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Abstract 

Identifying and evaluating the key parameters of resilience on the evaluating of suppliers in order to select the best resource 
supplier in the industry is very important. For this purpose, in this study, after a comprehensive review of the literature and the 
application of fuzzy Delphi technique and using the opinions of petrochemical upstream industry experts, six key and general 
parameters of supplier resilience (including key performance factors, supplier responsiveness, supplier risk reduction, supplier 
technical support, supplier stability, information technology management) were identified in eighteen factors. Then the weight 
of the parameters was determined using the best-worst method (BWM). The output of this method indicates the extraction of 
"supplier risk mitigation systems" and "key performance factors" as the most important parameters, respectively. Then, the five 
suppliers of the mentioned industry were evaluated and ranked using TOPSIS (technique for order performance by similarity to 
ideal solution) technique and based on the extracted weight of the parameters. The output showed that the fourth supplier was 
in the first place and the second supplier was in the last place. Thus, the proposed model of this research can be a good guide for 
upstream petrochemical industries in the successful and future evaluation of potential suppliers in order to improve supply and 
achieve competitive advantage and further satisfy customer needs. 
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1.  Introduction  

A Supply Chain (SC) consists of five main elements namely suppliers, manufacturers, distributors, retailers, and 
customers. Recently, uncertain global risks and disruptions have affected most of the manufacturing industries 
which forced them to focus on SC resilience. Generally, the risks associated with SC can be classified into two 
categories which are operational risk and disruption risk. Operational risk refers to the inherent events that occur 
within a SC such as uncertainty in transportation cost, customer demand, and power outage. Disruption risk refers 
to the major disruptive events such as natural disasters, human-made threats, or employee strikes including pan-
demics, tsunamis, earthquakes, floods, fires, transport accidents, and labor strikes. These events may cause short-
term or long-term negative impacts to the financial performance of SC or even economic crisis in more serious 
cases. To deal with the economic issues, resilience is vital to be incorporated in a SC (Leong et al. 2022). Following 
an earthquake in Japan in 2011, Apple was unable to produce the iPad 2 due to a lack of flash memory and an 
extremely thin battery (BBC News, 2011), which led to widespread supply chain disruptions. This particular event 
also led to the disruption of the automotive sector and retail supply chains in the UK (Hall, 2010). For this reason, 
in order to protect businesses, organizations must include the concept of accountability in decision-making criteria 
(Torabi et al., 2015). Criteria refer to the ability of suppliers to deal with risks and events that are unexpected and 
unpredictable and affect efficiency and speed higher than other suppliers (Mohammed et al., 2018). Severe disrup-
tions often lead to significant reductions in production, sales, and economic outcomes. According to the World 
Economic Forum (2013), there are five major causes of severe supply chain disruptions, including natural disasters, 
adverse weather conditions, political conflicts and turmoil, terrorism, and sudden demand shocks. The occurrence 
of severe disruptions in public supply chains is due to certain risks of the country and the possibility of other risks. 
Therefore, emphasis on risk management is essential. A supply supplier is defined as "a supplier who is able to 
produce good quality products at economical rates and is flexible enough to adapt demand fluctuations to shorter 
advances in a lower risk environment without compromising environmental safety and operations" (Rajesh et al., 
2015). A review of the literature reveals that quality, cost, and flexibility characteristics are key indicators in sup-
plier selection issues (De Boer et al., 2001).  
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In addition, a supplier must be sufficiently responsive to demand fluctuations (Peck, 2005; Christopher, 2010). 
Following supply chain resilience, the supplier should be least vulnerable to disruptions by being aware of possible 
risks and having well-established operations of supply chain continuity management (Squire et al., 2009; Wu et al., 
2010). Suppliers should also have a R&D unit to ensure good levels of technical support and safety operations and 
a well-established environment to maintain sustainable competitiveness (Seuring and Müller, 2008; Mahapatra et 
al., 2010). Considering all these parameters in a specific framework will lead to the selection and ranking of sup-
pliers with fluency capabilities. These parameters are discussed below. Various methods have been used to evalu-
ate supplier resilience factors and supplier selection issues, including multi-criteria decision analysis techniques, 
mathematical programming, and artificial intelligence. In this regard, Liao and Kao (2011) used a combination of 
fuzzy TOPSIS technique and multi-objective ideal planning to solve the supplier selection problem, which allows 
decision makers to consider the levels of multiple ideals. Dalalah et al. (2011) used the fuzzy DEMATEL technique 
to evaluate and transform the relationship between causes and effects criteria into an understandable structural 
model. Karsak and Dursun (2014) used an approach based on integrating qualitative function development and 
data envelopment analysis to select the best supplier. In this study, the interdependence between supplier evalua-
tion criteria through the structure of a quality house is introduced. Kar (2014) used the integration of fuzzy hierar-
chical analysis process and fuzzy ideal programming for the supplier selection problem. Lee et al. (2014) used a 
combination of fuzzy hierarchical analysis and fuzzy TOPSIS to determine the weight of the criteria and select the 
best supplier by making vague Subjective preferences from decision making. Igoulalene et al. (2015) used a hybrid 
approach of fuzzy multi-criteria decision analysis based on composition and consensus based on feasibility 
measures and fuzzy TOPSIS. You et al. (2015) used a new multi-criteria decision-making model using distance 
bipolar language variables and the developed VIKOR approach to select the best supplier under uncertainty and 
incomplete information. Govindan and Sivakumar (2016) developed an integrated multi-criteria decision-making 
and multi-objective linear programming approach as an aid to select the best green supplier. Ajalli et al., (2017) 
proposed a combined approach of of Fuzzy AHP and COPRAS to Solve the Supplier Selection Problems. results 
of this research, give an evaluation method for companies in order to help managers to identify and select the best 
suppliers. Amani et al. (2017) identified barriers to green supply chain acceptance using Fuzzy DEMATEL Tech-
nique. Extracted factors in this research were Outsourcing, technology, knowledge, finance and support. Moham-
med et al. (2018) evaluated Green and Resilient Supplier Performance using AHP-Fuzzy TOPSIS Decision-Making 
Approach. They ranked suppliers with respect to their traditional, green and resilience (TGR) characteristics. A set 
of criteria/sub-criteria were identified within a unified framework and their relative importance weighted using 
the analytical hierarchy process (AHP) algorithm. In addition, the suppliers were evaluated and ranked based on 
