
Selection of sustainable suppliers in the oil and 
gas industry using fuzzy multi-criteria 
decision-making methods

1. Introduction

Customers' demand for high-quality and rapid ser-
vices has increased pressure on companies that never 
existed before, which has held back enterprises from 
doing all the work alone. In the current competitive 
market, economic and production enterprises need 
the management and monitoring of related extra-or-
ganizational resources and dealing with the organiza-

tion of internal resources. This is mainly to achieve 
competitive advantage(s), aiming at earning a larger 
market share [1-4]. Accordingly, activities such as 
supply and demand planning, material preparation, 
product manufacturing and planning, goods mainte-
nance service, controlling the inventory, distribution, 
delivery, and customer service, all of which were car-
ried out at the corporate level before, are now trans-
ferred to the supply chain level. One of the important 

Due to the globalization of competition in various fields, suppliers must have the best perfor-
mance by creating different competitive advantages. In addition, the oil and gas industry has 
lots of sustainability issues in the supply phase. Accordingly, this study provides a compre-
hensive framework for ranking and selecting sustainable suppliers in the oil and gas industry. 
In this research, first, using the fuzzy analytical network process method, the indicators of 
selecting stable suppliers are ranked. Next, by applying the Electre method, the most appro-
priate suppliers are chosen. Numerical results show that the quality indicators of materials 
purchased from suppliers and commitment to contracts were ranked first and second among 
all criteria. Moreover, the efficiency of the proposed framework is approved by comparing 
with the real-world situation.
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issues in supply chain management is evaluating and 
selecting efficient suppliers, which leads to creating a 
competitive advantage and improving the organiza-
tion's performance. This is important when consid-
ering several discount suppliers. One of the impor-
tant factors for survival in today's highly competitive 
environment is reducing production costs. Choosing 
the right suppliers can significantly reduce purchasing 
costs and increase the competitiveness of the organi-
zation. In most industries, the cost of raw materials 
and components of the product is a large part of the 
cost of the product [5, 6].

The nature of such decisions is usually complex 
and lacks structure, and many quantitative and quali-
tative performance criteria such as quality, price, flex-
ibility, and delivery time must be considered to deter-
mine the most appropriate supplier [7-9].

 Overall, selecting a suitable supplier is a key issue 
in a supply chain [10-13]. Choosing an appropriate 
supplier who can meet customers' needs by provid-
ing a proper volume of high-quality products at a rea-
sonable price at a proper time is one of the most nec-
essary activities for creating a proper supply chain. In 
fact, deciding about the supplier plays a considerable 
role in companies' logistic management and produc-
tion, and many experienced enterprises believe that 
supplier selection is the most important activity of an 
organization [14].

Suppliers are an integral part of a company and 
can have various impacts on organizational perfor-
mance. These effects necessitate the revision of sup-
plier selection methods. Currently, the need to spe-
cialize businesses and customized services has united 
organizations in order to find strategic allies and form 
supply chains. In these situations, supplier selection 
in line with the long-term objectives and strategies of 
the organization not only increases efficiency but also 
leads to higher effectiveness of activities in the orga-
nization's productivity [15-20]. Therefore, the selec-
tion of an inappropriate supplier can cause serious 
challenges for the organization. In some cases, the 
lack of quality of a suitable commodity has led to the 
death of people in oil companies. Without a doubt, 
retaining production ability, protecting the lives of 
the personnel, and increasing the lifespan of equip-
ment, factories, and large national assets depends on 
the selection of quality and suitable suppliers. Today, 
strategic cooperation with suppliers seems necessary 
in order to supply goods at the desired quality level 
and decrease the delivery time in oil and gas proj-
ects. Supplier selection should be based on the opin-
ions of project beneficiaries so that the selected ones 
could meet the projects' needs [21]. Supply Chain 

Management (SCM) can link operations and produc-
tion management with maintaining the level of pro-
duction in oil and gas exploiting companies by having 
a proper process for supplying goods and optimizing 
the supply process with the help of focused inventory 
management. 

Given the above, the main issue of this research is 
to find a suitable framework for evaluating suppliers 
in the oil and gas industry. This framework organizes 
the various features for ranking suppliers and pro-
vides a solution to make it easier to find suppliers.

In this regard, given the fact that SCM requires 
complete mastery of the process, from material pur-
chasing to the production section and from purchas-
ing raw materials to sales and after-sales services, 
supplier selection can be an interesting and thought-
provoking topic for research. With this background 
in mind, the present study aimed to evaluate the se-
lection of sustainable suppliers in the oil and gas in-
dustry.

