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Abstract 

Applications of sustainable supplier selection criteria in supply chain management (SCM) remain underdeveloped 
compared to other evaluation methods. This study focuses on three main dimensions of sustainable supplier 
performance: economic, environmental, and social criteria. The research aims to identify significant criteria within 
each dimension that are crucial for sustainable supplier selection process. These criteria will be utilized to develop a 
decision support system (DSS) that integrates a fuzzy inference system. The proposed model offers a holistic approach 
to supplier evaluation by considering economic performance, environmental impact and social responsibility. By 
incorporating these dimensions, the model ensures that the selection process aligns with broader corporate and 
environmental goals. The approach enables companies to make informed and sustainable decisions, ultimately 
contributing to a more resilient and responsible SCM. Furthermore, the fuzzy inference system effectively handles the 
inherent uncertainty and vagueness in supplier performance data. To enhance the robustness and reliability of the 
decision-making process, the proposed model can be integrated with multi-objective linear programming models, 
making it a valuable tool for supply chain managers. The findings of this work revealed that the economic criteria of 
supplier selection focus on quality, flexibility, cost, lead time, relationships, and technical capability. The 
environmental criteria include resource consumption, eco-design, recycling, emissions, and sustainability practices. 
The social criteria emphasize stakeholder involvement, staff training, safety, rights, and accident prevention in supplier 
selection. In summary, this comprehensive framework evaluates and benchmarks supplier sustainable performance, 
supporting more resilient and sustainable SCM. 
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1. Introduction 
Sustainable supplier selection is a critical factor in the success of any organization. This process is a strategic decision 
that has a long-term impact on the sustainability and overall performance of the supply chain, influencing the 
organization’s success (Gimenez & Tachizawa 2012). At present, ranking suppliers and evaluating their performance 
using traditional techniques (such as direct audits or site visits) are insufficient to cope with the ever-rising consumer 
demands (Hasan et al. 2020). The existing research on the integration of benchmarking in supplier selection and 
performance evaluation remains limited. Additionally, the increasing pressure from consumers and stakeholders 
emphasizes the critical importance of ensuring the sustainability of supply chain performance through effective 
supplier selection (Zhu et al. 2022). Sustainability is becoming a necessity in supplier selection due to its profound 
impact on long-term business success, regulatory compliance, and corporate social responsibility.  
 
Recently, many initiatives have been launched in the Gulf Cooperation Council (GCC) area to advocate sustainability 
either directly or indirectly. UAE launched its own “Vision 2030” (Saradara et al. 2023) which emphasizes 
sustainability, economic diversification, and the development of a knowledge-based economy. To achieve those 
objectives, the traditional approach for industries in the UAE regarding procurement and supplier selection must 
change to cope with the increasing demand for sustainability and efficiency. The supplier selection process is sub-
optimal in the industrial landscape in the region, as there are multiple barriers, such as balancing sustainability with 
economic competitiveness, complexity in managing multi-tiered supply chains, and the lack of data transparency 
(Runtuk et al. 2024).  
 
The supplier selection process encompasses several tasks (Weele 2010). It begins with identifying the needs and 
requirements. After formulating the selection criteria, a company calls for tenders ensuring that suppliers adhere to 
these criteria. The next step involves reviewing the information submitted by suppliers. This is an iterative procedure 
that will be repeated until a final decision is made. The final step is evaluating the supplier’s performance, which 
marks the end of the supplier selection process and provides feedback regarding the selected supplier. The 
aforementioned process is essential for greening supply chains (Rao 2002). According to (Chen et al. 2020), selecting 
sustainable suppliers fosters a smart supply chain enhancing the sustainability of the entire network.  
 
Moreover, (Shaw et al. 2012), proposed a Fuzzy AHP and Fuzzy MOLP model to select suppliers who can reduce the 
carbon emission in the supply chain. However, the available literature relies on hypothesized models rather real case 
studies as it is explained in section 2. The three key concepts of supplier management, supplier selection, supplier 
performance evaluation, and the integration of both, have been extensively researched and studied. However, coupling 
the three concepts in one Decision Support System (DSS) and using it as a benchmarking tool for sustainable supplier 
management was not given enough devotion.  
 
