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A Study of Plant Layout Optimization

based on a Mathematical Modeling and Particle Swarm Optimization

Pyung Jac Park

Department of Safety Engineering, Graduate School,

Pukyong National University

The main goal of chemical plant layout optimization is to minimize
the cost of pipe length between equipments. However, previous
researches have handled single floor plants and ignored the safety
factor about securing maintenance spaces and proper distances between

equipments.

In this study, the MILP(Mixed Integer Linear Programming) problem

considers maintenance spaces and distances between equipments. And,



the objective function is the summation of piping and pumping cost as
considering the issues about securing maintenance spaces and proper

distances between equipments.

In general, in order to solve an optimization problem, conventional
optimization solvers use the derivatives of constraint and objective
functions. However, due to the complexity of case studies, it is not
always possible to use them. Therefore, in this study, PSO(Particle
Swarm Optimization), which is one of the representative sampling

approaches and does not need derivatives of equation, is employed.

EO(Ethylene oxide) plant and LNG-FPSO(Liquefied Natural

Gas—Floating Production Storage and Offloading) are tested to verify

the efficacy of this study.
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Figure 1. Process flow diagram of EO plant taken from [2]
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Table 1. Equipment information of EO plant taken from [2]

Equipment Width [m] Depth [m] Height [m] Connection
Reactor 5,27 5.22 2.61 (1,2)
Heat
11.42 11.42 450 (2,3)
Exchanger
EO Absorber 7.68 7.68 3.84 34
Heat
8.48 8.48 4.24 (45)
Exchanger
B,D
COs Absorber 7.68 7.68 3.84
(5,6
Flash drum 2.6 2.6 1.3 (6,7
Pump 2.4 2.4 1.2 (75)

24



Table 2. Basic cost information of EO plant taken from [2]

Equipment CC;;(per m) CH,;(per m) CV;;(per m)
Reactor 200 400 4000
Heat Exchanger 200 400 4000
EO Absorber 200 300 3000
Heat Exchanger 200 300 3000
COq2 Absorber 2 o0 1000
200 200 2000
Flash drum 200 150 1500
Pump 200 150 500

20
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Table 3. Minimization results of EO plant on a single floor

Number Equipment z [ml] y [ml]
1 Reactor 10.67 22.58
2 Heat Exchanger 9.75 9.25
3 EO Absorber 25.12 10.65
4 Heat Exchanger 25.02 30.39
5 CO;z Absorber 11.41 33.05
6 Flash drum 2.21 36.95
7 Pump 2.32 30.42
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Figure 2. Minimization layout of EO plant on a single floor
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Figure 3. Three dimensional minimization layout of EO plant on
a single floor
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Table 4. Optimal results of EO plant on the multi—floor in case
the height of floor is 6m

Number Equipment Floor z [m] y [ml]
1 Reactor Znd 8.29 8.07
2 Heat Exchanger Ist 19.19 22.82
3 EO Absorber Znd 18.01 27.31
4 Heat Exchanger 2nd 19.71 9.98
5) CO2 Absorber 1st 20.49 7.50
6 Flash drum 2nd 27.82 21.55
7 Pump 2nd 8.92 24.75
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Figure 4. Optimal layout of EO plant on the first floor in case

the height of floor is 6m
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Figure 5. Optimal layout of EO plant on the second floor in case

the height of floor is 6m
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Figure 6. Three dimensional optimal layout of EO plant on the
multi—floor in case the height of floor is 6m
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Table 5. Optimal results of EO plant on the multi—floor in case
the height of floor is Tm

Number Equipment Floor z [ml] y [ml]
1 Reactor 1st 5.66 28.75
2 Heat Exchanger Ist 24.66 13.40
3 EO Absorber Znd 20.63 9.53
4 Heat Exchanger 2nd 27.98 27.33
5 COz Absorber 2nd 14.05 24.25
6 Flash drum 2nd 29.61 9.38
7 Pump 2nd 4.47 1271
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Figure 7. Optimal layout of EO plant on the first floor in case

the height of floor is 7m
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Figure 9. Three dimensional optimal layout of EO plant on the
multi—floor in case the height of floor is 7Tm
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Figure 10. Process flow diagram of dual mixed refrigerant cycle
taken from [5]
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Table 6. Equipment information of LNG-FPSO taken from [11]

