi(,JK)
LMTCU()
LMTHU()

a(1,J,K,BH,BC,SK)  Heat exchange area of process exchanger
acu(l)  Heat exchange area of cold utility
ahu(J)  Heat exchange area of hot utility

*ADDITIONAL AREA......oooorrirnrssernssssssessssssssssnenes

add ai( ,K)
addacui(l)
addahui(J)

add_a(l,J,K,BH,BC,SK)
addacu(l)
add ahu(J)



FHEATEXCHANGE.......coceovvvvsvvnsnrnssssssssssssssssssssssssssnns
qi(1,J.K)
qeui(l)
qhui()
q(1,J,K,BH,BC,SK)  Heat exchange between process stream I-]
qeu(l)  Heat exchange of cold utility
ghu(J)  Heat exchange of hot utility

t NUMBER OF HEAT EXCHANGER IN EACH STAGE K
nexh(,K)  Existence of exchanger I-J of stream I In each K
nexc(d,K)  Existence of exchanger I-J of stream J In each K

SCALARS HI,.CJ;
HI=1,
Cl=1.
# LOOP OF HOT PROCESS STREAM.......ccimvrvemmmmsssssssssisimssssssssssnenns
FOR(HI=I to CARD(),
HCT P(1)$[ORD(1) = HI] = FH{Y*(THIN(1)-THOUT())
GAMMAH(1)S[ORD(I) = HI] = THIN(I)-THOUT(1)
{  TEMPERATURE
th.Jo(1,K)$[ORD() = HI] = THOUT(();
th.up(1K)S[ORD(1) = HI] = THIN(I);
thp.lo(1,K BH,SK)$[ORD(1) = HI] = TMIN;
thp.up(1,K,BH,SK)S[ORD(1) = HI] = TMAX;
¢ HEAT CAPACITY FLOWRATE
fhp.lo(1,K,BH)$[ORD(I) = HI] = 0;
fhp.up(1,K,BH)$[ORD(1) = HI] = FH(1);
¢ MULTIPLE OF TEMPERATURE AND HEAT CAPACITY FLOWRATE
(T*FCP)
fhpt.lo(1,K,BH,SK)$[ORD(I) = HI] = 0;
fhpt.up(1 K BH,SK)S[ORD(1) = HI] = FH(I)*TMAX;
fbhpt. lo(1K)$[ORD(I) = HI] = 0;



15/

fohpt.up(1, K)S[ORD() = HI] =FH(I)*THIN())
*HEATEXCHANGE

gh.lo(K,1,.BH,SK)$[ORD() = HI] = 0;

ghup(K,|,BH,SK)$[ORD(1) = HI] = HCT (1)

ghKb.lo(K,|,BH)$[ORD(I) = HI] = 0;

ghKb.up(K,|,BH)S[ORD(1) = HI] = HCT P()

ghK.lo(K,)$[ORD(I) = HI] = ;

ghK.up(K,)${ORD(l) = HI] = HCT P(l);

ghe.lo(K) = 0;

ghe.up(K) = CUMAX;

geu.lo()$[ORD(I) = HI] = 0;

geu.up()$[ORD(I) = HIJ = HCT P(l);

qeui.up(1)$[ORD(I) = HI] = 0;
geui.up(I)$[ORD(I) = HI] = HCT P(l);

*LOOP OF COLD PROCESS STREAM..........cccommmmmmmmmsssssssssmmssssssssenens
For(CJ=l to CARD(J),
CCT P($[ORD(J) - CJ] = FCO)*(TCOUT(J)-TCINQ));
GAMMAC(J)$[ORD(J) = CJ] = TCOUT(J)-TCIN(J);
"TEMPERATURE
tc.lo(J,K)$[ORD(J) = CJ] = TCIN(J);
te.up(J,K)$[ORD(J) = CJ] = TCOUT(J);
tep.lo(J,K,BC,SK)$[ORD(J) = CJ] = TMIN;
tep.up(J,K,BC,SK)$[ORD(J) = CJ] = TMAX;
*HEAT CAPACITY FLOWRATE
fep. lo(J,K,BC)$[ORD(J)) = CJ] = 0;
fcp.up(J,K,BC)$[ORD(J) = CJ] = FC(J);
*MULTIPLE OF TEMPERATURE AND HEAT CAPACITY FLOWRATE
(T*FCP)



fept.lo(J,K,BC,SK)$[ORD(J)= CJ] = C;

fept.up(J,K,BC,SK)S[ORD(J) = CI] = FC(Q)*TMAX;

focpt.lo(J,K)$[ORD(J) = CJ] = 0;

focpt.up(J,K)$[ORD(J) = CJ] = FC)*TCOUT());
*HEATEXCHANGE

qc.lo(K,J,BC,SK)$[ORD(J) = CJ] = (;

qe.up(K,J,BC,SK)$[ORD(J) = CJ] = CCTP(J);

qeKb.lo(K,J,BC)S[ORD()) = CI] =0

qcKb.up(K,J,BC)$[ORD(J) = CJ] = CCT P());

ocK. lo(K,J)$[ORD(J) = CJ] = 0;

qcK.up(K,J)$[ORD(J) = CJ] = CCT P(J);

qeh.lo(K) = 0;

qeh.up(K) = HUMAX:

ghu.lo(J)$[ORD(J) = CJ] = 0;

ghu. up(J)$[ORD(J) = CJ] = CCT PQ);

ghui.lo(J)$[ORD(J) = CJ] = 0;
ghui.up(J)$[ORD(J) = CJ} = CCT P(J);

K s BOUNDS

gi.lo(1,J,K) = 0:
gi.up(l,J,K) = MIN(HCT _P(1),CCT_P(J));

Flo(l,JK) =0



f. up(1,J,K) = FH(I);
0. lo(lJ,K) =0;
0.up(1,J,K) = FC(J);

thpi.lo(1,J,K) = TMIN;
thpi.up(l,J,K) = TMAX;
tepi.lo(l,J,K) = TMIN;
tepi.up(l,J,K) = TMAX;

*BOUND OF HEAT EXCHANGE _ [PARAMETER]....rererrn
QUP_P(1,JK.BH,BC,SK) = MIN(HCT P(),CCT_P(J),MAX(0,(THIN(I)-
TCINQ)-EMAT)*MIN(FH(),FC)))
QLO P(I,J,K.BH,BC,SK) = 1* ( )*EMAT;

*EOR LOGICAL CONSTRAINTS _ [PARAMETER ..
OMEGA(U) = MIN(HCT P(),CCT P(J);
GAMMA(1,J) = MAX[O,(THIN(I)-TCINC)),(THIN()-
TCOUT(J)),(THOUT(I)-TCING))
(THOUT(I)-TCOUT()),(TCIN(I)-THIN(I)),(TCIN()-THOUT()),
(TCOUT()-THIN(I),(TCOUT(I)-THOUT()]

K s BQUATION

FQUATIONS

thinassign(1) assignment of inlet hot temperatures
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tcinassign(J) assignment of inlet cold temperature

hotk(K,I)  heat balance for hot stream at each stage
coldk(K,J)  heat balance for cold stream at each stage

ghnoniso(l,. K)
genoniso(l,J,K)

thoutst(1,K)
tcoutst(J,K)

qeooler(l) cold utility load
gheater(J) hot utility load

hoteqi(l)  overall heat balance for hot stream
coldeqi(J)  overall heat balance for cold stream

logif(l,J,K)
logig(U,K)

sumf(l,K)
sumg(J,K)

monoth(I,K)  monotonie decrease in temperature for hot stream at each stage

monothout(l) monotonie decrease in temperature for hot stream at outlet of
superstructure

monotc(J,K)  monotonie decrease in temperature for cold stream at each stage

monotcout(J) monotonie decrease intemperature for cold stream at outlet of
superstructure

monothpmin(l,J,K)
monothpmax(l,J,K)
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monotcpmin(l,J,K)
monotcpmax(l,J,K)

logiqi(l,J,K)  logical constraint for qi(ijk)
logigeu(l)  logical constraint for qeu(i)
logighu(J)  logical constraint for ghu(j)

dthimin(1,J,K) - minimum temperature approach for hot end of HX i at stage
dtcimin(l,J,K) - minimum temperature approach for cold end of HX I+ at stage

dtcuimin(l)  minimum temperature approach for cooler
dthuimin(J) ~ minimum temperature approach for heater

logicithi(1,J,K) logical constraint for dt(ijk) at inlet of stage k
logiditci(1,,K) logical constraint for at(ijk) at outlet of stage k
logidtcu(l) logical constraint for dtcu(i)
logidthu(J) logical constraint for dthufj)

LMTHci(l,JK)
LMTD(1,J,K)
LMTCUci(l)
LMTDCU()
LMTDHUi()
LMTHUci()
AREAI(1J.K)
AREACU()
AREAHUI(J)

add_areai_lo(l,J,K)
addareai_hi(l,J,K)
add areacui 1o(l)



addareacui hi(l)

add areahui lo(J)

add areahui hi(J)

add huifl)

addcui(J) "
add hxil(l,J,K)

add hxi2(1J,K)

addcuil(l)

add_cui2(l)
addnuil(J)
add_hui2(J)

numberHXi
numberHX ri
hxcostri
hucosti
hucostri
cucosti
cucostri
fixhxcosti
areaaddi
areaaddcosti
areahucosti
areacucosti
totalareacosti
capcostperyri

obji 1 objective function to be minimized

0bji2
0ji3
obyjii
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jie:fe:ichi:Titfe;ie:fef}e:}iinif:def}ei{< :}cAT4Trisic A AcATA A4 AT ACAC A A Ac A e MACATA Tje:): ICT<Tjc eSefic S fcAc = {c5C ~ & %= Jeif:{TjiT(c:f:Tfc: I«

*HEAT CONSTRAINT FOR LAST SUB-STAGE (ALL SPLITTING STREAM
ARE MERGED,NO HEAT TRANSFERRING)
QSKLAST(IJ,K,BH,BC)

* 1 OVERALL HEAT BALANCE FOR EACH

HOTEQ()
COLDEQ())

*2. HEAT BALANCE AT EACH STAGE

HOTCOLDK(K)

QHC K(K
QHK_K(K,)
QCHIC(K)
QCK_K(K,)

*3, HEAT BALANCE AT EACH SUB-STAGE
g 'k*'k'k**'k'k*'k*'k'k'k*ik****** ):************O/ﬁc(***ﬁck )If
*[VARIABLE]
QHKSK(KJ)
SUMSK_QH(K,BH)
SUMJ_BC_Q(1,K,BH,SK)
QH_SK(1K.BH.SK)
HOT SK(1,K BH,SK)
FHPT SK(1,K,BH,SK)
QCK_SK(K.))
SUMSK_QC(K,J,BC)
MI_BH_Q(J,K,BC,SK)
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QC_SK(JK.BC,SK)
COLD SK(JK,BCSK)
FCPT SK(J.K,BCSK)
*[FLOW PARAMETER]
HOTSK_P(1,K,BH,SK)
FHPT SK_P(LK,BH,SK)
COLD SK_P(JK,BC.SK)
FCPT SK_P(JK,BC.SK)

*4, COLD/HOT

| TY* kkkkkk kkkkkkkkkkkkkkkkkkkkkkkkk kkkkkkkkkkkkkkkkkkkkk C**'k*'ﬁc

QCULOAD()
QHULOAD())

*5, TEMPERATURE
ASS | G N M ENT***************'k************************'k**************
ASSIGNTHK(1)

ASSIGNTH_SK(1K)

ASSIGNTH_BYPASSH(1,K)

HMIX(1K)

ASSIGNTH_TSK(,K,BH)

ASSIGNTCK(J)

ASSIGNTC_SK(IK)

ASSIGNTH_BYPASSC(IK)

CMIX(3,K)

ASSIGNTC_TSK(J,K,BC)

*[FLOW PARAMETER]

ASSIGNTH_SK_P(1K)

ASSIGNTH_BYPASSH_P(1K)

HMIX_P(1,K)

ASSIGNTC_SK_P(IK)
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ASSIGNTH_BYPASSC_P(IK)
CMIX_P(J,K)

* 7. TEMPERATURE

EEASIB L [Ty *5¥kkbkbkbkbkkhd ok ko kR AR AR R
THFEAS_K(I,K)
THPFEAS_SK(I,K BH SK)
THFEASKLAST(I)
THPFEAS_SK_MIN(I,K BH,SK)
THPFEAS SK_MAX(I,K BH,SK)
TCFEAS K(JK)
TCPEEAS_SK(JK,BC SK)
TCFEAS KFIRST(J)
TCPEEAS_SK_MIN(J K ,BC SK)
TCPFEAS SK_MAX(J,K BC,SK)

*8 FLOW

FEASIB IL ITY***********'k****'k***************************************

*[VARIABLE]
SUMFHP(I,K)
SUMFCP(J K)

*[FLOW PARAMETER]
SUMFHP_P(I1,K)
SUMFCP_P(J,K)

*9.LOGICAL CONSTRAINTS [HEAT EXCHANGE
BRANCH_I_BYPASS] khkkkkhkkkhkhkkkhkhkkd kdkhkkkhkkkxd*k
kkhkkkkkhkkkk*x *f_[pAT EXCHANG E* kkkkkkhkkkkk

*[ Z-VARIABLE]

LOGq(l,J,K,BH,BC,SK)

LOGQCU(I)
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LOGQHU())
*[Z-PARAMETER]
LOGQ P(L,JK,BHBCSK)
LOGQCU P()

LOGQHU P())

*10.0THER

CO N STR AI NTS'k'k**'k***'k***'k'k*********'k*****'k*'k**'k********'k*'k*'k*'k*'k**

')z:****'k'k* ***MAXI MUM ma t C h | n g *kkkkkkkkhkkk
¥ 2- VARIABLE]
CONZ1(1,K,BH,SK)
CONZ2(JK,BC,SK)
CONZ3(1,JK)
CONZH(IK)
CONZC(I,K)

[ Z-PARAMETER]
CONZLIP(1,K,BH,SK)
CONZ2_P(JK,BC,SK)
CONZ3 P(l,JK)
CONZHP(LK)
CONZC_P(IK)

*[VARIABLES]
CONFLOWHZ(I,K BH)
CON FLOWH2(1,K,BH)
CONFLOWc 1(JK BC)
CON_FLOWC2(JKBC)
*[FLOW PARAMETER]
CON_FLOWHI_F_P(1,K BH)



CON_FLOWH2_F _P(I,K,BH)
CON FLOwc1F PJK,BC)
CON FLOWC2 F P K,BC)

* MATCH (2) -PARAMETER]
*CON_FLOWH3 z P(1,K,BH,SK)
*CON_FLOWC3_Z_P(JK.BC,SK)

* MATCH+FLOW (2) -PARAMETER]
*CON_FLOWH3_ZF_P(I,K BH,SK)
*CON_FLOWC3_ZF P(1KBC,SK)
wikerkonck\|AS BALANCE AT EACH STAGE e+
MASSKHI(LK)

MASSK_CL(JK)

|_idc'**Hddr***(20N STR Al NT* *kkkkkkkkkkkkkkkkkkk
CONCUI

CONCU?