A vast spectrum of research has been conducted on supplier selection methods. The majority of this research has 
adopted the integrated multiple-criteria decision analysis (MCDM) methods on supplier evaluation, such as Fuzzy-
AHP (Analytic Hierarchy Process) and TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) 
(Gnanasekaran et al. 2010); FAHP and TOPSIS for green supplier selection strategies (Muralidhar et al. 2012); and 
Evaluating agile supplier selection criteria and ranking of suppliers (Y. Beikkhakhian et al. 2015). Additionally, data 
mining techniques have been used for supplier selection and evaluation (Liou et al. 2021), with recent research 
incorporating machine learning into the evaluation process (Ma & Li 2024).  
 
Traditional supplier selection methods have a lot of disablers that need to be overcome, as they lack multi-criteria 
analysis, are unable to handle uncertainty, are subjective in the decision-making process, are unable to handle data 
adequately, they fail to address sustainability, and they over-rely on historical data. Therefore, the need to develop a 
systematic and sustainable evaluation system to efficiently classify suppliers and benchmark their performance for 
continuous improvement is essential. Therefore, the objective of this research is to propose a hybrid DSS, that 
integrates fuzzy inference systems (FIS). The model is expected to be a generic DSS model that can be adopted in any 
industry regardless of the nature of the business (service or manufacturing).  
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The following sections in this paper will be dedicated towards the literature review of sustainability and supplier 
selection methods, the methodology used in this research and the results of the research. 
 
2. Literature Review 
The available literature still has limitations that need to be addressed. Both Fuzzy AHP and TOPSIS have 
shortcomings in achieving effective sustainable supplier selection, as each method has its own constraints. For 
instance, TOPSIS assumes linearity in the relationships between criteria and performance, which is often unrealistic 
in sustainability measurements, in addition to its inability to handle ambiguity in decision criteria. On the other hand, 
Fuzzy AHP is unable to handle complex interdependencies on its own, thus, when coupling it with MOLP the 
interdependencies could be better managed allowing for a more flexible, nonlinear representation of relationships 
among criteria using fuzzy logic (Laith et al. 2023).  
 
FIS is a framework that utilizes fuzzy logic to map inputs to outputs using human-like reasoning processes, that can 
be used in complex systems where data may be ambiguous, which allows for a better decision-making process under 
unclear or uncertain circumstances. (Gu et al. 2023). FIS can be useful in multiple areas of the supply chain, such as 
in the supplier selection process, inventory management, demand forecasting and transportation and logistics (Carrera 
& Mayorga 2008). AHP is a decision-making framework that is commonly used in multi-criteria decision-making 
(MCDM) to solve complex problems by structuring them into a hierarchy of goals, criteria, sub-criteria, and 
alternatives, this framework combines both, qualitative and quantitative approaches, resulting in an effective tool for 
decision-making (Saaty 2008).  
 
Integrating AHP with sustainability metrics is a robust approach for decision-making in projects that are focused on 
sustainability, as it allows organizations to evaluate all alternatives by balancing the three main dimensions of 
sustainability: economic, environmental, and social (Kumar & Jain 2018). Researchers such as (Dweiri et al. 2019), 
studied the integration of the knowledge-based systems (KBS) into the supplier evaluation processes, which enhances 
decision-making by analyzing complex criteria, that leads to a more informed and effective supplier selection 
experience. One limitation is that there is no DSS that integrates supplier selection, supplier performance evaluation, 
and supplier performance benchmarking concepts in one model. Moreover, there is no generic DSS that can be 
employed by all organizations regardless of their business nature. Finally, there is no benchmarking tool for the 
supplier’s performance against optimum performance.  
 
Moreover, organizations face many challenges when trying to integrate sustainable practices into supplier selection 
and performance evaluation, such as; Lack of standardized criteria, which dismantles the sustainable procurement, as 
different organizations prioritize a variety of sustainability dimensions which causes the supplier evaluation process 
to be more complex (Touboulic & Walker 2020). The complexity of global supply chains, as a result to the limited 
visibility and differences in regional regulations, organizations fail to accurately assess the sustainable suppliers’ 
criteria (Ghadge et al. 2020). Lack of supplier engagement, as any suppliers lack the motivation or the ability to include 
sustainable practices within their business unless provided with clear incentives or requested to do so by their 
customers (Li & Wu 2021).  
 