their performance towards the identified TGR criteria using the fuzzy FTOPSIS algorithm through a real case 
study. The study provides a noteworthy aid to management who understand the necessity of building supply 
chain resilience while concurrently pursuing ‘go green’ responsibilities. Ajalli et al., (2019a) proposed a hybrid 
FSIR-TOPSIS approach for selecting of manufacturing levers. So dealing with the selected manufacturing levers 
and promoting them, an organization makes customers satisfied with the least cost and time. Hosseini and Khaled 
(2019) proposed a hybrid ensemble and AHP approach for resilient supplier selection. In this research, resilience 
value, obtained from ensemble methods, is coupled with additional four variables to assess the suppliers' overall 
performance and rank them using different supplier selection models. Finally, a case study has been performed on 
international plastic raw material suppliers for a U.S. based manufacturer. Ajalli et al., (2019b) presented a Com-
bined SWARA-FVIKOR Approach for ranking suppliers.  The result showed that delivery is the most important 
criteria’s. Such, the results of FVIKOR technique showed that supplier 1 is the best supplier. This proposed ap-
proach gives an evaluation method for all of the companies in order to help managers to identify the best suppliers. 
Sahebjamnia (2020) has studied the selection of a resilient supplier and order allocation under conditions of uncer-
tainty. The proposed mathematical model helps the decision makers to select supplier and allocate the optimum 
order quantities by considering shortage. Since the disruptive incidents are inevitable events in real world prob-
lems, the impact of disruptions on suppliers, manufactures and retailers has been considered in the proposed 
model. Inherent uncertainties of parameters are taken into account to increase the compatibility of the approach 
with realistic environments. To tackle the uncertainty and multi-objectiveness of the proposed model, interval 
Method and TH aggregation function is adapted. The proposed model is validated through application to a real 
case study in a furniture company. Results demonstrate the usefulness and applicability of the proposed model. 
Ajalli et al., (2021a) proposed a hybrid FSIR-TOPSIS approach for selecting of manufacturing levers. So dealing 
with the selected manufacturing levers and promoting them, an organization makes customers satisfied with the 
least cost and time.Mohammed et al. (2021) used a hybrid MCDM approach towards resilient sourcing. In this 
context, the resilience pillars of “flexibility” attained the highest relative weight compared to “agility”, which se-
cured the lowest weight. The results also showed “absolute” correlation among MABAC, VIKOR, and OCRA com-
pared to “very strong” correlation between TOPSIS and the others. This research can support supply chain man-
agers to achieve supply chain systems that reduce not only sourcing costs, but also potential losses because of 
disrupting threats, by building resilient supply chains. Hosseini et al. (2022) in a study, due to the importance of 
emergency centers and patient transport vehicles in epidemic conditions, the performance of emergency centers 
has been evaluated based on health protocols. The criteria were divided into preventive and operational sections 
by collecting opinions, health experts, standard criteria, and the Delphi method. Preventive criteria for evaluating 
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emergency centers and operating criteria for assessing vehicles in these centers are considered. The weighting of 
the determined criteria was done by the triangular fuzzy aggregation method. According to the standard criteria, 
the emergency centers have been evaluated for a 30-day period results have been assessed as a qualitative and 
quantitative matrix using the PROMETHEE method. The results showed better performance of Center A (63%) 
due to proper performance and better compliance with protocols in both criteria (preventive and operational). e 
reason for the superiority of this center over Center B can be considered the better performance of this center in 
terms of prevention indicators and better performance of the center's vehicles (Ambulance A-1 and Ambulance A-
2) in the performance index by observing the standards. Ayough et al. (2022)  proposed a new interactive method 
based on multi-criteria preference degree functions for solar power plant site selection. This study renders a new 
approach that redefines the linear relations of Interactive Simple Additive Weighting (ISAW) by multi-criteria 
preference degree functions of Preference Ranking Organization Method for Enrichment Evaluation (PROME-
THEE). In the proposed approach, an initial order of alternatives is gradually improved by swapping the order of 
a pair of alternatives until the decision-maker becomes satisfied. To validate the proposed method, we consider a 
case study of site selection for solar farms. Ayough et al. (2023) presented a new integrated approach based on 
base-criterion and utility additive methods and its application to the supplier selection problem. A numerical ex-
ample and a real case in the electronics industry have been presented to corroborate the applicability and effec-
tiveness of the BCUA model. Sensitivity analysis and a comparative analysis of the proposed method are discussed 
in comparison to already existing MCDM methods, including the Fully Consistency Method (FUCOM), Ordinal 
Priority Approach (OPA), Level Based Weight Assignment (LBWA), and Defining Interrelationships Between 
Ranked Criteria (DIBR). These analyses indicate that the criteria weights and alternative rankings are robust to 
changing the parameters δ and λ. In addition to selecting the most suitable supplier, the model presented here can 
also be used in any decision-making problem with multiple attributes and alternatives, particularly when decision-
makers are faced with many alternatives. Salman et al. (2023) in research used a hybrid approach using z-number 
DEA model and artificial neural network for resilient supplier selection. The obtained results are compared with a 
fuzzy DEA (FDEA) method in the form of validation and verification. Second, a sensitivity analysis is executed to 
show the effects of different criteria on ranking results, and the price index is identified as the most important 
evaluation criteria. Third, a predictive model is presented based on ANN that is able to detect the efficiency or 
inefficiency of suppliers with an 83% accuracy. Ajalli et al., (2024) used a hybrid approach (CFA-SWARA-MOORA) 
in order to modeling and evaluate the determining factors in the assessment of sustainability and resilience of the 
supply chain in Iran rubber industry. The output of this approach showed that all the identified factors have a 
positive effect on the evaluation of suppliers. Then, by using the SWARA technique and using the opinions of 40 
industry experts, the weight of the factors was calculated. The output of this technique showed that the third factor 
of supply chain sustainability, (S3: Strategy, support and commitment of company managers) with the highest 
weight is ranked first in terms of importance. Also, the 7th factor of sustainability (S7: Green warehouse) with the 
least weight in terms of importance in the integrated performance evaluation system of suppliers was placed in 
the 16th ranks. At the end of the research, 7 rubber industry suppliers were evaluated using the opinions of 40 
experts and using MOORA's technique. The final result of this technique showed that the fifth supplier is ranked 
first, and the fourth supplier is ranked last. In this way, an integrated and comprehensive approach was proposed 
in order to measure and evaluate the suppliers of the rubber industry in Iran. 

