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The paper presents a new mathematical model for the design of a general reverse logistics network.
This model minimizes system operating costs and environmental impacts through multi-objective
mixed integer programming. Due to the importance of reverse logistics in waste management, the
goals of this mathematical model include minimizing the costs of the logistics system and reducing
the emission of environmental pollutants. In the reverse logistics system, the processes of
collection, restoration, recycling, energy recovery and disposal of used products operate as an
independent network. This system examines the physical flow from consumers to primary
suppliers and includes the process of designing, implementing, controlling and maintaining the
flow of raw materials, parts, finished products, inventories and funds. In order to solve this
mathematical model, the normalized weighted sum method has been applied. The results of solving
the mathematical model show that by changing the weight of the objectives, the first objective
function has a decreasing trend and the second objective function has an increasing trend, which
confirms the conflict between the objectives of the mathematical model. The use of this model in
organizations leads to better use of resources and providing better services to customers. It also
creates a better public image for companies by emphasizing environmental responsibilities.

Extended Abstract

1. Purpose

waste materials are effectively recycled or reused. In recent decades, much research has been conducted on the

Reverse logistics can help reduce the costs of collecting and processing waste materials. It can also help ensure that

economic and environmental benefits of reuse and recycling. This research has shown that reuse and recycling can
have significant benefits for companies, communities and the environment. Due to the importance of reuse and recycling,
these issues have become important topics in scientific and industrial research. Future research in this area can help develop
new and more efficient methods for reuse and recycling.

2. Design/methodology/approach

In this paper, a new mathematical model for designing and planning a general reverse logistics network is presented. In
addition to minimizing system operating costs and environmental impacts, this model also minimizes carbon emissions
related to transportation and processing of used products. Also, this model minimizes the rate of resource exploitation with
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the aim of reducing resource waste in landfills. In other words, this model provides a balance between two contradictory
goals with the aim of optimizing economic and environmental sustainability in the reverse logistics process. This new
approach not only helps to improve the economic performance of the reverse logistics system, but also takes an important
step towards preserving and improving the environment.

3. Findigs

In this section, the effect of changing the values of different parameters on the value of the objective function is
investigated and it is shown how much each parameter affects the objective function. The parameters that are investigated in
this section are: the sensitivity of the required amount of used products, the percentage of product consumed with respect to
reuse in plant p, the percentage of product consumed with respect to recycling in plant r.

In this regard, the results related to the sensitivity analysis of the required amount of use of the used products in Figure 1,
the parameter of the percentage of the product consumed according to the reuse in factory p in Figure 1 and finally the
percentage of the product consumed according to the recycling in the factory r It is presented in Figure 1.
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Figure 1 Sensitivity analysis of required usage of used products

4. Research limitations/implications

According to the sensitivity diagram in Figure 3, the analysis indicates that increasing the consumption rate of collection
centers by a small amount does not lead to productivity costs and waste is transferred to collection centers in a smaller
amount. This will reduce costs. However, as the consumption rate increases to a greater extent, it can be seen that the
collection centers are not able to respond to the large volume of produced waste and are forced to build more collection
centers. This leads to an increase in system cost. With the increase in the consumption rate, there is a need to transfer more
waste, which results in an increase in environmental pollution from the transfer of waste. As more waste increases, system
costs increase and system capacity fills up quickly. As a result, the system is no longer able to respond and sending new
garbage is not possible.

5. Practical implications

Optimal transportation planning plays an important role in minimizing system operating costs and reducing
environmental impacts. Increasing resource utilization rates increases operating costs, but at the same time reduces carbon
emissions. These results show that the effort to optimize the reverse logistics system by more investment and productivity in
processing technology can lead to a reduction in carbon emissions and a reduction in operating costs.

In addition, the results of solving the model show that by optimally integrating the use of resources with the reduction of
environmental effects, it is possible to advance environmental and economic issues at the same time. The results of the model
show that it is possible to prevent the construction of additional facilities and prevent the wastage of resources and take the
optimal path in the supply chain.

6. Originality/value

In recent decades, modern approaches in reverse logistics management have been developed in order to achieve higher
productivity of products and reduce environmental impacts caused by production and consumption processes. The article
focuses on two main objective functions, i.e. minimizing reverse logistics costs and reducing carbon emissions from
transportation. And the transfer of used products has been evaluated. Using inappropriate methods in recycling and reusing
products may lead to secondary pollution; therefore, in the structure of a reverse logistics system, the attitude to
environmental issues is very important. In this article, the analysis of the environmental impact with carbon emissions from
the processing and transportation processes of consumer products was discussed. In sum, this article points out the
importance of planning an environmentally compatible reverse procurement system and shows that the optimal integration of
resource use with reducing environmental impacts can simultaneously advance environmental and economic issues.
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