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Today, sustainable development has been proposed as an alternative to industrial development, and
the environmental consequences and lack of resources on the planet have become the main concern
of societies. Industry managers, especially in advanced countries, are looking for ways to increase
the performance of their organization while protecting the environment. In this regard, paying
attention to the green supply chain has received a lot of attention. One of the solutions to this
problem, which has recently attracted the attention of industries and researchers, is choosing a
green supplier. That is, purchasing units in companies should pay attention to green criteria in their
purchasing process from suppliers throughout the supply chain. The concept of green supplier is to
provide materials that consume less resources and energy and are non-toxic and do not destroy the
environment. The aim of this paper is to develop a bi-objective model based on traditional and
green supplier selection criteria and the simultaneous integration of the fuzzy AHP method, multi-
objective optimization along with the use of the incremental discount concept. In this research, an
integrated model that combines price-related decisions and traditional criteria with green criteria
for selecting a green supplier has been presented. Finally, the performance of the model has been
investigated and analyzed using a real example in the Lingo software and by the LP metric method.
After solving the mentioned bi-objective model, the value of the first objective function is equal to
3.547628 and the value of the second objective function is equal to 1060513.

Extended Abstract

1. Introduction

and unresponsiveness of the earth's resources have become the main concern of mankind. Industry managers, especially

I n recent years, industrial development has given way to sustainable development and the environmental consequences

in developed countries, are looking for ways to increase the performance of their organization while protecting the
environment. In this regard, attention has been paid to the green supply chain.

Given that one of the most important aspects in supply chain management is the selection and management of suppliers,
and success in external supply begins with the correct selection of suppliers, and in the long run, it directly depends on how
to manage relationships with suppliers. For this reason, suppliers exert an important influence on the success or failure of a

company.
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One of the approaches to protect the environment that has recently attracted the attention of industries and researchers is
choosing a green supplier. That is, companies should pay attention to green criteria in their purchasing process from suppliers
throughout the supply chain. The concept of a green supplier is that the supplier provides materials that consume less
resources and energy, create less noise, and are non-toxic and do not destroy the environment.

2. Modeling and formulation

Multi-objective planning is a special type of optimization problem in which several objectives are considered instead of
one objective, which sometimes conflict with each other. In this research, the aim is 1- to minimize the cost by giving a
discount and to maximize the total value of the purchase. For this purpose, the weights of the criteria are considered as the
coefficient of the objective function for allocating the amount of demand to the suppliers, so that the total value of the
purchase is maximized. 2- Minimizing environmental damage by maximizing the points of green criteria.

To solve the mathematical model, the first objective function, which is to maximize the total score of the supplier from
the criteria defined according to each item, we must put the values obtained from the opinions of experts as parameter S for
each criterion in the function. But these values must be normalized to become unscaled and are presented as parameter S.

In this model, one of our very important objectives is to maximize the criteria of being green. Also, due to the fact that
sometimes meeting the traditional criteria and the criteria of being green contradict each other, for this reason we define the
model in two goals. We define an objective function to maximize the green criteria and by presenting a questionnaire to
experts and managers according to supplier records, we obtain values between 0 and 100 for the criteria. Then, to solve the
second objective function, which is to maximize the total score of the supplier from the green criteria defined according to
each item, we must put the values obtained from the experts' opinions as parameters, A; and A, for each criterion, in the
function. These values should be normalized to be unscaled and presented as parameters A; and A, in the objective function.

The carbon footprint of the product is greatly reduced when changing from non-renewable plastic sources to renewable
sources (such as cardboard or wood), because the consumption of petroleum fuel is also reduced. Finally, with the
improvement of the end-of-life management of product packaging, the carbon footprint of the product has been significantly
reduced due to the reduction of waste landfill emissions. Also, depending on the type of packaging of the required items, the
amount of carbon footprint production is different, and according to the expert's opinion, the maximum allowed amount of
carbon footprint is determined.

3. Implementation of the model and analysis

To show the characteristics, strengths and weaknesses of the proposed model, a numerical example is solved. Using this
example, the model has been implemented and its performance has been evaluated, and the solution of this model has been
done using Lingo software and LP metric method. The application of the proposed method has been used in a motor
company where most of the raw materials needed by this company are procured from a main company located in Germany
and some of its raw materials are procured from suppliers in Turkey. We consider 5 types of bearings that have the greatest
impact on the total cost of resources and supplies. Also, the traditional criteria considered for supplier selection in this model
include quality, price, after-sales service, delivery time performance, and after-sales service.

The information of 6 suppliers is listed for all types of bearings, and the traditional criteria considered for supplier
selection in this model include quality, price, performance, delivery time, and after-sales service. The considered green
criteria include green process management criteria, green product packaging. In this model, the recycling factor for goods is
also considered. The delivery delay rate of each type of bearing is different. For example, when the data is examined, we find
that 4% of Type 1 bearings and 5% of Type 2 bearings have delivery delays when supplied by supplier A. Similarly, the
defective rate may vary for different types of bearings supplied by the same supplier.

When the after-sales service performance of each supplier is examined, it is clear that the performance of a supplier for
all types of bearings is the same and does not change. Similarly, the amount of non-recyclable solid waste may also vary for
different types of bearings supplied by the same supplier. Also, the amount of footprint produced due to packaging may also
be different for the types of bearings that are provided by the same supplier.

4. Conclusion

In this research, we chose the supplier by considering the green criteria. Due to the adverse environmental effects, many
issues are raised in the field of improving the supply chain. The purpose of these reviews is to improve the quality of the
product and reduce the cost of purchasing materials, equipment input to the factory and reduce the environmental impact and
thus increase the competitive advantage. This model is the development of a new supplier selection model in the multi-item
and multi-supplier environment, which reduces the cost by considering incremental discount intervals. Choosing the right
criteria for choosing the right green supplier is another topic that is raised and has a great impact on the final result of the
model. In choosing a suitable supplier, there are many criteria, such as cost and quality, which must be compromised in order
to lead to a satisfactory result. Therefore, the primary challenge is to choose a criterion to evaluate the performance of
suppliers, in this research, research on the concepts related to the green supply chain has been used.

In this research, after determining the criteria according to the previous research, we put a questionnaire at the disposal of
the experts and managers of the organization so that they can comment on the importance of the traditional criteria according
to each item. Then, using the fuzzy AHP method, we obtained the weight of the criteria according to each item, because the
greenness of the criteria is an important goal for selecting suppliers in this model. Then, in the next step, we put these weights
in the first objective of the two-objective mathematical model.
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We maximize the score of traditional and green criteria using a mathematical model and obtain the amount of items
assigned to each supplier. A two-part integrated model including F-AHP and MOLP is presented, which we used incremental
discount to minimize the costs, and we also considered other criteria in addition to the cost criterion.
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