Kiani Mavi et al. (2024) in a study, Ahmadi et al investigated the resilience of the supply chain and analyzed the 
efficiency of common weights with optional and uncontrollable inputs. The proposed model formulates the non-
discretionary and non-controllable inputs in measuring the resilience of SCNs and provides a complete ranking 
with a higher discrimination power. To improve SCRes, SC managers are recommended to enhance the clustering. 

Master purposes of present research is: 1. Identification the key parameters of resilience on the evaluating of sup-
pliers at petrochemical upstream industry in Iran by using fuzzy Delphi 2. Evaluating the keys by using a new 
method of MCDM by topic BWM and finally ranking the suppliers of the industry based on weight and importance 
by using TOPSIS. So, in the present study, the best-worst method has been used to weight (prioritize) the key 
parameters of suppliers 'resilience, and the TOPSIS multi-criteria decision-making technique has been used to rank 
the suppliers' suppliant industry. The best-worst method was presented in 2015 by Rezaei, an Iranian scientist and 
associate professor at Technical University Delft in the Netherlands, and is one of the best methods for pairwise 
comparisons, which in addition to weighting the indicators, also has the ability to rank options based on indicators.  
The TOPSIS technique is one of the well-known methods for classical MCDM. TOPSIS technique, as one of the 
known classical MCDM methods, was first developed by Hwang and Yoon in year 1981 for solving a MCDM 
problem. The underlying logic of TOPSIS is to define the ideal solution and negative ideal solution. The ideal 
solution is the solution that maximizes the benefit criteria and minimizes the cost criteria, whereas the negative 
ideal solution is the solution that maximizes the cost criteria and minimizes the benefit criteria. In short, the ideal 
solution consists of all of best values attainable of criteria, whereas the negative ideal solution is composed of all 
worst values attainable of criteria. The optimal alternative is the one which has the shortest distance from the ideal 
solution and the farthest distance from the negative ideal solution (Wang et al., 2007; Ajalli et al., 2021a). According 
to above comments, the master contribution of this research is the implementation of qualitative fuzzy Delphi 
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technique and multi-criteria decision-making techniques (BWM & TOPSIS) for identification and ranking the keys 
effective on resilience of suppliers at petrochemical upstream industry in Iran. The combined approach is not used 
in internal and international researches. In other words, the main motivation and innovation of this article is the 
evaluation of suppliers' resilience using a combined approach of qualitative technique and quantitative MCDM 
techniques, which in no research have been used to evaluate suppliers' resilience by using at the same time, these 
approaches have not been addressed. Such, the most important limitation in this research was the limited access 
to experts of company for gathering of research data. For this purpose, the basic questions of the current research 
are as follows:  

1. What are the key factors in evaluating suppliers' resilience?  

2. What is the weight and importance of the factors? 

3. How the suppliers of the studied industry ranked are based on the weight of the indicators? 

The rest of the article is organized as follows: In the second part, first the background is presented and then the 
conceptual model of research is extracted; In the third section, the research methodology is discussed; In the fourth 
section, the research findings include the implementation of a combined approach of BWM and TOPSIS in order 
to weight the parameters and rank of the suppliers in the upstream petrochemical industry are discussed; Finally, 
in the fifth section, conclusions and research suggestions are presented.  

2. Literature Review 

A review of the domestic and foreign literature shows that there are few research studies on evaluating the factors 
of resilience and solving the problems of resource providers using quantitative and decision-making approaches. 
The literature review shows that there are few research studies on solving problems and the choice of resilient 
suppliers using quantitative approaches and decision making. In addition, in order to identify suppliers of resili-
ency measurement indicators, six general key parameters of reviewing literature (eighteen factors) are presented 
in table 1: 

Table 1. General Key parameters of resilience 

Keys Indicators External Resources Internal Resources Row 

Key Performance Factors 

Quality 

Ajalli (2024); 
Ajalli et al (2021b); 
Rajesh et al (2015); 
Wang et al (2013); 

Ajalli et al., (2021c) 1 

Cost 

Ajalli et al (2021b); 
Rajesh et al (2015); 

Lee et al (2013); 
Yeung et al (2013); 

Ajalli et al., (2021c) 2 

Flexibility 

Ajalli (2024); 
Ajalli et al (2021b); 

Rajesh et al (2015b); 
Jayaram et al (2011); 

Hartmann et al (2011); 

 
Ajalli et al., (2021c); 
Khodabakhsh et al 

(2018); 
Bagherzadeh Azar 

(2017); 
Jafarnejad et al (2016); 

Jahani (2016); 

3 

Supplier Accountability: 
Supplier responsiveness means bet-
ter visibility and better supplier 
speed. A supplier must have a high 
supply chain speed such as adequate 
responsiveness to reduce the time 
elapsed from order level to delivery 
point. 

