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Abstract — A plant layout problem has a large impact on the overall construction cost of a plant. When determining a
plant layout, various constraints associating with safety, environment, sufficient maintenance area, passages for work-
ers, etc have to be considered together. In general plant layout problems, the main goal is to minimize the length of pip-
ing connecting equipments as satisfying various constraints. Since the process may suffer from the heat and friction loss,
the piping length between equipments should be shorter. This problem can be represented by the mathematical formu-
lation and the optimal solutions can be investigated by an optimization solver. General researches have overlooked many
constraints such as maintenance spaces and safety distances between equipments. And, previous researches have tested
benchmark processes. What the lack of general researches is that there is no realistic comparison. In this study, the plant
layout of a real industrial C3MR (Propane precooling Mixed Refrigerant) process is studied. A MILP (Mixed Integer
Linear Programming) including various constraints is developed. To avoid the violation of constraints, penalty functions
are introduced. However, conventional optimization solvers handling the derivatives of an objective functions can not
solve this problem due to the complexities of equations. Therefore, the PSO (Particle Swarm Optimization), which
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investigate an optimal solutions without differential equations, is selected to solve this problem. The results show that a
proposed method contributes to saving the capital expenditures.

Key words: Plant layout optimization, Particle swarm optimization, C3MR Liquefaction process
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Fig. 1. The process flow diagram of C3MR liquefaction process.

Table 1. Basic information and positions of all equipmentsch when a land size is also optimized

Number Equipment Width (m) Depth (m) Height (m) Position (X,Y)
1 Inlet Separator 5 5 3 (5,43)
2 CO, Removal 3 3 10 (15,10)
3 Dehydration 3 3 10 (23,30)
4 Carbon Filter 3 3 10 (25,40)
5 Pre Cooler 3 30 1 (50,25)
6 Main Cooler 6 6 15 (89,26)
7 Propane Condenser 50 5 6 (35,56)
8 Propane Compressor (3 step) 5 12 6 (35,75)
9 Air Cooler for Compressor 2 50 5 6 (85,56)
10 Mixed Refrigerant Compressor (3 Step) 5 12 6 (95,80)
11 Phase Separator 1 3 3 3 (20,75)
12 Phase Separator 2 3 3 3 (45,75)
13 Flash Separator 5 5 5 (107,75)
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Table 3. Pipeline connections and types of C3MR process. Equipment numbers are listed in Table 1

Connection (1,2) 23) G4 @5 G0 (15 6.1

(8,12)

(1.,8) (7,11) (12,7) (9.13) (6,9 (9.6) (10,9 (13,10)

Pipe Type A A A A B D D
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D D D C D D D C
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Unit : m

Fig. 2. The Real plant Layout of C3MR liquefaction process. Dash lines indicate the maintenance area. Numbers are listed in Table 1.
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Table 4. The positions of equipments optimized by a proposed research
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Number Equipment (0] X Y

1 Inlet Separator 1 32.74 12.38
2 CO, Removal 0 32.72 3.37

3 Dehydratiion 0 32.37 35.68
4 Carbon Filter 0 34.14 49.59
5 Pre Cooler 1 35.64 71.30
6 Main Cooler 0 86.57 70.56
7 Propane Condenser 1 36.73 27.55
8 Propane Compressor (3 step) 1 43.95 62.06
9 Air Cooler for Compressor 2 1 86.73 27.55
10 Mixed Refrigerant Compressor (3 Step) 0 86.72 55.75
11 Phase Separator 1 1 41.30 38.91
12 Phase Separator 2 0 43.09 3.27

13 Flash Separator 1 86.45 40.20
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Table 5. The positions of equipments optimized by a proposed resear
Number Equipment (0] X Y
1 Inlet Separator 1 6.67 43.65
2 CO2 Removal 0 12.01 2.82
3 Dehydratiion 0 19.55 2.40
4 Carbon Filter 0 41.99 20.36
5 Pre Cooler 1 71.74 26.29
6 Main Cooler 0 101.75 38.95
7 Propane Condenser 1 29.84 65.25
8 Propane Compressor (3 step) 1 12.36 26.92
9 Air Cooler for Compressor 2 1 79.84 65.25
10 Mixed Refrigerant Compressor (3 Step) 0 37.92 48.43
11 Phase Separator 1 1 10.10 53.07
12 Phase Separator 2 0 36.70 6.35
13 Flash Separator 1 32.60 32.60
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Fig. 3. The Plant layout of C3MR liquefaction process optimized by PSO. Dash lines indicate the maintenance area.
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Fig. 4. The Plant layout of C3MR liquefaction process as considering land optimization.
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