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Optimal Heat Exchanger Network Synthesis
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Abstract

© The purpose of this study is to develop the technique of energy recovery and energy saving by

using the optimization of heat exchanger network synthesis. This article proposes a new method of determining

the optimal target of a heat exchanger network synthesis problem of which data feature multiple pinch points.

The system scparation method we suggest here is to subdivide the original system into independent subsystems
with one pinch point. The optimal cost target was evaluated and the original pinch rules at each subsystem were

employed.

The software developed in this study was applied to the Alko process, which is an alcohol production

process, for the synthesis of heat exchanger network. It was possible to save about 15% of the total annual cost.
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Table 1. Stream data for examples.
example {stream |beat capacity }heal transfer  {supply target
flow rate coetficient, h [tempeature |tempeature
(MW/C) MW/ - T [0 ()
1 hl 0.10 HOE-03 127 40
h2 0.06 AOE 03 220 150
h3 0.13 B0E-03 260 45
& 0.14 HE-03 147 140
h5 0.12 A0E -3 320 250
h6 0.03 S0E 03 250 95
cl 0.10 BE03 L 100 150
2 007 003 55 264
e 0.13 BOE-03 35 311
ch 0.06 A4E 03 60 170
&5} 0.20 3E 03 . 250
&3} 0.17 JO0E 03 164
2 hl 0.14 SOE 03 40
h2 0.07 AOE 03 190
| h3 0 (H '%OIZ 03 95
[ 007 J0E 03 56 2350
| 0.06 LE 0 ¢ 60 174
3 0.17 J0E 03 125 164
3 hi 009 SE P19 9
h2 030 ATE 0260 59
h3 011 O7E03 ] 3
h4d 1.59 AT 02 ‘ 92 91
hi 145 ATE 02 | 8 7
ht 0.5 JTE02 | 5 54
h7 0.01 STE 03 % 35
cl 002 STE-03 30 70
2 1.89 S7E 03 30 81
3 011 S5TE 03 100 12
P4 243 iOSTE 03 120 121
) 0.01 STE- 03 55 103
ot 0.76 NI DO 100 o
o7 021 POOTE 03 107 0
. SIEo3 % W
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Table 2. Design data for examples.
example 1 2 3
hot uitility  Isteamn sLl|)|)13'_tcmu(”(') H,J{;O 330 160
heal capacity 0.50 0.0 5.00
[flow rate(MW/C) ]
hfdl transfer
coefficient S0E 03 | S0E 03 | 84E 03
(MW/m" - )
annual cost of
unit duty 60000.0 | 60000.0 | 94100.0
S/ MW - r)
water  |supply temp.(C) 100 100 100
heat capacity 0.50 0.50 2.00
(flowrate(MWC) ]
heat transfer
coefficient 28E-03 | 28E-03 | 28E-03
(MW/m' - )
annual cost of
unit duty 1000.0 | 10000 | 13700.0
R ($/MW - yr) 1 |
mld uuht\ steam supply temp. (T} 100 ; 100 100
heat capacity 050 1 030 5.00
flowrate(MW/ ) | g
heat transfer i ‘
coefficient KAE 03 | 84E 03 ° $E 03
(MW/m’ - C) ;
annual cost of :
unit duty 20000 | 320000 915000
,,,,,, _BMW -y
\mler supply temp.(C) 15 15 30 i
heat capacity 0.50 0.50 500
MowrateMW/C) B
i heat transfer
| coefficient CH0E-03 | O0E 03 | 28E 03
AMWAne - )
E dnnua] cost of
' umt duty H000.0 | 60000 1 1800.0
: }1 HMW - yr)
exchanger linear capital a 10000 1 10000
icost model( $) h 350 350 ;
‘Guthrie’s model cost data | 1
[M&S index : w7
Fd | 135 |
Fp - ‘ 005 |
Fm - i 37 j‘
p]anL lifetime(yr) 5 5 10
rate ol interest(%%) 0 0 12
m. oif|
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Table 3. Results of targets and synthesis of heat
exchanger network for example 1.