Velocity, Agility 
and Supply Chain 

Ajalli (2024); 
Ajalli et al (2021b); 

Mohammad et al (2018); 
Purvis et al (2016); 
Rajesh et al (2015); 

Roh et al (2014); 
Soni et al (2014); 

Ajalli et al., (2021c); 
Khodabakhsh et al 

(2018); 
Ajalli et al., (2021c); 

Bagherzadehazar 
(2017); 

Jafarnejad et al (2016); 
Jahani (2016); 

Nazkabadi (2016); 
Jafarnejad et al (2015); 

4 

Visibility of the 
supply chain 

Ajalli (2024); 
Ajalli et al (2021b); 

Kamal Ahamdi et al (2016); 
Rajesh et al (2015); 

Kyu Kim et al (2011); 

Ajalli et al., (2021c); 
Bagherzadeh Azar 

(2017); 
Jafarnejad et al (2016); 

5 

 
Reduce the Supplier Risk: 

Suppliers should have the least vul-
nerability to disruption. They need to 
work with companies. Suppliers 
should also be better aware of possi-
ble risks and well-established opera-
tions of supply chain continuity man-
agement to reduce strong risks. Fac-
tors such as rapid technological 

Vulnerability 

Ajalli (2024); 
Ajalli et al (2021b); 
Rajesh et al (2015); 

Hofman et al (2015); 

Ajalli et al., (2021c); 
BagherzadehAzar 

(2017); 
Jafarnejad et al (2016); 

 
6 

Collaboration 
among actors 

Ajalli (2024); 
Ajalli et al (2021b); 

Kamal Ahmadi et al (2016); 
Rajesh et al (2015); 

Soni et al (2014); 

Ajalli et al., (2021c); 
Khodabakhsh et al 

(2018); 
Bagherzadeh Azar 

(2017); 
Jafarnejad et al (2016); 

7 
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change, changing customer prefer-
ences in information discovery, and 
increasing competition enhance affili-
ate marketing (Adler, 1996).  

Jaha (2016); 
Jafarnejad et al (2015); 

Risk Awareness 

Ajalli (2024); 
Ajalli et al (2021b); 
Rajesh et al (2015); 

Lavastre et al (2012); 
Kern et al (2012); 

Ajalli et al., (2021c); 
Jafarnejad et al (2016); 

8 

Supply Chain Man-
agement 

Ajalli (2024); 
Ajalli et al (2021b); 

Rajesh et al (2015b); 
Gopalakrishnan et al (2012); 

Lavastre et al (2012); 

Ajalli et al., (2021c); 9 

Risk and revenue 
sharing 

Ajalli (2024); 
Ajalli et al (2021b); 

Soni et al (2014); 

Ajalli et al., (2021c); 
Jafarnejad et al (2016); 

Pfohl et al (2016); 
10 

Technical Support Suppliers: 
Suppliers must be strong in technical 
capabilities. Also have a R&D depart-
ment to ensure a good level of tech-
nical support. The technological capa-
bility of the supplier must be highly 
adapted to technological innovations. 
New technologies must be registered 
to maintain quality standards and re-
duce risks (Mahapatra et al., 2010). 

Technological Abil-
ities 

Ajalli (2024); 
Ajalli et al (2021b); 
Rajesh et al (2015); 

Lock et (2012); 
Pfohl et al (2011); 

Ajalli et al., (2021c); 11 

Research and de-
velopment 

Ajalli (2024); 
Ajalli et al (2021b); 

Rajesh et al (2015b); 
Kloyer et al (2012); 
Clegg et al (2012); 

Ajalli et al., (2021c); 12 

Redundancy 

Ajalli (2024); 
Ajalli et al (2021b); 

Mohammad et al (2018); 
Kamal Ahamadi et al (2016); 

Carvalho et al (2012); 

Ajalli et al., (2021c); 
Bagherzadeh Azar 

(2017); 
Jafarnejad et al (2016); 

Jahani (2016); 

13 

Complexity 

Ajalli (2024); 
Ajalli et al (2021b); 

Carvalho et al (2012); 
Blackhurst et (2011); 
Cristofer et al (2011); 

Ajalli et al., (2021c); 
Bagherzadeh Azar 

(2017); 
Jafarnejad et al (2016); 

14 

Supplier Sustainability:  
Suppliers must give greater priority to 
greener operations, taking into ac-
count safety and the environment in 
order to maintain sustainable com-
petitiveness. Environmental concerns 
primarily include environmental pro-
tection system certification (such as 
ISO 14001 certification), and safety 
operations include the use of personal 
protective equipment and the mainte-
nance of accident, hazard, and assess-
ment records (Panyamorsi et al., 
2011). 

