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Abstract— This article for the synthesis of optimal heat exchanger network has been based on the pinch design method.
The optimal targets were determined by the optimization of the minimum temperature difference before the actual synthesis
steps. The system separation method was proposed to determine the reliable target for the system with multipie pinches or
constraints. To save energy cost, we used multiple utilities. The program developed on the basis of several heuristics was ap-

plied to examples and we examined the validity of the results.
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Fig. 1. Observed behaviour for utility-capital cost trade-off in heat
exchanger networks.
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Fig. 2. Temperature-enthalpy diagram for calculation of heat trans-
fer area.
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Fig. 3. Cascade and T-H diagram for single utility and multiple
utilities.
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Table 1. Stream data for examples

Heat capacity Heat transfer  Supply Target

Example Stream  flow rate  coefficient, h temperature temperature

(MW/°C)  (MW/m’-°C)  (C) (O

1 hi 0.10 50x107* 127 40
h2 0.06 40x10* 220 150

h3 0.13 3.0x107* 160 45

h4 0.14 5.0x107° 147 140

h5 0.12 4.0x10°* 320 250

h6 0.03 3.0x10 260 95

cl 0.10 35x10° 100 150

c2 0.07 70%x10°* 55 264

c3 0.13 50x10°* 85 311

c4 0.06 1.4x10 * 60 170

c5 0.20 35x10°* 200 250

c6 0.17 70%x10°* 155 164

2 hl 0.10 50x10°* 327 40
h2 0.16 40%x10°* 220 160

h3 0.06 1.4x10°° 220 60

h4 0.40 30x10°° 160 45

cl 0.10 35%10 ¢ 120 300

c2 0.07 70%x10* 35 164

c3 0.35 50%10 *° 85 138

c4 0.06 1.4x10°° 60 170

c5 0.20 6.0x10°* 140 300

3 hl 0.09 57%x107* 119 99
h2 0.50 17x10 ° 60 59

h3 0.11 57x10 * 59 55

h4 1.89 1.7x10° 92 91

h5 145 1.7x10°° 80 79

hé 0.35 1.7x107? 55 54

h7 0.01 5.7x107° 56 35

cl 0.02 57x10 * 30 70

c2 1.89 5.7%107* 80 81

c3 0.11 57x10°* 100 112

c4 2.43 57x10°* 120 121

c5 0.01 5.7x107°* 55 103

c6 0.76 57x107* 100 101

7 0.21 57%x107% 107 108

c§ 0.56 5.7x10 * 55 56

o)-8-qr dagtate] 34 341
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Table 2. Design data for examples

Example 1 Example 2 Example 3

Hot Steam Supply temp.("C) 330 330 160
utility Heat capacity 0.50 1.00 5.00
flowrate(MW/ °C)
Heat transfer 50%x10° 50x10 1 50x 10 °
coefficient
(MW/m’-°C)
Annual cost of 60000.0 60000.0 94100.0
unit duty
(/MW - year)
Water Supply temp.("C) 100 100 100
Heat capacity 0.50 1.00 5.00
flowrate(MW/°C)
Heat transfer 28x107° 28x107° 28x10°°
coefficient
MW/m’-"C)
Annual cost of 1000.0  13600.0 13700.0
unit duty
($/MW - year)
Cold  Steam Supply temp.(’C) 100 100 100
utility Heat capacity 0.50 1.00 5.00

flowrate(MW/ °C)

Heat transfer 84x107° 84x107° 84x10°
coefficient
(MW/m’-°C)

Annual cost of 2000.0 547000  91500.0
unit duty
($/MW - year)

Water Supply temp.("C) 15 15 30

Heat capacity 0.50 1.00 5.00
flowrate(MW/°C)

Heat transfer 50x10 ° 50x107° 28%107°
coefficient
(MW/m*-°C)

Annual cost of 6000.0 6000.0 1800.0
unit duty
($/MW - year)

Exchanger a($/EA) 10000 10000 -
linear capital b($/m®) 350 350 -
cost model

Guthrie's model cost data
M&S index - - 947
F, - - 1.35
F, - - 0.05
F. - - 3.75

Plant lifetime(year) 5 5 10

Rate of interest(%) 0 0 12
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Table 3. Results of targets and synthesis of heat exchanger network for example 1

Optimal targets Results of Comparison to
Subsystem 1 Subsystem 2 Total synthesis targets(%)

AT,.(°C) 18 10 - 18 10

Pinch temp.("C) 103.00 127.00 - 103.0 127.0
Requirement of hot utility(MW) 27980.0 7620.0 35600.0 35600.0 100.00
Requirement of cold utility(MW) 6280.0 4260.0 10640.0 10640.0 100.00
Total number of units(EA) 11 5 16 16 100.00
Tota! heat transfer area{m’) 6540 % 10 .1940x 10 8480 x 10° .8837x 10° 104.20
Annual energy cosi($/year) A716% 107 4834x10° 2199x 107 2200 10 100.05
Annual capital cost($/year) 4801 x 10° .1456x 10° 6257% 10° 6506 % 10° 103.98
Annual total cost($/year) 2197x 10 6290% 10° 2826 % 107 .2850% 10 100.86
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Table 4. Results of targets and synthesis of heat exchanger network for example 2 : (a) for singie utility, (b) for multiple utility, (¢} for SSM

