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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 netwotk 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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Figure 1- Forward and reverse supply chain network.
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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].
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Table 7- The mathematical model proposed solutions for different values of membership functions.
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Figure 2- The relationship between total cost and infeseable cost.
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Figure 3- The relationship between infesiable quantities and infeseable cost.
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Figure 4- The relationship between total cost and probability of disruption.

}Qp%#ﬂwwwadﬁ.ﬁéwﬁ)a '/OQUJ‘J@"Jp—*‘JM@b ‘Q.,Laelsjgjmww&a)jb@
JS8 5l oS psbolen das o raled 1y (0 SaenSIiss (s 5 Ol 5 T D pae) Gy plamms b L3 e s ol oy sllas
Ol 5 S AemSIsd Olie JalS (sl (om0 Pl a5 Ty shae Ol5e S Sharme S sl Ol SRl b ey
St shae l5en 3 45 b 0 xS a5 358 oo a3 Gl Casly o 3505 ool 5L sla 50555 51 il T 6 nae
Skl sme Ba 15 g llae 5 458 Loy shlas Goseas 53 f5050 al el (S el Bl s Gosma () 52 255
S s s a5 oy sllas (15 oo DS (SLacs 5 55 3l ealisn] 5 Diligad (SaiSTH b iy il e Bolos 55 olazr]
Ot el Salgins (P KD sl aypn o s Gl RS 5 4 5a pibie gsose cal 4l el Rl 5 ) pelan]

el odoly oles V JS.&):}:J Flel 6l s g Sy oo C2ua @U

1/2

0/8
0/6
0/4
0/2

0 0/2 0/4 0/6 0/8 1 1/2
Wi S ghlae

S s (glaSins 5 S e

A jlanzmo g 4 j Comgllao (o abasly -0 S
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Figure 6- The relationship between the costs and social risks utility.
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Figure 7- The relationship between environmental and social risks utility.
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Figure 8- The relationship between the number of the facilities and the average of the
capacity lost in disruption.
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Figure 9- The relationship between the number of the facilities and the average
probability of disruption.
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