g g g Egel

optimal targets results  comparision
of to targets

subsysteml subsystem? total  svnthesis (%)

ATmin(C) 18 10 18 10
pinch temp.( ) 103.00 127.00 103.0 127.0

requirement of hot utility (MW} 279800 76200 356000 356000
requirment of cold utility(MW) 62800 43600 106400 10640.0

100.00
100.00

total number of units(EA) 11 5 161. 16
total heat transfer area(m’) 6540E+04

100.00
A940E+04 84%0E+04 8837E-04 104.20

annual energy cost( $/year) 1716E+07 483FE+06 2199E+07 2200E+07 100.05
annual capital cost( $/yvear) 4801E+(7 1456E+06 6257E+06 6R06E 06 103.98
annual total cost( $/vear) 2197E+07 6200E106 2826E+)7 285K 07 100.86
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Table 4. Results of targets and synthesis of heat
exchanger network for example 2 @ (a)
single utility, (b) multiple utility.

results  comparisong
of to targets
synthesis (%)

optimal targets

subsystem] subsystem? total

ATmnlC) 6 20 - 6 20

pinch temperature( () 131.00  147.00 - 1%1 0 1470
requirement of hot uiility(MW) 6600 9790.0 104500 10450 0 100.00
requirement of cold utility(MW) 10800 5920.0 7000.0 9326.15  133.23
total number of unit<(EA) 4 5 9 9 100.00

total heat transfer area(m®) 7330E+03 3340E-~04 4073E+04 3967E+04  97.41

annual energy cost( § /year) 4608E~05 .6229E+06 .6690E+06
annual capital cost( § /year) 3931E-05 .2440E+06 .3033E+06
annual total cost( $ /vear) . 10ME-06 8670E+06 9724E+06

B830E+06  102.09
205TE+06 9749
HT8TE-06 10065

(h)
optimal  targets results  comparison
of to targets
subsystem] subsystem? total synthesis (%)
AT (1) 9 22 - 9 22
pinch temp.( 1) 134.00  147.00 - 134.0 147.0
utility pinch temp.(T) 109.00 12200 109.0 122.0
requirement of hot steam(MW) 0.0 9800.0  9800.0  10800.0 110.20
requirement of hot water(MW) 0.0 0.0 0.0 0.0 -
requirement of cold steam(MW)} 7500 2500 10000  7803.85 780.39
requirement of cold water(MW)  420.0 59300 6350.0 1807.69 2847
total number of units(EA) 5 6 11 13 118.18

total heat transfer areatm’) S100E+03 3230E+04 4040E+04 4090E-04 101.26

annual energy cost( $/vear) 2652E+056 6316E+06 6581E+06 6442E+06  97.89
annual capital cost( §/year) 6671E+05 2380E+06 3047E+06 .3124E+06 102.5:
annual total cost( $ /vear)  9323E+050 B696E+06 9628E+06 9566E+06  99.35
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Fig. 11. Distillation process of Alko company.
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Table 5. Results of targets and synthesis of heat
exchanger network for example 3.

optimal resuits  comparison  Alko comparison
targets of to to
synthesis  targets(%) Alko(%6)

ATl C) 12 12 - 5 -
pinch temp.() 92.0 92.0 -
requirement of hot utility(MW) 2040.0 5040.0 100.0 3400.0 148.2
requirement of cold utility(MW)  3230.0 32300 100.0 1300.0 2485
total number of units(EA} 16 16 100.0 13 1231
total heat transfer arealm”)  1110.0 1106.0 99.6 2241.0 49.4

annual energy cost( $/vear) 4801E~06  4801E+06 1000
annual capital cost($/year) 9448E-06 B636E+06 914
annual total cost( $ /year) J425E+07  1344E-07 94.3

3220E+06 1491
1262E+07 684
ISB4E+07 848
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Fig. 13. Network based on this study.
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