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Abstract

Purpose: Establishing the structure and expansion of sustainable closed-loop supply chains is critical to meeting
environmental, economic, and social standards to strengthen their position in competitive matkets. This study aims to
decide on operational and tactical levels to configure the Stable Closed Chain Supply Chain Network (SCLSC) to
maximize Net Present Value (NPV) and seek to minimize carbon emissions while maintaining environmentally friendly
policies and considering inflation.

Methodology: This paper considers a solid Fuzzy Robust Optimization (FRO) approach to deal with stable, closed-
loop supply chain uncertainties. Also, due to the complexity of the model and its multi-objective, a new combined method
of Heuristic algorithm (HA) and Multi-Choice Goal Programming with Utility Function (MCGP-UF) is used. The
proposed Mixed Integer Linear Programming (MILP) model is applied in the electronics industry.

Findings: The proposed model is evaluated in several experiments and discussed in different scenarios to confirm the
efficiency and validity of the proposed model and method. The results were compared with the two factors of optimal
gap and solution time, which showed the proper performance of the proposed method. Then, the tactical results and
model strategy were presented for a case study in which the optimal flow between facilities, selection of suitable suppliers,
selection of transportation type, and opening of facilities were presented. The findings showed that in different scenarios,
the effective improvement of the obtained solutions by reducing the solution time by twenty percent could address large-
scale problems.

Originality/Value: By considering a new combined method of heutistic algorithm and multi-choice ideal programming
with a utility function, this paper is done to solve the problem of designing a stable closed-loop supply chain network
under uncertainty.

Keywords: Fuzzy robust optimization, Net present value, Multi-choice goal programming with utility function,
Sustainable closed-loop supply chain, Heuristic algorithm.
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CapCE (ton) DU [30 40] DU [40 50] DU [50 60] DU [60 65]
e,y o3k
fs,($*10%) DU[0.00714 0.0142]
pety($*103) DU[9.55 11.32]
for, ($*103) DU[19.2 22.1]
feoy ($*10°) DU[15.5 18.6]
spp($*10°) DU[3 15]
pria($*103) DU[3 15]
spry($*103) DU[3 15]
dis.y (km) DU[3 15]
Tipl 0.65

apkl 0.19

ﬁgbl 0.4
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Table 1- Continued.

o ol o3k
Tgbl 0.4

Hgbl 0.2

6grt1 0.6

egrtl 0.4

Am(Kg / km) DU [0.185 0.225]
A(Kg / km) DU [0.234 0.258]
5+ ($*103) DU [0.0120 0.0125]
57($*103) DU [0.0125 0.0130]
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Table 2- The size of the test problem in the case study.

oseilogl L P Q J I R B C K D M S G
1 2 1 1 3 2 2 1 3 1 4 1 2 12
2 2 1 1 3 2 2 1 3 1 4 1 2 12
3 3 1 1 5 2 2 2 3 1 4 1 3 12
4 3 2 2 5 3 2 2 5 2 4 1 3 12
5 3 2 2 8 3 3 2 5 2 4 1 4 12
6 4 2 2 8 4 3 3 5 2 4 2 4 12
7 4 3 3 12 4 3 3 7 3 4 2 5 12
8 4 3 3 12 4 4 3 7 3 4 2 5 12
9 4 3 3 15 5 4 2 7 3 4 2 6 12

0 5 3 4 15 5 4 2 7 4 4 2 6 12
11 5 4 4 17 4 10 4 7 4 4 2 7 12
2 5 4 5 17 4 10 4 7 4 4 3 7 12
3 5 4 5 17 5 10 6 8 5 4 3 8 12
4 5 5 5 2 5 14 6 8 5 4 3 8 12
15 6 5 6 2 7 14 8 9 5 4 3 9 12
6 6 5 6 2 7 16 8 9 6 4 3 9 12
17 6 5 8 20 9 16 8 10 6 4 4 10 12
18 7 6 8 23 9 20 10 10 6 4 4 10 12
19 7 6 10 23 10 20 10 12 7 4 4 12 12
20 7 6 10 23 10 20 10 12 7 4 4 12 12
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Table 3- The results of solving the proposed model in different dimensions.

Syl G340l ESF Gy Jeely cuds L))
o Lot Sup i Bus b Sop 2l Sus i o
. J> ol GAP1% GAP2%
o)l Jo! P39S Js P9 S

1 1058204.24 182.14 20.3 1058204.24 182.14 183 0.0 0.0
2 1072158.18 194.23 211 1072158.18 19423 1838 0.0 0.0
3 1113640.21 205.47 22.6 1123645.05 21312 195 0.9 3.7
4 1154819.36 227.07 36.14 1158590.17 23517 19.2 0.3 3.6
5 1277482.08 260.21 76.5 1328381.21 269.05 214 4.0 34
6 1555510.19 289.39 103.2 1616710.23 29533 223 3.9 2.1
7 1766083.45 305.12 195.7 1814110.11 31525 228 2.9 3.3
8  1837205.37 320.05 348.5 1857256.50 32515 219 11 1.6
9 1859876.68 331.19 736.1 1878800.51 339.36 246 1.0 24
10 20147688.55 365.20 1053.8 20979820.7 37114  26.7 4.1 16
11  22047205.15 378.68 1766.5 22897805.1 385.61 285 3.9 18
12 25357456.28 389.51 2623.4 25887616.3 39747 301 2.1 2.1
13 28147084.15 410.25 3415.9 29158990.3 42113 316 3.6 2.7
14  34308460.41 435.10 4896.1 35459806.5 44118 334 34 14
15 39547371.36 462.19 5623.5 41446691.2 475.29 35 4.8 2.8
16 45149578.12 482.15 6854.2 47098990.6 49334 38.6 4.3 2.3
17 50648476.45 508.07 8069.6 53038970.6 528.17 421 4.7 3.9
18 - - 9345.3 59113215.1 682.14 445 - -
19 - - 10560.5 63154890.4 754.23 483 - -
20 - - 12038 69278482.2 80547 52.7 - -

5/0

4/0
& 3/0
S 2/0
1/0 l I

0/0
123456 7 8 91011121314151617
Problem

B GAP1 mGAP2
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Figure 1- Comparison of the optimal gap between the two methods used
to solve the proposed problem.
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Figure 2- Comparison of the solution time between the two different methods used.
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Figure 3- The effect of inflation on targets.
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Figure 4- Sensitivity analysis of the demand parameter.
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Figure 5- Sensitivity analysis of facility capacity on profitability and environmental effects.
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Table 4- Sensitivity analysis of the parameters of the robust fuzzy
optimization model.

€, = 1000
n=03 n=0.6 n=0.9
|z1] 25275812.88 20220650.3 15110325.15
n=0.6
& =100 & = 1000 & = 2000
|z1]  20220650.3 20220650.3 20220650.3
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