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Abstract—The optimal minimum temperature difference and the optimal total cost targets based on the
energy and capital cost were determined before the synthesis of the heat exchanger network. The present
method using the system separation, was applied to the system which have the discontinuity on the tempera-
ture-enthalpy diagram, the multiple pinches and the match constraints for the intangibles of design such
as safety, layout and etc. The program based on the above method was developed and it was possible simply
to find the optimal target for the actual heat exchanger network by the pinch design rule.
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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
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Table 1. Stream and design data for example 1

@
Supply Target Heat capacity -Heat transfer coefficient
Stream type & Number temp.(C) temp.(C) flowrate(MW/T ) MW/m?-C)
Hot 1 327 40 0.10 50x1073
Hot 2 220 160 0.16 40%X1073
Hot 3 220 60 0.06 14X1073
Hot 4 160 45 040 30Xx1073
Cold 1 100 300 0.10 35X1073
Cold 2 35 164 0.07 J70X1073
Cold 3 85 141 0.33 50X1073
Cold 4 60 170 0.06 14X%1073
Cold 5 141 300 0.20 60X1073
(b)
Hot utility

Temperature : 330-250(C)
Heat capacity flowrate : 1L.OMW/T)

Heat transfer coefficient : 0.50X10-3(MW/m?-C)

Cold utility
Temperature : 15-30(C)
Heat capacity flowrate : 1.OMMW/C)

Heat transfer coefficient : 0.50X 10-3MW/m?-C)

Cost data

Exchanger capital cost($ )= 10000+ 350-area(m?

Plant lifetime : 5(year)
Rate of interest : (%)
Annual cost of unit duty of hot utility

: $ 60000.0/MW-year

Annual cost of unit duty of cold utility: $6000.0/MW-year
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Fig. 4. Temperature-intervals for example 1.
(a) the conventional method; (b) the suggested method.

Table 2. Example 1-output for targets of heat exchanger network : (a) the conventional method ; (b) the suggested me-
thod
(@
Minimum temperature difference : 24.0C
Pinch temperature : 160.0C, 124.0C

Requirement of hot utility : 239500 kW
Requirement of cold utility 1 31940.0 kW
Total number of exchangers : 16 EA

Total area : 173E+05 m?

Energy cost : $1.629X10%year
Capital cost : $1.243X10%year
Total cost : $2.872X10%/year

sparget M2 M35 19944 6%
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Table 2. Continued
(b)
Subsystem 1 Subsystem 2 Total
Minimum temperature difference 5C 15T
Pinch temperature - 115.0T
Requirement of hot utility 0.0 kW 25480.0 kW 25480.0 kW
Requirement of cold utility 30520.0 kW 2950.0 kW 33470.0 kW
Total number of exchangers 4 EA 7 EA 11 EA
Total area 9.62X10° m? 6.31X10° m? 159X 10* m?
Energy cost $ 1.831X 10°/year $ 1.546 X 10%/year $ 1.730X 10%/year
Capital cost $ 6.814 X 10%/year $ 4.559 X 10°/year $ 1.137 X 10%/year
Total cost $ 8.645X 10%/year $ 2.002 X 10%/year $ 2.867 X 10%/year
Table 3. Stream and design data for example 2
(@
Supply Target Heat capacity Heat transfer coefficient
Stream type & Number temp.(C) temp.(C) flowrate(MW/C ) MW/m?-C)
Hot 1 327 40 0.10 50X1073
Hot 2 220 160 0.16 40X1073
Hot 3 220 60 0.06 14x1073
Hot 4 160 45 0.40 30x1073
Cold 1 100 300 0.10 35%x1073
Cold 2 35 164 0.07 .70X1073
Cold 3 85 138 0.35 50X1073
Cold 4 60 170 0.06 14x1078
Cold 5 140 300 0.20 60x1073
(b)
Hot utility
Temperature : 330-250(C )
Heat capacity flowrate : 1.OMMW/T)
Heat transfer coefficient : 0.50X 10 3(MW/m?-C)
Cold utility
Temperature : 15-30(C)
Heat capacity flowrate : 1L.OMW/C)
Heat transfer coefficient : 0.50X 107 3MW/m?-T)
Cost data

Exchanger capital cost($)= 10000+ 350-area(m?)

Plant lifetime :
Rate of interest :

5(year)

Annual cost of unit duty of hot utility : $60000.0/MW-year
Annual cost of unit duty of cold utility: $ 6000.0/MW-year

% No-match condition : Hot 1 <> Cold 2

AAE 2R edodd by Haw g e ASE

A4stglon) F¢ Ao%S¢ Fig 5(b)s Table 4o
RASlc) BEG A HAA ol AGHE 3
Hohal ot Ao} Ao 20 2L F 588 AR

& 3472 $NA Telshe & A7 el 9@
AnE vlms) B WA ug 3elH @A 03%
HEe] Z71e JeRIRAS At 2R 2ol

B} gekgt ARz 48 5 U
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Fig. 5. Temperature-enthalpy diagrams for example 2.
(a) the conventional method; (b) the suggested method.

