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Abstract — Fire extinguisher placement in industrial facilities is a critical factor for effective initial fire response;
however, conventional placement practices largely rely on expert experience and subjective judgment, resulting in
insufficient quantitative criteria for location, quantity, and coverage. To address this limitation, this study proposes an
MILP-based optimization model that simultaneously minimizes response time and the number of installed fire
extinguishers. The proposed model incorporates obstacle-avoiding travel paths between workers, extinguishers, and fire
locations, as well as practical operational constraints such as extinguisher coverage area, worker walking speed, and the
maximum number of fires assignable to each extinguisher. The model was applied to the layout of a manufacturing
facility using grid-based spatial discretization and the results demonstrate that full coverage can be achieved with
approximately 30% fewer extinguishers compared to expert-based layouts, while reducing the maximum response time
to within 14 seconds.
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Table 1. Comparative validity of the proposed and conventional deployment approaches

Criterion Proposed model Uniform deployment (75 ft Criterion) Expert-based deployment
Objective function Z-+\tmax Implicit travel-time minimization None
Response time considered Yes (path-based) Yes (distance-based) Yes
Number of extinguishers considered Yes No Yes
Obstacle consideration Yes No Yes
Reproducibility Yes Yes No
Quantitative comparability Yes No No
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Table 2. Major parameters used in the optimization model

Symbol Description Value / Definition
A Weighting coeficient for maximum 05
response time
speed  Average worker walking speed 1.5 m/s (5.4 km/h)
unitArea_q Effective coverage area per extinguisher 418 m?
totalArea  Total modeled floor area 568 cells
Q Set of candidate extinguisher locations Q)=
F Set of fire occurrence points [F1=20

Note:

1. The coverage area was derived based on the Ordinary Hazard Group 3A
criterion, corresponding to 4,500 ft* converted into square meters.

2. The worker walking speed was set according to the NFPA technical
services report.

3. The accessibility condition was based on a maximum travel distance of
75 ft (22.8 m), reflecting an approximate round-trip response time of 30
seconds.
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Toy Example Layout (100m x 100m)
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Fig. 1. Initial layout of the toy problem prior to optimization.
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Table 3. Optimization results of the toy example

Metric Result
Solver status Optimal
Number of selected extinguishers 4
Selected extinguisher locations (X, y) (20,40), (40,80), (60,20), (80,60)
Maximum response time, 7y 133s
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Optimization Result (Selected Extinguishers)
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Fig. 2. Optimized extinguisher layout for the toy problem.
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Table 4. Comparison of optimization results with and without obstacles (Toy example)

Scenario Solver status ~ Number of selected extinguishers Maximum response time ty,y (sec) Selected extinguisher locations (X, y)
Without obstacle Optimal 4 13.33 (20,40), (40,80), (60,20), (80,60)
With obstacle Optimal 4 13.33 (20,40), (40,80), (60,20), (80,60)
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Table 5. Coordinates of each modeling element

Korean Chemical Engineering Research 64(2) (2026) 105162

Fire occurrence points

Candidate extinguisher locations

Worker locations

ID Coordinates (x, y) 1D Coordinates (X, y) ID Coordinates (X, y)
F1 25,18 Ql 55,14 P1 25,15
F2 95,8 Q2 13.5,11 P2 11, 11.5
F3 9.5, 10.5 Q3 16.5, 14.5 P3 11.5,17.5
F4 9.5, 13 Q4 20.5,7 P4 18,5
F5 12.5,19 Q5 23,1 P5 18,12
F6 14,11.5 Q6 25,16 P6 21,12
F7 17,12 Q7 29,20 P7 21,17
F8 19,5.5 Q8 33,9 P8 22,75
F9 20.5, 12 Q9 335,3 P9 24,7.5
F10 22.5,7 Q10 55,8 P10 24.5,12
F11 23,4.5 Q11 75,55 P11 26,7.5
F12 23.5,12 Q12 11, 18.5 P12 27.5,12
F13 24,135 Q13 33,14.5 P13 29,175
F14 24.5,18.5 Q14 29.5,3.5 P14 325,4
F15 26.5,12 P15 325,8
Fl16 27,6
F17 27,19.5
FI18 32.5,19.5
F19 33,5
F20 33,6.5
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Fig. 4. Optimized fire extinguisher placement and coverage area representation.
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Table 6. Summary table of optimization results

Korean Chemical Engineering Research 64(2) (2026) 105162

Table 8. Comparison of fire response times under fixed and flexible
matching

Metric Value
Number of installed extinguishers 5(Q6,Q11,Q12,Q13,Q14)
Coverage 568 / 568 cells (100%)
Maximum response time, 7y 14.0s
Weighting parameter, A 0.5
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Table 7. Comparison of optimization results under fixed and flexible

matching
Metric Fixed matching  Flexible matching
Number of installed extinguishers 3 3
Maximum response time, T (S) 18.67 16.67
Objective function value 3.16 3.14

Fire Fixed matching  Flexible matching Difference

point (s) (s) (Flexible — Fixed) (s)
Fl 4.67 16.67 12
F2 18 8.67 -9.33
F3 18 12.67 -5.33
F4 18.67 12 —6.67
F5 8.67 16.67 8
F6 10 12.67 2.67
F7 18 12.67 -5.33
F8 18 12.67 -5.33
F9 8.67 12 3.33

F10 18.67 8.67 —-10.00
F11 4.67 13.33 8.66
F12 5.33 16 10.67
F13 4.67 8.67 4
F14 4 11.33 7.33
F15 5.33 15.33 10
F16 12 9.33 —2.67
F17 4.67 16.67 12
F18 14 13.33 —-0.67
F19 12.67 15.33 2.66
F20 11.33 13.33 2
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Impact of A on Response Time and Extinguisher Count (with Coverage Constraint)

Max Response Time (sec)

Number of Extinguishers

0.0 0.2 0.4

06 0.8 10

Lambda (A)

Fig. 5. Variation of maximum response time and fire extinguisher installations according to A values.

A = 0.0: Tp,,x= 44.6 s, Extinguishers = 5

A = 1.0: Tpux= 12.0 s, Extinguishers = 6
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Fig. 6. Comparison of coverage and fire extinguisher placement simulations with varying A values.
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Extinguisher locations: @

Non-expert placement
-

compressor

Extinguishers = 17

ESG expert #1 placement

Extinguishers = 20
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ESG expert #2 placement

compressor

Extinguishers = 17

Fig. 7. Marked layout of fire extinguisher placement by individual.

Table 9. Quantitative performance comparison of fire extinguisher placement methods

Method No. of extinguishers Response time (s) Coverage Remarks
Proposed optimization method 5 14.0 100%
Expert-based placement 17 6.8 100%
Uniform placement (75 ft criterion) 2 19.5 54% Obstacles not considered
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