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Abstract: Chemical process optimization problems often involve highly nonlinear functions or non-analyzed forms of machine
learning models, making traditional optimization methods difficult to solve. This paper uses a multi-layer perceptron (MLP) activated
by linear rectification units (ReLU) as a surrogate model, and reformulates its analytic formulation with the Bin-M method to address
these complex optimization challenges. Applying this model to partially approximated (mixed integer quadratic constrained
programming, MIQCP) and fully approximated (mixed integer linear programming, MILP) heat exchanger network optimization
problems, the error between the obtained solution and the actual optimal solution is only 0.16 %oo; In the case of data-driven global
optimization for ethyl acetate operating conditions, the convergence speed is increased by 78.35% compared to non-analyzed model.
These results validate the effectiveness and accuracy of using analytic formulation of multi-layer perceptron for optimization,
providing a new and effective tool for process system optimization.
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Tab. 1 Data of four streams without splitting form Yee’s work

Temperature, K

Stream number Average heat capacity flow rate, kW-K-! Cost, $-kW-1-yr!
inlet outlet
H1 443 333 30
H2 423 303 15
Cl 293 408 20
C2 353 413 40
Steam 450 450 80
Cooling Water 293 313 20

U = 0.8 (kW-m2-K-!) for all matches except ones involving steam

U = 1.2 (kW-m2-K"!) for all matches involving stream

Annual cost = 1000 X [Area(m?)]%¢ ($-yr!) for all exchangers except heaters

Annual cost = 1200x[Area(m?)]%6 ($-yr!) for heaters
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Tab. 2 Comparison of scale and solution of heat exchange network optimization models

MINLP

MIQCP MILP

Integer Variables 44

Termination mode Time limit reached

Optimal solution found

2844 3484

Time limit reached

Termination time/s 9999.02 424 .95 10001.17
Max constraint violation 3.1841 X102 3.1818 X102
Best objective 8.1589 X104 8.1893 X104 7.1571 X 10+
Best bound 5.6920 X104 8.1887 X104 6.7932 X104
Gap 30.2355% 0.0071% 5.0845%
(2) .
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Fig. 1 Structure diagram of heat exchange network
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Tab. 3 Comparison of optimal solutions with different heat exchange networks models

Annual Annual Total
Excha Heat » )
Model Area/m? (Area)0® utility capital annual
-nger load/’kW
cost/$-yr!  cost/$-yr! cost/$-yr!
1 219.6 7.5(7.55) -
) 2 2400 320.3(327.21) -
Original 72909 80909
3 680.4 25.0(25.00) - 8000
literature (73857.67)  (81857.67)
4 1400 171.3(178.08) -
5 400 38.3(38.31) -
1 218.47 7.43(7.42) -
2 2400 325.19(325.19) -
73589 81589
MINLP 3 681.53 25.08(25.05) - 8000
(73651.16)  (81651.16)
4 1400 177.60(177.57) -
5 400 38.31(38.31) -
1 217.30 7.39(7.39) -
2 2400 323.13(324.99) -
73893 81893
MIQCP 3 682.70 25.10(25.13) - 8000
(73651.29)  (81651.29)
4 1400 179.30(181.59) -
5 400 38.31(38.31) -
3.33
1 215.35 7.32(7.32)
(3.30)
32.13
2 2400 321.20(319.78)
(31.84)
6.90 63571 71571
MILP 3 684.65 25.21(25.19) 8000
(6.93) (73674.66)  (81674.66)
22.35
4 1400 184.77(182.31)
(22.72)
8.90
5 400 38.30 (38.31)
(8.91)
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Tab. 4 Parameters of the simulation
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Tab. 5 Comparison of optimization results for ethyl acetate
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