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A dynamic optimization control approach of life cycle energy
saving for heat exchanger network with bypasses
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(' Research Institute of Automation, China University of Petroleum , Beijing 102249, China; * Department of

Chemical and Biological Engineering , University of British Columbia , Vancouver, BC V6T 1723, Canada)

Abstract: In order to achieve sustainable energy saving of heat exchanger network in the life cycle,
bypasses were set in the network to increase its control degree of freedom, while a certain margin was
designed to provide operating space of optimal control. To better use bypass adjustment and margin of
operating space, an optimal control approach method based on dynamic model of heat exchanger network
was presented and combined with existing conventional control loop, not only expanding the feasible
region of optimal control, but also meeting the accuracy requirements of the original conventional control
loop. The cumulative cost minimization of heat exchanger network within a certain period was considered as
the objective function, while considering the impact of disturbances on heat exchanger network. To meet
the process conditions, the best bypass opening in the life cycle was solved in order to achieve sustained
energy saving of heat exchanger network. Closed-loop correction, iterative and rolling implementation
were adopted, and optimization was based on actual conditions. A global sub-optimal solution could
only be arrived at every turn. However, the actual control result could achieve the optimum. Finally,

a refinery’s crude oil heat exchanger network was treated as the specific study object, illustrating the
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effectiveness and application prospect of the presented method.

Key words: heat exchanger network; optimization control; energy saving; life cycle; bypass
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Fig. 1 Optimal control structure of heat exchanger networks with bypasses
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Table 1 Basic parameters of streams
. . Input Output Simulation output Flowrate Enthalpy
Material flow Title

temperature/ C temperature/ C temperature/ C /kg e s ! /kW

crude oil CRUDE 55 162 162. 85 60. 95 2.8X 10"
light atmospheric gas oil LAGO 114 86 88. 38 3.93 3613
medium atmospheric gas oil MAGO 200 118 118. 16 12.74 2670
heavy atmospheric gas oil HAGO 230 120 118. 31 10. 16 2701
light vacuum circle oil LVCO 174 110 110. 62 8.31 1261
medium vacuum gas oil MVGO 222 116 114. 77 18. 34 4338
heavy vacuum gas oil HVGO 218 122.5 124. 11 4. 24 902
vacuum residual(1) VR 227.5 124 122.03 27. 36 6742
vacuum residual(2) VR(2) 205 120.5 119. 41 27.36 5622
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Fig. 3 Flow chart of practical heat exchanger network
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Fig. 4 Practical heat exchanger network control structure

Forp A 2B T B mE E] 2 1860 s, i A Ak 4 ) I
0.27% (528 3 %A #l. CPU Intel E8500 3.16
GHz; 2G RAM) . K48 b 3C T $2 (9 78 Ze A Ak B 42
ST E Ty . AT 0 A 0 2 4 JE 300 P ) 45 A 2 2R il
2, WA S PR, A, RAEEET 3 F AT
PR 3G & 1477.5 kCNY., fifb#EHlE 3 24
TR R 584. 0 KCNY, L9y A M T# %M
893.5 kCNY ., 1] UL #4 I 45 38 2o 75 28 £t £k 2 il
DT EAESR . JCHRAERT . 55 AR AR

FAER IR . W2 758, BT A5 YR A5 08 Y 25 )
AN, M AR . 45 R A Ok B 2 i T
oA s B B0 . A T SN A Hb T A [ AR Ak
25 T A5 40 1 4 o ASOR L a B A R % 4 S B I Y —
/N B SR T A B S A AT . I R . FE A
3 a (RS AR RE 100 d. i3 B ] (9 4] 4 A5 AN
Pl A H1 0 1,38 a il 1. 65 a,

o T ) 45 119 55 B BE AR AL N &L 6 PR . AT LLE
B, S5 R TIT RERE & X 4538 17 1 W AR N o 1B TE AR



55 4 3]

B MERE S - A 55 Bk A5 A 0 2% 4 J) A0

T RE 3l 25 U0 A0 7 Y S B 5 ik

o 1347 -

x2 BMBAMEHALRITHRE

Table 2 Optimal design margin of heat exchanger network

Item Heat exchanger  Initial area/m?  Margin increment/ %
1 E104© 230 93. 20
2 E1059 230 29.95
3 E1101A 170 30. 66
4 E1101B 170 30. 67
5 E1102A 210 42.10
6 E1102B 210 42.09
7 E1103 170 —7.44
8 E1104© 210 97. 65
9 E1105 120 87.63
10 E1106 210 —48.53
11 E1201A 170 54. 77
12 E1201B 170 54.79
13 E1202® 125 61.93
14 E1203 120 78.63
15 E1204 90 83. 64
16 E1205A 170 —22.32
17 E1205B 170 —22.31
18 E1206© 120 98. 32
19 E1207 120 23.42

total HEN 3180 39.73

(D stand for the heat exchangers with bypass.
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