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Abstract

Purpose: This research proposes a multi-objective and robust model considering both cost and risks related to the
environment (water consumption and environmental pollution), social responsibility (working conditions and employee
health), operations (change in demand and return rates), and disruption (accs and diseases such as COVID-19) in the
supply chain, using horizontal collaboration to deal with it.

Methodology: In this research, mixed-integer linear programming and robust optimization technique have been used
for closed-loop supply chain network design and a multi-objective method has been developed to solve the problem
and create Pareto spaces.

Findings: The results of the calculations show the effect of failure probability on the capacity of the facility, the total
cost of the network and the degree of collaboration between members of the supply chain to deal with the risk. Also,
the amount of cost required for allocation to reliable and unreliable facilities and also creating a suitable Pareto space
for deciding on the optimal choice of facilities, capacity and flow between them and iron and steel production
technology, according to sustainability and social responsibility indicators, are other research findings.
Originality/Value: In this study, for the first time, the design of a robust, sustainable, and resilient network of iron
and steel under different risks has been studied. Horizontal collaboration has been used as a new approach to deal with
risk and solution method for multi-objective problems has been developed. Using the results of this study, the
decision-maker can make informed decisions about the supply chain under risk conditions by considering suitability for
each of the objectives.

Keywords: Robust optimization, Iron and steel supply chain, Sustainable supply chain network design,

Risk management, Collaboration.
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Table 1- Subset of social issues considered in 1ISO 26000
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Table 2 - Scope and impact of supply chain disruption risk management
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Table 4- Comparison of some stability parameters in two methods of steel production [62]
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Table 5- Comparing the amount of carbon dioxide for different methods of transportation [63]
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Table 6- Range of other generated data [64]

aéj a Aayij] aeja Aayi]
Uniform (.2-.35) Uniform (90-120)
Uniform (.85-.97) Uniform (25-35)
Uniform (330000-960000) Uniform (2-5)
Uniform (300000-900000) Uniform (2-5)

Uniform (2.5-6)
~ Uniform (1500-3000)
Uniform (.5-.7) -

Uniform (5000-10000) Uniform (.4-.6)

Uniform (1000-5000) Uniform(1500-3000)
Uniform (1000-5000) Uniform (800-1800)
Uniform (60-90) Uniform (800-1800)

Uniform (800-1800)
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Table 7- The mathematical model proposed solutions for different values of membership functions

 irnay CHLHAAET EMLHARAN
b0 © k F.f” E EEBAECR & rEca@HSR i BINEAR
’ E e Eé“ & o
06 06 06 0.65 0.6 0.6 4665255.694
05 0.5 0.5 0.71 0.6 0.52 4623998.952
0.8 0.3 0.3 0.85 0.74 0.36 4475295.581
05 0.7 0.5 0.6 0.72 0.52 4722843.879
s 02 0.8 0.2 0.82 0.8 0.34 4506344.902
m 0.7 0.3 0.5 0.76 0.59 0.52 4559399.96
N 0.3 0.3 0.8 0.35 0.3 0.8 4955840.125
0.9 0.2 0.2 0.93 0.57 0.4 4402531.978
0.2 0.7 0.7 0.22 0.7 0.7 5079961.527
o 0.7 0.7 0.2 0.78 0.74 0.38 4540296.438
D. 0.7 0.2 0.7 0.75 0.27 0.7 4575756.148
Lo
N 0.6 0.6 0.6 0.66 0.6 0.6 4664079.395
1 &) 0.5 0.5 0.5 0.67 0.61 0.52 4653083.558
S— 0.8 0.3 0.3 0.84 0.74 0.38 4487722.045
0.5 0.7 0.5 0.63 0.8 0.51 4689119.897
~ 02 0.8 0.2 0.82 0.8 0.34 4502479.171
;' 0.7 0.3 0.5 0.77 0.58 0.52 4558102.95
~ 03 0.3 0.8 0.39 0.3 0.8 4925457.813
0.9 0.2 0.2 0.93 0.57 0.4 4403120.659
0.2 0.7 0.7 0.26 0.7 0.7 5048201.573
0.7 0.7 0.2 0.85 0.73 0.36 4479656.752
0.7 0.2 0.7 0.75 0.28 0.7 4575577.774
O
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Figure 2- The relationship between total cost and infeseable cost
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