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Abstract—Heat exchanger network synthesis is very useful to aspects of energy recovery and saving.
In order to obtain the optimal network structure for minimum utility cost, multiple utilities were used.
In this study, the practical matches of process streams were not considered, but only evaluation of targets
was demonstrated. The program developed in this work was applied to the alcohol production process
and it was possible to find the optimal cost targets.
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Table 1. Stream data for examples.

AR FAS

Example Stream Heat capacity Heat transfer Supply Target
flow rate coefficient, h temperature temperature

(MW/C) (MW/m? - C) () ()

1 hl 0.10 10E-03 182 110
h2 0.40 10E-03 154 100

cl 0.30 .10E-03 93 127

c2 0.60 10E-03 116 149

2 hl 0.10 50E-03 327 40
h2 0.16 A0E-03 220 160

h3 0.06 .14E-03 220 60

h4 0.40 30E-03 160 45

cl 0.10 35E-03 120 300

c2 0.07 .70E-03 35 164

c3 0.35 S0E-03 85 138

cd 0.06 14E-03 60 170

ch 0.20 .60E-03 140 300

3 hl 0.09 57E-03 119 99
h2 0.50 17E-02 60 55

h3 1.89 17E-02 92 91

h4 145 17E-02 80 79

h5 0.35 17E-02 55 54

hé6 0.01 57E-03 56 35

cl 0.02 57E-03 30 70

c2 1.89 S7E-03 80 81

c3 0.21 .57E-03 100 112

cd 243 57E-03 120 121

cb 0.10 57E-03 55 103

c6 1.76 S57E-03 100 101

c7 0.21 S57E-03 107 108

c8 0.56 .57E-03 55 56

RAN, Ver. 501)% TC(Turbo-C, Ver. 2.0)% A-§-3}31
om 400step AEo] FE g% 907 PEZF
Pz T ek
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Table 2. Design data for examples.
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Ex 1 Ex 2 Ex 3

Hot utility Steam Supply Temp.(T) 350 330 160
Heat capacity 0.50 1.0 0.50
flowrate(MW/C )

Heat transfer B4E-03 .50E-03 .84E-03
coefficient (MW/m? T)
Annual cost of 03000.0 60000.0 94100.0
unit duty ($/MW yr)

Water Supply Temp.(T) 100 100 100
Heat capacity 0.50 1.0 0.50
flowrate(MW/C )

Heat capacity 28E-03 S50E-03 28E-03
coefficient (MW/m? C)
Annual cost of 14600.0 13600.0 13700.0
unit duty ($/MW yr)

Cold utility Steam Supply Temp.(C) 100 100 100
Heat capacity 0.50 1.0 0.50
flowrate(MW/C)

Heat transfer .84E-03 .50E-03 .84E-03
coefficient MW/m? C)
Annual cost of 92400.0 54700.0 91500.0
unit duty ($ /MW yr)

Water Supply Temp.(C) 20 15 30
Heat capacity 0.50 1.0 0.50
flowrate(MW/C )

Heat transfer .28E-03 .50E-03 28E-03
coefficient MW/m? T)
Annual cost of 1000.0 6000.0 1800.0
unit duty ($/MW yr)
Exchanger linear capital a 30800 0 30800
t model

cost model(#) b 350 350 350

Plant lifetime(yr) 5 5 10

Rate of interest(%) 0 0 12

MWe] #HArldekst 116 MW2] HAalzeks Ag e
gl ol z|u)-4-2 1.293X107$/year24] 3% =9
v-8-47r At oleS o $ot ok old a4yt

ol

& AR A
o

Fhedapel A Afolzh wASHE o)

#Hx 7bd g7kl 128 MWl A W zhel] Algsglw
282 Re 3)4dk odukgiel 32MW AZE sy

Energy Engg. J. (1993), Vol. 2(2)
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Table 3. Example 1-output for targets of heat excha- ARl kAl FFE 7 U7l WFEelch £& multiple
nger network: (a) the conventional method; (b) the su- utility & Al&g o2y duslrjge)l ddd HAHe &
ggested approach. @ b Az AAulge] dha Frkshe AR dAw