Safety 

Ajalli (2024); 
Ajalli et al (2021b); 
Rajesh et al (2015); 
Lock et al (2012); 

Punniyamoorthy et al (2011); 

Ajalli et al., (2021c); 
Bagherzadeh Azar  

(2017); 
Jafarnejad et al (2016); 

Jafarnejad and Mohseni  
(2015); 

 

15 

Concerns for the 
environment 

Ajalli (2024); 
Ajalli et al (2021b); 
Rajesh et al (2015); 

Tate et al (2011); 
Chiou et al (2011); 

Ajalli et al., (2021c); 
Bagherzadeh Azar 

(2017); 
Jafarnejad et al (2016); 
Jafarnejad and Mohseni 

(2015); 

16 

IT Management:  
In this regard, the implementation of 
knowledge management system, in-
formation sharing and the use of in-
formation technology throughout the 
supply chain has a positive effect on 
supply chain improvement and sup-
plier resilience. Knowledge manage-
ment means the creation and develop-
ment of knowledge and understand-
ing of the physical and information 
structures of the supply chain and the 
ability to learn from change as well as 
the training of other institutions. The 
exchange of information between 
members of the chain helps to reduce 
the risks and minimizes the conse-
quences of phenomena such as the ef-
fect of the leather whip. 

Knowledge Man-
agement 

Ajalli (2024); 
Ajalli et al (2021b); 

Soni et al (2011); 

Ajalli et al., (2021c); 
Ajalli et al., (2021) 

17 

Information shar-
ing by using infor-
mation technology 

Ajalli (2024); 
Ajalli et al (2021b); 

Kamal Ahamdi et al (2016); 
Soni et al (2014); 

Carvalho et al (2012); 
Chiang et al (2012); 

Cristofer et al (2011); 
Blackharst et al (2011); 

Ajalli et al., (2021c); 
Khodabakhsh et al 

(2018); 
Bagherzadeh Azar 

(2017); 
Jafarnejad et al (2016); 

Jahani (2016); 
Jafarnejad et al (2015); 

18 
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Figure 1 shows the conceptual model of the research: 

 

Figure 1. the conceptual model of the research 

 

3. Methodology 

The current research is applied in terms of purpose and descriptive survey in terms of data collection method. This 
research, like survey research, systematically describes the existing situation through a questionnaire and examines 
its characteristics and attributes. Data collection is done using questionnaires and interviews. The statistical popu-
lation of this research in relation to the identification of supplier resilience evaluation criteria consisted of 40 ex-
perts, specialists and managers with useful experience in upstream petrochemical industries, and due to the small 
number of expert members of the statistical population, all experts were used for the evaluation. . This type of 
sampling is a non-probability method that has a random selection mode, and usually 10 to 20 experts are consid-
ered sufficient (Ajalli et al., 2021 quoted Rebar, Gersh, McNee and McCabe, 2011). In this study, after extensive 
literature review and identification of key parameters of supplier resilience, the opinions of 40 experts in the up-
stream petrochemical industry are used to compare pairs between parameters and the weight of indicators are 
calculated by the best-worst method. Then, using the TOPSIS ranking technique, industry suppliers are evaluated 
and ranked. As mentioned, the opinions of industry experts are used to evaluate the sub-criteria. The descriptive 
information of the mentioned industry experts is presented in Table 2: 

Tale 2. Expert Information 

Number Classification Category 
10 Less than 40 years 

Age 
17 Between 40 and 50 years 
9 Between 50 and 60 years 

4 Over 60 years 

13 Managers 
Work experience 

27 Deputies and Engineers 

-- Diploma 

Level of Education 
6 Bachelor 

29 Masters 
5 P.H.D 

5 Less than 10 years 

Work experience 
15 Between 10 and 20 years 

12 Between 20 and 25 years 

8 Over 25 years 
36 Man 

Gender 
4 Female 

 

Accordingly, the following two basic questions arise: 

• Question 1: What are the final parameters of resilience in the evaluation of industry suppliers based on 
Delphi technique in fuzzy environment? 

• Question 2: Using the best-worst method, what is the importance (weight) of the key parameters of sup-
pliers' resilience in the upstream petrochemical industry? 

• Question 3: What is the ranking of industry suppliers? 
Figure 2 shows the methodological diagram presented in this research:  
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Figure 2. Research methodology diagram 

4. Finding 

4.1. Execution of Fuzzy Delphi Technique 

In this study, researchers used fuzzy Delphi technique to localize and screen the criteria extracted from the research 

literature. This method is a combination of the Delphi method and the theory of fuzzy sets, which was proposed by 

Ishikawa et al. In 1993. The steps of the fuzzy Delphi method are as follows (Bouzon et al., 2016): 

Step 1: Identify the key parameters of resilience in evaluating suppliers through a comprehensive literature review. 

Step 2: Gathering the opinions of decision-making experts: In this step, after identifying the effective performance 

criteria in the resilience system of suppliers, a decision-making team consisting of experts related to the research topic 

is formed and a questionnaire is sent to determine the relevance of the identified criteria to the main research topic. 

The linguistic variables of Table 3 are used to express the importance of each attribute. There are several types of fuzzy 

numbers, such as triangular, trapezoidal, and exponential fuzzy numbers. In this research, triangular fuzzy numbers 

have been used many times due to their simplicity in understanding different researchers.  

Table 3. Verbal Phrases to Confirm Indices (Wang et al., 2009) 

Fuzzy Number Verbal Variable 

(0,0,0.25) Very Little 

(0,0.25,0.5) Little 

(0.25,0.5,0.75) Medium 

(0.5,0.75,1) Much 

(0.75,1,1) Very Much 

 

Step 3: Verify Important Criteria: This is done by comparing the value of the acquired value of each criterion with 

the threshold value. The threshold value can be determined in several ways, but using the average value of the 

criteria as the threshold value is one of the best methods (Bouzon et al., 2016). Experts are first asked about the 

relevant criteria at three levels: pessimistic (L), probable (m) and optimistic (u) as equation (1):  

(1) 𝐴𝑖 = (𝑎𝐿
(𝑖)

;   𝑎𝑚
(𝑖)

;  𝑎𝑢
(𝑖)

) 

In which it expresses the amount of pessimism, probable opinion and expresses the optimistic opinion of each 

expert about each criterion. 