Table 4. Example 2-output for targets of heat exchanger network : (a) the conventional method ; (b) the suggested me-
thod
(@
Minimum temperature difference : 24.0C
Pinch temperature : 124.0C

Requirement of hot utility : 239200 kW
Requirement of cold utility : 316400 kW
Total number of exchangers : 15 EA

Total area 1 1/72X 10" m?

Energy cost : $1.625X10%year
Capital cost : $1.235X10%year
Total cost . $2.860X10%year
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Table 4. Continued

(b)
Subsystem 1 Subsystem 2 Total
Minimum temperature difference 5C 20
Pinch temperature - 120C
Requirement of hot utility 0.0 kW 25900.0 kW 25900.0 kW
Requirement of cold utility 28020.0 kW 5600.0 kW 33620.0 kW
Total number of exchangers 4 EA 7 EA 11 EA
Total area 843X10° m? 7.17X10° m? 1.56 X 10* m?
Energy cost $ 1.681X 10%/year $ 1.588X 10/year $ 1.756 X 10%/year
Capital cost $5.984 X 10%/year $5.162X 10%/year $ 1.115X 10%/year
Total cost $ 7.665X 105/year $2.104 X 10%/year $ 2.870 X 10%/year
Table 5. Stream and design data for example 3
@
Supply Target Heat capacity Heat transfer coefficient
Stream type & Number temp.(C) temp.(C) flowrateMMW/C) MW/m?-TC)

Hot 1 119 99 0.09 57X1073

Hot 2 60 59 0.50 17X1072

Hot 3 59 55 0.11 57X1073

Hot 4 92 9 1.89 17X1072

Hot 5 80 79 145 17X107°2

Hot 6 55 54 0.35 17X1072

Hot 7 56 35 0.01 57X1073

Cold 1 30 70 0.02 57X1073

Cold 2 80 81 1.89 57X1073

Cold 3 100 112 0.11 57X1073

Cold 4 120 121 243 57X1073

Cold 5 55 103 0.01 57X1073

Cold 6 100 101 0.76 57X1073

Cold 7 107 108 0.21 57X1073

Cold 8 55 56 0.56 H57X1073

(b)

Hot utility
Temperature : 160-140(T)
Heat capacity flowrate : 5.0(MW/C)
Heat transfer coefficient : 0.84 X 1073(MW/m?:C)

Cold utility
Temperature : 30-45(C )
Heat capacity flowrate : 5.0(MW/C)
Heat transfer coefficient : 0.28 X 10-3(MW/m?-C)

Cost data
Exchanger capital cost($) : Guthrie’'s model-shell & tube
M & S index: 947
Fs: 135, F,: 005, F,.: 3.75
Plant lifetime: 10(year)
Rate of interest: 12(%)
Annual cost of unit duty of hot utility : $94100.0/MW-year
Annual cost of unit duty of cold utility : $ 1800.0/MW-year

HWAHAK KONGHAK Vol. 32, No. 3, June, 1994
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Fig. 6. Temperature-enthalpy diagram for example 3.

Table 6. Example 3-outputs for targets of heat exchanger
network : (a) OPTHEN program ; (b) the sugge-

sted method
@
Minimum temperature difference : 12.0C
Pinch temperature : 920T
Requirement of hot utility : 5040.0 kW
Requirement of cold utility 1 3230.0 kW

Total number of exchangers : 16 EA

Total area 1 1.03X10° m?
Energy cost : $4.801X10%/year

Capital cost : $8.996X10°/year

Total cost : $1.380X 10°/year

(b)

Minimum temperature difference : 12.0C

Pinch temperature 1 92.0T
Requirement of hot utility 1 5040.0 kW
Requirement of cold utility : 32300 kW

Total number of exchangers : 16 EA

Total area : L11X10° m?
Energy cost : $4.801X10%/year
Capital cost : $9.448X10%year

Total cost . $1.425X10%/year
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nger network [m?*]

: heat exchange area of an exchanger i [m?]
: coefficient of installed capital cost law
: correction factor for Guthrie’s cost model
: design type factor
: design pressure factor
: material factor
: enthalpy of stream [MW]

: total enthalpy change of enthalpy interval i on
the composite curves [MW]

: heat transfer coefficient of stream j [MW/m?
€ 1(including film, wall and fouling resis-
tance)

:annual interest

: Marshall and Swift index

: depreciation years

Nuina(Nmirs) : minimum number of units above(be-

low) pinch

Nainser : minimum number of units in a heat exchang-

er network with maximum energy recovery

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

N..(N.;) : number of utilities above(below) pinch
Quot(Qua) @ hot(cold) utility target {MW]

G

T
AT

: enthalpy change of streams j in enthalpy inter-

val i [MW]

: temperature of stream [T ]

: temperature difference [T ]

AT, logarithmic mean temperature difference [T ]

ATmin .

minimum temperature difference on the com-
posite curves [T ]

: overall heat transfer coefficient for a heat ex-
changer [MW/m®C ]

S X}

j

: enthalpy interval on the composite curves
: streams number in enthalpy interval
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