2. Research Background 

Employer satisfaction achievement is one of the 
goals of construction companies in the competi-
tive atmosphere of project implementation. In this 
regard, one of the main employer satisfaction fac-
tors is the quality implementation of the project in a 
timely manner and at a reasonable cost with regard 
to other performance indicators. Therefore, supplier 
selection plays a fundamental role in achieving these 
objectives and has become crucial for organizational 
success. Purchasing-related decisions have become 
more important with an increase in purchasing signif-
icance. In fact, the higher companies' dependence on 
their suppliers, the direr the consequences of their 
wrong decisions. Meanwhile, the supplier selection is 
more sensitive in oil and gas projects due to expen-
sive equipment, the necessity to have the required 
standards and safety, and the importance of time 
of arrival of this equipment to the project given the 
losses caused by daily delays in the project (especially 
in joint oil fields) in the country [6]. The selection of 
a set of suppliers is a crucial factor for organizational 
success. Recently, special attention has been paid to 
the supplier selection process. Selection and practical 
assessment of suppliers is an important responsibility 
that should be considered by purchasing managers. 
The importance of supplier selection is due to its im-
pact on the elements related to the end products of 
organizations [14].

The issue of potential supplier selection and eval-
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uation is a multi-criteria group decision-making prob-
lem, which requires the assessment of the degree of 
data uncertainty, the number of decision-makers, 
and the nature of the criteria. Supplier and contractor 
performance assessment in a supply chain is a pro-
cess carried out to measure the analyses and man-
age their performance to reduce costs and risks and 
constantly improve value creation and operations. 
Overall, recognizing the performance and evaluating 
the organization's existing performance clarifies the 
stages of their development and improvement [22]. 

New companies deal with extreme competi-
tion owing to the acceleration of the processes of 
economic globalization. Many companies increase 
the quality of their products while decreasing their 
costs to attract more customers. Since the raw mate-
rial supplier plays an important role in this process, 
companies need to find proper suppliers and make 
great collaborations with them.  Various criteria are 
involved in supplier selection, some of which are 
in conflict with each other (e.g., quality and cost). 
Therefore, supplier selection is identified as a multi-
criteria decision-making problem [23]. Today, oil 
and gas industries face serious challenges such as the 
entrance of foreign suppliers and increased activities 
of domestic suppliers due to organizations' joining in 
global trade. Therefore, oil and gas industries should 
increase their attention to their suppliers' status to 
improve productivity in this dynamic environment 
due to the significant role of suppliers' performance 
in achieving the mission of oil and gas extraction and 
production in organizations [24]. 

Chakraborty et al. [5] assessed to resolve the un-
certainty involved in the decision-making process of 
supplier selection with the application of distributor 
numbers. A relatively new Multi-Criteria Decision-
Making (MCDM) technique in the form of Measure-
ment Alternatives And Ranking According to Com-
promise Solution (MARCOS) was later employed 
for ranking of a set of alternative suppliers. Stojanović 
and Puška [6] investigated growing countries' logisti-
cal performances and identified which country has 
the best conditions for establishing a regional logis-
tic center. For this study, they used relevant data 
from Logistics Performance Index (LPI). Ali et al. 
[25] assessed the interval-valued Pythagorean fuzzy 
set. They explored the Complex Interval-Valued 
Pythagorean Fuzzy Einstein Weighted Geometric 
(CIVPFEWG), Complex Interval-Valued Pythago-
rean Fuzzy Einstein Ordered Weighted Geometric 
(CIVPFEOWG) operators and utilized their special 
cases. Moreover, an MCDM technique is explored 
based on the elaborated operators using the Com-

plex Interval-Valued Pythagorean Fuzzy (CIVPF) 
information. 

By comparing the research items in the literature, 
oil and gas exploitation companies are no exception 
and need a suitable assessment regarding commod-
ity supplier selection. We aimed to evaluate the key 
factors involved in the supplier selection process with 
this background in mind. 