Limited internal capabilities, organizations might lack the required expertise and capabilities to effectively implement 
and monitor sustainability across their supply chains, due to the above-mentioned reasons (Dubey et al. 2020). In 
conclusion, the development of a generic model holds significant importance across various industries. Its inclusive 
nature allows manufacturing companies to optimize the decision-making process by balancing conflicting criteria such 
as minimizing the costs while maximizing environmental sustainability. This model aids in selecting suppliers who 
offer the best balance between cost-efficiency and sustainability. Additionally, energy and renewable resources 
companies can leverage the proposed model to identify suppliers that minimize the procurement costs, maximize the 
components’ quality, and comply with the environmental regulations. 
 
3. Methodology 
As seen from the literature reviewed, there is a gap in this area fill, the objective of this research is to identify and 
validate a set of key performance indicators for sustainable supplier selection based on expert consensus, then develop 
an integrated DSS based on FIS and benchmark the supplier’s performance concerning other suppliers. The hybrid 
approach of combining FIS-AHP, knowledge-based systems leverage the strengths of each methodology while 
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mitigating each of their individual limitations, resulting in a robust framework that can be used in complex decision-
making in sustainable supplier selection.  
 
The methodology used for developing and implementing the Integrated Decision Support System (DSS) for 
sustainable supplier selection, evaluation, and benchmarking can be broken down into three main phases: 
Development, Implementation and Benchmarking, Figure 1. 
 
3.1 DSS Development Phase 
The development phase encompasses multiple stages within; the identification, verification, and approval of criteria, 
in addition to the development of the DSS itself using Fuzzy Inference Systems (FIS) and the Analytic Hierarchy 
Process (AHP). The data collection process to build the model was performed based on phases.  
 
First, the general criteria were identified after extensive literature research on all relevant criteria, then a binary survey 
was sent to experts to verify which of the criteria are significant enough to be considered when building the model, 
the expert would mark the criterion as significant or not based on their own judgement. Then the relevant criteria were 
identified if they showed at least 70% agreement rate from the responses. Once the finalized list of significant criteria 
was available, two more surveys were then sent to a smaller sample of experts, as it requires deep focus on the matter. 
The first survey is a pairwise comparison survey that will provide the weight given for each criterion, and the second 
survey will be to collect and build the fuzzy rules that will be incorporated into the model, as exposed in Figure 1.  
 

 
 

Figure 1. DSS development phase steps 
 
After collecting all needed information, critical criteria, AHP weight for each criterion and the fuzzy rules to be 
embedded in the model, building the knowledge base system (KBS) was the next step. The software MATLAB was 
used to build the KBS using the information gathered, yielding in a supplier performance evaluation system. 
 
3.2 DSS Implementation Phase 
The DSS Implementation Phase can be best described by putting the developed (DSS) into practice. It can be achieved 
by collecting actual data from a company, applying the DSS for the supplier selection and performance evaluation 
processes, and ensuring that the system is functioning well for that company. The objective of this phase is to validate 
the theoretical framework and architecture developed in the previous phase and ensure their effective application in a 
practical setting. This could be achieved by integrating the model with the organization’s internal enterprise systems 
such as ERP. These systems can handle data entry, optimize the decisions and provide all the alternatives for the 
decision-makers. 
 

 
 

Figure 2. DSS implementation phase steps 
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The final phase is crucial for comparing supplier performance against optimal standards to identify potential areas for 
improvement. The benchmarking phase will involve the development of a Multi-Objective Linear Programming 
(MOLP) model that incorporates established benchmarks and compares the supplier’s performance against these 
standards. These benchmarks would be mainly related to Environmental, social, and governance (ESG) rules and 
regulations, which include but are not limited to ISO certifications regarding environmental, social and governance 
standards. The implementation of this phase is planned for future work. 
 
