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1|Introduction    

In the 21st century, environmental sustainability has emerged as a critical concern for businesses, 

governments, and consumers alike. The growing awareness of ecological degradation and the increasing 

pressure from regulatory bodies have compelled organizations to integrate environmental considerations into 

their operational and strategic decisions. This shift has led to the development of Green Supply Chain 

Management (GSCM), a comprehensive approach that incorporates environmental thinking into all stages of 
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Abstract 

Environmental sustainability has become a critical concern for industries worldwide, driving the adoption of Green 

Supply Chain Management (GSCM) practices. This study proposes a fuzzy multi-criteria decision-making approach 

to prioritize automotive component suppliers under GSCM principles within SAIPA Automotive Company. Using 

the Fuzzy TOPSIS method, suppliers are evaluated based on criteria including quality, delivery time, price, 

environmental management system, green design, recycling capability, and eco-friendly procurement. The results 

indicate that Iran Lavazem Company ranks first, followed by Pars Seat Systems Company among seat suppliers. This 

research highlights the importance of integrating environmental factors into supplier selection and provides a 

practical framework for sustainable decision-making in the automotive industry. The methodology supports 

manufacturers in enhancing supply chain sustainability while maintaining operational efficiencys.  
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  the supply chain from raw material sourcing to end-of-life product recovery. Logistics, as a core component 

of supply chain operations, is no exception to this transformation. While logistics managers traditionally focus 

on minimizing costs and optimizing time and place utility, they now face dual challenges: achieving economic 

efficiency and complying with stringent environmental regulations. Moreover, rising consumer demand for 

eco-friendly products has further accelerated the adoption of green practices across industries. As a result, 

companies are increasingly investing in sustainable initiatives such as energy conservation, waste reduction, 

recycling systems, green design, and environmentally responsible procurement all of which contribute to 

enhanced operational efficiency, customer value, and long-term competitiveness. 

The automotive industry, being one of the most resource-intensive and polluting sectors, plays a pivotal role 

in the implementation of GSCM practices. In developing countries like Iran, rapid industrialization and the 

use of outdated technologies have exacerbated environmental issues, including air pollution and industrial 

waste. Therefore, adopting green supply chain strategies is not only a regulatory necessity but also a strategic 

imperative for automotive manufacturers aiming to align with global standards, such as those required by the 

World Trade Organization (WTO), and to meet evolving customer expectations. Supplier selection is one of 

the most critical decisions in GSCM, as suppliers significantly influence the environmental performance of 

the entire supply chain. Traditional supplier evaluation criteria such as cost, quality, and delivery time are no 

longer sufficient. Modern approaches must incorporate environmental dimensions, including the supplier’s 

environmental management system, green design capabilities, recycling practices, and use of eco-friendly 

materials and technologies. 

To address this complexity, Multi-Criteria Decision-Making (MCDM) methods have gained prominence in 

supplier evaluation. Among these, the Fuzzy TOPSIS technique is particularly effective in handling 

uncertainty and imprecision inherent in human judgments and qualitative assessments. By combining fuzzy 

logic [1] with TOPSIS, decision-makers can prioritize suppliers under both quantitative and qualitative criteria 

in a systematic and objective manner. This study aims to evaluate and rank automotive component suppliers 

within SAIPA Automotive Company using a fuzzy MCDM approach under the framework of GSCM. The 

research employs Fuzzy TOPSIS to assess suppliers based on a set of integrated economic and environmental 

criteria. The findings are expected to provide practical insights for managers seeking to enhance sustainability 

in supplier selection and to contribute to the growing body of knowledge on GSCM in the automotive sector, 

particularly in emerging economies. 

2|Literature Review 

GSCM has emerged as a strategic imperative for organizations aiming to align economic performance with 

environmental responsibility. The concept integrates environmental thinking into all stages of the supply 

chain, from raw material sourcing to end-of-life product recovery. Zhu and Sarkis [2] provided one of the 

earliest and most comprehensive frameworks for GSCM, identifying key drivers such as regulatory 

compliance, customer demand, and competitive pressure, while emphasizing the importance of cross-

functional and inter-organizational collaboration in achieving sustainability goals. 

