&7

- Journal of Technology Research (JTR) ?{{ @
U q Volume 4, Issue 2, (2026), pp 165-183, ISSN 3005-639X Q)

o>

Optimal Location of Emergency Service Centres Using the Set
Covering Location Problem with Multiple Coverage (SCLP-MC):

A Case Study of the Libyan Iron and Steel Company

Mohamed A. Eshaikh! ©2, Abdalla M. Eshaikh"
! Administrative Audit Section, Audit Department, Libyan Iron and Steel Company, Misrata, Libya.
’Business Administration, Faculty of Economics and Political Science, Misrata University, Misrata, Libya.
*Corresponding author email: a.elshaikh@eps.misuratau.edu.ly

Received: 14-08-2026 | Accepted: 27-09-2026 | Available online: 30-09-2026 | DOI:10.26629/jtr.2026.13

ABSTRACT

This study aims to improve the distribution of emergency service centres within the Libyan Iron and
Steel Company by applying the Set Covering Location Problem with Multiple Coverage (SCLP-MC)
model. The model seeks to determine the minimum number of service centre locations (p) required to
cover a set of demand points (), while ensuring the achievement of a multiple coverage level (k) for all
company facilities within a predefined maximum response time (#.ax). The proposed model enhances the
reliability of the emergency response system by providing backup coverage that ensures service
continuity in situations involving simultaneous incidents or requiring the intervention of multiple service
centres to handle large-scale events. The study utilizes accurate spatial data of the company’s facilities,
including geographic coordinates and travel times between locations based on the internal road network.
The mathematical model was formulated using Binary Integer Linear Programming (BILP) to determine
the optimal number of service centres (p) that satisfy the double-coverage requirement (k = 2) within the
specified maximum response time (fnqx = 3 minutes). The model was solved using the Excel Solver tool.
The results revealed that the optimal number of emergency service centers is five (p = 5), ensuring
double coverage for all 37 company facilities within the specified response time. The coverage analysis
further indicated that 12 facilities achieved the basic coverage level provided by two centres, while 15
facilities received triple coverage, and 10 facilities achieved the highest coverage level through four
service centres. These findings confirm the effectiveness of the SCLP-MC model in improving the
spatial planning of emergency service centres and supporting decision-making processes aimed at
enhancing safety levels and operational efficiency in industrial facilities.
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(SCLP-MC) z3sail (Decision Variables) d))all < puaiall zili :(3) sk
[ Variable Cells

(Constraint) Cell Name Original Value Final Value Integer
1 $C$46 Changing Variables 0 0 Binary
2 $D$46 Changing Variables 0 0 Binary
3 $E$46 Changing Variables 0 0 Binary
4 $F$46 Changing Variables 0 0 Binary
5 $G$46 Changing Variables 0 0 Binary
6 $H$46 Changing Variables 0 0 Binary
7 $1846 Changing Variables 0 0 Binary
8 $J%46 Changing Variables 0 0 Binary
9 $K$46 Changing Variables 0 0 Binary
10 $L$46 Changing Variables 0 0 Binary
11 $M$46 Changing Variables 0 0 Binary
12 §NS$46 Changing Variables 0 0 Binary
13 $08%46 Changing Variables 0 0 Binary
14 $P$46 Changing Variables 0 0 Binary
15 $Q8%46 Changing Variables 0 0 Binary
16 $R$46 Changing Variables 0 0 Binary
17 $S$46 Changing Variables 0 1 Binary
18 $T$46 Changing Variables 0 0 Binary
19 SUS46 Changing Variables 0 1 Binary
20 $Vs$46 Changing Variables 0 1 Binary
21 $Ws46 Changing Variables 0 0 Binary
22 $X$46 Changing Variables 0 0 Binary
23 $YS$46 Changing Variables 0 1 Binary
24 $7%46 Changing Variables 0 0 Binary
25 $AAS$46 Changing Variables 0 0 Binary
26 $AB$46 Changing Variables 0 0 Binary
27 $ACS$46 Changing Variables 0 0 Binary
28 $AD$46 Changing Variables 0 0 Binary
29 SAES$46 Changing Variables 0 1 Binary
30 $AF$46 Changing Variables 0 0 Binary
31 $AGS$46 Changing Variables 0 0 Binary
32 $SAHS$46 Changing Variables 0 0 Binary
33 S$AI$46 Changing Variables 0 0 Binary
34 $AJ$46 Changing Variables 0 0 Binary
35 $AKS$46 Changing Variables 0 0 Binary
36 $ALS$46 Changing Variables 0 0 Binary
37 $AMS$46 Changing Variables 0 0 Binary

