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Heat Exchanger Network Synthesis for the System
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Abstract—In industrial process to develop the technique of energy recovery and energy saving by
using the optimization of heat exchanger network, we previously proposed the system separation method
to determine the incredible target for the system that had multiple pinches or was given the constraints
such as safety and layout. In this study we focused on developing the program to synthesize the real
heat exchanger network within the 10% of target. As a result of applying the program to the established
operating process, it was possible to design a network which can cut down about 15% of the annual

total cost.
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Table 1. Stream data for examples.

Heat capacity Heat transfer Supply Target
Example Stream flow rate (MW/T) coefficient, h (MW/m?-T) temperature (C)  temperature (C)

1&2 hl 0.10 50E-03 327 40
h2 0.16 40E-03 220 160

h3 0.06 .14E-03 220 60

h4 0.40 .30E-03 160 45

cl 0.10 .35E-03 100 300

c2 0.07 .70E-03 35 164

c3 0.33 .50E-03 85 141

cd 0.06 .J4E-03 60 170

ch 0.20 .60E-03 141 300

3 hl 0.09 S57E-03 119 99
h2 0.50 17E-02 60 59

h3 0.11 S57E-03 59 55

h4 189 17E-02 92 91

h5 145 17E-02 80 79

h6 0.35 17E-02 55 54

h7 0.01 57E-03 56 35

cl 0.02 .H7E-03 30 70

c2 1.89 S57E-03 80 81

c3 0.11 57E-03 100 112

c4 243 S57E-03 120 121

c5 0.01 H7E-03 55 103

cb 0.76 S57E-03 100 101

c7 0.21 S57E-03 107 108

c8 0.56 S57E-03 55 56

Table 2. Design data for examples.

Ex 1 Ex 2 Ex 3
Hot utility Steam Supply Temp.(C) 330 330 160
Heat capacity flowrate(MW/T) 1.0 1.0 5.0

Heat transfer coefficient(MW/m?:C) 50E-03 50E-03 B84E-03

Annual cost of unit duty ($/MW-yr)  60000.0 103000.0 94100.0
Cold utility Water Supply Temp.(C) 15 15 30
Heat capacity flowrate(C) 1.0 1.0 5.0

Heat transfer coefficient (MW/m?:C) S50E-03 .50E-03 28E-03

Annual cost of unit duty($/MW-yr) 6000.0 1000.0 1800.0
Exchanger linear capital a 10000 10000 -
cost model($) b 350 350 -

Guthrie’'s model cost data

M&S index - - 947
F, - - 135
F, - - 0.05
Fa - — 3.75
Plant lifetime(yr) 5 5 10
Rate of interest(%) 0 0 12

Energy Engg. J. (1995), Vol. 4(1)
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Table 3. Example 1-computer output for targets and synthesis of heat exchanger network.

Optimal targets

Comparison to

SEPHEN

Subsystem 1  Subsystem 2 Total targets(%)

AT 5 15 - 5 15

Pinch temperature(C) - 115.0 — - 115.0
Requirement of hot utility(MW) - 25480.0 25480.0 25480.0 100.0
Requirement of cold utility(MW) 30520.0 2950.0 33470.0 33470.0 100.0
Total number of units(EA) 4 7 11 11 100.0
Total heat transfer area(m?) 962E +04 B631E+04 .159E+05 J193E+05 1211
Annual energy cost($ /year) .1831E+06 .1546E + 07 1730E+07  .1730E+07 100.0
Annual capital cost( $§ /year) .6814E + 06 4559E + 06 J137E+07  1372E+07 120.7
Annual total cost($ /year) .8645E + 06 .2002E +07 2867E+07  .3102E+07 108.2

ollAXIZ% MaH M1z 19954 53
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Table 4. Example 2-computer output for targets and synthesis of heat exchanger network.

Optimal targets SEPHEN Comparison to targets(%)

ATnin(T) 18 18

Pinch temperature(C) 160.0 160.0

Requirement of hot utility(MW) 20720.0 20720.0 100.0
Requirement of cold utility(MW) 28710.0 28745.0 100.1
Total number of units(EA) 15 15 100.0
Total heat transfer area(m?) 21600.0 24188.2 112.0
Annual energy cost($ /year) 2163E+07 2163E+07 100.0
Annual capital cost($ /year) .1539E +07 A1723E+07 112.0
Annual total cost($ /year) 3702E+07 3886E + 07 105.0

HOT STREAM COLD STREAM HOT STREAM COLD STREAM

©: COLD UTILITY

® : HOT UTILTY  O—O: EXCHANGER

Fig. 8. Network design for example 2.
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Fig. 10. Network based on this study.
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Table 5. Example 3-computer output for targets and synthesis of heat exchanger network.

Optimal SEPHEN Comparison to Alko Comparison to

targets targets(%) Alko(%)
ATin(T) 12 12 - 5 -
Pinch temperature(C) 92,0 92.0 - - -
Requirement of hot utility(MW) 5040.0 5040.0 100.0 3400.0 1482
Requirement of cold utility(MW) 3230.0 3230.0 100.0 1300.0 2485
Total number of units(EA) 16 16 100.0 13 123.1
Total heat transfer area(m?) 1110.0 1106.0 99.6 22410 494
Annual energy cost($ /year) 4801E+06 A4801E+06 100.0 3220E+06 149.1
Annual capital cost($ /year) 9448E + 06 .8636E + 06 91.4 1262E+07 68.4
Annual total cost($ /year) 1425E + 07 1344E+07 94.3 1584E + 07 848

Subscripts

J
k

: streams number in enthalpy interval

: number of hot streams in residual
match
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