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Abstract

Nowadays, attending to closed-loop supply chain matters for survival
in competitive circumstances not only has become a controversial
topic but also is considered a critical topic as well. A closed-loop
supply chain combines direct and reverse flow methods/manners. The
goal of this paper is to present a model for inventory control in a
closed-loop supply chain using a multiple-objective approach. This
research intends to reach its main goal, including reducing expenses
such as production, maintenance, and transportation in the direct flow,
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as well as decreasing waste material and defects in the reverse flow,
add ttt mmyyyy rrir eagggg eee cyyyyyyyy rrfftt yy eeggggge add
optimizing a multiple objective model. Hence, a double-purpose
model in the closed-loop supply chain includes three classes in the
direct flow, which include suppliers, manufacturers, and customers.
Furthermore, it includes four classes in the reverse flow that include
collection centers, inspection, repair centers, recycling centers, and
0000@d Cerrrr.. CC CITZgggg 00 €ee aCeeeee ..l | 5, N SS
multipurpose, linear, and integer, at the beginning, the model is
converted to a single objective by the Weighting and Constraint
method and then solved using the Branch and Bound algorithm and
Lingo software. Finally, the model is applied in Iran Khodro Company
as a case study, and its function is validated. The results and outputs
of the model solving demonstrate its capability to be useful for
planning and inventory control in a closed-loop supply chain.

Introduction

According to studies and research done in Iran Khodro Co., the
capability of recycling defective sheets exists in this company, which
is a significant amount from a financial perspective. Expense-
decreasing policies, management emphasis on expense control and
reduction, and focus on waste recycling on one hand, and the results
of feedback reports from Iran Khodro Company excellence models on
the other hand, indicate that in the waste control and recycling
department, there are no standardized models for presentation and
improvement. Instead, the focus has been concentrated more on short-
term Kaizen activities in this company. Numerous factors influence
processes within closed-loop supply chains, including distribution,
transportation, production planning, and inventory control, all of
which aim to achieve the organization's and the overall system's
objectives. An ideal logistics network should be capable of delivering
products to customers at the lowest cost and, at the same time,
collecting returned products promptly to reintegrate them into the
supply chain. Therefore, identifying the variables affecting these
processes in closed-loop supply chains and optimizing conflicting
objectives, which are often at odds, has been a key area of focus for
researchers in this study. On the other hand, increasing demand leads
to a greater need for raw materials, raising their prices and,
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consequently, increasing the cost of raw material procurement. In such
conditions, implementing a reverse supply chain integrated with the
direct supply chain can create a closed-loop supply chain that saves
raw materials, reduces overall costs, and increases organizational
revenue. Another critical issue highlighting the importance of this
topic is the impact of sanctions, which have disrupted many financial
and economic equations of organizations, imposing significant costs
on them. One potential solution to mitigate these challenges is
focusing on reducing the explicit and hidden costs associated with
production processes.

Materials and Methods

The goal of this paper is to present a model for inventory control in a
closed-loop supply chain using a multi-objective approach. This
research intends to reach its main goal, including reducing expenses
such as production, maintenance, and transportation in the direct flow,
as well as decreasing waste material and defects in the reverse flow,
add ttt mmllly, rrrreaiigg eee cnnnnn nss rrottt oy eeiignnrg add
optimizing a multi-objective model. The proposed integrated
inventory control model for the closed-loop supply chain is designed
for a multi-location, multi-echelon, multi-period, and multi-product
system. In resource allocation, higher priority is given to customers of
new products compared to customers of recycled products. Therefore,
direct delivery and safety stock are considered exclusively for new
products. New products are delivered to customers through a pull
system, while recycled products are delivered via a push system, with
raw materials for the latter being sourced from collected used
products. The objective function of the proposed model aims to
maximize total revenue, which is derived from the sale of new and
recycled products to customers. Total costs include production,
storage, recycling, repair, transportation, raw material procurement,
inspection, and separation costs for collected products. Given that the
model focuses on strategic decision-making, costs associated with
opening and closing facilities, supplier selection, and other strategic
decision-related expenses are excluded. The primary tactical decision-
making facilitated by the proposed model serves as a reference for
master planning. This integrated approach effectively addresses the
complexities of managing inventory within a closed-loop supply chain
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while ensuring an optimal balance between cost efficiency and
customer satisfaction.

Discussion and Results

Hence, a double-purpose model in the closed-loop supply chain
includes three classes in the direct flow, which include suppliers,
manufacturers, and customers. Furthermore, it includes four classes in
the reverse flow that include collection centers, inspection, repair
centers, recycling centers, and disposal centers. According to the
aceeeage ddd e,, cccch ss 11l iioooomaq iieea,, add tttege, at eee
beginning, the model is converted to a single objective by the
Weighting and Constraint method and then solved by using the
Branch and Bound algorithm and Lingo software.

Conclusions

In this study, a multi-objective inventory control model for a closed-
loop supply chain management system was developed for the cutting
and pressing factory of Iran Khodro, considering a deterministic and
multi-objective approach. The first objective focuses on minimizing
costs, including storage, raw material procurement, and production
costs, among others, while the second objective aims to maximize
revenue from product sales. To convert the model into a single-
objective framework, the weighting and goal programming methods
were employed, and the problem was solved using the branch-and-
bound algorithm within the Lingo software environment. The results
indicate that the computational deviations between the results of the
weighting and goal programming algorithms in Lingo and the actual
cssss rrrrr red nneee connnn 'y, as ee Il as eeerr’’”’’”  ’ mmemnnnmn
are negligible. This negligible percentage highlights the efficiency of
the proposed algorithms. The study can be applied to similar
industries such as manual pressing and cutting, casting, machining,
and more, as remanufacturing products and using returned products
are feasible alongside strengthening systems for storage,
transportation, production, and collecting recyclable products. It is
worth noting that both methods employed and the stated objectives
have their own specific considerations. For further development of
this research, factors such as the time required for recycling or
repairing returned products, the probability of machine failures,
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uncertainties in production (e.g., uncertainties in the quality or
quantity of recycled products), the number of parts required to avoid
production line stoppages, the introduction of discounts, and others
can be considered. Additionally, the development and application of
other methods, including heuristic and meta-heuristic approaches, are
suggested for further exploration in this field.

Keywords: Closed-loop Supply chain, Multi-Objective Planning,
Inventory Control.
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