4. Results  
4.1 Sustainable Supplier Selection and Evaluation Criteria Identification 
After reviewing multiple papers on sustainable supplier selection criteria, it became evident that there is a consensus 
around the three main categories: economic, environmental and social criteria. Zimmer et al. (2016) reviewed the 
literature concerning the sustainable supplier selection, considering 143 sources before establishing that there are three 
main dimensions. The respective criteria for the three dimensions that fall under their umbrellas are as follows: 
 

• Economic criteria: with Quality, flexibility, price, lead time, relationship, and technical capability as the main 
criteria that belong to the economic dimension. 

• Environmental criteria: under it fall; resource consumption, eco-design, recycling, wastewater, energy 
consumption, re-use, air emissions, environmental code of conduct as main criteria. 

• Social criteria: the final dimension represents the Involvement of stakeholders, staff training, social code of 
conduct, the rights of stakeholders, safety practices, annual number of accidents. 

In real-life applications, each company uses a different set of criteria when choosing a supplier. Therefore, it is 
essential to establish a generic and inclusive set of criteria. After compiling all potential criteria for the model, a survey 
was distributed to industry experts to validate these criteria.  
 
4.1.1 Verification of Sustainable Supplier Selection and Evaluation Criteria 
After the initial stage of identifying the criteria, expert opinions were needed to verify which of the criteria were 
relevant and significant for use in the model. A survey was developed and published, consisting of 4 main sections, 
starting with demographics of the experts, followed by a section for each of the three dimensions. 40 expert opinions, 
who are involved in such matters, were recorded. The experts’ filled positions related to supply chain, varied from 
supply chain directors in multinational companies that advocate sustainability to consultants that focus on 
sustainability. 
 
4.1.2 Criteria Selection 
The survey identified 70 criteria for supplier selection, of which 16 were chosen to be represented in the model based 
on the percentage of agreeability which represents the level of consensus among survey participants regarding the 
relevance of each criterion presented in the survey. This approach ensures that the model focuses on the most relevant 
factors by filtering out the less critical criteria, to create a more streamlined and accurate model. Moreover, it confirms 
that the criteria used in the model have a high level of experts’ consensus, thereby enhancing the credibility of the 
model’s outcomes.  
 
Scholars, such as (Sandford & Hsu 2007), consider a 70-80% agreement response significant, as it serves as the 
benchmark for consensus when using the Delphi technique. More recent studies, such as the systematic review 
conducted by (Diamond et al. 2014), confirm this threshold. Their analysis of 100 Delphi studies identified that the 
definition of consensus was based on percent agreement, with 75% being the median threshold.  By selecting the 
criteria that meet the 70-80% threshold, the model includes factors that most experts agree are relevant. This high 
level of agreement makes the data robust, reflecting a strong and representative consensus. Consequently, the model 
is based on credible inputs, enhancing the quality and reliability due to the expert-backed validity of the criteria.  
 
From the 23 environmental criteria identified, 3 criteria exceeded the 70% agreement threshold suggested by 
(Sandford & Hsu 2007). Similarly, 3 out of the 21 social criteria, and 19 out of 26 economic criteria surpassed 70%. 
Given the substantial difference between the number of selected criteria between economic, environmental, and social 
dimensions, and to prevent the model from being focused on the economic dimension, the agreement threshold for the 
economic dimension was set at the higher end of the acceptable range at 80%. This adjustment resulted in ten sub-
criteria for the economic criteria instead of 26, while the environmental and social dimensions were set at the lower 
end of the range at 70%, each totaling three sub-criteria. Table 1 provides the finalized criteria based on expert 
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opinions. While the threshold for including economic criteria was raised to 80% (compared to 70% for environmental 
and social dimensions) to prevent overrepresentation of economic factors, it is possible that this adjustment could 
create a selection bias. Specifically, underrepresentation of environmental and social criteria may not only reflect 
expert disagreement in criteria but could also indicate lower familiarity with these dimensions among some of the 
respondents, especially those from cost-driven industries.  
 