CON_CU3(1)

CONCU4

CONHUI

CONHU?2

CON_HU3())

CONHU4

CONQ_UP( ,K,BH,BC,SK)
CONQ_LO(1JK,BH,BC.SK)
CONEX

*11. CALCULATION OF APPROACH

TEMPER AT IRE 4% %% ¥ 4% ksssx kst sk kkdakkkd 4 kk k42 kk 442Kk
* 2- VARIABLE]

DTHMIN(1,J,K,BH,BC,SK)

DTHMAX(1,J,K,BH,BC,SK)

DTCMIN(1,J,K,BH,BC,SK)



DTCMAX(U,K,BH,BC,SK)

DTCUMIN(I)

DTCUMAX(()

DTHUMIN()

DTHUMAX(J)

*{2- PARAMETER]
DTHMIN_P( ,K,BH,BC.SK)
DTHMAX_P(1,J K. BH,BC,SK)
DTCMIN_P(1,J,K,BH,8C,5K)
DTCMAX_P(1J,K,BH,8C,5K)

DTCUMINP(l)
DTCUMAX P(l)
DTHUMINP())
DTHUMAXP())

* 12 AREA

J7QPJ

LMTD(1,J K. BH,BC,SK)
LMTHc(l,J,K,BH,BC,5K)
LMTDCU()
LMTCUC()
LMTDHU(J)
LMTHU()

AREA(1JK,BH,BC.SK)
AREACU()
AREAHU()
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ON kkoo| n fekkkkkokkkk )-* hkkkkkkkkk: -*'k****'k*'k'k***'k'k'k**'k*'k***-)*n-*
syuayups o iy .



addarea I(l,J,K,BH,BC,SK)
add area 1 P(l,J,K,BH,BCSK)
add area hi(1,J,K,BH,BC,SK)
add area hi P(l,J,K,BH,BC,SK)
add areacu lo(1)

addareac b P(l)

add areacu hi(l)

addareacu hi P(l)

add areahu lo())

add_areahu lo P(J)
addareahuhi(J)

add areahu hi P(J)

add_hu(1)

addcu(d)

addhx ( ,K,BH,BC,SK)
addhx 1 P(U,K,BH,BC,SK)
add_hx2(1,J,K,BH,BC,SK)
add_hx2J>(I,J,K,BH,BC,5K)
addcul(l)

addculP(I)

add_cu2(1)

addcu2P(1)

addhul(J)

addhulP(J)

add_hu2())

add_hu2_P(J)

numberHX



170

numberHXr
hxcostr
hucost
hucostr
cuoost
cucost r
fixhxcost
areaadd
areaaddcost
areahucost
areacucost
totalareacost
capcostperyr

0bj 1 objective function to be minimized
0bj2

0bj3

OBJFNL

OBJFN2

OBJFN3

obji

3)C3|C3|Car=31e3|eBE3 3y 3(E #CFe

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk |:'k'k*-) vhk= ('k***** 1-*- 1-*******

hotegi(l).. ~ FH(I)*(THIN(I)-THOUT(1)) =e=sum((J,K),qi(1,J,K)) + qeui(l);
coldeqi(d).. ~ FCQ)*(TCOUT(Q)-TCINQ)) =e=sum((1,K),qi(U,K)) + ghui(J);

hotK(K,I)$(ORD(K) NE CARD(K)).. ~ FH(I)*(th(1,K) -
th(LK+))  =e=sum{J,i(1,J,K)) ;
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coldK(K,J)$(ORD(K) NE CARD(K))..  FC(J)*(tc(JK) -
te(J, K1) =e= sum(l,qi(1,J,K));

qeooler(l)..  FH()*(th(I, KLAST)-THOUT(l))  =e=  qcui(l) ;
gheater())..  FCQ)*(TCOUT())-tc(j;KFIRSTY)) ~ =e=  ghui(J);

ghnoniso(l,J,K)$(ORD(K)
CARD(K))..  qi(lJK)  =I= (f(U K)+0.001)*(th(1,K)-thpi(1,J,K));
genoniso(1,J,K)$(ORD(K) NE

CARD(K))..  qi(lJK)  =I= (q(IJ,K)+0.001)*(tcpi(l,J,K)-tc(J,K+1)):;

thoutst(l,K)$(ORD(K) NE
CARD(K)).. th(LK+H)*FH(I) == sum(J,f(1,J,K)*thpi(1,J,K));
teoutst(J,K)$(ORD(K) NE
CARDK))..  te@K*FC)  =I= sum(l,g(1JK)*tepi(l,JK))

logif(1JK)S(ORD(K) NE CARD(K))..  f(IL4K)  =l= FH()):
logig(1JK)S(ORD(K) NE CARD(K)).. — glJK)  =1= FC():

sumf(LK)S(ORD(K) NE CARD(K)). ~ sum(If(10K)) =1= FH();
sumg(J,K)S(ORD(K) NE CARD(K)). ~ sum(l,g(l4K)) =1= FC());

monoth(I,K)S(ORD(K) NE CARD(K)).. th(LK)  =g= th(l,K+);
monothpmax(l,J,K)$(ORD(K) NE
CARD(K))..  thpi(UK) =g= TMIN;
monothpmin(1,J,K)$(ORD(K) NE

CARD(K))..  thpi(lJK) =l= TMAX;

monothout(l).. th(l,KLAST)  =g= THOUT(I);
monotc(J,K)$(ORD(K) NE CARD(K)).. tc(K)  =g= te(J,K+);
monotcpmax(1,J,K)$(ORD(K) NE CARD(K))..  tcpi(l,J,K) =g= TMIN:;
monotcpmin(l,J,K)$(ORD(K)NECARD(K)).. ~ tepi(l,J,K) =1= TMAX;
monotcout(J). tc(J,KFIRST)  =l= TCOUT());



thinassign(l).. ~ THIN(I) ~ =e=th(l,KFIRST));
tcinassign(J).. ~ TCIN(J) ~ =e= tc(J,KLAST);

logiai(l,J.K)S(ORD(K) NE

CARD(K))..  qi(1JK) OMEGA(I,J)*zi(1,J,K);
logiqcu(l).. eui(l) =1= HCT _P(I)*zcui(l);
logighu(J).. ghui(J) == CCT_P(J)*zhui(J);
dthimin(1,J,K)$(ORD(K) NE  CARD(K)).. athi(I,J,K) ==
dicimin(l,J,K)$(ORD(K) NE - CARD(K)).. dtci(l,J,K) ==
dtcuimin(1).. ~ dtcui(l) ==  EMAT;

dthuimin(J)..  dthui(J) == EMAT,
logidthi(1,J,K)$(ORD(K) NE CARD(K))..  dthi(l,J,K) =1=
tepi(l,J, K)*GAMMA(L,J)* (12|(I JK));

logidtci(1,J,K)$(ORD(K) NE

CARD(K))..  dtci(l,J,K) =l= thpi(1,J,K)-
te(J,K+1)+GAMMA(I,J)*( L-zi(l,J,K));

logidteu(l).. dteui(l) =1= th(l, KLAST')-
TCUOUT+GAMMAHR(1)*(I-zeui(1);

logidthu(Jd).. ~ dthui()) =1= THUOUT-
te(J, KFIRST)+GAMMAC()*( L-zhui(J));

*LMTHci(1,J,K)$(ORD(K) NE CARD(K)).. LMTDHXi(l,J,K) =L=
05%(dthi(l,J,K)#dtci(l,.K)):
LMTDI(1,J K)$(ORD(K) NE CARD(K)). LMTDHXi(l,J,K) =E=
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EMAT;
EMAT;

th(1,K)-

(213)¥((dhi(1JK)+0.0000)**05)*A (1,:M)+0.000 00 5)+( U6)dthi(l JK)+(

6)*dtci(l,J,K);

*LMTCUci(l).. LMTCUI(1) L 0.5*(dtcui(1)+(th(1, KLAST’)-THOUT(1)));

LMTDCU(l).. LMTCU(l) =E
(

(13)*(ctei(1#0.0001) 0.5 (DTCUP(1)+0.0001) 0.5 (U6 dtcui( (6D



173

TCUP(I);

LMTDHU()).. LMTHUi(}) =E=

(2/3)*((dthui(J)+0.0002 )**0.5)*((DTHUP()+0.000 )**0.5)+(1/6)*dthui(J)+(1/6)*D
THUP());

*LMTHUci(J). LMTHUi(}) =L= 05*(dthui(3)+TCOUT()- te(J, KFIRSTY))

AREAI(1,J,K)$(ORD(K) NE CARD(K))..qi(U K)-

((ai(1,J,K)+0.0001 **(YBETA(LI)* (1,9)*LMTDHXi(I,J,K)) =L=0;
AREACUI(I)..  geui(l)-((acui(1}+0.0001 y**(I/BETACU(I))*UCU(I)*LMTCUI(1))
== 0

AREAHUI(J)..  ghui(J)-
((ahui(J)+0.0001**(I/BETAHU(J))*UHU(J)*LMTEIVI(J) =1= 0

add_areai_lo(1,J,K)$(ORD(K) NE CARD(K)).. add_ai(U,K)-
(0.0001**(1/0.6)+4.308869E-7) =L= AREA MAX-
(ai(1,J,K)+0.0000**(I/BETA(LI)+EX_Ai(l,J,K)*zi(l,J,K);

add areai_hi(U,K)$(ORD(K) NE CARD(K)).. add ai(l,J,K)-
(0.0001**(1/0.6)+4.308869E-7)  =G="(ai(l,J,K)+0.0001)**(I/BETA(I,J))-
EX_Ai(l,J,K)*zi(l,J,K);

add areacui lo(l)..  aad acui(l)-(0.0001 **(1/0.6)+4.308869E-

1) =L=  AREANIAX-
(acui(1)+0.000L)**(I/BETACU(I))+EX_ACUi(l)*zcui(l);

add areacur hi(l). add_acui(l)-(0.0001 **(/0.6)+4.308869E-

7) =G=(acui(1)+0.0002)**(YBETACU(I))-EX_ACUi(I)*zcui(l):
addareahuilo(J)..  add_anui(J)-(0.0001**(1/0.6)+4.308869E-

1) =L= AREAMAX-

(ahui(J)+0.000L)*( YBETAHU(J))+EX_ARHUI(J)*zhui(J);
addareahuihi(J)..  add_ahui(J)-(0.0001**(1/0.6)+4.308869E-

1) =G=(ahui(J)+0.000!)**(\/BETAHU(J))-EX_AHUI({J)*zhui(J);

addhui(l)..  addqcui(l) =G=qgeui(l)}-EX qeui(l)*EX_Zcui(l);
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add cui(J).. addghui(J) =G= qhui(9)-EX_ghui(J)*EX_Zhui(J);

add hxi 1(1,J,K)$(ORD(K) NE CARD(K)).. zi(1,J,K)-

EX zi(lJ,K) =E— new zi(U,K);

add hxi2(1,J,K)$(ORD(K) NE

CARD(K)).. EX zi(lJK)tnew zi(IlJK) =L= L
add cuil(l).. —zeui(l) — =E= EX_zcui(l)+new zcui(l);
add_cui2(l)..  EX_zcui(l)+new zeui(l)  =L= 1
add huilJ).. zhui) ~ =E=  EX_zhui(J)+new zhui(J);
add_hui2))..  EX_zhui()tnew zhui(J) ~ =L= L

~ , ~ S N

numberEIXi..  counthxi - =e= sum((1,J,K),zi(LJ,K))+sum(l,zcui(1))+sum(J,z
hui(J));

numberHXri..  counthxri ~ =e= sum((l,J,K),new_zi(1,J,K))+sum(l,new_zcui
(I))+sum(J,new_zhui(J));

hxcostri.. — costhxri ~ =e= " sum((l,J,K),NEW_CFHX*new zi(l,J,K));
hucosti..  costhui  =e=sum(JNEW_CHU*ghui(J));

hucostri..  costhuri  =e=sum(J,NEW_CHU*(EX ghui(J)+add ghui(J)));
cucosti.  costeur  =e= sum(l,NEW_CCU*qeui(l));

cucostri.. — costcu 1i =e=" sum(I,NEW_CCU*(EX_qcui(l)+add_gcui(l)));
fixhxcosti.. ~ fixcosthxi ~ =e=  NEW CFHX*counthx ni;

areaaddi..  addareai  =e= sum((l,J,K),add_ai(l,J,K));

areaaddcosti.. costareaaddi  =e= sum((1,J,K),NEW_ACHX*(add_ai(l,J,K)+0.0
001)**(BETA(LJ)));

areahucosti.. ~ costareahul  =e= (J,NEWACHU*(addahui(J)+0.0002)*(
BETAHU()):

areacucosti..  costareacui  =e=  sum(I,NEW_ACCU*(add_acui(1)+0.0001)**(B
ETACU(1));

totalareacosti.. areacosti  =e=  costareaaddi+costareahui+costareacui;
capcostperyri.. capitalcosti =e= (fixcosthxi+areacosti);

*objil ; H+C utility cost
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*oji2 ; Fixed cost of "NEW" HX
*oji3 : Additional area cost (assume 5yrs)
*ohjii : Total annual cost

objil.. costil =e=  costhun+costeuri;

obji2. costi2 =e= (fixcosthxi);

0bji3.. costi3 e (costareaaddi+costareahui+costareacui);
obji. costii =e=  costi l+costi2+costi3;

Kkkkkkkkkkkkkkkkhhkkkkkkkkk £]]\[£) RETROFIT

*HEAT CONSTRAINT FOR LAST SUB-STAGE (ALL SPLITTING STREAM
ARE MERGED,NO HEAT TRANSFERRING)
QSKLAST(1,J,K,BH,BC).. q(lJ,K,BH,BC,SKLAST)=E= {;

* 1 OVERALL HEAT BALANCE FOR EACH
STRE AM* kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkx

HOTEQ().  FH(J*THING)-

THOUT()]  =E=  SUM((K,BH.J,BC,SK)S[(ORD(K) NE
"CARD(K))AND(ORD(SK) NE CARD(SK))],a(1.J,K,BH,BC,SK)) + acu(l);
COLDEQ().  FC{MTCOUT()-

TCNG)]  =E=  SUM((K,BC,,BHSK)$[(ORD(K) NE
CARD(K))AND(ORD(SK) NE CARD(SK))L,a(1,J,K,BH,BC.SK)) + ghu(l);

*2. HEAT BALANCE AT EACH STAGE

QHC_K(K)$[ORD(K) NE CARD(K)].. ghc(K) =E= SUM(I,qhK(K.D));
QHK_K(K,)$[ORD(K) NE CARD(K)].. ~ FH(I)*[th(I,K) -

th(LK+)] —E= ghK(K,I);

QHK_SK(K,)$[ORD(K) NE

CARD(K)].. ghK(Kl)  =E= SUM(BH,ghKh(K,I,BH));
SUMJ_BC_Q(I,K,BH,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
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CARD(SK))].. ah(K,I,BH,SK) =E= SiiM((J,BC),q(UK,BH,BC,SK));
MSK QH(K,I,BH)$[ORD(K) ne

CARD(K)].. qhKb(K,I,.BH)  =E= SUM(SK$(ORD(SK) NE

CARD(SK)),qh(K,I,BH,SK));

QCH_K(K)$[ORD(K) NE CARD(K)]..  qch(K) =E= SUM(J,acK(K J));

QCK_K(KJ)$[ORD(K) NE CARD(K)]..  FC(J)*[tc(J,K) -

te(J,K+ )] =E= qeK(KJ),

QCK_SK(K.J)$[ORD(K) NE

CARD(K)].. qeK(KJ)  =E= SUM(BC,qcKh(K,J,BC));

SUMI_BH_Q(J,K,BC,SK)$[(ORD(K) NE cARD(K))AND(ORD(SK) NE

CARD(SK))].. qc(KJ,BC,SK) =E= SUM((I,BH),q(1,J,K,BH,BC,SK));

SUMSK_QC(K,J,BC)$[ORD(K) NE

CARD(K)].. (cKh(K,J,BC)  =E= SUM(SK$(ORD(SK) NE

CARD(SK)).qc(K,J,BC,SK));