A critical component of GSCM is green supplier selection, which goes beyond traditional criteria such as cost, 

quality, and delivery time to include environmental performance. Govindan, Khodaverdi, and Jafarian [3] 

highlighted that sustainable procurement practices require the evaluation of suppliers based on their 

environmental management systems, green design capabilities, recycling programs, and use of eco-friendly 

materials. They proposed a fuzzy MCDM model to handle the uncertainty and subjectivity inherent in 

qualitative assessments, demonstrating the effectiveness of integrating fuzzy logic into supplier evaluation. 

To address the complexity of green supplier selection, researchers have increasingly adopted hybrid MCDM 

methods. Kannan, Khodaverdi, Olfat, Jafarian, and Diabat [4] developed an integrated fuzzy AHP–TOPSIS 

model to prioritize green suppliers in the automotive industry. Their approach combined Fuzzy Analytic 

Hierarchy Process (FAHP) for weighting criteria and fuzzy TOPSIS for ranking suppliers, offering a 
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  systematic and robust framework for decision-makers. This study is particularly relevant to the current 

research, as it validates the applicability of fuzzy MCDM techniques in real-world industrial settings. 

The evolution of GSCM has been supported by extensive literature reviews. Srivastava [5] conducted a state-

of-the-art review of GSCM, defining it as the incorporation of environmental considerations into supply chain 

management, including product design, material sourcing, manufacturing, logistics, and reverse logistics. This 

foundational work laid the groundwork for subsequent empirical and methodological studies in the field.  

Moreover, Min and Galle [6] were among the first to emphasize the role of green purchasing in supply chain 

sustainability, identifying regulatory pressures and cost implications as key factors influencing green 

procurement decisions. Their findings underscore the need for organizations to develop strategic partnerships 

with environmentally responsible suppliers, a principle that remains central to modern GSCM practices. 

Performance measurement in GSCM has also received significant attention. Hervani et al. [7] developed a 

performance measurement system for green supply chains, highlighting metrics such as pollution prevention, 

resource efficiency, and environmental compliance. Their work provides a valuable framework for assessing 

the environmental and operational impacts of GSCM initiatives. In the context of technological application, 

Wu et al. [8] applied a fuzzy TOPSIS model to green supplier selection in the magnetic refrigeration industry, 

demonstrating the method’s flexibility and reliability in handling imprecise data. Their results confirmed that 

fuzzy MCDM techniques are well-suited for complex, multi-dimensional decision-making problems in 

sustainability contexts. 

Finally, Büyüközkan and Çetiner [9] combined fuzzy AHP and fuzzy TOPSIS in a strategic analysis of service 

quality, showcasing the robustness of this hybrid approach in real-world applications. Although their study 

focused on the healthcare sector, the methodological rigor and clarity of their framework make it highly 

transferable to green supplier selection in manufacturing industries. Collectively, these studies confirm that 

integrating environmental criteria into supplier selection is not only feasible but essential for achieving long-

term sustainability. The use of fuzzy MCDM methods, particularly fuzzy AHP and fuzzy TOPSIS, offers a 

powerful tool for managing uncertainty and subjectivity in decision-making. This body of literature provides 

a strong theoretical and methodological foundation for the present study, which aims to apply these 

techniques to evaluate and rank automotive component suppliers within SAIPA Company under a green 

supply chain framework. 

3|Research Methodology 

This study adopts a descriptive-analytical research design to evaluate and prioritize automotive component 

suppliers within SAIPA Company based on the principles of GSCM. The methodology integrates a hybrid 

MCDM approach, combining FAHP for criteria weighting and Fuzzy TOPSIS for supplier ranking. The 

research framework is structured into three main phases: 1) identification of evaluation criteria, 2) 

determination of criteria weights using Fuzzy AHP, and 3) supplier prioritization using Fuzzy TOPSIS. 

3.1|Selection of Evaluation Criteria 

A comprehensive review of the literature and expert consultation led to the identification of seven key criteria 

for supplier evaluation, categorized into two main groups: Product-related criteria and Environmental criteria. 

These criteria are summarized in Table 1. 
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  Table 1. Definition of evaluation criteria. 

 

 

 

 

 

 

 

 

 

 

 

 

These criteria were selected based on their prominence in GSCM literature and their applicability to the 

automotive industry [10]. 

3.2|Decision-Making Model Selection 

Among various MCDM techniques, the compromise-based group (e.g., TOPSIS, LINMAP) was selected due 

to its ability to identify the alternative closest to the ideal solution. The LINMAP method is suitable only 

when the optimal value of a criterion lies in the middle of its range (e.g., a value of 4 is preferred over 3 or 5), 

which is not applicable in supplier ranking, where higher performance always leads to a higher score. 

