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Abstract: The following research utilizes Multi-Criteria Decision Making (MCDM) in order to build a
business strategy to reduce product costs, improve competitiveness, focus on production planning
based on actual operating capacity and flexible adjustment according to the market, maximize the
labor productivity of technology workshops, reduce costs and inventory, and focus on producing
many petrochemical products and products of high economic value. Selecting the right materials
supplier is of paramount importance to the success of the organization as a whole. Supplier evaluation
and the selection of a suitable supplier is a complex problem in which the decision maker must
consider both qualitative and quantitative factors. Multi-Criteria Decision Making Models are an
effective tool used to solve complex selection issues including multiple criteria and options, especially
for qualitative variables. Thus, the author proposes an MCDM model including the Supply Chain
Operation Reference (SCOR) model, analytic hierarchy process (AHP) and the Data Envelopment
Analysis (DEA) method to evaluate and select the optimal supplier in the oil industry. The criteria
used to evaluate potential suppliers are determined through the SCOR model, the weight of all criteria
are defined by the AHP model through an expert’s opinion, and DEA is used to rank providers at the
final stage. After the model implementation and the results, decision-making unit DMU_01, DMU_04
and DMU_10 are shown to be the best suppliers. This research provides a Multi-Criteria Decision
Making model for supplier evaluation and selection in oil production projects. This research also
presents useful guidelines for supplier selection processes in other industries.

Keywords: MCDM; supplier selection; oil industry; SCOR; AHP; DEA

1. Introduction

Oil is one of the most important raw materials in all industries—it is considered to be one of the
decisive factors for the success of manufacturing and translation enterprises. Global crude oil demand
in 2018 amounted to 99.2 million barrels a day and is expected to increase to 100.6 million barrels a day
in 2019. In comparison, the demand for daily oil use was 86.4 million barrels in 2010; thus, it is an orbit
of growing demand [1]. In Vietnam, the oil and gas industry has been increasingly invested in and
developed by the government [2]. Along with the development of science and technology, this has
led to an increase in oil production, which has caused the price of crude oil to decline compared to
the last period [3]. Therefore, selecting an appropriate oil and gas supplier is one important strategy
to which businesses must pay special attention and which they must consider in the current era of
industrialization and modernization. The survey of this must consider many factors, both qualitative
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and quantitative. Thus, the selection of suppliers in the oil and gas industry is a multi-criteria decision.
To select the optimal supplier, one needs to go through the steps in the supplier selection decision
model diagram. Selecting the most optimal supplier requires detailed planning. MCDM models refer
to decision making in the presence of multiple criteria, which are often in conflict. MCDM issues are
common in everyday life [4].

Supplier selection is intrinsically related to the Multi-Criteria Decision Making problem
(MCDM) [5]. MCDM is an effective tool used to solve complex selection issues including multiple
criteria and options, especially for qualitative variables. Qualitative standards often have vague
characteristics which are difficult to accurately define, making it difficult to synthesize evaluation
results. The MCDM method will quantify qualitative criteria, calculate the total score of the evaluation
subjects according to the weight of each criterion, and help decision makers to have a stronger and more
accurate basis on which to make decisions. Some commonly used methods include The Technique
for Order of Preference by Similarity to Ideal Solution (TOPSIS), Analytic Network Process (ANP),
Analytic hierarchy process (AHP), Preference ranking organization method for enrichment evaluation
(PROMETHEE), et al. [5].

The goal of this study is to design an MCDM including the Supply Chain Operation Reference
(SCOR) model, analytic hierarchy process (AHP) and the Data Envelopment Analysis (DEA) method
to evaluate and select an optimal supplier in the oil industry. In the first step of research, the criteria
used to evaluate potential suppliers are determined through the SCOR model; then, the analytical
hierarchy process is proposed to evaluate the weight of criteria. The AHP can be applied for ranking
alternatives, but the of selection a number of suppliers is practically limited because of the number of
pairwise comparisons that need to be made, and a disadvantage of the FAHP approach is that input
data, expressed in linguistic terms, depend on the experience of decision makers and thus involve
subjectivity. Thus, we proposed the DEA model to rank alternatives in the final stage. Also, The DEA
is presented to reaffirm conclusions as a systematic method and to improve upon the disadvantages of
the FAHP model as mentioned above.