(2)

Optimal targets Results of synthesis Comparison to_targets(%)
AT,.(C) 24 24
Pinch temp.("C) 144.00 144.00
Requirement of hot utility(MW) 23520.0 25234.30 107.29
Requirement of cold utility(MW) 33240.0 36670.29 11032
Total number of units(EA) 15 14 93.33
Total heat transfer area(m®) 1680 10° 1574%10° 93.69
Annual energy cost($/year) 1611% 10 1734%10° 107.64
Annual capital cost($/year) 1205% 107 1130 107 93.78
Annual total cost($/year) 2816107 2864% 10 101.71
(b)

Optimal targets Results of synthesis Comparison to_targets(%)
AT,.('C) 24 24
Pinch temp.('C) 144.00 144.00
Utility pinch temp.("C) 124.00 124.00
Requirement of hot steam(MW) 21920.0 23820.01 108.67
Requirement of hot water(MW) 0.0 0.0 -
Requirement of cold steam(MW) 1600.0 1300.43 81.28
Requirement of cold water(MW) 31640.0 32239.57 101.89
Total number of units(EA) 16. 16 118.18
Total heat transfer area(m’) 1720% 10° .1862x 10° 101.26
Annual energy cost($/year) 1593% 10 1616% 10 97.89
Annual capital cest($/year) 1239% 107 1335% 10 102.53
Annual total cost $/year) 2831 107 2051 % 10 99.35
©

Optimal targets Results of Comparison to
Subsystem 1 Subsystem 2 Total synthesis targets(%)

AT,,(C) 5 15 - 5 15
Pinch temp.(°’C) - 135.00 - - 135.0
Requirement of bot utility(MW) 0.0 24280.0 24280.0 25440.0 104.78
Requirement of cold utility(MW) 30450.0 3550.0 34000.0 35160.0 103.41
Total number of units(EA) 4 7 11 10 90.91
Total heat transfer area(m’) 9390 10* .6440x 10° 1580% 10° 1599% 10° 101.20
Annual enery cost($/year) 1827x10° 1478 x 10 .1661% 107 1737x10° 104.58
Annual Capital cost($/year) 6650x 10° 4648% 10° 1130x 107 1139x 10 100.80
Annual total cost($/year) 8477 10° 1943%x 107 2791x 107 2877x 107 103.08
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Fig. 12. Network design for example 2:(a) single utility, (b) mul-
tiple utility and (c) SSM.
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Fig. 13. Network based on (a) this study and (b) Alko process.
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A.. :minimum overall area target for a heat exchanger network [m’]

Table 5. Results of targets and synthesis of heat exchanger network for example 3

Optimal Results of Comparison to Comparison to
targets synthesis targets(%) Alko Alko(%)

AT,.('C) 12 12 - 5 -

Pinch temp.("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 1300.0 248.5
Total number of units(EA) 16 16 100.0 13 123.1
Total heat transfer area(m’) 1110.0 1106.0 99.6 2241.0 49.4
Annual energy cost($/year) 4801 10° 4801x10° 100.0 3220%x 10° 149.1
Annual capital cost($/year) 9448 x 10° 8636< 10° 91.4 1262 107 68.4
Annual total cost($/year) 142510 134410 94.3 1584% 107 84.8
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A, :heat exchange area of an exchanger i [m’]

a, b :coefficient of installed capital cost law

CP  :the heat capacity flow rate of stream [MW/C]

CPC(CPH): the heat capacity flow rate of a hot(cold) stream or a
hot(cold) stream branch at the pinch [MW/°C}]

F. : correction factor for Guthrie's cost model
F, : design type factor
F, : design pressure factor

F. : material factor

H - enthalpy of stream [MW]

HCPC: splitted streams heat capacity flowrate

AH; :total enthalpy change of enthalpy interval i on the composite

curves [MW]

h, : heat transfer coefficient of stream j [MW/m’- "Cl(including
film, wall and fouling resistance)

i : annual interest

M&S : Marshall and Swift index

N : depreciation years

N...o(N,.. ») : minimum number of units above(below) pinch

N, sz : Minimum number of units in a heat exchanger network with
maximum energy recovery

N..(N.,) : number of streams above(below) pinch

N..(N.,) : number of utilities above(below} pinch

NH(NC) : number of hot(cold) streams

Q,.{Q..) : hot(cold) utility target [MW]

q : enthalpy change of streams j in enthalpy interval i [MW]

T : temperature of stream ['C]

T.T...) : supply(rarget) temperature of cold stream m in residual
match

Tion{ Tim) - supply(target) temperature of hot stream m in residual
match

AT : temperature difference [°C]

AT,,; : logarithmic mean temperature difference [°C]
AT, :minimum temperature difference on the composite curves ['C]
AKX}
i : enthalpy interval on the composite curves
j : streams number in enthalpy interval
k : number of hot streams in residual match
m : number of cold streams in residual match
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