Table 1. Final Sub-Criteria according to experts’ opinions 
 

Dimension Main category Criteria Discerption 

Economic 

EC1: Cost related 
criteria 

EC 1.1 Product 
overall price  

Cost of the product offered by the supplier 
including shipping and additional costs 

EC2: Quality of 
products related 
criteria  

EC 2.1 Technical 
capability 

 Supplier's expertise in producing high product 
standards and maintaining them 

EC 2.2 Reputation  Supplier’s standing in the market 

EC3: Repair services 
related criteria  

EC 3.1 Reliability 
and responsiveness 
to claims and 
complaints 

Consistency and promptness in providing 
assistance and resolving issues & the number of 
successfully addressed issues/defects 

EC4: Production 
facilities related 
criteria  

EC 4.1 Equipment 
and supply 
availability 

Access to necessary machines/ equipment/ tools 
now and in the future & Ability to meet demand 
now and in the future 

EC5: Service 
performance related 
criteria  

EC 5.1 Delivery 
schedule & 
reliability 

Delivery times across the year & the 
dependability of delivery service being on time 

EC 5.2 
Transportation 
quality 

Condition of products during and after the 
transport service 

EC 5.3 Supplier 
Reputation and 
history 

Supplier's delivery market image & track record 
of past performance with said company and 
other companies 

EC5.4 
Professionalism  Conduct and competence of the supplier 
EC 5.5 Average 
lead time  Time taken from order to delivery 

Environment
al 

EN 1: Green image 
related criteria  

EN 1.1 Market 
reputation  

Overall market perception in terms of being eco-
friendly 

EN 2: Pollution 
reduction related 
criteria 

EN 2.1 Use of 
harmful materials  Employment of toxic substances 

EN 3: Green 
competencies related 
criteria 

EN 3.1 Use of 
environmental-
friendly materials Utilization of eco-friendly materials 

Social S 1: Employment 
practices related 
criteria  

S 1.1 Child labour Illegal employment of children 
S 1.2 Disclosure of 
information  

Transparency in sharing information with the 
public 

S 1.3 Adherence to 
law and regulations  Compliance with legal standards 

 
4.2 Decision Support System Development 
After identifying all the relevant criteria, two key steps were completed before building the model, which were 
building the AHP and the FIS rules. These steps were carried out through two separate surveys directed towards 
industry experts. Given the complexity of these surveys and the need for focused expert insights, the number of 
respondents was lower than in the initial survey.  
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Five experts were asked to complete both surveys, following the recommendation of (Skulmoski et al. 2007)), who 
suggested that between 5-7 expert opinions are sufficient when the focus is on deep expertise. It is important to note 
that the research approach employed in this study was inspired by the work of (Dweiri and Kablan 2006), who 
demonstrated the application of this methodology. 
 
4.2.1 The AHP model 
AHP was employed to determine the weights of the sustainable criteria determined in the first survey, which are 
essential for effective sustainable supplier selection. The AHP survey was sent to the experts to compare and rate each 
criterion with the other within each dimension. A scale from 1 to 9 on both ends (where 9 is extremely important and 
1 is equally important) was used. After gathering the expert responses, the weight for each criterion was calculated as 
shown in Table 2. 

Table 2. The AHP weights 
 

Sub Criteria Weight Criteria Weight Dimension Weight 

Product overall price 0.333 Cost 0.541 

Economic dimension 0.742 

Technical capability 0.028 
Quality of products 0.08 

Reputation 0.047 
Reliability and 
responsiveness to claims and 
complaints 

0.074 Repair services 0.146 

Equipment and supply 
availability 0.052 Production facilities 0.085 

Delivery schedule & 
reliability 0.131 

Service performance 0.148 
Transportation quality 0.047 
Supplier Reputation and 
history 0.079 

Professionalism 0.04 

Average lead time 0.17 

Market reputation  0.651 Green image related 
criteria 0.651 

Environmental dimension 0.096 Use of harmful materials 0.203 Pollution reduction 
related criteria 0.203 

Use of environmental-
friendly materials 0.146 Green competencies 

related criteria 0.146 

Child labour 0.17 

Employment practices 1 Social dimension 0.162 Disclosure of information 0.429 
Adherence to law and 
regulations 0.401 

  
4.2.2 The FIS Model 
In this phase, a third survey was distributed to the same experts with the objective of deriving the fuzzy rules for the 
MATLAB model to be used. These fuzzy rules will be used in a later stage to create the fuzzy decision-making system 
(FDMS), which enables it to handle the inherent uncertainty and subjectivity associated with sustainable supplier 
selection criteria. The aim of the survey was the formulation of the “if-then” rules, which define how different 
combinations of criterion ratings influence the overall supplier performance, which supports a flexible and adaptive 
decision support system.  
 