Solver alaaiul zigaill da il ¢ ofialll dlae) @ jradll
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(SCLP-MC)s2axiall dukasilly de gasnall dukaxi z35ail (Constraints) sl 258 il 1(4) Gale

i Constraints
(Constraint) Cell Name Cell Value Formula Status Slack

1 SANS47 Reference 2 SANS47>=SAPS47 Binding 0
2 SANS48 Reference 2 SANS48>=SAPS$48 Binding 0
3 SANS49 Reference 2 SANS49>=SAP$49 Binding 0
4 SANS50 Reference 3 SANS50>=SAPS50 Not Binding 1
5 SANS51 Reference 3 SANS51>=SAPS$51 Not Binding 1
6 SANS52 Reference 4 SANS52>=SAPS52 Not Binding 2
7 SANS53 Reference 4 SANS53>=SAPS53 Not Binding 2
8 SANS54 Reference 4 SANS54>=SAPS54 Not Binding 2
9 SANS55 Reference 4 SANS55>=SAPS55 Not Binding 2
10 SANS56 Reference 3 SANS56>=SAPS56 Not Binding 1
11 SANS57 Reference 3 SANS57>=SAPS57 Not Binding 1
12 SANS5S8 Reference 3 SANS58>=SAPS58 Not Binding 1
13 SANS59 Reference 2 SANS59>=SAPS59 Binding 0
14 SANS60 Reference 2 SANS60>=SAPS60 Binding 0
15 SANS61 Reference 3 SANS61>=SAPS61 Not Binding 1
16 SANS62 Reference 4 SANS62>=SAPS62 Not Binding 2
17 SANS63 Reference 3 SANS63>=SAPS63 Not Binding 1
18 SANS64 Reference 2 SANS64>=SAPS64 Binding 0
19 SANS65 Reference 3 SANS65>=SAPS65 Not Binding 1
20 SANS66 Reference 2 SANS66>=SAPS66 Binding 0
21 SANS67 Reference 4 SANS67>=SAPS67 Not Binding 2
22 SANS68 Reference 2 SANS68>=SAPS$68 Binding 0
23 SANS69 Reference 3 SANS69>=SAP$69 Not Binding 1
24 SANS70 Reference 3 SANS70>=SAP$70 Not Binding 1
25 SANS71 Reference 2 SANS71>=SAPS$71 Binding 0
26 SANS72 Reference 3 SANS72>=SAP$72 Not Binding 1
27 SANS73 Reference 3 SANS73>=SAPS73 Not Binding 1
28 SANS74 Reference 3 SANS74>=SAPS74 Not Binding 1
29 SANS75 Reference 2 SANS75>=SAPS75 Binding 0
30 SANS76 Reference 3 SANS76>=SAPS76 Not Binding 1
31 SANS77 Reference 3 SANS77>=SAPS77 Not Binding 1
32 SANS78 Reference 4 SANS78>=SAPS78 Not Binding 2
33 SANS79 Reference 4 SANS79>=SAPS79 Not Binding 2
34 SANSS80 Reference 2 SANS80>=SAPS80 Binding 0
35 SANSS81 Reference 2 SANS81>=SAPS81 Binding 0
36 SANSS82 Reference 4 SANS82>=SAPS82 Not Binding 2
37 SANSS83 Reference 4 SANS83>=SAPS83 Not Binding 2
X; $C$46:5AMS$46=Binary | sum=109 |
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   (   ∑  j = 1  p    a  i j   x  j ≥ k ,       ∀  i = 1 , 2 … , n )


  ∑   X  j ≤ p


  M i n i m i s e   Z =   ∑  j ∈ J    f  j   X  j                                               ( 1 )


    ∑  j ∈ J    a  i j   X  j ≥ k                   ∀ i ∈ I                                             ( 2 )


    X  j ∈ { 0 ,   1 }                   ∀ j ∈ J                                                       ( 3 )


    X  j ∈ { 0 ,   1 }                   ∀ j ∈ J                                                       ( 3 )


    f  j


  k


    a  i j


    a  i j =  {    1   0      i f     t  i j ≤   t  m a x                                                         otherwise   ( ذ ل ك   خ ل ا ف )                                  


    X  j =  {    1   0        ( j     ا خ ت ي ا ر   ا ل م و ق ع   ا خ ت ي ا ر   ت م     إ ذ ا )       otherwise   ( ذ ل ك   خ ل ا ف )  