HOTCOLD K(K)$[ORD(K) NE CARD(K)].  ghe(K) =E=  qeh(K):
*3, HEAT BALANCE AT EACH SUB-STAGE

AVARIABLE]

QH_SK(I,K,BH,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))]..  ah(K,I,BH,SK) =E=fhpt(l,K,BH,SK) - thpt(l,K,BH,SK+l);
HOT SK(I,K,BH,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))].. ~ fhpt(1,K,BH,SK) -

fhpt(1,K,BH,SK+l) ~ =E="fhp(1,K,BH)*[thp(I,K,BH,SK)-thp(1,K,BH;SK+I)];
FHPT SK(I,K,BH,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))]..  fhp(I,K,BH)*thp(I,K,BH,SK)  =E= " fhpt(I,K,BH,SK);
QC SK(J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]..  qc(K,J,BC,SK) =E= fept(J,K,BC,SK)-
fept(J,K,BC,SK+l);

COLD_SK(J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]..  fcpt(J,K,BC,SK) -
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fept(JKBCSKHY)  =E= i e hierimmcanrnomne s
FCPT_SK(J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) N
CARD(SK))]..  fcp(J,K,BC)*tcp(J,K,BC,SK) ~ =E=fept(J,K,BC,SK);
*[FLOW PARAMETER]

HOT SK P(1,K,BH,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))]..  FHP_P(I,K,BH)*[thp(l,K,BH,SK)-

thp(I,K,BH,SK+l)]  =E= fhpt(/,K,BH,SK) - fhpt(1,K,BH,SK+);
FHPT SK_P(I,K,BH,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. FHP_P(I,K,BH)*thp(1,K,BH,SK) =E= " fhpt(l,K,BH,SK);
COLD SK P(J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. FCPP(J,K,BC)*[tcp(J,K,BC,SK)-

tep(J,K,BC,SK+1)]  =E=fept(J,K,BC,SK) - fept(J,K,BC,SK+);

FCPT SK_P(J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. FCP_P(J,K,BC)*cp(d,K,BC,SK)  =E= fept(J,K,BC,SK);

*4, COLD/HOT

Xl LITY* kkkkkkkkkkkkkkkkkkkkkkkkkkhrkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk
*kk

QCULOAD(). qcu(l) ~ =E= [th(l,KLAST)-THOUT(J*FH(1) ;
QHULOAD(). ghu))  =E= [TCOUT(I)-tc().KFIRSTYT*FC() :

*5. TEMPERATURE

AS S I G N M E NT*******************************************************

ASSIGNTHK(1).. THIN()  =E=  th(l,KFIRST);
ASSIGNTH_SK(1,K)$[ORD(K) NE

CARD(K)].. FH()*h(LK) =E=  SUM(BH,fhpt(1 K BHISKFIRST))+
fohpt(1,K):

ASSIGNTH_BYPASSH(I K)$[ORD(K) NE

CARD(K)].. fohpt(1,K) ~ =E= (FH(I)-SUM(BH,fhp(1,K,BH)))*th(1,K);
HMIX(1,K)$[ORD(K) NE

CARD(K)]. FH(I)*th(I,K+l) =E= SUM(BH,fhpt(1,K,BH, SKLAS
T))+fohpt(1,K);
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ASSIGNTH_TSK(1,K,BH)S[ORD(K) ne CARD(K)]
THIK)  =E= thp(l,KBH,SKFIRST

ASSIGNTCK(J).. TCINQ)  =E= tc(JKLAST));
ASSIGNTC_SK(J,K)$[ORD(K) NE

CARD(K)].. FC()*c(J,K+) =E= SUM(BC,fept(J,K,BC, SKLAST)) m
+oept(J,K+);

ASSIGNTH_BYPASSC(J,K)$[ORD(K) NE
CARD(K)].. focpt(J,K+1) =E= (FC())-
SUM(BC,fep(J,K,BC)))*te(J,K+1):
CMIX({J,K)$[ORD(K) NE
CARD(K)].. FC)*tc(J,K) =E= SUM(BC,fcpt(J,K,BC,SKFIRS
T))+fbept(J,K+);
ASSIGNTC _TSK(J,K,BC)$[ORD(K) NE CARD(K)]
TC(JK+1)  =E= tcp(J,K,BC,'SKLAST));

*[FLOW PARAMETER]

ASSIGNTH_SK_P(1,K)S[ORD(K) NE

CARD(K].  FH()*th(LK) =E=  SUM(BHFHP P(l.K,BH)*thp(l,K,BH,
KFIRST))+FBFIPT P(1,K)

ASSIGNTH_BYPASSH_P(I,K)$[ORD(K) NE

CARD(K].  FBHPT P(LK) =E=  (FH()-
SUM(BH,FHP_P(1,K,BH)))*h(1,K):

HMIX_P(1,K)$[ORD(K) NE

CARD(K)].. FH(I)th(1 K+l) =E= SUM(BH,FHP_P(I,K BH)*thp(l
K BHISKLAST)+(FF[(1)-SUM(BPI,FHP_P(1,K,BH)))*h(l,K):
ASSIGNTC_SK_P(J,K)S[ORD(K) NE

CARD(K].  FC(I)*tc(J,K+]) =E=SUM(BC,FCP_P(J,K,BC)*cp(JK BC,
SKLAST)J#FBCPT P(JK+1);

ASSIGNTH_BYPASSC_P(J,K)$[ORD(K) NE

CARD(K)].  FBCPT P(LK+) =E=  (FC())-
SUM(BC,FCP_P(JK.BC)))*c(l K+);

CMIX_P(3,K)$[ORD(K) NE
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CARD(K)].. FCU)Mc(lK) = SUM(BC,FCP PUIK BC)Hcp()
K BCISKFIRST))#(FC(3)-SUM(BC,FCP_P(J,K BC)))*c(J,K+1)

CON STR Al NT************
*[VARIABLES]
CON_FLOWH1(1,K,BH)$[0RD(K) NE
CARDKK).  fhp(LKBH) =L= FH(l):
CON_FLOWH2(1,K BH)$[ORD(K)NECARD(K)]..  fhp(IK.BH) =G= 0
CON_FLOWCI(J,K BC)$[ORD(K) NE
CARD(KK).  fep(lK,BC) =L=  FC())
CON_FLOWC2(J,K,BC)S[ORD(K) NE CARD(K)]..  fep(JKBC) =6= 0;
*[FLOW PARAMETER]
CON_FLOWHI_F_P(1,K,BH)$[ORD(K) NE
CARD(K).  FHP P(LK,BH) =L= FH():
CON_FLOWH2_F P(1,K BH)$[ORD(K) ne
CARD(K)].  FHP_P(KBH) =G= 0
CON_FLOWCI_F_P(J,K BC)$[ORD(K) NE
CARD(K)].  FCP_P(JKBC) =L= FC()
CON_FLOWC2_F _P(JK,BC)$[ORD(K) NE
CARD(K)].  FCP_P(K,BC) =G=
*[ MATCH (Z) -PARAMETER]
*CON_FLOWH3_Z_P(1,K,BH,SK)$[(ORD(K) ne CARD(K))$(ORD(SK) ne
CARDGK)).  fhp(LKBH) =L=  SUM((J,BC),Z_P(IJ K .BH,BC,SK))*FH(
) ;
*CON_FLOWC3 Z P(J,K,BC,SK)$[(ORD(K) NE CARD(K))$(ORD(SK) NE
CARD(SK))l.  fep(lK,BC) =L= SUM((1,BH),Z_P( K BH,BC,SK))*FC(
J) ;
*)[ MATCH+FLOW (Z) -PARAMETER]
*CON_FLOWH3 ZF P(I,K,BH,SK)$[(ORD(K) NE CARD(K))$(ORD(SK) NE
CARD(SK))l.  FHP_P(1.K,BH) =L=SUM((J,BC),ZJP(l,J,K,BH,BC,SK))*
FH(1);
*CON_FLOWC3_ZF_P(J,K,BCSK)$[(ORD(K) NE CARD(K))$(ORD(SK) NE
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CARD(SK))]..  FCP_PUKBC) =L= SUM((I,BH),Z P( ,K,BH,BC,SK))*
FC);

*6, TEMPERATURE

THFEAS_K(1,K)$[ORD(K) NE CARD(K)].. th(1K) =G=  th(l,K+])
THPFEAS_SK(IK,BH,SK)S[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARDSK)].  tho(LKBH,SK)  =G= thp(I,K BH,SK+I)
THFEAS_KLAST(). th(TKLAST) =G= THOUT(l)
TCFEAS_K(J,K)$[ORD(K) NE CARD(K)].. oK) =G= te(IK+l);
TCPFEAS_SK(JK.BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARDSK)].  tcp(lK,BC,SK)  =G= tep(JK,BCSK+);
TCFEASKFIRST()). t(J KFIRST) =L= TCOUT())

*1. FLOW

FE AS I B | L | TY kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

*[VARIABLE]

SUMFHP(1,K)$[ORD(K) NE

CARD(K)].  SUM(EHp(lKBH))  =L=  FH();
SUMFCP(J K)$[ORD(K) NE

CARDK)].  SUM(BCftplKBC)  =L= FC());
*[FLOW PARAMETER]

SUMFHP_P(1,K)S[ORD(K) NE

CARD(K). SUMBHFHP PUKBH)  =L= FH():
SUMFCP_P(JK)$[ORD(K) NE

CARD(K). SUM(BCFCP PUKBC)  =L= FC())

*8.LOGICAL CONSTRAINTS [HEAT EXCHANGE

ypas ] kkkkkkkkkkkkkkkkkkkkkkkkkkkkk

kkkkkkkkkkkk heat EXCHAN G E* kkkkkkkkkkk



* Z-VARIABLE]

LOGq(l,J,K,BH,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. q(1J,K,BH,BC,SK) - OMEGA(I,))*z(1,J,K,BH,BC,SK) =L= 0;
LOGQCU(1).. qeu(l) - HCT P(I)*zeu(l) =L= 0

LOGQHU(J).. ghu(d) - CCT_P(J)*zhu()) =L= 0

*[Z-PARAMETER]

LOGQ P(I, TK,BH,BC,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))].. q(1,J,K,BH,BC,SK) -

OMEGA(I,0)*Z_P(1J,K,BH,BC,SK) =L= 0;
LOGQCU_P(l)..qcu(l)-HCT _P(I)*2CU P(l) =L= O

LOGQHU P(J).. ghu(d) - CCT P(J)*ZHU PQ) =L= 0;

*9.0THER

OQN TRA'NT kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

************M AXIMUM mat Ching************

*[ z- VARIABLE]

CONZI(I,K,BH,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]. SUM((J,BC),z(IJK,BH,BCSK)) =L= L
CONZ2(J,K,BC,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))].. SUM((I,BH),z(1J,KBH,BCSK)) =L= L
CONZ3(1,J,K)$[ORD(K)NECARD(K)].. nexh(I,K) =E= " nexc(JK);
CONZH(1,K)$[ORD(K) NE CARD(K)].

nexh(l,K) =E=  SUM((J,SK,BH,BC),z(1,J,K,BH,BC,SK));
CONZC(J,K)$[ORD(K) NE CARD(K)].

nexc(J,K) =E= SUM((I,SK,BH,BC),z(I,J,K,BH,BC,SK));

* Z-PARAMETER]

CONZI_P(I,K,BH,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))].. SUM((),BC).Z P(ILJK,BHBCSK)) =L= L
CONZ2_P(J,K,BC,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))].. SUM((I,BH),Z P(1JKBHBCSK)) =L= [
CONZ3 P( ,K)$[ORD(K) NE CARD(K)].. ZH P(I,K) =E= ZC P(JK);



CONZH_P(1,K)$[ORD(K) NE
CARD(K).  ZH_P(LK) =E=  SUMI(J,SK,BH,BC)Z_P(lJ,K,BH,BC,SK))
CONZC_P(J,K)$[ORD(K) NE
CARD(K)].  ZC_P(1K) =E= SUM((1,SK,BH,BC)Z_P(lJ,K,BH,BC,SK))

*MASS BALANCE AT EACH STAGE
MASSK H1(1 K)$(ORD(K) NE CARD
SUMBH.fip(l K.BH))  =E=  FH();
MASSK C1()K)$(ORD(K) NE CARD
SUM(BCfep(lK,BC))  =E= FC())

=

). SUM(BH,fho(L,K BH)+(FH()-

). SUM(BC fep(3,KBC))+(FCL)-

A —

\—/

* Heat Exchange and Heat & Cold utility CONStraints.........c..uuvvveees
*Cold utility....

CON CUI .. SUM(I,acu(l))=G= CUMIN;
CONC 2.  M(l,gcu(l))=L= CUMAX,;
CON_CU3(I).. geu(l) =L= zcu(1)*HCT P(I);
CON CU4 .. TOTAL CU =E= SUM(1,qeu(l));
*Hot utility. .

CON HUI .. SUM{J,ghu(J))=G= HUMIN;
CON HU2 .. SUM{J,0hu(J))=L= HUMAX;
CON_HU3(J).. ghu(J) =L= zhuQ)*CCT_P(J);
CON_HU4 .. TOTAL HU =E= SUM(J,qhu(J));

*/\kk !:*****:( * gACJ qAJVJQg************

¥ 2- VARIABLE]

CON EX.. SUM((1J,K,BH,BC.SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))],q(1,J K. BH,BC,SK)) =6= HUMAX-TOTAL_HU:

CONQ_UP( ,K,BH,BC,SK)$[(ORD(K) NE cARD(K))AND(ORD(SK) NE
CARD(SK))]

. q( KBHBCSK) =L=  z(1,JK,BH,BC,SK)*QUP_P(1,JK BH,BC.SK)
CONQ_LO( ,K,BH,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]
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. o(lLJKBHBCSK) =G=  z(1,JKBH,BC,SK)*QLO P(1.J K BHBCSK):

* 10, CALCULATION OF APPROACH

TE M PE R AT U R E kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkx

4 Z- VARIABLE]

DTHMAX(1,JK BH,BC,SK)${(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))].  dth(l,JK,BHBC,SK) =L= thp(l,K BH SK)-
tep(3,K BC;SK)+ GAMMA(LJ)*(-2(1,) K BH,BCK));
DTCMAX(11.K,BH.BC SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))].  dtc(1JK.BH.BC,SK) =L= thp(1,K BH,SK+)-
tep(J K BC,SK+1)+GAMMA(LJ)*(1-2(1,1 K BH.BC,5K))
DTCUMAX().  dicul) ~ =L= th(lKLAST):
TCUOUT+GAMMAH(I*(:zcu(1);

DTHUMAX()..  dihu()  =L= THUOUT-

te(J, KFIRST )+ GAMMAC() - zhu(l);

DTHMLN(1,J,K BH,BC,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))]. (1K BH,BC,SK) =G=" EMAT:
DTCMIN(,J,K,BH,BC,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))]..  dtc(lKBH,BC,SK) =G=  EMAT:

DTCUMIN().. dteu(l)  =G= EMAT;

DTHUMING)..  dihu()  =G= EMAT:

4 Z- PARAMETER]

DTHMAX_P( K BH,BC,SK)${(ORD(SK) NE CARD(SK)) AND (ORD(K) NE
CARD(K))].. ~dth(l,JKBHBC,SK) =L= thp(l,K BH SK)-
tep(3,K,BC,SK)+GAMMA(LJ)*(-Z_P(1J,K BH,BC.SK));
DTCMAX_P(1,J,K,BH,BC,SK)$[(ORD(SK) NE CARD(SK)) AND (ORD(K) NE
CARD(K))]. ~ dtc(lJKBHBC,SK) =L= thp(IK BH,SK+)-

tep(J,K BC,SK+1)+GAMMA(LJ)*(1-Z_P(1,} K BH,BC,5K));
DTCUMAXP(I).  dicul)  =L= th(l, KLAST)-
TCUOUT+GAMMAH(I)*(1-2CU_P(1);
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DTHUMAXP(J).  dthu) =L= THUOUT-
te(J KFIRST +GAMMAC()*(:-ZHU PQ))

DTHMIN P(1,J,K BH,BC,SK)$[(ORD(SK) ne CARD(SK)) and (ORD(K) ne
CARD(K))].  dth(1JKBHBCSK) =G= EMAT:
DTCMIN,P(l,J.K.BH,BC.SK)$[(ORD(SK) ne CARD(SK)) and (ORD(K) ne
CARD(K))]..  dtc(lJKBHBCSK) =G= EMAT;
DTCUMINP(l).  dtcu(l)  =G= EMAT;
DTHUMINP(J).  dthu()) =G= EMAT;

* 11. AREA
EQUATION
LMTH(I,J,K,BH,BC,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) NE
CARD(SK))] .. LMTDHX(I,J,K,BH,BC,SK) =L=
0.5%(dth(1,J,K,BH,BC,SK)+dtc(l,J,K,BH,BC,SK));
LMTD(U,K,BH,BC,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))].. LMTDHX(U,K,BH,BC,SK) =E=
(2/3)*((ath(1,J,K,BH,BC,SK)+0.001)**0.5)*((dtc(1,J,K,BH,BC,
SK)+0.001)**0.5)+(I/6)*dth(l,J,K,BH,BC,SK)+(I/6)*dtc(l,J,K,BH,BC,SK);
LMTCUCc(I).. LMTCU(I) =L= 0.5*(dtcu(l)+(th(l, KLAST')-THOUT(1)));
LMTDCU(l).. LMTCU(I) =E=
(2/3)*((dltcu(1)+0.001)**0.5)*((DTCUP(I)+0.001)**0.5)+(1/6)*dtcu(l)+(1/6)*DTCU
P();

LMTDHU(J).. LMTHU() =E=

(213)*((dthu(3)+0.00 ** 5)*((DTHUP(J)+0.00L)**0.5)+(1/6)*dthu(3)+{I/6}*DTH
UPQ)

LMTHUC()). LMTHUQ) =L= 5*(dthu()+(TCOUT()- te(JIKFIRSI)):

AREA(1,J K:BH,BC,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) NE
CARD(SK))]..g(1,J.K BH,BC,SK)-
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(a(1,J,K BH,BC, SK)**(/BETA(U))*U(U)*LMTDHX(1,) K BH,BC SK)) =L= 0
AREACU(I)..  qeu(l)-(acu(ly**(IBETACU(I)*UCU(*LMTCU() == 0
AREAHU().  ahu(d)-(ahu(d)**( UBETAHU()*UHU(J*LMTHUQ) <L= 0

) vkkkkkkkkkkkkkkkkkkkkkkkkkk R ET R O F I T

add_area_lo(1.JK,BH,BC,SK)S[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. add_a(l,J,K BH,BC,SK)-(0.0001**(1/0.6)+4.308869E-7)

L= AREAMAX-

(3(1,3,K,BH,BC,SK)#0.0002)** (IBETA(L)JFEX_Ai(1,J,K)*z(1,},K BH,BC,K);
add area lo_P(1,J K BH,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]. add._a(l,J,K,BH,BC,SK)-(0.0001**(1/0.6)+4.308869E-7)

-L= AREA MAX-
(a(1,3,K,BH,BC,SK)#0.0002)**(IBETA(I,)+EX_Ai(1.,K)*Z_P(1,J K BH,BC.SK)
5
add area_hi(1J,K,BH,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. add_a(l,J,K,BH,BC,SK)-(0.0001**(1/0.6)+4.308869E-7)

=G= (a(l,J K BH,BC.SK)+0.0001)**(/BETA(,))-
EX_Ai(l,K)*2(1,J K. BHBC,SK):
add area hi_P(1,J,K BH,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]. add a(1,J,K BH,BC,SK)-(0.0001**(1/0.6)+4.308869E-7)

=G= (a(l,) K BH,BC,SK)+0.0002)**(UBETA(1J))-
EX_Ai(lJK)*Z_P(1,JK,BH,BC.SK)

add areacu lo(l)..  add_acu(1)-(0.0001**(1/0.6)+4.308869E-

1) =L= AREA MAX-(acu(1)+0.0001)**(I/BETACU(I))+EX_ACUi(l)*zcu(l);
addareaculoP(l).. add acu(l)-(0.0001 **(1/0.6)+4.308369E-

1) =L= AREAMAX-
(acu(1)+0.0002)**(I/BETACU(I))+EX_ACUi()*ZCU_P(1);

add areacu hi(l)..  addacu(l)-(0.0001**(1/0.6)+4.308869E-

7 =G=(acu(1)+0.0002)**( YBETACU(I))-EX_ACUi(l)*zcu(l);



add areacuhi P(I)..  add acu(l)-(0.0001 **(1/0.6)+4.308869E-

1) =G=(acu(1)+0.0001)**(I/BETACU())-EX_ACUiI(I)*ZCU P(I);
add areahu lo(J)..  add ahu(J)-(0.0001 **(1/0.6)+4.308869E-

1) =L= AREA MAX-
(ahu(J)+0.000L)**(/BETAHU(J))+EX_AHUI(J)*zhu(J);

add areahuJo P(J).  add ahu(J)-(0.0001**(1/0.6)+4.308869E-

1) =L= AREA MAX-

(ahu(J)+0.0001)**( YBETAHU(J))+EX_AHUI(J)*ZHU_P(J);

add areahu hi(J).  add_ahu(J)-(0.0001**(1/0.6)+4.308869E-

1) =G=(ahu(J)*+0.0001)**(I/BETAHU(J))-EX_AHUI(J)*zhu(J);
add areahu hi P(J).  add ahu(J)-(0.0001 **(1/0.6)+4.308869E-

1) =G=(ahu(J)+0.0001)**(I/BETAHU(J))-EX_AHUIi(J)*ZHU P(J);

add_hu(l).. addqgcu(l) =G=  qeu(l)-EX_qcui(l)*EX_Zcui(l);
addcu(J).. addghu(J) =G= ghu(J)-EX_ghui(J)*EX_Zhui(J);

add hxl( ,K,BH,BC,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))].. z(1,J,K,BH,BC,SK)-

EX zi( ,K)  =E= new z(1,J,K,;BH,BC,SK);
add_hxl_P(UK,BH,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. Z_P(l,J,K,BH,BC,SK)-

EX zi(lJK)  =E= NEW Z P(l,J,K,BH,BC,SK);
add_hx2(1,J,K,BH,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. EX zi(l,J,K)+new z(1,JKBH,BCSK) =L= [
add_hx2 p( ,K,BH,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. EX zi(lJ K*NEW z p( ,KBHBCSK) =L= L
add cul(l)..  zeu(l) =E= EX zcui(l)+new_zcu(l);

add cul P(1).. ZCU P(I) =E= EX_zcui(I+NEW _ZCU P(l);
add_cu2(l)..  EX zcui(l)+new zeu(l) — =L= 1

add_cu2 P(I).. EX zcui()+NEW ZCU P(I) =L= L

add hul(J)..  zhu() =E=  EX zhui(J)+new_zhu(J);

add hul P(J). ZHU P({J) =E= EX_zhui(J+NEW_ZHU P(J);
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add huz2(J).. EXzhui(J)Inew zhu(J)  =L= 1
add_hu2 P(J).. EX zhui(J)tNEWZHUP(J) =L= 1

numberHX..  counthx  =E= sum((l,J,K,BFI,BC,SK),z(I,J,K,BH,BC,SK))+s
um(l,zeu()"siftri(J,zhu());

numberEIX r. counthx r  =E= sum((l,J,K,BH,BC,SK),new z(I,J,K,BH,BC,
SK))+sum(l,new_zcu(l))+sum(J,new_zhu(J));

hxcost r. costhx r =E= sum((I,J,K,BH,BC,SK),NEW CFHXinew z(U,
K,BH,BC,SK));

hucost.  costhu =E= sum(J,NEW_CHU*ghu(J));

hucostr.. costhur  =E=  sum(JNEW CHU*(EX_ghui(J)+add_ghu(J)));
cucost..  costcu =E=sum(I,NEW _CCU*qcu(l));

cucost r. costeu r  =E=  sum(I,NEWCCIJ*(EX_gcui(l)+addgcu(l)));
fixnxcost.  fixcosthx ~ =E= = NEW CFHX*counthx_r;

areaadd..  addarea  =E= sum((l,J,K,BH,BC,SK),add_a(l,J,K,BH,BC,SK));
areaaddcost.. costareaadd =E=sum((l,J,K,BH,BC,SK),NEWACFIX*(adda(
,K,BH,BC,SK)+0.0001)**(BETA(I,J));

areahucost.  costareahu ~ =E= sum(JNEW_ACHET*(add_ahu(J)+0.0001)**(B
ETAFFUQ));

areacucost.  costareacu  =E= sum(I,NEW ACCET*(add_acu(1)+0.0001)**(BE
TACU())

totalareacost. areacost  =E=  costareaadd+costareahu+costareacu;
capcostperyr.. capitalcost =E=  (fixcosthx+areacost);

*obj 1 HtC utility cost

*00j2 : Fixed cost of "NEW" HX
*0bj3 : Additional area cost
*0bji : Total annual cost

objl.. costl =E= costhur+costcur;
0bj2.. cost2 =E= fixcosthx;



0bj3.. cost3 =E= areacost;

OBJFNL. OBJcostl  =E= costi;

OBJFN2.. OBJcost2  =E= costl+cost2;
OBJFN3.. OBJcost3  =E= costi+cost3;
obji.. costi  =E= costl+cost2+cost3;

kkkkkkkkkkkkkkkkkkkkkhhhhhkk END RETROFIT

2**************************************

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

MODEL NONISOI "NONISOI MINLP*
|

hoteqi,coldeqi,hotk,coldk,ghnoniso,genoniso,gcooler,gheater, thinassign, teina
ssign,
monoth,monothout, monotc,monotcout,thoutst, tcoutst,logif,logig,sumf,sumg,logigi,lo-
giqeu,logighu,
dthimin,dtcimin,dtcuimin,dthuimin,logidthi,logidtci,logidtcu,logidthu, LMTDi,LMT
DCUI,LMTDHUI,
AREAI, AREACUI, AREAHUI,
*****RETROFIT*****
add hui,add cui,add areai_hi,add areailo,
add areacui_hi,add areacui lo,add areahui_hi,add areahui_lo,
add_hxi2,add_hxi 1%dd_cui2,add_cui 1%dd_hui2,add_hui?,
numberHXi,numberHX_ri,hxcost ri,hucosti,hucost_ri,cucosti,cucost_ri,fixhxcosti,
areaaddi,areaaddcosti,areahucosti,areacucosti,totalareacosti,capcostperyri
objil,obji2,00ji3,00jii /

MODEL FLOW "MINTAC 1= UC NLP"
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/

QSKLAST,HOTEQ,COLDEQ,QHC_K,QHK_K,QHK SK,SUMJ BC Q,
UMSKQH,
QCH_K,QCK_K,QCK_SK,SUMI BH_Q,SUMSK QC,HOTCOLD K,QH SKHO
T SK,FHPT SK,
QC _SK,COLD SK,FCPT SK,ASSIGNTH_K ASSIGNTH_SK ASSIGNTH_BYPA
SSH,HMIX,ASSIGNTH_TSK,
ASSIGNTC_K,ASSIGNTC SK,ASSIGNTH_BYPASSC,CMIX,ASSIGNTC TSK,
CON FLOWH1,CON_FLOWH2SUMFHP,CON_FLOWC 1ON_FLOWC2,SUM
FCP,
THFEAS KJHPFEAS SKJHFEAS KLAST,TCFEAS K ,TCPFEAS SK TCFEA
_KFIRST,
QCULOAD,QHULOAD,LOGQ P,LOGQCU P,LOGQHU P,MASSK_H1,MASS
K Cl,
CONCUIEON_CU2,CON_CU4,CON H 1CON_HU2,CON_HU4,CON_EX,
DTHMAX_P,DTCMAX P,DTCUMAX_P,DTHUMAX PDTHMIN P,DTCMIN _
P.DTCUMIN PDTHUMIN P
*kkkk retrofit *kkkkk
add hu,add cu,add area hi P,add area lo P,
add areacu_hi_P,add areacu lo P,add areahu_hi P.add areahu_lo P,
addJix2_p,add_hx1P,add cu2 P,add cul P,add hu2 P,add hul P,
hucost,hucost_r,cucost,cucost r,obj LOBJFN1  /

MODEL STRUCTURE "MIN TAC2 = UC+NoHX___ MILP”
/

QSKLAST HOTEQ,COLDEQ,QHC_K,QHK_K,QCH_K,QCK_K,QHK_SK
SUMJ BC_Q,SUMSK_QH,
QCK_SK.SUMI_BH_Q,SUMSK_QC,HOTCOLD K,
QHJISK,HOT SK_P,FHPT SK_P.QC_SK,COLD SK_P,FCPT SK_P,
ASSIGNTH_K ASSIGNTH_SK_P,ASSIGNTH_BYPASSH_P,HMIX_P,ASSIGNT
HTSK,
ASSIGNTC_K,ASSIGNTC_SK_P,ASSIGNTH_BYPASSC_P,CMIX_P,ASSIGNT
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CTSK,

CON_FLOWHI_F P,CON_FLOWH2 F P,CON_FLOWCI_F P,CON_FLOWC2_
F_p,

THFEAS K, TFIPFEAS SK THFEAS KLAST,TCFEAS K TCPFEAS SK,TCFEA
SKFIRST,

QCULOAD,QHULOAD,LOGQ,LOGQCU,LOGQHU,MASSK_H IMASSK _C15
CON_CUITON_CU2TCON_CU3,CON CU4,CON HUITCON HU2,CON HU3.C
ON_HU4,CON_EX,
DTHMAX,DTCMAXDTCUMAXDTHUMAXDTHMINDTCMINDTCUMIN,D
THUMIN,

*kkkk [/\HTROFﬂ' *kkkkkk

add_huadd cu,add_hx2,add hx 1&dd cu2,add culadd_hu2,add_hu17
numberFIX,numberFIX_r,hxcost_rhucost,hucost_r,cucost,cucost_r,obj 1,00j2,0BJFN
2

MODEL FLOWarea "MINTAC3 = UC+AC__ NLP"
/

QSKLAST,HOTEQ,COLDEQ,QHC K,QHK K,QHK SK,SUMJ BC Q,
UMSKQH,
QCH_K,QCK K,QCK SK,SUMIbh qg,sumsk_qchotcold k, o
QH_SKHOT SK,FHPT SK,QC SK,COLD SK,FCPT SK,
ASSIGNTH_K ,ASSIGNTH_SK,ASSIGNTH_BYPASSH,FIMIX,ASSIGNTH_TSK,
ASSIGNTC_K,ASSIGNTC_SK,ASSIGNTH_BYPASSC,CMIX,ASSIGNTC_TSK,
CONFLOWH1,CON_FLOWH2,SUMFHP,CON_FLOw ¢ I£ONJLOWC2,SUM
FCP,
THFEAS K, THPFEAS SK THFEAS KLAST,TCFEAS K TCPFEAS SK,TCFEA
SKFIRST,
QCULOAD,QHULOAD,LOGQ P,LOGQCU _P,LOGQHU_P,MASSK_HI,MASS
K Cl,
CONCUZLCON_CU2,CON_CU4,CON_ErU13CON_HU2,CON_FIU4 CONVEX,
DTHMAX P,DTCMAX_P,DTCUMAX P,DTHUMAX P,DTHMIN P.DTCMIN_
P.DTCUMIN_P,DTHUMIN P,
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Imtd,Imtdcu,Imtdhu,area,areacu,areahu,
*kkkk retrofit *kkk*k

add hu,add cu,add area hi padd areao P,

add areacu hi P,add areacuJo p,add areahu_hi p,add areahu lo p,

add hx2 padd hxl p,add cu2 p.add cul padd hu2 padd hul p,
hucost,hucost_r,cucost,cucost r;areaadd,areaaddcost,areahucost,areacucost totalareac
0st,