Minimum temperature difference : 23.0C = :
wl2b 4] ¢ A 12] 7ol multiple utility & AF$-3F o 2 4

Pinch temperature : 139.0C

A n &S FaAA 7 AS-S FAFd 7} sl
Requirement of hot utility : 128000.0 kW
Requirement of cold utility : 116000.0 kW 3-2. match R[8H0| %04l multiple pinch& ZH=
Total Number of exchangers : 7EA A
Total area : 121E+06 m® match #)&o] Fo]=| i multiple pinch& 7= A=
Energy cost : .1330E+08 $ /year 4 8. 7.2} Linnhoffe} Ahmad?7} A A5 &4 2 o)) A
Capital cost : .8545E+07 § /year 2 E9dch 409 GFe 579 RFE o] FoA 9ler
Total cost : 2184E+08 § /year AFAFEE Table 40 el gich 71 22] uhyef o

) AFGEE B 25T o AT e GHRE

£ 71&0.& 220, 165, 145TC 9] 4| 2X o4 process
Minimum temperature difference : 23.0C pinch”} £} 3= multiple pinch systeme]™], W& 13}
Process pinch temperature : 139.0TC &5 20 W3l matche] Hekz o) old Qi) o] &
Utilty pinch temperature : 1230 Az 75-g 4 2st7] S1ah4) =1A system separation
Requirement of hot steam utility : 96000.0 kW method & A-8-3tA =" 7tz+ 18T 2} 17C 9] H2y
Requirement of hot water utility : 0.0kW T2-% 4] 220C 2} 157C ¢) T process pinch& 7t
Requirement of cold steam utility : 32000.0 kW += 271 ¢] subsystem 2. 2 ¥-2]7} 7}5-3lc). wbeba] mul-
Requirement of cold water utility : 84000.0 kW tiple utility®& A25bA] =lml zhzhe] subsystemol) 4
Total number of exchangers : 8EA cold utility® 22} 28 o] 83hAl Hed #HA
Total area . 125E+ 06 m? e FIe AN HALPITTEA)E HEA Ho

Zkzb 22°C 9} 20T o] 4] 220C 2} 160T 2] process pi-
Ene.rgy cost : J1293E+08 $ /year nche 724= Axxel HHe TEzhe oA Hok
ol cost e Ao FU AE 2 AU Fe

sdeldl Alekze wesh W Aeucke K

Table 4. Example 2-output for targets of heat exchanger network.

conventional  separation method suggested mehtod

method  subsysteml subsystem2 total subsystem] subsystem2 total
ATin(C) 25 18 17 22 20
process pinch temp.(C) 220.0,165.0 220.0 157.0 220.0 160.0

145.0
utility pinch temp.(C) 122.0 120.0
steam for hot utility(kW) 24080.0 9800.0 16800.0 26600.0 5100.0 15500.0 20600.0
water for hot utility(kW) 0.0 0.0 0.0 0.0 0.0 0.0 00
steam for cold utility(kW) 0.0 0.0 0.0 0.0 5100.0 1600.0 6700.0

water for cold utility(kW) 33800.0 29420.0 6900.0 36320.0 247200 5600.0 30320.0

total number of units 22 7 5 12 8 6 14
total heat transfer area(m? .107E+05 617E+04 292E+04 909E+04 645E+04 296E+04 941E+04

annual energy cost($ /year) .1648E+07 .7645E+06 .1049E+07 .1814E+07 .7333E+06 .1051E+07 .1784E+07
annual capital cost($ /year) .7460E+06 .4320E+06 .2043E+06 .6363E+06 4512E+06 .2073E+06 .6585E+06
annual total cost($ /year) 2394E+07 .1196E+07 .1254E+07 .2450E+07 .1184E+07 .1258E+07 .2443E+07

ofiL{x|Z28t M2H M25 199314 98
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Table 5. Example 3-output for targets of heat excha-
nger network : (a) the conventional method; (b) the
suggested approach.

