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Introduction

With growing environmental concerns, resource limitations, and green
regulations, attention to Closed-Loop Supply Chains (CLSC) has
increased (Zhu et al., 2024). This type of supply chain integrates forward
and reverse flows, encompassing not only product distribution but also
recycling and remanufacturing (Asadia & Abolghasemianb, 2018).
Simultaneous design of these two networks performs better than
traditional separate designs (Lotfi et al., 2022).
Meanwhile, supply chain resilience has attracted researchers as a vital
factor to cope with disruptions. Resilience refers to the network’s ability
to recover quickly and mitigate the effects of disturbances (Starr et al.,
2003; Raian et al., 2023). Strategies such as resource allocation,
employee training, and risk planning enhance organizational resilience
(Ambulkar et al., 2015).
Accordingly, this study develops a multi-objective mathematical model
for a resilient closed-loop supply chain network considering risks and
disruptions at production, distribution, and consumption levels in a food
industry company. The model aims to maximize resilience and minimize
costs under a multi-product context.

Theoretical Background and Literature Review
Numerous studies have addressed closed-loop supply chains, resilience,

and disruption risk management. Zhu et al. (2024) proposed models for
sustainable production of perishable goods focusing on customer
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satisfaction and cost reduction. Li et al. (2024) analyzed sourcing and
pricing strategies under supply disruptions. Shi and Ni (2024) presented
models to optimize pre- and post-disruption decisions using the p-
resilience criterion. Raian et al. (2023) evaluated operational and
environmental risks in the spinning industry with fuzzy methods.

Vali-Siar et al. (2022) and Foruzesh et al. (2022) designed resilient and
green supply chain networks addressing operational risks and
disruptions. Zakir and Yavari (2019) offered a resilient closed-loop
supply chain model for perishable products.

Despite these advances, domestic research on designing resilient closed-
loop supply chain networks focusing on multiple levels (producers,
distributors, and customers) under uncertainty and disruption is limited.
This study aims to fill this gap by proposing a multi-objective
mathematical model to enhance resilience and reduce costs in a closed-
loop supply chain network. Developing such a model can facilitate
optimal management of operational risks and disruptions and improve
supply chain efficiency

Research Methodology

The present study is based on the multi-objective optimization model for
designing resilient supply chain networks, proposed by Margolis et al.
(2018). The reason for selecting this article is its publication in the
International Journal of Production Economics with an impact factor of
5.1, ranking it in the first quartile among the most reputable journals in
industrial engineering and management. This model was the first in the
supply chain literature to simultaneously design the network under
conflicting objectives of minimizing total cost and maximizing network
resilience as a multi-objective deterministic model.

The proposed model includes two objective functions:

e Maximizing the supply chain resilience,

e Minimizing the total costs, including production costs at two
capacity levels (low and high), transportation costs, and surplus
costs caused by high-level flow in nodes and arcs.

In this model, a set of parameters, variables, and assumptions are defined
under complete certainty. The constraints are designed to maintain the
flow balance at each node, fully satisfy demand, and determine the
production and transportation levels for each node and arc. Additionally,



constraints are included to activate or deactivate transportation routes
and to relate binary production and flow variables.

From a mathematical modeling perspective, the problem is formulated
as a multi-objective linear programming model that simultaneously
optimizes two conflicting objectives. Classical linear programming
methods are used to solve the model, capable of handling both
continuous and discrete variables optimally.

To find a balance between objectives and provide multiple optimal
solutions, techniques such as the Weighted Sum Method or multi-
objective optimization algorithms are applied to obtain a set of Pareto
optimal solutions. These solutions enable decision-makers to select the
appropriate trade-off between resilience and cost according to
organizational priorities

Data Analysis

o The mathematical model was implemented and executed in
LINGO software with 10 nodes, 2 products, and three scenarios
(supply disruption, route disruption, and malicious approach).

e Results showed that production occurs only at nodes 1, 3, and
10, while nodes 2 and 4 to 9 have no production.

« Production capacity varies according to disruptions; only nodes
2,5, and 8 can produce at high capacity.

« High-capacity product transportation routes were identified; for
example, node 2 transfers its products through routes 2-1, 2-4, 2-
9, and 2-10.

o Demand for products differs across nodes; some nodes demand
both products, while others demand only one.

o Optimization results show that the first objective function value
is 182.8240 and the second objective function value is 540.6540.

Sensitivity Analysis

« Reducing node failure probability to zero significantly decreased
the second objective function (from 540.5640 to 437.0264) and
improved other criteria; the first objective function showed little
change.

e Increasing route failure probability to the maximum possible
level without losing problem feasibility reduced the second
objective function (from 540.564 to 446.756) and improved
related criteria.
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« Minimizing route failure probability to the lowest possible level
resulted in the greatest improvement in the second objective
function (reduction to 425.495) and overall criteria.

Based on the results, reducing failures in routes has the most positive
impact on performance improvement and cost reduction; therefore, it is
recommended to focus on decreasing route failures to achieve cost
savings and system performance enhancement.

Discussion and Conclusion

This study developed a resilient closed-loop supply chain network model
under probabilistic risk and disruption conditions at production,
distribution, and customer levels. The model was optimized as a multi-
objective problem with two objectives: maximizing resilience and
minimizing total cost. It was solved using deterministic methods
(LINGO software) and metaheuristic algorithms. The results included
production quantities, production capacities, transportation routes, and
cost optimization.

This research complements previous studies on disruption-resilient
supply chain network design (Zhang et al., 2018; Kolyaei et al., 2023)
and improvement of robust optimization methods (Mondal & Kumar
Roy, 2021). Also, the model’s multi-product and resilience aspects in
closed-loop supply chains align with the works of Amin-Tahmasbi and
Vali-Siar.

A key difference of the present model is addressing uncertainty in
multiple supply chain parameters, not only demand. It is suggested that
future research focus on sustainability and resilience from a macro-
management perspective and incorporate broader dimensions of
resilience and sustainability into mathematical models.

Finally, considering the importance of the food industry and the growing
need for resilient and robust supply chain design, it is recommended that
future models allow for demand shortage acceptance to enhance practical
applications.

Keywords: Supply Chain, Closed-Loop, Resilience, Multi-Objective
Optimization
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