0bj 1,00)2,003,0BJFN3 /

MODEL NONLINEAR "FINAL"
/

QSKLAST,HOTEQ,COLDEQ,QHC_K,QHK_K,QHK_SK SUMJ BC 0,
UMSKQH,
QCH_K,QCK_K,QCK_SK,  MI BH_Q,SUMSK_QC,HOTCOLD K,
QH SKHOT SKFHPT SKQC SK,COLD SKFCPT SK,
ASSIGNTH_K ASSIGNTH_SK,ASSIGNTH.BYPASSH,HMIX,ASSIGNTH_TSK,
ASSIGNTC_K ASSIGNTC_SK,ASSIGNTH_BYPASSC,CMIX,ASSIGNTC_TSK,
CONFLOWHITONFLOWH?,  MFPEP.CON_FLOWC L.CON_FLOWC2,5UM
FCP,
THFEAS; K THPFEAS_SK THFEASICLAST TCFEAS K TCPFEAS SK,TCFEA
SKFIRST,
QCULOAD,QHULOAD,LOGQ,LOGQCU,LOGQHU MASSK_HIMASSK_Cl,
CON_CUI,CON_CU2,CON_CU4,CON_HULCON_HU2,CON_HU4,CON_EX.C
ONQ_UP,CONQ LO,
DTHMAX, DTCMAX DTCUMAX DTHUMAX,DTHMIN,DTCMIN,DTCUMIN,D
THUMIN,
LMTD,LMTDCU,LMTDHU,AREA AREACU,AREAHU

*kkkk RETROFIT *kkkkk

add_hu,add cu,add area hi,add area lo,
add areacu hi,add areacu lo,add areahu_hi,add_areahu_lo,
add hx2,add_hxladd cu2,add culadd hu2add hul,



numberHX,numberHX r hxcost_r,hucost,hucost_r,cucost,cucostr,fixhxcost,
areaadd,areaaddcost,areahucost,areacucost, totalareacost,capcostperyr,

0bj 1,00j2,00j3,0BJFNL, BJFN2,0BJFN30bji  /

?

*****************************/\ggjstj | N |T|A|_

fILIK) = FH();

gllJK) = FCQ),

qi.l(1,J,K)$(ORD(K) NE CARD(K)) = fI(LJ,K)*(THIN(I) - TCIN(J));
geutl(l)y = 500

ghuil(d) = 200;

dtcuiI(1) = THIN(I) - TCUOUT;

dthui.I(J) = THUOUT - TCINQJ);

dthi.l(UK) = THIN(I) - TCIN(J);
dtci.l(l,J,K) = THIN(I) - TCIN(J);

PAiyyvIETER
AHX_INT(I,J,K,BH,BC,SK)  Areaof HX I-J (Area-linear)
ACUINT(I) Area of HX 1-CU (Area-linear)
AHUJINT(J) Area of HX J-HU (Area-linar)

TH_INT(1,K)
THP_INT(1,K,BH,SK)
TC_INT(JK)
TCP_INT(J,K,BC,SK)

Q_INT(1,J K,BH,BC,SK)
QCUINT(I)
QHUINT(J)
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QHK_INT(K,)
QCK_INT(K,J)

FHP INT(K,I,BH)
FCP_INT(J,K,BC)

Z INT(I,J K BH,BC,SK)
zcu INT(I)
ZHUINT(J)

FBHPT INT(1,K)
FBCPT INT(JK)

DTH_INT(1,J,K,BH,8C,SK)
DTCINT(1,J,K BH,BC,5K)
DTCUINT(I)

DTHUJNT(J)
wixkekikkkreeees RETROFIT PARAMETER FOR SOLVE STRATEGY
8 ey o o Y 1

ADD_AHX_INT(1,J,K BH,BC,SK)

ADD ACU INT()

ADD AHU INT())

ADD_Q INT(1,J K BH,BC SK)

ADDQCUINT()

ADDQHUINT(J)

ADD Z_INT(1,J,K BH,BC,SK)

ADD ZCU_INT(1)
ADDZHUINT(J)

iy aadaasssssss? SOLVE
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STRATEGY  HHHHHH#HHHHHRRAHHHH HHARAHAHHH

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkk SO LVE N O N I SO |

NONISOl.optfile = 2,
option reslim = 5e9;
option iterlim = 2¢9;
OPTION SYSOUT=0N;

$onecho>dicopt. op2
STOPO
MAXCYCLES 350
epsmip 50

Soffecho

SOLVE NONISOI USING MINLP MINIMIZING costii;

DISPLAY

th.Ithpilteltepilzidnew zilailadd ailqtlzcuilacuilnew zcuiladd acm.lqc
1}

add _gcut.l,zhutl,ahui.l,new_zhui.l,add_ahui.l,ghutladd ghui.lf.l.g.l.counthx ril.co

sthxri.l,

costhui.l,costhu_ri.l,costcut.l,costcu ri.l fixcosthxi.|, addareai.l costareaaddi.l,costarea

hui.l,

costareacui.l,areacosti.| capitalcosti.l,costil I costi2.1,costi3.1,costii.l;

**********************************1/\/\0 OP SO LVE

JquJJgQ JHFkkk kR Rk kR Rk kR kkk

AHXINT(1,J,K,BH,BC,SK) = ai.L(1,J,K);
ACUINT(I) = acui.L(1);
AHUJINT(J) = ahui.L(J);

ADD AHX_INT(I,J,K,BH,BC,SK) = add_ai.L(I,J,K);
ADD ACUJNT(I) = add acui.L(1);
ADDAHUINT (J) = addahui.L(J);



a. L(1,J,KBHBC,SK)=AHX_INT(1,J,K,BH,BC,SK):

acu.L(1) = ACU_INT(I);

ahuL(J) = AHU INT(J);

add_a.L(1,J,K,BHBC,SK) = ADD_AHXJINT(I,J,KBH,BC,SK);
add acu.L(I)= ADD ACUJNT(I);

addahu.L(J) = ADD_AHUJNT(J);

DTH_INT(1,J,K,BH,BC,SK) = dthi.L{1,J,K)
DTCINT(1,j,K BH,BC,SK) = dtci.L(1JK):
DTCUINT(I) = dteui.L(1);
DTHUINT(J) = dthui.L(J)

dth.L(1,J,K,BH,BC.SK) = DTHINT(1,J,K BH BC SK):
dtc.L(1,J K,BH,BC,SK) = DTC_ INT(1,J,K,BH,BC.SK):
dtcu.L(1) = DTCUINT(1):
dthu.L(J) = DTHUINT(J):

QCUINT(1) = qeui.L(1);
QHU_INT(J) = ghui.L(J);
QJNT(I,J,K,BH,BC,SK) = qi.L(I,J,K);
QHK_INT(K,I) = sum(J,i.L(1,J,K));
QCK_INT(K,J) = sum(l,gi.L(1J,K));
ADDQCUINT(I) = addgcui.L(1);
ADD QHU INT(J)=add ghui.L(J);

qeu.L(l) = QCUINT(I);

ghu.L(J) = QHUINT(J);

e vsnan e s =Q INT(1,J,K,BHBCSK);
ghK.L(K,I) = QHKINT(KJ);

qeK.L(KJ) = QCK_INT(K,J);

addqcu.L(I) = ADDQCUINT(I);
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add ghu.L(J) = ADD QHU INT(J);

Z P(1J,K,BH,BC,SK) = zi.L(IJK);

zeu_P(1) = zeui.L(I);

ZHUP(J) = zhui.L(J);

NEW Z P(1,J,K,BH,BC,SK) = new zi.L(1,J,K);
NEW_ZCU P(l) = newzcui.L(l);

NEW _ZHU P(J)= newzhui.L(J);

* **’lhp_** *******_H_**

FLOW.optfile = 3;
option reslim = 10000;
option iterlim = 29;
OPTION SYSOUTON;

$onecho>dicopt. op3

STOPO

MAXCYCLES 350

mipoptfile cplex.opt 1

epsmip 20 A
Soffecho

SOLVE FLOW USING NLP MINIMIZING OBJcostl;
DISPLAY
th.l.thp.tc. tcp.l thp. I fep.l,a.l acu.l ahu.l,q.lqcu.l,ghu.l,Z_P,ZCU P.ZHU P
NEW Z PNEW ZCU PNEW ZHU P,add a.l.add acu.l,add ahu.l,add gcu.l,add
ghu.l,costLy;
' OF SOLVE FLOW

ficlere e (iifcicicifiesk @l ~dl Elod e

TC_INT(IK) = tcI(JK):
TCP_INT(J,K,BC,SK) = tep.I(J,K BC,SK):

0



TH_INT(1,K) = th.I(1,K);
THP INT(I,K,BH,SK) - thp.I(1,K,BH,SK);

teI(,K) = TC_INT(K):
tep.I(3,K,BC,SK) = TCP_INT(J,K,BC,SK);
th.1(1,K) = TH_INT(1.K);
thp.I(1,K,BH,SK) = THP_INT(1,K,BH.SK):

DTH_INT(UK,BH,BC SK) = dth.L(U,K,BH,BC SK);
DTC_INT(1,K,BR,BC,SK) = dtc.L(1,J,K BH,BC,SK):

DTCUINT(I) = dtcui. L ()
DTHUINT(j) = dthui.L ()

dth.L(1,J,K,BH,BC,SK) =DTH_INT(l,J,K,BH,BC,SK);
dtc.L(1,J,K,BH,BC,SK) = DTC_INT(1,J,K,BH,BC,SK);

dteu.L(1) = DTCUINT(l);
dthuL(3) = DTHUINT(J)

QCUINT(1) = qeu.L(I);

QHUINT(J) = qhuL(d);
QINT(1,J,K,BH,BC,SK) = g.L(I,J,K,BH,BC,SK);
ADDQCUINT(I) = addgcu.L(1);
ADDQHUINT(J) =addqhu.L(J);

qeu.L(l) = QCUINT(I);

ghu.L(J) = QHUITNT(J);

q.L(1,J,K,BH,BC,SK) = Q_INT(I,J,K,BH,BC,SK);
addqcu.L(l) =ADDQCUINT(I);

addghu.L(J) = ADDQHUINT(J);

Z.L(1,J,K,BH,BC,SK) = Z_P(1,J,K,BH,BC SK):
ZCUL() = ZCU_P(l)
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zhu.L(J) = ZHU P(J);

new z.L(l,J,K,BH,BC,SK) =NEW Z P(l,J,K,BH,BC,SK);
newzcu.L(l)=NEWZCUP();

new zhu.L(J) =nEW_ZHU P(J);

FLOWarea.optfile = 4,
option reslim = 10000;
option iterlim = 2¢9;
OPTION SYSOUTON;

$onecho>dicopt.op4
STOPO
MAXCYCLES 500
mipoptfile cplex.opt 1
epsmip 20

Soffecho

SOLVE FLOWarea USING NLP MINIMIZING OBJcost3;
DISPLAY th.Ithp.ltc. I tcp. l,a. lacu.l,ahu. 1g.l gcu. |,ghu. 1,2 P,ZCU P.ZFTU P
NEW Z PNEW ZCU P,NEW ZHU P,add a.ladd acu.l,add ahu.l

addqcu. l,add_ghu.l,costL1,cost2.1,cost3.;
kkkkkkkkkkkkkkkkkkhkk kkkkkkk *******p;pjp) QP S q I \t|h FLOWarea

FHP_INT(K,I,BH) = fhp.I(1,K,BH)
FCP_INT(JK,BC) = fep.I(J K BC);
FBHPT_INT(1,K) = fohptI(1,K):
FBCPT INT(J,K+1) = focptI(J,K+):

flip. 1(LK,BH) = FHP_INT(K,LBH);
fep.I(J,K,BC) = FCP_INT(J,K,BC);



fohptI(FK) = FBHPT_INT(1,K):
fhept, 1(J,K+1)= FBCPTINT (J,K+1)

AHX INT(1,J,K,BH,BC,SK) = a.l(I,J,K,BH,BC,SK);
ACUINT(I) = acu.l(l);

AHUINT(J) = ahu.l(J);

ADD AHX_INT(I,J,K,BH,BC,SK) = add a.I(I,J,K,BH,BC,SK);
ADD ACU INT(l) = add acu I(F)

ADD AHUJNT(J) = add ahu.l(J);

a.1(LJ,K,BH,BC,SK) = AHXINT(1,J,K,BH,BC SK):

acu.|(1) = ACUINT(l);

ahu.J()) = AHUINT(J):

add_a.L(1,J,K,BH,BC.SK) = ADD AHX_INT(I,J,K,BH,BC.SK):
addacu.L(1) = ADDACUINT(l):

add ahu.L(J)= ADD AHU INT());

TC_INT(IK) = teJ(K):
TCP_INT(J,K,BC.SK) = tep.I(J,K,BC,SK):
THINT(IK) = th(1,K)
THP_INT(1,K BH,SK) = thp.I(1,K BH.SK):

te.|(3K) = TC_INT(K):
tep.I(,K,BC,SK) = TCP_INT(J,K,BC,SK):
th.I(1,K) = TH_INT(LK);
thp.I(1,K,BH,SK) = THP_INT(1,K BHSK):

DTHINT(1,J,K,BH,BC,SK) = dth.L(1,,K,BH,BC SK);
DTC_INT(I,J,K,BH,BC,SK) = dtc.L(1,J,K,BH,BC,SK):
DTCUINT(I) = dtcui.L(1);
DTFIUINT(J) = dthui.L()



dth.L(1,J,K,BH,BC,SK) = DTH_INT(1J K, BH,BC,SK):
dte.L(1,J.K BH,BC,SK) = DTC INT(1,J,K,BH,BC.SK):
dtcuL(1) =DTCUINT():
dthu.L(J) = DTHUINT());

QCUINT(I) = geu.L(I);

QHUINT(J) = ghu.L(J);
Q_INT(I,J,K,BH,BC,SK) = q.L(I,J,K,BH,BC,SK);
ADDQCUJINT(I) =add qeu.L(1);
ADDQHUINT(j) = addghu.L(J);

qeuL(l) = QCUINT():
ghu.L(J) = QHUINT(J);

0.L(1L,K BH,BC,SK) = Q_INT(1J K BH,BC SK):
add qeuL(l)=ADD QCU INT(l):

add ghu.L(J)= ADD QHU INT(J):

z.L(1,J,K,BH3C,SK) =z P(l,J,K,BH,BC,SK);
ZCUL(l)=ZCU_P(l),

zhu.L(J) = ZHU P(J);

new z.L(l,J,K,BH,BC,SK) =NEW,.Z P(l,J,K,BH,BC,SK);
newzcu.L(I) =NEWZCUP(I);
newzhu.L(J) =NEWZHUP(J);
kkkkkkkkkkkkkkkkkkkkkkkkk
NONLINEAR.optfile = 5;

option reslim = 100000;

option iterlim = 2¢9;