In the next step, the geometric mean of experts' opinions on each criterion is calculated through the following 

equation (Bouzon et al., 2016): 
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As can be seen, the worst opinion among experts is related to a criterion, the geometric average is the opinion of 

experts about a criterion, and the most optimistic opinion among all experts is about a criterion. In the last step, 

decision-making on the criteria is done by using the equations (2) to differentiate the opinions of experts about 

each criterion.  

(2) 𝑎𝑖 = (𝑙𝑖 ∗ 𝑚𝑖 ∗ 𝑢𝑖) 𝑙𝑖 = min (𝑎𝐿
(𝑖)

)  𝑚𝑖 = (∏  𝑎𝑚
(𝑖)

)𝑛
𝑖=1

1
𝑛
 𝑢𝑖 = max (𝑎𝑢

(𝑖)
)  

After calculating the above values, if the defrosted value of each criterion is higher than the average of the defrosted 

values, the desired criterion is approved and enters the main decision stage. But if the diffused value is less, the 

desired criterion is rejected. In order to confirm the criteria related to the integrated system, main six criteria in 18 

sub-criteria obtained from literature review (Table 3) were included in the fuzzy Delphi method questionnaire and 

a team of 40 experts was asked to answer the questions. Finally, after analyzing the data of the fuzzy Delphi method 

questionnaire, all of initial indicators were confirmed and selected as described in Table 4:  

Table 4. Results of fuzzy Delphi technique 

Confirm or Reject De-Fuzzy Average Attribute Key Parameters 

C 0.679 Quality 

Key Performance Factors C 0.756 Cost 

C 0.690 Flexibility 

C 0.634 Velocity, Agility and Supply Chain  

Supplier Accountability C 0.711 Visibility of the supply chain 

C 0.698 Vulnerability 

Reduce the Supplier Risk 

C 0.629 Collaboration among actors 

C 0.731 Risk Awareness 

C 0.664 Supply Chain Management 

C 0.681 Risk and Revenue Sharing 

C 0.673 Technological Abilities 

 

Technical Support Suppliers 

C 0.728 Research and Development 

C 0.704 Redundancy 

C 0.667 Complexity 

C 0.627 Safety 
Supplier Sustainability 

C 0.719 Concerns for the Environment 

C 
0.633 Knowledge Management IT Management 

 

Threshold value: 0.616  

 

Thus, the confirmed key parameters of the present study along with the code of each index are as follows: 1. Key 

Performance Factors 2. Supplier Accountability 3. Reduce the Supplier Risk 4. Technical Support Suppliers 5. Sup-

plier Sustainability 6. IT Management  

4.2. Determining the Weight of Key Suppliers’ Resilience Parameters by BWM 

In this part of the research, the importance of each of the 10 identified factors is calculated based on the SWARA 

method. Fuzzy values are used so as to make the results closer to the real world. The resulting decision matrix 

from experts' point of view for implementing the SWARA algorithm is shown in Table 3. This matrix is formed 

based on the relative average of the opinions of 10 experts participating in this research after defuzzifying the 

results listed in Table 2 according to the defined spectrum. The best-worst method is a multi-criteria comparison-

based decision-making method that compares the best criterion with other criteria and other criteria with the worst 

criterion. The goal is to find the optimal weights and adaptation rates through a simple linear optimization model 

created with the comparison system (Rezaei et al., 2016). The BWM technique is one of the newest and most effi-

cient multi-criteria decision-making techniques, which is used to weigh the factors and decision criteria. In multi-

criteria decision-making methods, including the AHP method, decision-making indicators and criteria and sub-

criteria can be ranked by pairwise comparisons and analysis of experts' opinions, and they are ordered from the 

most preferred and most important to the least important. But in the Best Worst Method, the best and worst indi-

cators and criteria are determined by the decision maker, and then a paired comparison is made between each of 
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these two indicators, which are the best and worst, with other indicators. Then the problem becomes a linear pro-

gramming problem in such a way that the weights of the indicators are obtained in such a way that the absolute 

differences of the weights are minimized. Among the prominent features of the BWM method, which is one of the 

new multi-criteria decision-making techniques, compared to other existing MCDM techniques, the following can 

be mentioned: Feature 1: fewer pairwise comparisons Feature 2: achieving more consistent pairwise comparisons. 

In the literature, some studies have used this new multi-criterion decision-making approach. In this study, by 

preparing a questionnaire for the best-worst method and distributing them among upstream petrochemical indus-

try experts, the weights of key suppliers' equity factors were calculated. The following are the steps of this method 

to calculate the weight of parameters (Rezaei, 2015; Rezaei, a2015): 

Step 1: Determining the set of decision criteria {𝒄𝟏 𝒄𝟐 … 𝒄𝒏}  by decision makers and extracting the most important 

and least important factor from the experts' point of view:  

The set of criteria in this research are the same six key parameters of supplier equity that were extracted from 

literature review and interviews with industry experts. Also, the third parameter (supplier risk reduction) was 

determined as the most important criterion and the fifth parameter (supplier stability) was determined as the least 

important criterion by experts. 

Step 2: Determine the preference of the best criterion among other criteria in the form of numbers 1 to 9 (1: equal 

importance, 9 most important) to express the value of the criteria: The result of selecting the best criterion over 

other criteria is shown as 𝐴𝐵 = (𝑎𝐵1 𝑎𝐵2  … 𝑎𝐵𝑛)  a vector that 𝑎𝐵j  the preference of criterion B Shows (best criterion) 

relative to criterion j and 𝑎𝐵B = 1. 