Therefore, TOPSIS was chosen for its suitability in this context. 

The TOPSIS method is preferred for the following reasons: 

It allows for trade-offs between criteria, enabling a supplier with strong performance in some areas to 

compensate for weaker performance in others [11]. 

It considers the interaction between criteria, accounting for both conflict and compatibility. 

It is less sensitive to the method of weight assignment  [12]. 

3.3|Research Framework 

The overall research process is illustrated in Fig. 1. The framework begins with problem definition, followed 

by the identification of key criteria, determination of their weights using Fuzzy AHP, and finally, supplier 

prioritization using Fuzzy TOPSIS. The results are then analyzed to derive conclusions and 

recommendations. 

 

 

Criterion Code Criterion Category Sub Criterion 
Code 

Sub Criterion 
Title 

Definition and 
Measurement 

C1 Product-related SC1 Quality Return rate = (Returned 
items/Total delivered items) 

C2 Product-related SC2 Delivery time Time between order 
placement and delivery 

C3 Product-related SC3 Price Unit price + transportation 
cost 

C4 Environmental SC4 Environmental 
management 
system 

Level of compliance with 
ISO 14001 standards 

C5 Environmental SC5 Green design Use of eco-friendly 
materials and sustainable 
design practices 

C6 Environmental SC6 Product 
recycling 
system 

Capability to recycle 
returned products 

C7 Environmental SC7 Procurement 
of eco-friendly 
materials and 
technology 

Adoption of 
environmentally compliant 
materials and technologies 
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Fig. 1. Research framework. 

 

3.4|Data Collection and Expert Panel 

The data were collected through a combination of document analysis and expert surveys. A panel of ten 

experts from SAIPA’s procurement and supply chain departments in the Bojnourd branch participated in the 

evaluation process. Experts were selected based on their experience and familiarity with supplier performance 

and green practices. 

For quantitative criteria (e.g., price, delivery time), data were obtained from company records. 

For qualitative and environmental criteria, expert opinions were gathered using a structured questionnaire 

based on Saaty’s 1–9 scale. 

3.5|Fuzzy Analytic Hierarchy Process (FAHP) 

FAHP was used to determine the relative weights of the evaluation criteria. This method extends Saaty’s 

traditional AHP by incorporating fuzzy set theory to handle uncertainty and linguistic judgments from 

experts. Triangular fuzzy numbers were used to represent pairwise comparison judgments. 

To ensure the consistency of expert judgments, the Consistency Ratio (CR) was calculated. A CR value below 

0.10 is considered acceptable for matrices larger than 4×4. For smaller matrices, stricter thresholds are applied: 

CR ≤ 0.05 for 3×3 matrices and CR ≤ 0.08 for 4×4 matrices [13]. 

The steps for calculating the CR are as follows: 

I. Weighted sum vector: multiply the pairwise comparison matrix by the column vector of relative weights. 

II. Inconsistency vector: divide each element of the weighted sum vector by the corresponding relative 

priority. 

III. Calculate λ_max: the average of the inconsistency vector elements. 

Consistency Index (CI) 

where n is the number of criteria. 

 

 

maxλ
II .

n 1
=

−
  

Identification of key criteria for 

green supplier evaluation 

 
Determination of criteria weights 

using fuzzy AHP 

 
Supplier prioritization using fuzzy 

TOPSIS 

 
Conclusion and 

recommendations 
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  Consistency Ratio 

where RI is the Random Index (RI), obtained from Table 2. 

Table 2. RI values. 

 

 

3.6|Fuzzy TOPSIS Technique 

The Fuzzy TOPSIS method was used to rank the suppliers based on their performance across the seven 

criteria. This technique selects the alternative that is closest to the Positive Ideal Solution (PIS) and farthest 

from the Negative Ideal Solution (NIS). 

The steps of the Fuzzy TOPSIS method are: 

I. Construct the fuzzy decision matrix. 

II. Normalize the fuzzy decision matrix. 

III. Calculate the weighted normalized decision matrix. 

IV. Determine the PIS and NIS. 

V. Calculate the separation measures from PIS and NIS. 

VI. Compute the relative closeness coefficient. 

VII. Rank the suppliers based on the closeness coefficient. 

3.7|Statistical Population and Sampling 

The statistical population consists of key decision-makers and supply chain specialists at SAIPA Company. 