OPTION SYSOUT=ON,;

$onecho>dicopt. op5
STOPO



01

MAXCYCLES 700
mipoptfile cplex.opt 1
epsmip 500

Soffecho

SOLVE NONLINEAR USING MINLP MINIMIZING costi;

DISPLAY

th.lthp.Ltc.Ltep.] thp.I fep.la.l.acu.l,ahu.l,.lqcu.l,ghu.l,z.l,zcu.L zhu.L ,new_z.I,new
ZCUL,

new zhu.L,add a.ladd acu.l,add ahu.l,add geu.l,add ghu.l,costl.l,cost2.1,cost3.1,co
sti.l;
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Appendix E: Retrofit for CDU-case study

SETS
| Hot stream/I1 *110/
J Cold stream/J1*J3/
cu  Cold utility /CU1,CU2,CU3/
HU  Hot utility /[HU HU2/
K Major stage /KFIRST K2, KLAST/
SK Sub-stage /SKFIRST,SK2*SK4,SKLAST/
BC  Branch of hot splitting stream /BCL *BC2/

SCALARS

EMAT Exchange minimum approach temperature /5/

TMIN Minimum temperature in HEN /30/

TMAX Maximum temperature in HEN /347.3/

AREA MAX  Miximum area for retrofit HEN /4000/

NEW ACHX  Area cost coefficient of "NEW" process heat exchanger
1389/

NEW _ACCU  Area cost coefficient of "NEW" cold utility /389/

NEW ACHU  Area cost coefficient of "NEW" hot utility /389/

NEW CFAREA  Fixed charges of "Additional-reductional” area /13230/
NEW redAREA  Area cost coefficient of "Additional-reductional” area 70.5/
NEW CFHX  Fixed charges of "NEW" exchanger /26462/

NEWCFCU  Fixed charges of "NEW" cold utility /26462/

NEWCFHU  Fixed charges of "NEW" hot utility /26462/

SPLITcost  Fixed cost for splitting streams /20000/



PARAMETERS
t TEMPERATURE OF STREAM

THIN(I) ~ Inlet temperature of hot stream
[ 10 3194

2 73240
B 3473

4 2635

L 2974

16 248

I 7324

B 2318

9 161

10 1467 |/

THOUT(I)  Outlet temperature of hot stream
N 2241

2 3
B 5
4 1802
510
b 50
740
B 12
9 69.55
10 7324 |
TCIN(J) ~ Inlet temperature of cold stream
30
2 2322
B 262
TCOUT())  Outlet temperature of cold stream
232.2
2 3433

B 218 |

203



204

TCUIN(CU)  Inlet temperature of cold utility
ICUL 20
Cu2 124
Cud 14 |

TCUOUT(CU)  Outlet temperature of cold utility
ICUl 25
CU2 1%
cus 1n |

THUIN(HU)  Inlet temperature of hot utility
[HUL 250
HU2 1000 /

THUOUT  OQutlet temperature of hot utility
[HUL 249
HU2 500 |

*HEAT CAPACITY FLOWRATE OF PROCESS

STREAM....ooovevrsssesssssisssssnnes
FH(1) Heat capacity flowrate of hot stream

136.186

2 6.842

B3 197.49%

4 12306

L 20722

16 63.166

17 57687

18 48526

19 165278

110 253551

/
FC(J) Heat capacity flowrate of cold stream
373.238



12 488.127
339255

NEWCCU(CU)  Per unit cost of cold utility ($*kj- per yr
[CUL  6.713
CU2 234
CU3 459/

NEW CHU(HU)  Per unit cost of hot utility ($*kj-l)per yr
[HU1 7109
HU2 134/

*

t BRANCHFLOW _ [PARAMETER]...cc.coivmsrimrrrrsrrrssine
FCP P(J,K,BC) Branch flow parameter of cold stream
FBCPT P(JK)

t BOUND OF HEAT EXCHANGE _ [PARAMETER].........
QUP_P(I,J,K,BC,SK) Upper bound of heat exchange
QLO_P(1,J,K,BC,SK) Lower bound of heat exchange

t FORLOGICAL CONSTRAINTS _ [PARAMETER]....occcmvrrsrerrsinns

OMEGA(I,J) ~ Upper bound for heat exchange

HCT P(I) ~ Heat content of hot stream

CCT_P(J)  Heat content of cold stream

GAMMA(1,9)  Upper bound for temperature difference

GAMMAH(I)  Upper bound for temperature difference of hot stream
GAMMAC(J)  Upper bound for temperature difference of cold stream
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BETA(I,J)  exponent for area costs of HX [-J
BETACU(I)  exponent for area costs of cooler
BETAHU(J)  exponent far area costs of heater

MOVERALL HEAT TRANSFER COEFFICIENT

Hi(1)
I 1293
0 5063

13 (0.756888101
4 0633

L 1199533618

16 1202472721

I 1099

18 1371456172

19 1373207073

110 1172944732 |

He())
[ 0597369683
2 0788
J3 3190160714 /
HCU(CV)
[ CUL 375
CU2 6
CuU3 6/
HHU(HU)
/ 1 6
2 0111/

206

U(IJ)  overall heat transfer coeff. of heat exchanger of I-J [KW*(m2*K)-

1

UCU(L,CU)  overall heat transfer coeff. of cooler
(J, )  overall heat transfer coeff. of heater

=)= OURIHHQ)
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DTCUP(I,CU)
DTHUP(JHU)

***k**RETROFI t *kk%k%k
EX_Aij(l,)
EX ACU(I,CU)
EX_AHU(JHU)
EX_Z4(1,)
EX_ZCU(1,CU)
EX_ZHU(JHU

)
EX_QCU(I,CU)
EX_QHU(JHU)

DTHUP(J,HU) = max(0, THUIN(HU)-TCOUT(J));
DTCUP(I,CU) = max(0,THOUT(1)-TCUIN(CU));

BETA(U) =
BETACU()
BETAHU(J)
() =U(H
ucu(,cu)
UHU(JHU)

1
- 1
- 1
Hh(l
II(IHR(1)+UHCU(CU)):

()+1Hc(2));
I
ll(IHc(J)+IHHU(HV));

*****RETROF'T*****
EX_Aij(lJ)
EX_Zij('13',JP)

EX_Zij(J15',JP)

(16VJI)
(15,2)

EX_Zij('16Vil
EX_Zij('15',32

= e e =



ex,20(13717)
ex zu( )

ex~z (i )

ex~zai(12, )
ex~zgu('iggeur’)
X,201S% )
exX~zeu('193 1)
ex~z (16" 1)
eX,ze0r9," 1)
exz (e L)
ex~z(u('n\' )
ex-zayg" 1)

eX. AN
ex~A(1) 1)
exX~N¢i(163H')
eXAA(T6T1E)
X, NI(1FTI)
eXA(1T)

ex~n s )
ex AaQuig, 1)
SX“A01I53£W)
ex, AQu(u’ T
eX~NSO(163 T
ex,Aou('19, |
ex A (1 L)
ex~AQN(Tm," 7)
BX~A0U(T10'/ ur)

£X AHU('JIF'HUID

3680

ZIN 1
2
6,6
083

626 1

336
<08
3630
S3*

Igz.fn,
T0TLL-

933

75091

10N

908



EX_AHU(J3HUT) oL,

EX AHU(J2'HU?) 942,
EX ZHUGHU) = o
EX ZHU(JLHUL) = 1.
EX_ZHU(J37THUL)
EX_ZHU(J27THU2) L
EX QCUICU) =
EX_QCU(L7:CU1) 1917 516;
EX_QCU(187CUr) 4770517:
EX_QCU(15,CU 1) 331.068;
EX_QCU(12,'cU 1) 295 574:
EX_QCU(16,CUL) 12506 86;
EX_QCU(197CU D) 16122.869;
EX_QCU(147CU2) 10250.898;
EX_QCU(117CU3) 102548
EX_QCU(110:CUL) 18625.856;
EX QHUGHU) = 0
EX_QHU(J17HUT) 28207;
EX_QHU(J3:HUL) 2198.28;
EX_QHU(J2:HU2) 37582.97;
VARIABLES

*TEMPERATURE OF PROCESS STREAM......ccoocurvvmmmvmmssmssissssissssinn
th(l,K) ~ Temperature of hot stream at stage K
thp(1,K,SK) Temperature of hot stream at sub-stage SK In stage K
tc(J,K)  Temperature of cold stream at stage K
tep(J,K3C,SK) Temperature of cold stream at sub-stage SK In stage K

¢ HEATCAPACITY FLOWRATE OF PROCESS



STREAM.
fep(J,K,BC) Branch flow parameter of cold stream

AMULTIPLE OF TEMPERATURE AND HEAT CAPACITY FLOWRATE
(T*FCP).coo Lo
fept(J,K,BC,SK) Multiple of temperature and heat flow of cold stream
focpt(J,K)
*HEAT EXCHANGE......occovvnrvnsnsmsssssssssssssssmssssssssssssssns
ghK(KJ)  Heat exchange of hot (I-J) at stage K
qcK(K,J)  Heat exchange of cold (I-J) at stage K
counthx
OBJcostl
costi

BINARY VARIABLES

AEXISTENCE OF EXCHANGER......coccocrsvnsssnsssssssinn
2(1,J,K,BC,SK)  Existence of exchanger I-J In each sK
zcu(l,CU)  Existence of cold utility
zhu(J,HU)  Existence of hot utility
new_z(1,J,K,BC,SK)
new zcu(l,CU)  Existence of NEW cold utility
new_zhu(J,HU) Existence of NEW hot utility

POSITIVE VARIABLES

*TEMPERATURE APPROACH......ccccvmssrmssssssssessesssssssssssssisns
dth(l,J,K,BC,SK) Temperature difference at “hot end" of exchanger
dtc(l,J,K,BC,SK) Temperature difference at "cold end" of exchanger
dtcu(l,CU)  Temperature difference of cold utility
dthu(JTU) ~ Temperature difference of hot utility



A1

*LOG MEAN TEMPERATURE DIFFERENCE..........covvsmmsmvmsssssssssssssnnns
LMTDHX(1,J,K,BC,SK)  Log mean emperature difference of exchanger I-]
LMTCU(I,CU) Log mean emperature difference of cold utility
LMTHU(J,HU) Log mean emperature difference of hot utility

EX_AREA(I,J,K,BC,SK)

EX_AREAcu(l,CU)

EX_AREAhu(J,HU)

a(1,J,K,BC,SK)  Heat exchange area of process exchanger
acu(l,CU)  Heat exchange area of cold utility
ahu(J,HU) ~ Heat exchange area of hot utility

*ADDITIONAL AREA
add _a(lJ,K,BC,SK)
add acu(l,CU)
add_ahu(J,HU)

*HEAT EXCHANGE.......ccovsrmssssssssssssmsmssssssssssssssssnes
q(1J,K,BC,SK)  Heat exchange hetween process stream |-J
qeu(l,CU)  Heat exchange of cold utility
ghu(J,HU)  Heat exchange of hot utility

uc Utility cost

NEX Number of exchanger
AC Area cost

BRANCH

TACL

TAC2

TAC3

TAC4

TACS



COST
¢ RETROFIT "COST"

add qgeu(l,CU)
add_ghu(J,HV)
costhu

costcu
fixcosthx
addarea
costareaadd
costareahu
costareacu
areacost
capitalcost

costl

o0S2

cost3
OBJcost2
OBJcost3
totalsavings

SCALARS HI,C;

HI=

Cl=l;

{ LOOP OF HOT PROCESS STREAM....oomrrrrrrsssisvccinrrninns

FOR(HI=I to CARD(l),
HCT _P()$[ORD(I) = HI] = FH(I)*(THIN(I)-THOUT(1));
GAMMAH(I)$[ORD(1) = HI] = THIN(I)-THOUT(I);

{ TEMPERATURE



th. lo(1,K)$[ORD(I) = HI] = THOUT()
th.up(1,K)S[ORD(l) = HI] = THIN(I)
thp.lo(1,K SK)$[ORD(1) = HI] = TMIN;
thp.up(1,K,SK)$[ORD(I) = HI] = TMAX;
} HEAT EXCHANGE
ghK.lo(K,)$[ORD(I) = HI] = ;
ghK.up(K,$[ORD(I) = HI] = HCT_P():
geu.lo(1,CU)$[ORD(I) = HI] = 0;
qeu.up(,CU)$[ORD(I) = HI] = HCT_P(l);
2 LOOP OF COLD PROCESS STREAM............

For(CJ=I to CARD(J),
CCT_P(J)$[ORD(J) = CJ] = FC(I)*(TCOUT()-TCIN())
GAMMAC(J)$[ORD(J) = CJ] = TCOUT())-TCINQ):
{ TEMPERATURE
tc.lo(J,K)$[ORD(J) = CJ] = TCIN(J);
tc.up(3,K)$[ORD(J) = CJ] = TCOUT();
tep.lo(i,K,BC,SK)$[ORD(J) = CJ] = TMIN;
tep.up(J,K,BC,SK)$[ORD(J) = CJ] = TMAX;
t HEAT CAPACITY FLOWRATE
fep.lo(J,K,BC)$[ORD(J) = CJ] = 0;
fep. up(J,K,BC)$[ORD(J) = CJ] = FC(J);
*MULTIPLE OF TEMPERATURE AND HEAT CAPACITY FLOWRATE
(T*FCP)
fept.lo(J,K,BC,SK)$[ORD(J) = CJ] = 0;
fept.up(J,K,BC.SK)$[ORD(J) = CJ] = FC(I)*TMAX;
focpt.lo(J,K)$[ORD(J) = CJ] = (;
focpt.up(J,K)$[ORD(J) = CJ] = FC()*TCOUT(J);
t HEATEXCHANGE
qcK.lo(K,J)$[ORD(J) = CJ] = 0;
qeK.up(K,J)$[ORD(J) = CJ] = CCT_P(J);
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ghu.lo(J,HU)$[ORD()) = CJ] = 0;
ghu/up(J,HU)$[ORD(J) = CJ] = CCT _P(J);

K e BOUNDS

*BOUND OF HEAT EXCHANGE _ [PARAMETER .o
QUP_P(1.JK BC,SK) = MIN(HCT P(1),CCT_P(J)MAX(0,(THIN(I)-TCIN(J)-
EMATI*MIN(EH(1).FC(J)):
QLO_P(1,J,K,BC,SK) = L*U(l )EMAT:

*FOR LOGICAL CONSTRAINTS _ [PARAMETER]......ocovmrmssrmssssssisses
OMEGA(U) = MIN(HCT_P(*CCT_P(J));
GAMMA(1J) = MAX[O,(THIN(I)-TCIN(J)),(THIN(1)-
TCOUT(J)),(THOUT(I)-TCIN()),
(THOUT(I)-TCOUT(J)),(TCIN()-THIN(I)),(TCIN(J)-THOUT(1)),
(TCOUT(I)-THIN(I)),(TCOUT(J)-THOUT(I))];
add_a.up(,J,K,BC,SK) = 0.L*EX_Aij(1,J);
add_a.up(157JI'K,BC,SK) = 0.2*EX_Aij('157JI);
add_acu.up(1,CU) = 0.1*EX_ACU(I,CU);
addahu. up(J,HU) = 0.L*EX_AHU(J,HV);
a.up(l,J,K,BC, SK) = 4000;
acu.up(l,CU) = 4000;
ahu.up(J,HU) = 4000;



(13'jr,K,BC,SK
('15'91'K,BC,SK

all ) = 3280:
al( )
al(157JI’K BC,SK)
all )
al( )

21.4;

=212,
(16" I'K,BC,SK) = 23.32;
(1332, K,BC,SK) = 688 ;
al('15'/32' K,BC,SK) = 67.6;
acu.l('ir,/CU3) = 93.8;
acu.I('12VCUI')= 5.63;
acu.l('14vVCU2)= 101.27;
acu.l('15','cur) = 4.08;
acu.I('16VCUI')= 153;
acu.l('17','cur) = 62.6;
acu.l("18','cur) = 33.6;
acu.I('19VCUI')= 18257,
acu.l('110VCUI) = 250.9;
ahul(jr, HUI)= 1071,
(
(

ahu.I(J2VHU2) = 942;
ahu.|(J3VHUr) = 5L.7:

................................. BQUATION

EQUATIONS
*HEAT CONSTRAINT FOR LAST SUB-STAGE (ALL SPLITTING STREAM
ARE MERGED,NO HEAT TRANSFERRING)

QSKLAST(I,J,K,BC)
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* 1 OVERALL HEAT BALANCE FOR EACH
STR EAM kkkkkkkkkhkkkkkhkkhkkhkkkkkkkhkkhkkhkkkkkkkhkkhkkkk
HOTEQ(l)

COLDEQ())

*2. HEAT BALANCE AT EACH STAGE

HOTCOLD K(K)
QHKK(K,])
QCK_K(K.J)

*3, HEAT BALANCE AT EACH SUB-STAGE
kkkkkk kkkkkhkkkkkkkhkkhk kkkkhkkhkkhkhkhkkkk /5 #H

*[VARIABLE]

QHK_SK(K.)