In the present study, to determine this vector, experts were asked to determine the preference of the most important 

factor over other factors from 1 to 9, and finally the average of the collected data was obtained and the results of 

Table 5 were obtained:  

Table 5. Preference of the most important factor over other factors  

Key Factors The most important factor (F3) 

Key Performance Factors F1 2.5 

Supplier Accountability F2 4.8 

Reduce the Supplier Risk F3 1 

Technical Support Suppliers F4 7.9 

Supplier Sustainability F5 8.8 

IT Management F6 5.9 

 

Step 3: Determine the preference of each of the other criteria over the worst criteria: In this case, numbers from 1 

to 9 are assigned. The worst vector over other criteria is represented as 𝐴𝑊 = (𝑎1𝑊 𝑎2𝑊  … 𝑎𝑛𝑊)𝑇 by the fact that 

𝑎j𝑊the preference of the vector j over the worst criterion is W. To determine this vector, follow the previous step 

and the results of Table 6 were obtained:  

Table 6. Preference of other factors over the least important factor 

The worst criteria (F5) 

F1 8.6 

F2 6.8 

F3 8.8 

F4 5.9 

F5 1 

F6 5.3 

 

Step 4: Find the optimal weights (𝒘𝟏
∗ 𝒘𝟐

∗ … 𝒘𝒏
∗ ): Solve the following problem; get the optimal weights for the crite-

ria. To determine the optimal weights of the criteria, the largest absolute difference {|𝑤𝐵 − 𝑎𝐵𝑗𝑤𝑗|;  |𝑤𝑗 − 𝑎𝑗𝑤𝑤𝑤|} 

Must be minimized for each j as equation (3):  
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min max𝑗 {|
𝑤𝐵

𝑤𝑗
− 𝑎𝐵𝑗| ;  |

𝑤𝑗

𝑤𝑤
− 𝑎𝑗𝑤|} 

s. t. 

∑ 𝑤𝑗 = 1

𝑗

 

𝑤𝑗 ≥ 0   for all 𝑗 

(3) 

This model will be solvable after being converted into the linear programming equations as (4) (Rezaei, b2015):  

min 𝜉 

s. t. 

|𝑤𝐵 − 𝑎𝐵𝑗𝑤𝑗| ≤ 𝜉;  for all 𝑗 

|𝑤𝑗 − 𝑎𝑗𝑤𝑤𝑤| ≤ 𝜉;  for all 𝑗 

∑ 𝑤𝑗 = 1

𝑗

 

𝑤𝑗 ≥ 0    for all 𝑗 

   (4)    

By solving this problem, optimal weights (𝑤1
∗𝑤2

∗ … 𝑤𝑛
∗)  and optimal values 𝜉∗   are obtained. It is defined as the ratio 

(rate) of compatibility of the comparison system. 𝜉∗ Closer to zero indicates greater compatibility of the comparison 

system provided with decision makers. The equation (5) is used to evaluate the compatibility of comparisons (Re-

zaei et al., 2016):  

𝐶𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦 𝑅𝑎𝑡𝑖𝑜 =
𝜉∗

𝐶𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦 𝐼𝑛𝑑𝑒𝑥
 (5) 

The consistency index is obtained from Table 7. A lower compatibility ratio means more reliability of comparisons. 

Table 7. Consistency Index (Rezaei, 2015a) 

𝒂𝑩𝑾 1 2 3 4 5 6 7 7 9 

Consistency Index 0.00 0.44 1.00 1.63 2.30 3.00 3.73 4.74 5.23 

In this research, by solving the above models using LINGO 15 software, the optimal and final weight of each of 

the key parameters (𝑤1
∗𝑤2

∗ … 𝑤𝑛
∗) is obtained. It should be noted that the above model was solved with 9 variables 

and 19 constraints in 11 replications and the results of this step are shown in Table 8: 

Table 8. Final weights of key factors 

Parameter   Final rank  

F1 0.23 2 

F2 0.12 3 

F3 0.44 1 

F4 0.073 5 

F5 0.035 6 

F6 0.097 4 

the amount of  𝝃∗ 0.134072 

Consistency Index  5.078 

Consistency rate  0.01208 

According to the solution of the linear programming model of the best-worst method, it can be seen that "supplier 

risk reduction systems" and "key performance factors including quality, cost and flexibility" were recognized as 

the most important factors, respectively. The compatibility rate is also at an acceptable level.  

4.3. Ranking Suppliers using TOPSIS 

In this study, in order to rank of suppliers in the Petrochemical Upstream Industries, TOPSIS decision-making 

technique including the following six steps has been used: 

• Conversion of the D decision-making matrix to the ND matrix based on Euclidean norm. 
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In order to implement the first step, first the decision matrix was extracted from the opinions of 40 experts of the 

industry and finally the final aggregation matrix was presented as Table 9: 

Table 9. Collective matrix of expert opinions 

Decision-Making Matrix (DMM) C1 C2 C3 C4 C5 C6 

A1 8 6 7 9 8 9 

A2 5 6 6 6 6 5 

A3 6 7 7 8 7 8 

A4 10 9 8 10 8 9 

A5 5 8 7 8 6 6 

weight of key factors 0.23 0.12 0.44 0.073 0.035 0.097 

Alpha 15.81 16.31 15.72 18.57 15.78 16.94 

In the table 8, the integration matrix of expert opinions is obtained through simple mediation of expert opinions 

regarding each criterion and alternative. Also, the weight of the main parameters extracted from the final output 

of the BWM technique is given. Alpha is equal to the square root of the sum of experts' opinions in each column 

related to the criterion, which is the normal decision matrix in the next table by dividing the experts' opinions by 

alpha. The following is a ND matrix in Table 10: 