3. Supply Chain Management 

»A supplier is a natural or legal person who offers 
a product within the framework of the relevant laws, 
regulations, and licenses and may act as a trader with 
the manufacturer. The supplier can act as a seller in 
the system if he has a membership in Iran Code and 
achieves a national ID for the product following re-
ceiving a membership.«

»A purchaser is a natural or legal person in need of 
purchasing a product, who registers as "buyer" in the 
system and submits a request for purchasing one or 
several products. The purchaser may be the final user 
or a part of goods distribution network intermediaries 
acting as a supplier. In both assumptions, purchasing 
must be carried out through registration on the system 
as a purchaser and after receiving a password.«

Today, SCM is one of the infrastructural founda-
tions for the implementation of electronic business 
in the modern world. In addition, the current global 
competition has necessitated the provision of a variety 
of products based on customers' demands. Customer 
demand for high quality and rapid service provision 
has increased pressures on companies that never ex-
isted before. This has prevented enterprises from 
doing their work independently of others. In the cur-
rent competitive market, economic and production 
enterprises need the management and monitoring of 
related extra-organizational resources and dealing with 
the organization of internal resources. This is mainly 
to achieve competitive advantage(s), aiming at earning 
a larger market share. Accordingly, activities such as 
supply and demand planning, material preparation, 
product manufacturing and planning, goods mainte-
nance service, controlling the inventory, distribution, 
delivery, and customer service, all of which were car-
ried out at the corporate level before, are now trans-
ferred to the supply chain level. A key issue in the sup-
ply chain is managing and controlling the coordination 
of all activities. In fact, the SCM phenomenon enables 
customers to receive reliable and fast service with qual-
ity products at minimum cost [17]. 

Some of the brief and comprehensive definitions 
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of supply chain and SCM include: the supply chain 
includes all activities related to the production of 
goods from raw material (extraction) to delivery of 
products to the end consumer and information flow 
related to them. The supply chain generally com-
prises the flow of all information, products, materi-
als, and funds between different stages of creating 
and selling a product to the end-user. There are also 
two other flows in this area, namely information, and 
finance flows [14, 21].

SCM comprises three main processes, including: 

1. Information management 

2. Logistic management 

3. Relationship management 

Main Phases of SCM

First phase 
The conceptual design of the first phase is indica-

tive of the construction strategy. This phase determines 
how the organization is managed by creating an image 
for the future and a structure for implementation. A 
special organizational model is required for the pro-
cesses of the first phase, which can be different in each 
organization. Nevertheless, a conceptual model is the 
main issue at this phase, which can confirm and imple-
ment the other two phases. This phase is primarily car-

ried out to comprehend details related to costs and 
recognize the system and benefits of SCM [10, 26, 27].

Second Phase: Designing and Testing the Details 
This phase can be implemented simultaneously 

with the first and third phases, meaning that the details 
are designed, and the solutions are concomitantly test-
ed in the real world. At this phase, it is recommended 
that changes be made in the organization's structure, 
and these modifications are taken into account in the 
implementation of the system to support the design of 
a new supply chain.

Third Phase: Implementation 
In this phase, following the second phase, the im-

plementation schedule of long periods of operation 
and changes in the system are carried out in order to 
generate facilities. In this study, the statistical popula-
tion included commodity management specialists and 
experts of procurement projects in oil and gas exploita-
tion companies. In total, 10 participants were included 
for data analysis. 

4. Research Methodology  

The proposed research methodology is presented 
in Figure 1. 

In this research, we used few techniques to test 
research questions. The outputs of the question-
naires were assessed with the following methods and 

Figure 1. Proposed research methodology
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provide answers to the test questions: the indicators 
of goods supplier selection were identified using the 
Electre 2 approach and fuzzy Analytical Network 
Process (ANP). The main reason for choosing the 
ANP method compared to similar methods is that 
this method is known among research experts, and 
also the collection of the required information is easy 
to do. The steps of ANP is as follows:

Step 1. Providing pairwise comparisons

Step 2. Providing the super-matrix

Step 3.  Calclulating the limited super-martix

Step 4. Providing the weight of each criterion and 
             sub-criteria

4.1 Conceptual Model

The conceptual model of the research and its 
indicators are obtained by modeling from the litera-
ture. The studied indicators are inspired by [3-6,21] 
and illustrated in Figure 2.

4.2 The Electre Method 

The Electre method was first introduced by Bena-
youn in 1966 and then developed by researchers such 
as Rou and Van delf [28]. In this method, all options 
are assessed using non-ranking comparisons, which 
leads to the elimination of ineffective options. All 
these stages are planned based on a harmonious set 
and an asymmetric set, and this feature has resulted 
in recognition of the Electre method as a coordina-
tion analysis technique. There are different versions 

of the Electre method, such as Electre 1, 2, 3, and 4, 
which are different in terms of the type of mathemati-
cal operations and problems that can be solved by 
the mentioned techniques [28]. 