Given the limited number of qualified experts directly involved in supplier evaluation, a census approach 

(total population sampling) was adopted to ensure comprehensive and reliable input. 

4|Results and Data Analysis 

This section presents the findings of the research, including the application of the Fuzzy AHP method for 

criteria weighting and the Fuzzy TOPSIS technique for supplier prioritization within SAIPA Automotive 

Company. The analysis is based on expert judgments and real company data, focusing on four key seat 

suppliers: Iran Lavazem Qazieh, Pars Seat Systems, Soroush, and Hadeed Mobtakeran. 

4.1|Criteria and Alternatives 

Based on the literature review and expert consultation, seven evaluation criteria were selected and categorized 

into two main groups: Product-related and Environmental. The four alternative suppliers are described in 

Table 3. 

Table 3. Supplier Alternatives. 

 

 

 

 

II
CR

IR
= .  

N 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.51 

Supplier Full Name Main Product 

A1 Iran Lavazem Qazieh Co. Automotive seats 
A2 Pars Seat Systems Co. Automotive seats 
A3 Soroush Co. Automotive seats 
A4 Hadeed Mobtakeran Co. Automotive seats 
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  4.2|Criteria Definition 

The evaluation criteria are defined in detail in Table 4. which includes both quantitative and qualitative 

measures. These criteria were used in both the FAHP and Fuzzy TOPSIS phases. 

Table 4. Evaluation criteria and measurement indicators. 

 

4.3|Criteria Weighting Using Fuzzy AHP 

To determine the relative importance of the criteria, a pairwise comparison questionnaire was administered 

to a panel of ten experts from SAIPA’s procurement and planning department. The linguistic judgments were 

converted into triangular fuzzy numbers [14], and the Fuzzy AHP method was applied. 

The final weights of the main criteria were calculated using the geometric mean method and are presented in 

Table 5. 

Criterion 
Code 

Criterion 
Category 

Sub Criterion 
Code 

Sub Criterion 
Title 

Definition and Measurement 
Method 

C1 Product-related SC1 Quality Return rate = (Returned items / 
Total delivered items) 

C2 Product-related SC2 Delivery Time Time between order placement 
and delivery (in days) 

C3 Product-related SC3 Price Unit price + transportation cost 
(in IRR) 

C4 Environmental SC4 Environmental 
Management 
System 

Compliance level with ISO 
14001 standard (Expert score: 1–
10) 

C5 Environmental SC5 Green Design Use of eco-friendly materials and 
sustainable design (Expert score: 
1–10) 

C6 Environmental SC6 Product 
Recycling System 

Capability to recycle returned 
products (Expert score: 1–10) 

C7 Environmental SC7 Procurement of 
Eco-Friendly 
Materials and 
Technology 

Adoption of environmentally 
compliant materials and 
technologies (Expert score: 1–
10) 
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  Table 5. Weights of main criteria (fuzzy ahp results). 

 

 

 

 

 

 

Consistency check 

The CR for all pairwise comparison matrices was calculated and found to be below the acceptable threshold 

of 0.10, confirming the reliability of expert judgments. 

I. CR for Product-related criteria: 0.06. 

II. CR for Environmental criteria: 0.04. 

These results indicate that the decision matrices are consistent. 

4.4|Supplier Prioritization Using Fuzzy TOPSIS 

The Fuzzy TOPSIS method was applied to rank the four suppliers based on their performance across the 

seven criteria. The steps followed were: 

I. Construct the fuzzy decision matrix using expert scores and company data. 

II. Normalize the matrix. 

III. Calculate the weighted normalized decision matrix. 

IV. Determine the Positive Ideal Solution (PIS) and Negative Ideal Solution (NIS). 

V. Compute separation measures from PIS and NIS. 

VI. Calculate the relative closeness coefficient (CC_i). 

VII. Rank the suppliers based on CC_i. 

The final closeness coefficients and rankings are presented in Table 6. 

Table 6. Fuzzy topsis results and supplier rankings. 

 

 

 

 

4.5|Discussion of Results 

The results indicate that Iran Lavazem Qazieh (A1) is the top-ranked supplier, followed by Pars Seat Systems 

(A2). This ranking is primarily driven by superior performance in quality (C1), which had the highest weight 

(0.577) among all criteria. High quality significantly reduces return rates and enhances supply chain reliability. 

