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Optimization of large-scale heat exchanger networks

by evolution of sub-networks
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Abstract: The optimization of heat exchanger networks (HEN) is a typical MINLP problem. For large-

scale HEN, when the number of process streams increases, its feasible configurations could increase

exponentially. Till now, no effective methods are available to solve such problems. A new strategy based on

the optimization of the sub-networks of HEN was proposed. According to the first optimization, the sub-

networks underwent recombination, decomposition and transplantation operations were further optimized

with the hybrid genetic algorithm. Evolution of the sub-networks instead of the optimization of the whole

HEN was simple and fast. A large-scale HEN with 22 hot and 17 cold streams from literature was

calculated with this new method and a better result was obtained. Although the exchanger area increased a

little, the number of heat exchanger units was less, also utility and total annual cost decreased.
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Table 1 Problem data of example

Stream '/ C  tour/C /kWVE/K’I JkW - m}iz CK!
H1 180 75 30 2.0
H2 280 120 15 2.5
H3 180 75 30 2.0
H4 140 45 30 2.0
H5 220 120 25 1.5
H6 180 55 10 2.0
H7 170 45 30 2.0
H8 180 50 30 2.0
H9 280 90 15 2.0
H10 180 60 30 2.0
H11 120 45 30 2.0
H12 220 120 25 2.0
H13 180 55 10 2.0
H14 140 45 20 2.0
H15 140 60 70 2.0
H16 220 50 15 2.5
H17 220 60 10 2.5
H18 150 70 20 2.0
H19 140 80 70 2.0
H20 220 50 35 2.0
H21 180 60 10 2.0
H22 150 45 20 2.5
C1 40 230 20 1.5
C2 120 260 35 1.0
C3 40 190 35 1.5
C4 50 190 30 2.0
C5 50 250 60 2.0
C6 40 150 20 2.0
C7 40 150 20 2.0
C8 120 210 35 2.5
C9 40 130 35 2.5
C10 60 120 30 2.5
Cl11 50 150 10 3.0
Cl2 40 130 20 1.0
C13 120 160 35 1.0
Cl4 40 90 35 1.75
C15 50 90 30 1.5
C16 50 150 30 2.0
C17 30 150 50 2.0
HU 325 325 — 1.0
CU 25 40 — 2.0
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Table 2 Procedure of sub-networks evolution genetic algorithm

Sub-network

Cost of Sub-network Total cost

/% ea! /$ eal

1. sub-networks from the first hybrid genetic algorithm 2061893
1.1 H2C5,., H5C5,, H12C5., H9C5,, H19C5,,, H9C2, H19C10, HUCS, 647609

HUC2, H5CU, H19CU

1.2 H3,C7, H3,C9, H4C9, H3CU, H4ACU 131284
1.3 H6C8, H16C8, H13C8, H16C6, HUC6, HUCS8, H6CU, H13CU 276830
1.4 H8C1, H8C15, HUCI, H8CU 204451
1.5 H10C13, H10CU 91109
1.6 H11CU 49371
1.7 H14C12, H14CU, HUCI12 86192
1.8 H15C17, H21C17, HUC17, H15CU 175826
1.9 H17C4, H20C4, H1C4, H17C11, H20C3, H22C4, H17CU, H20CU, H22CU 277366
1. 10 H18C14, HUC14 42015
1.11 H7C16, H7CU 79840

2. sub-network optimization in hybrid genetic algorithm 2012177
2.1 H2C5,. H5C5,, H19C5, H2CU, H5CU, HUC5 413650
2.2 H9C2,., H12C2,, H12C10, H9C10, HUC2 225332
2. ¢ H17C4,, H20C4,,, H1C4, H17C11, H20C3, H22C4, H17CU, H20CU, H22CU 276311
2.4 H6C6,, H13C6;,, H6CU 62277
2.5 H16C8, H16CU, HUCS8 191734
2.6 H3,C7, H3,C9,, H4C9;,, H4CU 114435
2.7 H8.C1, H8,C15, H8CU, HUC1 204104
2.8 H15C17,., H21C17,, H15CU, HUCI17 175807
2.9 H10C13, H10CU 91109
2.10 H14C12, H14CU, HUC12 86192
2.11 H7C16, H7CU 79840
2.12 H18C14, HUC14 42015
2.13 H11CU 49371

3. sub-networks after evolution of functional groups 1965476
3.1 H2C5,., H5C5,, H19C5, H2CU, H5CU, HUCS 413650
3.2 H9C2,. H12C2,, H9C10, H12C10, HUC2 225332
3.3 H17C4,, H20C4,,, H1C4, H17C11, H20C3, H22C4, H17CU, H20CU, H22CU 276311
3.4 H6C6,, H13C6,, H6CU 62277
3.5 H15C17,, H21C17,, H15CU, HUCI17 175807
3.6 H7C16, H7CU 79840
3.7 H10C13,H10CU 91109
3.8 H11C14, H11CU 55992
3.9 H14C12, H18C12, H14CU 94027
3.10 H3C8,. H8C8,, H3C7, H8CY9, H3CU, HUCS 285657
3.11 H4C15, H4CU 60911
3.12 H16C1, HUC1 144563

Note: C5,, C5, and C5,. means a split in C5.
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Bk I R AR AR SR 2061893 $ -
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11 120 1750 500045
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113 180 1250 55
114 140 200 1700545
H15 140 4299 1301 60
H16 220 2550050
H17 220 486 1000 114 60
H]S ]50 1600 V70 -
H19 140 4200 80
H20 220 357, 5250 343 50
H21 180 120 50
22 150 208 189245
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Fig. 1 Optimal structure of 22H17C
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Table 3 Some solutions of 22H17C
Ref. Splits Exchanger area/m? Units Qu/MW Qc/ MW Cost/$ »a!
[11] 10.55 13.85 2.073 %106
[13] 8 2700 48 8. 46 11. 74 1. 998X 10°
this work(Fig. 1) 6 2856 16 8.01 11.31 1. 965%10°
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