In this research, the author uses the SCOR model, AHP and the DEA method to evaluate and
select the optimal supplier in the petroleum industry. The criteria used to evaluate potential suppliers
are determined through the SCOR model. The weight of all criteria are defined by the AHP model
through the expert’s opinion, and DEA is used to rank providers at the final stage. The primary
goal of this research is to provide a modern MCDM model for supplier selection in the oil industry.
This research also presents a useful guideline for supplier selection in other industries.

2. Literature Review

Supplier selection is basically a matter of MCDM. Robert Handfield et al. [6] used the AHP model
to illustrate the use of AHP as a decision support model to help managers understand the trade-off
between environmental factors in their decision making. Then, they demonstrated how the AHP
model can be used to assess the relative importance of various environmental characteristics to assess
the relative performance of a number of potential suppliers. Reuven R. Levary [7] has demonstrated
that AHP is an appropriate method to assess and rank potential suppliers. In this study, the essential
supplier characteristics were identified and considered in the supplier selection process. Farzad et al. [8]
discussed various methods regarding supplier selection; in addition, they presented the advantages
and disadvantages of the selection methods, especially the AHP model.

William Ho et al. [9] reviewed the literature of MCDM methods in supplier selection processes.
This research not only provides evidence that multidisciplinary decision-making methods are better
than traditional cost-based methods, but also assists researchers and decision-makers to adopt further
methods to improve efficiency. Selecting suppliers is one of the most important activities of purchasing
management in the supply chain. Supplier selection is a complex issue involving multiple qualitative
and quantitative criteria. A trade-off between these tangible and intangible factors is essential in
choosing the best supplier [10]. Tahriri et al. [10] incorporated AHP in selecting the best suppliers.
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The results show that the AHP process allows the introduction of optimal order quantities among
selected suppliers to maximize the total purchase value. Zolfani et al. [11] used an MCDM model to
select suppliers. First, eight evaluation criteria, including cost, quality, distance, delivery reliability,
reputation, technology level, compatibility, and development capability, are identified. The AHP
model is used to calculate the weight of each criterion. Then, The CO mplex PR oportional AS
sessment of alternatives to G rey relations (COPRAS-G) method was adopted to rank and select the
optimal supplier.

Beikkhakhian et al. [12] used fuzzy analytic hierarchy process (FAHP), the weight of suppliers’
rapid assessment criteria to be measured and set, as an input to the TOPSIS model to rank suppliers.
He-Yau Kang et al. [13] proposed a fuzzy analysis network process model to evaluate different aspects
of suppliers to consider the feedback and interdependence of factors. The networks and elements
are compared in pairs in an uncertain environment. Asamoah et al. [14] used the AHP method to
assess and select suppliers in a pharmaceutical manufacturing company in Ghana. The research has
sought to use analytical process analysis to select the most appropriate raw material suppliers for
artemether-lumefantrine antimalarial drugs. Rakesh D.Raut et al. [15] used the Interpretive Structural
Modeling (ISM) method to identify success factors in the sustainable supply chain management
practices of the oil and gas industry. This research can help academics, government regulators, and
practitioners highlight their efforts in implementing sustainable supply chain management at different
organizational levels.

Bushra Luzon et al. [16] used the AHP method to evaluate and determine weights for selected
criteria including the quality, price, delivery, service and warranty and claims, competence engineering,
manufacturing facilities and capacity, financial status, performance history and geographic location.
Wood et al. [17] applied Multi-Criteria Decision-Making techniques including fuzzy TOPSIS with
flexible entropy weights for the purpose of selecting suppliers to develop petroleum industry facilities.
José Felipe Figueiredo Barata et al. [18] used a Multi-Criteria Decision-Making model to rank sustainable
suppliers in the oil and gas industry in Brazil. In this study, the author has demonstrated the need for
rapid sustainability evaluation along with the expansion of civilization. Similarly, the improvement of
the supply chain is a need that has arisen in the oil and gas industry; in particular, it is responsible for
the majority of CO, emissions into the atmosphere.