The main reason for choosing the Electre method 
compared to similar methods is that this method, due 
to the design of the system for comparing options, is 
somewhat similar to the ANP method and is highly 
compatible with it. Also, the Electre method is men-
tioned as an efficient method in finding the best op-
tion in the literature.

Electre Method Stages 

Stage 1. Formation of a decision matrix 
We formed the decision matrix based on the 

number of criteria and options and estimated values 
of options for different criteria, as shown below:

Where xij shows the performance of the i-th op-
tion relative to the j-th criterion. 

Stage 2. Unscaling the decision matrix 
At this stage, criteria with different dimensions 

were turned into dimensionless criteria. In this re-
gard, unscaling was carried out using the equation 
below:

Figure 2. Conceptual model of the research
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Stage 3. Determining the Criteria Weight Matrix 
At this stage, the importance coefficient vector of 

the criteria was determined based on the importance 
coefficients of different criteria for decision-making. 
The weight of the criteria can be determined by 
methods such as the AHP or Shannon entropy. We 
also used the ANP results in the present research. 

Stage 4. Determining the normalized weighted 
decision matrix 

The weighted decision matrix was obtained from 
the unscaled decision matrix coefficient against the 
weight of criteria. 

Stage 5. Formation of Ske and Dke criteria set
For each pair of k and e options, the set of criteria 

was divided into two Ske and Dke subsets. The Ske sub-
set is a set of criteria where the k option is preferred 
over the e option, and its complementary set is Dke 
subset. The Ske criteria set for positive and negative 
criteria is defined as follows:

The Dke set for the positive and negative criteria is 
defined as follows: 

Stage 6. Agreement matrix formation 
The agreement matrix is a square matrix, the di-

mension of which is the number of options. Each 
entry of the matrix is called the agreement index be-
tween two options. The value of the index is obtained 
from the sum of the weights of the criteria in the Ske 
set. In other words, the k and e options should be 
compared to estimate the agreement index (Cke), and 
its value is obtained from the sum of the weight of 
criteria, where the k option is preferred over the e 
options. Mathematically, Cke is calculated using the 
equation below:

In this regard, Cke shows the level of superiority 
of the k option over the e option, and its value varies 
from zero to one. 

Stage 7. Disagreement matrix formation  
The disagreement matrix is a square matrix, the 

dimension of which is the number of options. Each 
entry of the matrix is called the disagreement index 
between two options, and its value is calculated using 
the equation below: 

Stage 8. Formation of Matrix (F)
In the sixth stage, we expressed the method of cal-

culation of Cke. In this section, a specific value was 
determined for Cke known as the agreement thresh-
old shown by the symbol of C¯. The agreement 
threshold is obtained from estimating the mean of 
Cke (entries of the agreement matrix). Mathemati-
cally, the agreement threshold was calculated using 
the equation below

In this regard, F is formed based on the threshold 
value. If Cke is larger than C¯, the superiority of the 
k option over the e option is accepted. Otherwise, 
the k option has no superiority over the e option. 
Therefore, the entries of F are determined using the 
equation below:

Stage 9. Formation of (G)
In this stage, G was formed similar to F, for which 

we first calculated the threshold of d¯ by estimating 
the mean of Dke (entries of the disagreement matrix). 
Mathematically, d¯ is calculated using the equation 
below:

As shown in stage 7, the lower the value of dke, 
the better. This is mainly due to the fact that the level 
of disagreement shows the superiority of the k option 
over the e option. If dke is larger than d¯, the level 
of disagreement is high and cannot be overlooked. 
Therefore, the entries of G are estimated as follows:

Each member of G shows the dominant relation-
ship between the options.
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Stage 10- Formation of (H)
In this section, (H) is obtained from multiplying 

every single entry of (F) into entries of (G). 

Stage 11. Best option selection
In this section, (h) reveals the minor preferences 

of the options. For instance, if hke is equal to one, the 
superiority of the k option over the e option is ac-
ceptable in both agreement and disagreement modes 
(i.e., its superiority was above the agreement thresh-
old and its disagreement was below the disagreement 
threshold). Nevertheless, the k option still has the 
chance to be dominated by other options. In this re-
spect, an option that is more dominant than being 
dominated should be chosen, and this issue can be 
used to rank the options. 

 5. Results

This section presents the numerical results ob-
tained from the implementation of the proposed 
decision-making approach. In Table 1, the prioritiza-

tion of criteria is presented by ANP, and the ranking 
of sub-criteria is presented in Table 2.