Equipment Width [m] Depth [m] Height [m]  Connection
Mixed
) (1,4)
Refrigerant 4 4 13 ©25)
Separator ’
(3,8)
Main C i 4,15
ain Cryogenic - . 43 (4,15)
Heat Exchanger (5,6)
(6,16)
Main
Refrigerant
45 45 13 (9,10)
Compressor
Suction Drum
(10,13)
Cooler for
5 12 6 (10,14)
Compressor
(10,11)
Mixed
Refrigerant 5 12 6 (11,10)
Compressor
Overhead Crane 12 19 6
Sea Water
4 6 5 (13,10)
Cooler 4
Sea Water
4 6 5
Cooler 5
Valve 4 1 1 1 (154)
Valve 5 1 1 1 (16,7)
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Table 7. Basic cost information of LNG-FPSO taken from [11]

Equipment CCj(per m)  CHy(per m)  CV(per m)
Mixed Refrigerant
200 200 2000
Separator
Main C ic Heat
A YR e Y 200 200 2000
Exchanger
Main Refrigerant
/ 200 200 2000
Compressor Suction Drum
Cooler for Compressor 200 200 2000
Mixed Refrigerant
200 200 2000
Compressor
Overhead Crane 200 200 2000
Sea Water Cooler 4 200 200 2000
Sea Water Cooler 5 200 200 2000
Valve 4 200 200 2000
Valve 5 200 200 2000
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Table 8. Optimal results of LNG-FPSO on the multi—floor in
case the floor size i1s 35mx3bm

Number Equipment Floor z [ml] y [ml

1 ~2 Mixed Refrigerant Separator 2 ~3 16.78 6.43
3 ~ 7 Main Cryogenic Heat Exchanger 1 ~ 5 25.31 6.69

Main Refrigerant Compressor
8~ 9 . 1 % 2 15.75 17.20
Suction Drum

10 Cooler for Compressor 3 11.67 19.23
11 Mixed Refrigerant Compressor 4 11.67 19.23
12 Overhead Crane 5 11.67 19.23
13 Sea Water Cooler 4 4 20.21 19.19
14 Sea Water Cooler 5 4 28.31 19.04
15 Valve 4 2 25.95 1371
16 Valve 5 4 32.43 6.72
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Figure 11. Optimal layout of LNG-FPSO on the first floor in
case the floor size is 3bmx35m
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Figure 12. Optimal layout of LNG-FPSO on the second floor in
case the floor size is 3bmx35m
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Figure 13. Optimal layout of LNG-FPSO on the third floor in

case the floor size i1s 35mx3bm
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Figure 14. Optimal layout of LNG-FPSO on the fourth floor in



5th Floor
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Figure 15. Optimal layout of LNG-FPSO on the fifth floor in

case the floor size i1s 35mx3bm
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Figure 16. Three dimensional optimal layout of LNG-FPSO on
the multi—floor in case the floor size is 3bmx35bm
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Table 9. Optimal results of LNG-FPSO on the multi—floor in
case the floor size is 30mx40m

Number Equipment Floor z [m] y [ml
1 ~2 Mixed Refrigerant Separator 2 ~3 5.02 452
3 ~ 7 Main Cryogenic Heat Exchanger 1 ~ 5 5.02 13.10

Main Refrigerant Compressor
8 ~9 ‘ 1 N 2 8.92 22.13
Suction Drum

10 Cooler for Compressor 1 19.41 22.12
11 Mixed Refrigerant Compressor 2 19.41 22.12
12 Overhead Crane 3 19.41 2212
13 Sea Water Cooler 4 2 19.46 7.71
14 Sea Water Cooler 5 1 19.48 772
15 Valve 4 2 12.04 13.07
16 Valve 5 4 5.01 0.97
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Figure 17. Optimal layout of LNG-FPSO on the first floor in

case the floor size is 30mx40m

o8



2nd Floor

40

35

30
25
0
5
10

15 20 25 30

10

Unit : m

Figure 18. Optimal layout of LNG-FPSO on the second floor

in case the floor size is 30mx40m
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Figure 19. Optimal layout of LNG-FPSO on the third floor in

case the floor size is 30mx40m
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Figure 20. Optimal layout of LNG-FPSO on the fourth floor in
case the floor size is 30mx40m
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Figure 21. Optimal layout of LNG-FPSO on the fifth floor in
case the floor size is 30mx40m
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Figure 22. Three dimensional optimal layout of LNG-FPSO on
the multi—floor in case the floor size is 30mx40m
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