HOT SK(1,K SK)

QCK_SK(K.J)

COLD_SK(J,K,BC,SK)

*[FLOW PARAMETER]

COLD_SK_P(JK,BC,SK)

*4, COLD/HOT

UTI L |T Y************************************************************

*k%k

QCULOAD(l)
QHULOAD())

*5, TEMPERATURE
ASS | G N M ENT*******************************************************
ASSIGNTHK (1)

ASSIGNTH_TSK(1,K)

ASSIGNTCK())
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CMIX(JK)
ASSIGNTC_TSK(JK,BC)
*[FLOW PARAMETER]
CMIX PUK)

CON_FLOWCI(JK)
CON_FLOWC2(J,K BC)
CONFLOWC L F P(IK)
CON_FLOWC2_F P(J,K,BC)

*7. TEMPERATURE
FEAS | B | LlTY**** kkkkkkkkhkkkkkkkkkkkhkkkhkhkkkhkkhkhhkhhkkhkhkhhk kkkhkkkhkkhkkkkx
THFEAS_K(1,K)

THPFEAS_SK(1,K,SK)

THFEASKLAST(I)

TCFEAS_K(I,K)

TCPFEAS_SK(J,K,BC,SK)

TCFEASKFIRST(J)

*9,LOGICAL CONSTRAINTS [HEAT EXCHANGE
BRANCH+BYPASS]*****************************
************P££AT EXCHANG E************

[ Z-VARIABLE]

LOGq(1,J,K,BC,SK)

LOGQCU(I,CU)

LOGQHU(J,HU)

*10.0THER

C O N ST RA | N TS******************************************************

**M:**>I:******Jy{AXIMUM matchin g kkkkkkkkkkkk
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A Z- VARIABLE]
CONZI(I K)
CONZ2(J,K BC,SK)

kkkkkkkkkkk *CONSTRA I NT* kkkkkkkkkkkkkkkkkkkk

CONCU2
CONJRJ2

* 11, CALCULATION OF APPROACH

TEM PERATU RE*****************************************
% Z- VARIABLE]

DTHMIN(1,J,K BC,SK)

DTHMAX(1,J,K,BC.SK)

DTCMIN(1,J,K,BC,SK)

DTCMAX(1,J,K,BC,SK)

DTCUMIN(I,CU)

DTCUMAX(1,CU)
DTHUMIN(J,HU)
DTHUMAX(J,HU)

*12. AREA

EQ UAT | O N kkkkkkkkkkkkkkkkkkkkkkkkhkkkkhkkkkkkhkkkkkkrkkkrkkkkkkkkkkk

LMTD(1,J,K BC,SK)
LMTHc(1,J,K,BC,SK)
LMTDCU(I,CU)
LMTCUc(1,CU)
LMTDHU(JHU)
LMTHU(J,HU)
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AREA(1,J,K.BC,SK)
AREACU(I,CU)
AREAHU(JHU)

* 13 OBJECTIVE

p{JP\]Q.pjQ]Sq:********************************************************* *

**

OBJINoHX
0BJ2UTIL
OBJ3 AREA
OBJ4BRANCH

OBJFN1
OBJFN2
OBJFN3
OBJFN4
OBJFN5
TOTALCOST
BOUNDTAC

kkkkkkkhkkhkkhkkhkhkkhkhkkkkkkkkkkkkkk* RRTROFTT

EX_AREAHX(1,JK BC SK)
EX_AREAC(I,CU)
EX_AREAH(JHU)

add area lo(l,J,K,BC,SK)
add _area_hi(l,J,K,BC,SK)
add areacu_lo(l,CU)

add_areacu hi(l,CU)
add_areahu_lo(J,HU)
add areahu hi(J,HU)



addhu(l,CU)
add_cu(J,HV)

add_hxI(1,J,K,BC,SK)
add_hx2(1,J,K,BC,SK)
add_cul(1,CU)
add cu2(l,CV)
add_hul(J,HU)
add_hu2(J,HV)

numberHX

hucost

cucost

fixhxcost

areaadd

areaaddcost

areahucost

areacucost

totalareacost «
capcostperyr

0bj 1 objective function to be minimized
0bj2
0bj3

0BJFNR1
OBJFNR?2
OBJFNR3
0bjRI
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*kkkkkkkkkkkkkkkkk *********:]:*j-*:‘-%l:‘-***:l:t*****ﬂnﬂ-~k-| **:|:(-*9a|-*****\-]:-]:k-1:**

*HEAT CONSTRAINT FOR LAST SUB-STAGE (ALL SPLITTING STREAM
ARE MERGED,NO HEAT TRANSFERRING)
QSKLAST(I,J,K,BC).. q(LJ,K,BC,SKLAST)=E= 0

*1 OVERALL HEAT BALANCE FOR EACH
}:**:*.*************************************

HOTEQ(I)..  FH(I)*[THIN(I)-

THOUT()]  =E= SUM((K,J,BC,SK)$[(ORD(K) NE

CARD(K))AND(ORD(SK) NE CARD(SK))],q(1,J,K,BC,SK)) +

SUM(CU,qeu(l,CU));

COLDEQ(J))..  FC)*[TCOUT(J)-

TCIN(J)]  =E= SUM((K,BC,I,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK)

NE CARD(SK))],a(1,J,K,BC,SK)) + SUM(HU,ghu(J,HU));

*2. HEAT BALANCE AT EACH STAGE

QHK_K(K,)$[ORD(K) NE CARD(K)].. ~  FH(I)*[th(1,K) -

th(LK+D)]  =E= ghK(K,I);

QHK_SK(K,1)$[ORD(K) NE

CARD(K)].. ghK(K,I) — =E= SUM((J,BC,SK),q(lJ,K,BC,SK));
QCK_K(K,J)$[ORD(K) NE CARD(K)].. ~ FC(I)*[tc(J,K) -

tc(J,K+1)] =E=  qcK(KJ);

QCK_SK(K,J)$[ORD(K) NE

CARD(K)].. qeK(KJ)  =E= SUM((I,BC,SK),q(1J,K,BC,SK));

HOTCOLD K (K)$[ORD(K) NE
CARDK).  M(geK(KJ) =E=  SUM(LghK(K.))
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*3. HEAT BALANCE AT EACH SUB-STAGE

*[VARIABLE]

HOT _SK(I,K,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE

CARD(SK))..  SUM((J,BC),q(l,J,K,BC,SK))  =E= FH(I)*[thp(I,K,SK)-
thp(1,K,SK+1)];

COLD SK(J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]..  SUM(l,g(UKBC,SK)) ~ =E=fep(J,K,BC)*[tcp(J,K,BC,SK)-
tep(J,K,BC,SK+1)];

*[FLOW PARAMETER]

COLD_SK P(J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]..  SUM(l,q(1,J,K,BC,SK))  =E= FCP P(J,K,BC)*[tcp(J,K,BC,
K)-tcp(J,K,BC,SK+1)];

*4. COLD/HOT

y'pJ L I ‘P Y********** kkkkkkkkkkhhk khhhhhkk khkkkhhkkhhkhhhk kkkk | kkkkkkkx

QCULOAD(I).  UM(CUgeu(l,CU))  =E=  [th(LKLAST)-
THOUT(I)*FH(1) ;

QHULOAD(). SUM(HUghu(JHU))  =E= [TCOUT())
te(J, KFIRST)JFFC()) ;

*5, TEMPERATURE
ASS | G N M ENT*******************************************************
ASSIGNTHK(1).. THIN(Q)  =E= th(L'KFIRST);
ASSIGNTH_TSK(1,K)$[ORD(K) NE CARD(K)]

THIK)  =E=  thp(IK,SKFIRST):

ASSIGNTCK(J).. TCIN()  =E= tc(JIKLAST):
CMIX(3,K)$[ORD(K) NE
CARD(K)].. FCUO)e(K) =E=  SUM(BC.fep(J,K BC)Hcp(I.K,

BC,'SKFIRST));
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ASSIGNTC_TSK(J,K,BC)S[ORD(K) NE CARD(K)]
TCUK+)  =E= tep(JK,BC SKLAST):

*[FLOW PARAMETER]

CMIX_P(,K)$[ORD(K) NE

CARD(K)].. FC(I)*c(J,K+]) =E=  SUM(BC,FCP_P(j,K,BC)*tcp(J
K,BC,'SKLAST))

*kkkkkkk ***FLO CO N ST RAl NT* *kkkkkkkkhkk

*[VARIABLES]

CON FLOWC 1(JK)$[ORD(K) NE

CARD(K).  SUM(BC fep(lK,BC) =L= FC():

CON_FLOWC2(JK BC)S[ORD(K) NE CARD(K)]. fep(K,BC) =G= O
*[FLOW PARAMETER]

CON_FLOWCI_F_P(J,K)$[ORD(K) NE

CARD(K).  SUM(BCFCP._PULK,BC)) =L= FC();
CON_FLOWC2_F_P(J,K,BC)$[ORD(K) NE

CARD(K)]. FCP P(JKBC) =6= 0

* 6. TEMPERATURE

FEAS |B| LlTY********'k***************!

THFEAS_K(I,K)$[ORD(K) NE CARD(K)].. th(l,K) =G=" th(I,K+l);
THPFEAS_SK(1,K,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))..  thp(1,K,SK) =G= thp(l,K,SK+1);

THFEASKLAST(I).. th(l,KLAST) =G=THOUT(l);
TCFEAS K(J,K)$[ORD(K) NE CARD(K)].. tc(J,K) =G= tc(J,K+l);
TCPFEAS_SK(J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]..  tep(J,K,BC,SK) =G=tcp(J,K,BC,SK+I);
TCFEASKFIRST(J).. tc(J,KFIRST) =L= TCOUT(J);

* 8. LOGICAL CONSTRAINTS [HEAT EXCHANGE
BRANCH+BYPASS]*#* sk kxhsxskinhbrbbkhnhobsskk
sk kR kkF ¥ EAT EXCHANGE®** kot



*| -VARIABLE]

LOGq(l,J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. q(l,J,K,BC,SK) - OMEGA(I,))*z(1J,K,BC,SK) =L= 0
LOGQCU(I,CU).. qeu(l,CU) - HCT P(I)*zcu(l,CU) =L= 0;
LOGQHU(J,HV).. ghu(J,HU) - CCT P(J)*zhu(JHU) =L= O

*0.0THER

CONST RAl NTS******************************************************
J g

*kkkhkkkkkk **M AXl M U M MATCH | NG *kkkkkkhkkkkk

¥ Z- VARIABLE]

CONZI(1,K)$[(ORD(K) NE

CARD(K))]. SUM((,BC,SK)z(lKBCSK) =L= 1

CONZ2(J,K,BC SK)$[(ORD(K) NE cARD(K))AND(ORD(SK) NE

CARD(SK))] . SUM(l,z(,JKBCSK)) =L= 1

*Heat Exchange and Heat & Cold utility constraints.
*Cold utility....

CON CUZ..  M((I,CU),qeu(l,CU))=L= 75076.08;
* Hot utility....

CON HU2 .. SUM((J,HU),qhu(J,HU))=L= 48000;

*10. CALCULATION OF APPROACH

TE M PERATU R E* kkkkkkkkkkkkkkkkkhkkkhkkkkkkkhkkkkkkkkkkkk

*[ z- VARIABLE]

DTHMAX(1,J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]..  dth(1,J,K,BC,SK) =L= " thp(l,K,SK)-
tep(J,K,BC,SK)+GAMMA(I,J)*( 1-z(1,,K,BC,SK));
DTCMAX(I,J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]..  dtc(I,J,K,BC,SK) =L="thp(l,K,SK+I>
tep(J,K,BC,SK+1)+GAMMA(1,d)*( 1-z(1,J,K,BC,SK));
DTCUMAX(I,CU).. dcu(l,CU)  =L= th(L'KLAST)-
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THOUT(I)+GAMMAH(I)*( -zcu(1,CU));
DTHUMAX(JHU).  dthuQHU)  =L= TCOUT()-
to(J, KFIRST')+GAMMAC(J)*( L-zhu(J HU))

DTHMIN(1,J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK)).  dth(IlJKBCSK) =G= EMAT;

DTCMIN(1,J,K BC,SK)S[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))]. ~ dtc(1,),K,BC,SK) =G= EMAT;
DTCUMIN(I.CU)..  dteu(l,CU)  =G= EMAT:
DTHUMIN(JHU)..  dthuBHU) ~ =G= EMAT;

*11. AREA

EQ U AT I O N kkkkkkkkkkkkkkkkkrkkkkkkkkkk :’:********** :1******************

*LMTHc(1,J,K BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))] .. LMTDHX(1,J,K,BC,SK) =L=
0. 5*(dth(1,J,K BC,SK)+dtc(l,J,K BC,SK)):
LMTD(1,J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE CARD(SK))].
LMTDHX(1,J,K BC SK) =E=

(213)*((dth(U,K BC,SK)+0.00"*0.5)%((dtc(1J,K,BC,SK)+0.0
01)%%0.5)+(1/6)*dth(1,J,K BC,SK)+(I/6)*dtc(1,J,K BC,SK):
*LMTCUc(1.CU).. LMTCU(I,CU) =L= 0.5*(dtcu(l,CU)+(th(I/KLAST)-
THOUT(1)):
LMTDCU(I,CU).. LMTCU(I,CU) =E=
(213)*((dtcu(1,CU)+0.001)**0.5)*(max((DTCUP(1,CU)+0.001) 0)*10.5)+ (I/6) dcu(
1, CU)+(L/6)*DTCUP(CU):

LMTDHU(J,HU).. LMTHU(J HU) =E=

(2/3)*((dthu(J;HU)+0.001)**0.5)*(max((DTHUP(J,HU)+0.001) 0)**0.5)+ ()/6)*dth
(JHU)+(6)*DTHUP(J,HU):