After consolidating the answers from the AHP survey, which provided the AHP weights, and calculating the AHP 
weight for each sub-criterion, criterion and dimension, along with the fuzzy rules survey which provided the “if then’ 
rules, a MATLAB model was created using the fuzzy logic designer module. The models created were Mamdani-type 
1 models. Using the fuzzy model, the number of inputs is the number of sub criteria, criteria or dimensions and their 
wights, and the number of outputs, are the level above the used inputs. 
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4.3  Implementation 
After calculating the AHP weights and finalizing the seven models needed; dimensional, economic criteria, 
environmental criteria, social criteria, economic sub-criteria, environmental sub-criteria and social sub-criteria, the 
model was ready the implementation. This involved piloting it within a company to assess its performance. A survey 
was sent to a supplier in the UAE which aimed to inquire how they would rate their own operations as a percentage 
point in terms of each sub-criterion.  
 
Once the values were received, each MATLAB model was executed using the rule inference system function, 
incorporating the supplier's values along with the AHP weights calculated from the survey. The sub-criteria values 
provided by the supplier were used as inputs for the criteria models, which were then utilized in the dimensional 
model. The results from the aforementioned steps are presented in Figure 3, 4, 5, 6, 7, 8 and 9. Based on the results 
shown in the figures, the supplier evaluated in this model achieved an overall performance of 50.7% according to the 
criteria established earlier. 

 

 
Figure 3. Environmental sub-criteria rules output 

 
 

Figure 4. Social sub-criteria rules output 
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Figure 5. Economic sub-criteria rules output 
 

 
 

Figure 6. Economic criteria rules output 
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Figure 7. Environmental criteria rules output 
 

 
 

Figure 8. Social criteria rules output 
 

 
 

Figure 9. Dimensions rules output 
 
The final step to complement the work done so far involves creating a benchmarking tool that leverages the knowledge 
base system and the data gathered from the case supplier. This tool would suggest improvements to their operations 
to enhance overall performance. This can be accomplished by building a multi-objective linear programming 
optimization model and solve it. An optimization software, such as CPLEX OPL, can be used to embed the critical 
criteria and their weights alongside the supplier's data, to identify necessary changes for improved performance. As 
this requires further research and analysis, it is planned for future work based on this paper. 
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5. Conclusion  
The identification of sustainable supplier selection criteria established the three foundational pillars for the research 
which are economic, environmental, and social dimensions. The research confirmed that there is a strong consensus 
among experts, regarding the significance of the dimensions selected, that is to ensure the model's relevance. The 
verification phase provided the validity of the identified criteria through expert consensus, ensuring both credibility 
and robustness of the model to be designed.  
 
To balance the economic, environmental, and social dimensions, 16 criteria from the initial 70 were selected 
systematically to ensure that the DSS is streamlined and would prioritize the most critical factors while maintaining 
the alignment with the expert opinions. The development phase confirmed the integration of AHP and FIS as effective 
tools for quantifying and addressing the complexity of supplier evaluation. This phase solidified the DSS as a versatile 
and adaptive model capable of handling the intricacies of sustainable decision-making in diverse supply chain 
contexts. Furthermore, developing the AHP model provided the precise weights for each criterion that facilitated an 
accurate hierarchical assessment of the supplier’s performance, which were utilized when building the KBS.  
 
The FIS model was designed to address the uncertainties and subjectivities that arise in the decision-making process 
by using expert-defined fuzzy rules.  Coupling both models resulted in creating the KBS for this study, which would 
be used in the future by firms to help in their decision-making process when selecting suppliers. The implementation 
of the model demonstrated its practicality, as it was successful in evaluating a supplier's overall performance. By 
integrating real-world data form the case supplier with AHP weights and fuzzy rules, the system proved its 
effectiveness in creating relevant insights, establishing the way for an improved decision-making process and 
sustainability practices. 
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