Table 10: Normal Decision-Making Matrix 

Normalized DM C1 C2 C3 C4 C5 C6 

A1 0.5060 0.3679 0.4454 0.4845 0.5070 0.5313 

A2 0.3162 0.3679 0.3818 0.3230 0.3802 0.2951 

A3 0.3795 0.4292 0.4454 0.4307 0.4436 0.4722 

A4 0.6325 0.5518 0.5090 0.5384 0.5070 0.5313 

A5 0.3162 0.4905 0.4454 0.4307 0.3802 0.3542 

 

• The matrix of the balanced scale is obtained by assuming the vector was equation (6): 
                                                                                               (6) 

 

Where V is the balanced scale matrix and W is the diameter matrix of the weights obtained for the criteria. Table 

11 shows the balanced ND decision making: 

Table 11. The Weighted NDM 

Weighted NDM C1 C2 C3 C4 C5 C6 

A1 0.1164 0.0441 0.1960 0.0354 0.0177 0.0515 

A2 0.0727 0.0441 0.1680 0.0236 0.0133 0.0286 

A3 0.0873 0.0515 0.1960 0.0314 0.0155 0.0458 

A4 0.1455 0.0662 0.2240 0.0393 0.0177 0.0515 

A5 0.0727 0.0589 0.1960 0.0314 0.0133 0.0344 

 

Identify the solution to the positive ideal and the solution to the negative ideal as follows: 
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For the positive elements of the criteria:                     

For the negative elements of the criteria:                    

According to the above relations, the values of the positive ideal solution and the negative ideal solution are cal-

culated and given in Table 12: 

Table 12. the values of the positive and negative ideal solution  

A+ 0.1455 0.0662 0.2240 0.0393 0.0177 0.0515 

A- 0.0727 0.0441 0.1680 0.0236 0.0133 0.0286 

 
• Calculation of distances based on Euclidean norm as equations (7): 

 

, (i= 1,2,…,m)              (7) 

 

Considering the above relations, the distance between positive and negative ideas is presented in Table 13: 

Table 13. the distance between positive and negative ideas 

Distances d+ d- 

A1 0.0462 0.0581 

A2 0.0985 0.0000 

A3 0.0670 0.0376 

A4 0.0000 0.0985 

A5 0.0807 0.0331 

• Calculate the relative proximity of the option to the ideal solution as equation (8): 
 

                                                          (8) 

If  then  

 

So, the closer the option is to the ideal solution, the closer it will be to one.  

According to the above relation, the relative proximity of the options to the ideal solution is calculated and given 

in Table 14: 

Table 14. the relative proximity of the options to the ideal solution 

Proximity CC 

A1 0.5570 

A2 0.0000 

A3 0.3594 

A4 1.0000 

A5 0.2909 

• Ranking options: At this stage, the options (suppliers) are ranked based on  as the values from largest 
to smallest. The results are shown in table 15: 
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Table 15. Ranking Suppliers 

 Rank 

A1 2 

A2 5 

A3 3 

A4 1 

A5 4 

5. Conclusions 

Unexpected worldwide disruptions brought various challenges to supply chain management thus manipulating 

the research direction towards resilience. Since the supplier is one of the important supply chain elements, the 

challenges can be overcome through resilient supplier selection. Supplier selection is a multi-criteria decision-mak-

ing problem where several criteria are involved (Leong et al. 2022). The ultimate goal of supplier selection is to 

select the right suppliers according to the supply chain resilience capabilities of the companies. As suppliers are 

unavoidable vital resources, choosing a better supplier will help create liquidity to reduce supply chain risks as a 

whole. For this purpose, identifying and extracting the key factors of supplier resilience and evaluating the factors 

and selecting the most important factors and the sequence between them will be very useful. To achieve these 

goals, in this study, first, with a comprehensive review of the literature and interviews with upstream petrochem-

ical industry experts, 6 key and general factors were identified. Then, using the opinions of industry experts and 

using the fuzzy Delphi approach, the criteria identified from the literature were re-examined and finally all the 

criteria were approved. Then, using the BWM technique, the weights of the criteria were calculated, and finally, 

the suppliers were evaluated and ranked by using the TOPSIS technique and the opinions of the relevant experts. 

The analytical results of the techniques were obtained as follows: 

• Based on the fuzzy Delphi technique, all six key parameters in supplier resilience were confirmed in terms 
of effectiveness.  

• Based on the BWM, the factor of "supplier risk reduction" with higher final weight was extracted as the 
most important factor in supplier equity.  

• Based on the TOPSIS, the fourth supplier was in the first place and the second supplier was in the last 
place. 

Based on the results, suggestions for future research can be made as follows:  

• In connection with the evaluation of supply chain resilience, more studies were done and used the data 
envelopment analysis technique and other techniques. 

• Considering that it is very important to use any system to identify the obstacles and to implement it, then 
in the next research it can be identified the key barriers to implementing the supply chain resilience sys-
tem in the upstream petrochemical industry with other related industries and national ones and appro-
priate solutions to address these barriers and promote this system. 

• Using confirmatory factor analysis, it evaluated and tested 6 key and general extractive factors in the 
industry and, if effective, approved these factors to improve supplier resilience.  

• Using other techniques such as SWARA, hierarchical analysis process, etc., re-evaluate and calculate the 
weight of the indicators and compare it with the output of this research.  

• Using the interpretive structural modeling approach, it evaluated the relationships between key parame-
ters and extracted the factor leveling model.  

• The structural interpretation modeling approach has been used to explain the relationships between in-
dicators as well as their classifying. By using the structural equation modeling approach, the proposed 
structural model is tested and analyzed. 
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