*LMTHUC(J,HU).. LMTHU(J,HU) =L= 0.5*(dthu(J, HU)+(TCOUT(J)-

te(J, KFIRST):
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AREA(1,J,K,BC,SK)$[(ORD(K) ne CARD(K))AND(ORD(SK) ne
CARD(SK))]..q(1,J,K,BC,SK)-
U(1,9)*LMTDHX(1,J,K,BC,SK)*(a(1,J,K,BC,SK)**( UBETA(1,J))) =L=0;
AREACU(I,CU)..  qcu(l,CU)-
(acu(1,CU)**(I/BETACU(I)))*UCU(I,CU)*LMTCU(I,CU) =1= 0
AREAHU(JHU)..  ghu(J,HU)-
(ahu(J,HU)**(I/BETAHU(J)))*UHU(J HU)*LMTHU(J,HU) =1= 0

*13. OBJECTIVE

OBJI NoHX.. NEX =E= sum((l,J,K,BC,SK),NEW CFHX*z(l,J,K,BC,SK))
+sum((I,CU),NEW_CFCU*zcu(l,CU))+sum((J,HU),NEW_CFHU*zhu(J,HU));
0BJ2UTIL.. UC =E=sum((I,CU),NEW_CCU(CU)*qcu(1,CU))+sum((J,H
),NEW_CHU(HU)*qhu(J,HV));

OBJ3AREA.. AC =E= sum((l,J,K,BC,SK),NEW ACHX*3(l,J,K,BC,SK))
+sum((I,CU),NEW ACCU*acu(l,CU))+sum((J,HU),NEW_ACHU*ahu(J,HU));

JloHofgfgigH et pereessesss i OFTT

add area_lo(l,J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. add_a(l,J,K,BC,SK)-(0.0001**(1/0.6)+4.308869E-7)

zL=  AREAMAX-
(a(1,J,K,BC,SK)+0.0001)**(I/BETA(I,J))+EX_AREA(,J,K,BC,SK);

add _area_hi(l,J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. add_a(l,J,K,BC,SK)-(0.0001**(1/0.6)+4.308869E-7)
=G=(a(l,J,K,BC,SK)+0.0001)**(I/BETA(I,J))-EX_AREA(I,J,K,BC,SK);
add areacu lo(I,CU)..  add_acu(l,CU)-(0.0001**(1/0.6)+4.308869E-
1) =L= AREAMAX-
(acu(1,CU)+0.0002)**(/BETACU(I))+EX_AREACU(I,CU);
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add_areacuhi(l,CU)..  add_acu(l,CU)-(0.0001**(1/0.6)+4.308869E-
1) =G= (acu(l,CU)+0.0001)**(I/BETACU(I))-EX_AREACU(I,CU);
add_areahulo(J,HU)..  add ahu(J,HU)-(0.0001 **(1/0.6)+4.308869E-
1) =L=  AREA MAX-
(ahu(J,HU)+0.000f)**(I/BETAHU(J))+EX_AREAHU(J,HV);

add areahu_hi(J,HU)..  add_ahu(J,HU)-(0.0001 **(1/0.6)+4.308869E -
1) =G= (ahu(J,HU)+0.0001)**(I/BETAHU(J))-EX_AREAHU(J,HU);

add_hu(1,CU).. add geu(l,CU) =G= qgeu(l,CU)-
EX qeu(l,CU)*EX_Zcu(l,CU);
add_cu(JHU).. add ghu(JHU) =G= ghu(J,HU)-
EX_ghu(J,HU)*EX_Zhu(J,HU);

add_hxI(1,J,K,BC,SK)$[(ORD(K) NE cARD(K))AND(ORD(SK) NE
CARD(SK))].. z(1,J,K,BC,SK)-EX Zij(l,J) =E=  new_z(I,J,K,BC,SK);
add_hx2(1,J,K,BC,SK)$[(ORD(K) NE CARD(K))AND(ORD(SK) NE
CARD(SK))].. EX_Zij(1))+new z(IJKBC,SK)  =L= 1
addcul(l,CU).. zcu(,CU) — =E= EX zcu(l,CU)+new_zcu(l,CU);
add_cu2(1,CU)..  EX_zcu(l,CU)+new zcu(l,CU) =~ =L= L
add_hul(J,HU)..  zhu(J,HU)  =E= EX zhu(J,HU)+new_zhu(J,HU);
add_hu2(JHU).. EX zhu(J,HU)}tnewzhu(HU)  =L= [

numberHX..  counthx  =E=sum((l,J,K,BC,SK)$(ord(SK) ne
card(SK)),z(1,J,K,BC,SK))+sum((I,CU),zcu(l,CU))+sum((J,HU),zhu(J,HV));
hucost.  costhu  =E=sum((J,HU),NEW_CHU(HU)*qhu(J,HU));
cucost.  costcu  =E= sum((I,CU),NEW_CCU(CU)*qcu(l,CU));
fixhxcost. fixcosthx ~ =E= NEW_CFHX*counthx;

areaadd..  addarea  =E= sum((l,J,K,BC,SK),add_a(l,J,K,BC,SK));
areaaddcost.. costareaadd =E= ((1,J,K,BC,SK),NEWACHX*(add a(l,J,
K,BC,SK)+0.0002)**(BETA(I,J)));

areahucost.  costareahu  =E= sum((J,HU),NEW_ACHU*(add ahu(J,HU)+0.0
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001)**(BETAHU())));

areacucost..  costareacu  =E= sum((l,CU),NEW ACCU*(add acu(l,CU)+0.00
0L)**(BETACU(I));

totalareacost. areacost ~ =E=  costareaadd+costareahu+costareacu;
capcostperyr. capitalcost =E=  (fixcosthx+areacost);

*obj L: H+C utility cost

*0bj2 : Fixed cost of "NEW" HX
*0bj3 : Additional area cost
*0bji : Total annual cost

ohjl.. costl =E= costhu+costcu;
0bj2.. cost2 =E= fixcosthx;
0bj3.. cost3 =E= areacost;

OBJFNRL.. OBJcostl =E= (NEX+AC)/5+UC;
obj RI.. costi  =E= totalsavings - capitalcost/5;

Fkkkkkkkkkkkkkkkekkkkekkxkx END RETROFIT

2**************************************

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

MODEL STRUCTURE "MIN TAC=NoHX___ MILP"
/

HOTEQ,COLDEQ,QHK_K,QCK_K,QHK_SK,QCK_SK,HOTCOLD _K,HO
T SK,COLD SK_P,
ASSIGNTH_K ASSIGNTH_TSK ASSIGNTCK,ASSIGNTC_TSK,
CON_FLOWCI_F_P.CON_FLOWC2_F P.THFEAS_K,THPFEAS_SK THFEAS_
KLAST TCFEAS K,
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TCPFEAS_SK,TCFEAS_KFIRST,
QCULOAD,QHULOAD,LOGQ,LOGQCU,LOGQHU,CONZI,CONZ2,CON_CU?,
CON HU,
DTHMAX,DTCMAX,DTCUMAX,DTHUMAX,DTHMIN,DTCMIN,DTCUMIN,D
THUMIN,OBJI_NoHX,

*kkkk /\PTROP[7 *kkkk

hucost cucostnumberHX — /

MODEL NONLINEAR "TAC”
/

HOTEQ,COLDEQ,QFIK_K,QHK SK.QCK_K,QCK SKHOTCOLD K,HO
T SK,COLD SK,
ASSIGNTH_K,ASSIGNTH_TSK,ASSIGNTC_K ASSIGNTC_TSK,
CONFLOWCIELON_FLOWC2,THFEAS K, THPFEAS_SK THFEAS KLAST T
CFEAS_K,TCPFEAS SK,
TCFEAS_KFIRST,QCULOAD,QHULOAD,LOG,LOGQCU,LOGQHU,CONZ L¢
ONZ2,CON_CU2,CON HU2
DTHMAX,DTCMAX,DTCUMAX, DTHUMAX,DTHMIN,DTCMIN,DTCUMIN,D
THUMIN,
LMTD,LMTDCU,LMTDHU,AREA AREACU AREAHU,

*kkkk retrofit *kkkk

OBJI_NoHX,0BJ2_UTIL,0BJ3_AREA,0BJFN_RlI /

MODEL NONLINEAR R "profit"
/

HOTEQ,COLDEQ,QHK_K,QHK_SK.QCK_K,QCK_SK,HOTCOLD K HO
T SK,COLD_SK,
ASSIGNTH_K,ASSIGNTH_TSK,ASSIGNTC_K ASSIGNTC_TSK,
CON_FLOWC L.CON_FLOWC2,THFEAS_K,THPFEAS_SK THFEAS_KLAST T
CFEAS_K,TCPFEAS_SK,
TCFEAS_KFIRST,QCULOAD,QHULOAD,L0GQ,LOGQCU,LOGQHU,CONZ 1,



230

CONZ2,CON_CU2,CON_HU2,

DTHMAX,DTCMAX,DTCUMAX,DTHUMAX ,DTHMIN,DTCMIN,DTCUMIN,D
THUMIN

LMTD,LMTDCU,LMTDHU,AREA AREACU AREAHU

*kkk%k RETROF'T *kkk%k

numberHX, hucost,cucost, fixhxcost,

areaadd,areaaddcost,areahucost,areacucost,totalareacost,capcostperyr,objl,obj2,00)3,
OBJFN_Rl,obj Ri /

**************************INITlAL

PARAMETER

AHX_INT(,J,K,BC,SK)  Area of HX I-J (Area-linear)
ACU_INT(1,CU) Area of HX 1-CU (Area-linear)
AHU_INT(J,HU) Area of HX J-HU (Area-linear)
ADD_AHX TNT(I,J,K,BC,SK)

ADDACUINT(I,CU)

ADDAHUINT(J,HU)

NOHXINT

TACINT

PROFITINT

K LOOP

**********q kkrkkkkkkkeekkokk SOL\E NONISO1

}-iddddc } ido} kkkkkkkkkkkkkkkkkkkkkkkkk

FCP_P(J1IKFIRST'/BC 1)=0;
FCP_P(J2;KFIRSTVBCY)-=0;
FCP_P(J3''KFIRSTVBC1)-=0;
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FCP_P(J1/'K2 'BC2)=0;
FCP P(12 K2VBC2)=0;
FCP_P(13K2\'BC2)=0;

while (FCP P(J1TKFIRST7BC 1'Vie 373.238),

while (FCP P(J2VKFIRST''BC1) le 488.127),

while (FCP P(J37KFIRST''BCr) le 392.55),

FCP P(JL7KFIRSTIBC2)=FC(J 1)-FCP_P(J L' KFIRST7BC 1)
FCP P(J27KFIRSTTBC2)=FC()2)-FCP_P(J27KFIRST7BCL):
FCP P(J3 KFIRST7BC2)=FC(13)-FCP_P(J3 KFIRST:BCI):

OPTION :5:2:3;
OPTION a:5:2:3:
OPTION tcp:3:12
OPTION z:1:2:3;
OPTION fcp:3:12;

SOLVE STRUCTURE MINIMIZING counthx USING MIP;
display g.1,gcu.l,ghu.l th.l,thp.Ltc.Ltep.l .z Lzeul zhu.l fep.I;
ACUINT(LCU) =
qeu.I(1,CU)I((UCU(I,CU)Y*(2/3)*((dtcu.L(1,CU)+0.001)**0.5)*(max((DTCUP(I,CU)
+0.001),0)**0.5)+(1/6)*dtcu.L(1,CU)+(I/6)*DTCUP(I,CU))+le-06);
AHUINT(J,HU) =
ghu.l(J,ITU)((UHU(J,HU)*(2/3)*((dthu.L(J,HU)+0.001)**0.5)* (max((DTHUP(J,H
)+0.001),0)**0.5)+(1/6)*dthu.L(J,HU)+(1/6)IDTHUP(J,HU))+1e-06);
AHX_INT(I,J,K,BC,SK) = q.L(I,J,K,BC,SK)/((U(1,)*(
(2/3)*((max(dth.L(I,J,K,BC,SK),0)+0.001)**0.5)*((max(dtc.L(1,,K,BC,SK),0)+0.0
01)**0.5)+(1/6)*dth.L(1,J,K,BC,SK)+(1/6)*dtc.L(l,J K,BC,SK)))+le-06);

ADD_ACU_INT(1,CU) = MAX(((ACU_INT(1,CU)+0.0001)**(L/BETACU(1))-
EX_AC (1,CU))0);
ADD_AHU_INT(J;HU) = MAX(((AELU_INT(J HU)+0.0001)**(L/BETAHU(]))-
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EX_AHU(,HU)).0):
ADDAHXINT(L,J,K,BC,5K) =
MAX(((AHX_INT(1JK BC,SK)+0.0001)**(UBETA(I,)))-EX_Aij(1)),0):

0

NOHX INT = counthx.| :

TACINT =

NEW _CFHX*NOHX INT+sum((1,J,K,BC,SK),NEW_ACHX*(ADD_AHX_INT(l,

J,K,BC,SK))**(BETAHU(J)))+
sum((J,HU),NEW,ACHU*(ADD_AH:U_INT(J,HU)+0.0001)**(BETAHU(J)))

+sum((1,CU),NEW_ACCU*(ADD_ACU_INT(1,CU)+0.0001)**(BETACU(1)));

PROFITINT =7197629.335-sum((J,HU),NEW_CHU(HU)*ghu.L(J,HU)) -
TACINT/5;

fcp.L(J,K,BC) = FCP_P(J,K,BC);

acu.L(I,CU) = ACUINT(I,CU);

ahu.L(J,HU) = AHU_INT(J,HU);

a.L(1,J,K,BC,SK) = AHXINT(1J,K,BC,SK);
add_acu.L(LCU)=ADD_ACUINT(I,CU);

add aha.L(J,HU)=ADD_AHU_INT(J,HU);

add a.L(1,JK,BC,SK) = ADD AHX INT(l,J,K,BC,SK);

NONLINEAR.optfile = 4;
option reslim = 100000;
option iterlim = 2¢9;
OPTION SYSOUT=ON;

$onecho>dicopt.opd
STOPO
MAXCYCLES 20
mipoptfile cplex.opt 1
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epsmip 200
Soffecho

SOLVE NONLINEAR MINIMIZING OBJcostl USING MINLP;
display q.1,qcu.l,ghu.lth.lthp.Lt.l tep.l,z.l.zeu.l,zhu.la.lacu.l,ahu.l,0BJcostl I fep.l;

FCP_P(J,KFIRST',BC 1) = 0.05*FC(J);
totalsavings.| = 7197629.335+1076897.308 - costhu.L-costcu.L;

EX_AREACUL(LCU) = EX_ACU(I,CU)*zcuL(1,CU):
EXAREAHU.LIHU) = EX_AHU(HU)*zhu.L(J,HU);
EX_AREAL(IJKBCSK) = EX_Aij(ld)*2.L(1,J,K,BC,SK):

display EX_AREA.L,EX_AREACU.LEX_AREAHU L:

NONLINEARR.optfile = 5;
option reslim = 100000;
option iterlim = 2¢9;
OPTION SYSOUT=ON;

$onecho>dicopt. op5
STOPO
MAXCYCLES 20
mipoptfile cplex.opt 1
epsmip 300

Soffecho

SOLVE NONLINEAR R MAXIMIZING costi USING MINLP;

display
q.Lqeu.l,ghu.lth.Lthp.Lte.l tep.l .zl zeu |, zhu.la.l,acu.l,ahu.l add_a.l EX AREA.LE
X_AREACU.L,EX_AREAHU.L,add acu.l,add_ahu.l,0BJcostl. ,fcp.l totalsavings.,



costi.l.counthx.L fixcosthx.L,costhu.L,costcu.L areacost.L
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