Although environmental criteria collectively have lower weights compared to product-related criteria, they 

played a decisive role in differentiating suppliers with similar product performance. Among the environmental 

factors, Procurement of Eco-Friendly Materials and Technology (C7) and Product Recycling System (C6) had 

the highest weights (0.390 and 0.235, respectively), indicating their critical importance in green supplier 

evaluation. 

Criterion Weight Normalized Weight 

C1 (quality) 1.73 0.577 
C2 (delivery time) 0.75 0.250 
C3 (Price) 0.52 0.173 
Product-related Total — 1.000 
C4 (EMS) 0.38 0.210 
C5 (green design) 0.30 0.165 
C6 (Recycling) 0.42 0.235 
C7 (Eco-procurement) 0.70 0.390 
Environmental Total — 1.000 

Supplier PIS NIS CC_i Rank 

A1 (Iran Lavazem Qazieh) 0.112 0.298 0.726 1 
A2 (Pars seat systems) 0.135 0.265 0.663 2 
A3 (Soroush) 0.187 0.210 0.528 3 
A4 (Hadeed Mobtakeran) 0.241 0.156 0.393 4 
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  Notably, Pars Seat Systems (A2), despite having lower quality scores than A1, achieved the second rank due 

to its strong environmental performance, particularly in recycling and green procurement. This highlights the 

balancing effect of the Fuzzy TOPSIS method, which allows compensatory trade-offs between criteria. The 

lowest-ranked supplier, Hadeed Mobtakeran (A4), scored poorly in both quality and environmental 

performance, confirming the model’s sensitivity to poor performance in high-weight criteria. 

This chapter presented the application of a hybrid Fuzzy AHP–Fuzzy TOPSIS model for green supplier 

prioritization in the automotive industry. The Fuzzy AHP method was used to determine the weights of 

evaluation criteria based on expert opinions, ensuring consistency through CR analysis. The Fuzzy TOPSIS 

technique was then applied to rank the suppliers based on a combination of product and environmental 

performance. The results demonstrate that integrating environmental criteria into supplier selection is feasible 

and impactful, even when traditional factors like quality dominate the decision. The proposed model provides 

a structured, transparent, and reliable framework for decision-makers in automotive companies aiming to 

enhance sustainability in their supply chains.  

5|Conclusion 

This study presented a hybrid Fuzzy AHP–Fuzzy TOPSIS model for green supplier prioritization within the 

automotive industry, with a focus on SAIPA Company. By integrating economic and environmental criteria—

such as Quality, Price, Delivery Time, Environmental Management System, Green Design, Product Recycling, 

and Eco-Friendly Procurement—the research provided a systematic framework for evaluating suppliers 

under conditions of uncertainty. The results revealed that Iran Lavazem Qazieh ranked first, followed by Pars 

Seat Systems, while Soroush and Hadeed Mobtakeran ranked third and fourth, respectively. Notably, the 

criterion of Quality had the highest weight, confirming its dominant role in supplier selection. However, 

environmental factors, particularly Eco-Friendly Procurement and Product Recycling, significantly influenced 

the final ranking, demonstrating that green practices can serve as a strategic differentiator even in cost- and 

quality-driven industries. 

The findings highlight the importance of adopting GSCM as a strategic imperative rather than an optional 

initiative. The proposed model offers a transparent, structured, and repeatable decision-making process for 

automotive manufacturers seeking to enhance sustainability in their supplier selection process. It also provides 

actionable insights for suppliers: for instance, Soroush should improve its quality control to reduce return 

rates, while Hadeed Mobtakeran needs to strengthen its environmental performance. The integration of fuzzy 

logic into MCDM methods proved effective in handling the subjectivity and imprecision inherent in expert 

judgments, making the model suitable for real-world industrial applications. Future research can extend this 

framework to other high-impact industries such as petrochemicals, cement, and healthcare, where 

environmental challenges are significant. Additionally, incorporating reverse logistics, circular economy 

principles, or advanced methods like Fuzzy ANP and DEMATEL could further enhance the model’s 

robustness. This study contributes to the growing body of knowledge on sustainable supply chains in 

emerging economies and provides a practical roadmap for aligning operational excellence with environmental 

responsibility. 
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