After determining the weight of each criterion, 
the results of the Electre method were analyzed. The 
mentioned method can be used to evaluate the supe-
riority of different options. In this study, the evalu-
ated options were mentioned in the form of A1, A2, 
and A3. Table 3 presents the threshold results in the 
ELECTRE method. 

In order to validate the research results, the output 
was compared with the opinions of research experts, 
and their final opinion was asked. Based on this, the 
research experts confirm the output, and as a result, 
the validity of the results is confirmed. Also, in order 
to analyze the sensitivity of the results, in addition to 
the proposed approach, the desired model with ran-
dom weights for the indicators has been implemented 
three times. The results are presented in Table 4.

The results presented in Table 4 show that when 
the ANP method is used, option A1 is selected as the 
superior, but when random weight is used, the other 
options are selected as the superior. This indicates 
that the use of the ANP method can provide differ-
ent results than other possible scenarios.

Table 2. Sub-criteria ranking in ANP

Sub-criteria Weight Rank

High quality of suppliers 0.572158 1

ISO certifications 0.105147 12

Waste elimination 0.294603 7

Time of delay 0.426323 4

Flawless delivery 0.298816 8

Optimal transportation 0.2839 9

Commitment to the contract 0.531599 2

Communication and collaboration 0.144601 11

Quick launch 0.329934 6

Overhead costs and product warranty 0.515613 3

Financial optimization 0.14877 10

Return on capital based on the shelf life of delivered products 0.348536 5

Table 1. Prioritization of the weight of the criteria and the weight of the sub-criteria using ANP

Criteria Weight Rank

Quality 0.31619 1

Delivery 0.28874 2

Services 0.19338 4

Costs 0.20169 3
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6. Discussion and Conclusion 

According to the results, the quality index had the 
highest importance. High-quality, specialized equip-
ment is very important for suppliers in exploiting 
companies since the lack of quality goods has caused 
irreparable damage in several accidents. In the next 
step, it is important to determine the delivery time for 
the applicants due to maintaining the production ca-
pacity and optimizing the production process. Since 
the cost of supplying goods is generally based on the 
lowest cost in tenders, having a standard cost of sup-
plying goods is more important than having a very 
low cost. Meanwhile, suppliers must meet their obli-
gations regarding after-sales service and repairs of de-
livered devices over the years. Therefore, choosing 
a quality and stable manufacturing company in sup-
plying goods is essential. In this regard, our findings 
are in line with the results obtained by Freeman and 
Chen [12] and Peng et al. [24], showing that views 
are almost similar regarding goods supply in various 
organizations. 

A more complete and accurate analysis of the 
results obtained in this study shows that the use of 
the ANP method in determining weights can provide 
completely different results from other methods. 
However, the ANP method is highly accepted by re-
search experts due to its popularity. Also, the Electre 
technique can provide very accurate results for rank-
ing suppliers in the oil and gas industry due to the 
separation of options and their pairwise comparison. 
This case is considered the most important achieve-
ment of this research.

It is suggested that oil and gas exploitation com-
panies provide technical and quality approval to the 

production companies and the bidders in order to 
deliver appropriate quality according to the frame-
work of the Standards Committee of the Southern 
Oil Fields Company. Nevertheless, this has not been 
implemented in the Oil and Gas Exploitation Com-
pany, and companies are not required to comply with 
this principle. Therefore, it is suggested that the Stan-
dards Committee consider a special score and rank 
for all applicant companies based on the standards in 
question, and companies should be required to com-
ply with these standards.

 - It is suggested that in order to provide qual-
ity goods and based on the appropriate de-
livery time, a quality evaluation committee 
be formed in the presence of the applicant's 
office, which is also not observed in compa-
nies.

 - It is suggested to invite suppliers with excel-
lent records to help increase the technical 
knowledge of purchasing experts by holding 
conferences and seminars to gain sufficient 
expertise in selecting suppliers.

 - It is suggested that purchasing experts be re-
quired to participate continuously in perma-
nent and international industry and service 
exhibitions.

Funding
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not-for-profit sectors.

Table 3. Evaluation of threshold results with the method's conditions

A1 A2 A3

A1 - 0 0

A2 0 - 0

A3 0 0 -

Table 4. Sensitivity analysis of the results

ANP-Electre Random weight (1)-
Electree

Random weight (2)-
Electree

Random weight (3)-
Electree

A1 0.40 0.35 0.35 0.30

A2 0.35 0.40 0.45 0.30

A3 0.25 0.25 0.20 0.4
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