(@)
Minimum temperature difference : 14.0C
Pinch temperature 92.0C
Requirement of hot utility : 9510.0 kW
Requirement of cold utility 1 2740.0 kW
Total number of exchangers : 15 EA
Total area : 617E+03 m?
Energy cost : .8998E+06 $ /year
Capital cost : 2106E+06 $ /year
Total cost : 1110E+07 $ /year
(b)
Minimum temperature difference : 14.0C
Process pinch temperature : 92.0T
Utility pinch temperature : 100.0T
Requirement of hot steam utility : 6910.0 kW
Requirement of hot water utility : 2600.0 kW
Requirement of cold steam utility : 0.0 kW
Requirement of cold water utility : 0.0 kW
Total number of exchangers 16 EA
Total area : 301E+03 m?
Enregy cost : 6908E+06 § /year
Capital cost . 2401E+06 $ /year
Total cost : 9309E +06 & /year
ubHel|, system separationd 33 ARl 7
S ¢ 57h ek AT AdzATE 23
e BEPE Aol Aeln Angrozd, E o

Folld F& Aafell dia wrEE 4 ik
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4.4 £

g ey 38 SAo, HA daz §4
F838l7] sl4 multiple utilityS AH&steE WS
AA R, A7t AGzAEE A w2
el e Faigke]l dAe] ried zRads A
3k £ A9 oulE Qo B ohgd 7

(1) multiple utilityS A48 24 §-eleje u o—%
Ha A F eloh

@) FrEeEE A A5y A% qLLFeR
A, A FpEdels] £ HAAE 4& F ok

(3) multiple pinch® zZt= A2} match #)gko) F-o] 2
A, 283 EE-dgy ER3AbeA EdsAdE A
Agt 2L 7R AHEAES THFEN el
SRS AEE 5 Yk

tlo

ARRI|E

FC, . heat-capacity flow rate (J/secC)

H . enthalpy of stream (J/sec)

AH . enthalpy change of stream (J/sec)

AH; . total enthalpy change of enthalpy inter-
val i on the composite curves
(J/sec)

Q : heat exchange duty (J/sec)

Qu(Qo) : hot(cold) utility target (J/sec)

Quo(Qeora) hot(cold) utility target (J/sec)

Quots(Qeoias) © hot(cold) utility target using steam
(J/sec)

Quotw(Qeolaw) © hot(cold) utility target using water
J/sec)

T ! temperature of stream (C)

T; . temperature of enthalpy interval i on the
composite curves (C)

T, : initial temperature of streams (C)
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T, . target temperature of streams (C) 2. Linnhoff, B. and Ahmad, S. : Computers Chem. Eng.,
AT . temperature difference (C) 14, 729 (1990).
AT . minimum temperature difference on co- 3. A, olald, M5}, whalel [ glekzEl, 30, 318
mposite curves (C) (1992).
4. o)3], 742 “In Review”, (1993).
SR} 5. Douglas, J.M.: “Conceptual Design of Chemical

Processes”, McGraw-Hill, New York, (1988).

i . enthalpy interval on the composite cur- )
6. Linnhoff, B., Mason, D.R. and Wardle, 1. . Compu-

. . ves . . ters Chem. Eng., 3, 295 (1979).
) - streams number in enthalpy interval 7. Wells, G.L. and Hodgkinson, M.G. : Process Eng.,
p- 59 (1977).
HaEE 8. Zs  AalE e, @EEr)E Hetgets
(1991).
1. Linnhoff, B. and Flower, J.R.: AIChE ., 24, 633 9. Linnhoff, B. and Vredeveld, D.R.: Chem. Eng
(1978). K Prog., 80, 33 (1984).
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