3. Methodology

3.1. Research Graph

In this research, the author uses the SCOR model, AHP and DEA model to assess and select the
optimal supplier in the oil and gas industry. The three main phases of the research topic are shown as
Figure 1.
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Figure 1. Research graph. SCOR: Supply Chain Operation Reference; AHP: analytic hierarchy process;
DEA: Data Envelopment Analysis.

3.2. Basic Theory

3.2.1. Supply Chain Operation Reference Model

The SCOR model identifies the best applications, performance metrics and functional requirements
of each core process, subprocess and supply chain operations. The SCOR model provides a standard
structure and terminology to help companies unify a wide range of management tools, such as business
process reconstruction, benchmarking, and practice analysis. SCOR'’s tools help the company develop
and manage its supply chain structure effectively [19]. Basic properties of the SCOR model include
cost, quality, organizational, service, relationship [20].

3.2.2. Analytic Hierarchy Process (AHP)

The AHP was proposed by Saaty [21]. The steps for the AHP process are as follows:
Step1 Identify the problem and research objectives.
Step2 Develop the hierarchical structure of the AHP model.

Based on the problem identification and research objectives made in Step 1, we set the hierarchical
structure and define relationships between criteria as well as suppliers.

Step 3 Develop a pairwise comparison matrix.

In the pairwise comparison matrix, the value of the comparison matrix is the reciprocal of the
opposite half of the symmetrical diagonal of the matrix, aj; = 1/aj; Comparing pairs of standards
together, the necessary assessment against an objective with n criteria can be calculated.

Step4 Assess the consistency of the judgments and conduct a consequence-weight analysis after the
comparison is made between pairs of indicators. Sum them up into a matrix of n rows and n columns.
The m;; element represents the importance of the row i indicator compared to the column index.
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Step5 Check consistency index.

Based on the real number matrix formed in Step 4, the largest eigenvector (Amax) and consistency
index (CI) are found.

_}\max_rl
Cl=—=— @)

where Amax is the largest eigenvector; n is number of criteria.
After calculating the maximum specific value, according to Saaty [21], we can use the consistency
ratio (CR). This ratio compares the degree of consistency with the objectivity (randomness) of the data:

e

CR_E

®)

where CI: consistency index; RI: random index.
The random index values are shown in Table 1.

Table 1. Random index values.

N 1 2 3 4 5 6 7 8 9 10
R 0 0 0.5220  0.900 1.120 1.240 1.320 1.410 1.450 1.490

If CR < 0.1, this is is satisfactory, whereas if CR > 0.1, we have to re-evaluate the pair
comparison matrix.

Step 6 Develop a super matrix.

After completing the above steps, a super matrix is formed in Table 2 as follows:

Table 2. Super matrix.

0 Upp 0
Uz Uz Uz
0 0 0

Step 7 Calculate the weight of the target function.

The total weight for the function of 1 is

1=Ry1 Xwi +Rip Xwy +... +Rig Xwyg (4)
The total weight for the function of p is

pP=Rp1 Xwy +Rpp Xxwa +... +Rpqg X wy 5)

3.2.3. DEA Model

The Charnes—-Cooper-Rhodes (CCR) model is a basic DEA model [22]. The definition of the CCR
model is as follows:
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Subject to.
O,n= 121 ®)

In addition, the segment program as a linear program (LP) is as follows [23] if
maxF;,, = df Yo
Subject to.

wao -1=0 (7)

The linear program is equal to the fraction program [24].
The Farrell model of a linear program (Equation (1)) with the variable £ and non-negative vector
X =K1, Xy, X3, ..., Xf is [23]

max Y5 + i 5,
Subject to.
X' ) X + Sy = Xpo, h = 1,2,...]

Zgzlxman +§i: Yhos h=12...,k
ap, >0,n=1,2,...,1

®)

To avoid ineffective boundary points, we try the following linear sequence [23]:

max T8, 5 + T &,
Subject to.

Z}lzl Xpme + Sy = &xpe, h = 1,2,...,j
2711:1 XimOn +§i: Vier i =1,2,...,k ©)
ap >0,n=1,2,...,1
S >=0h=12..j
>0 i

The CCR output orientation (CCR-O) has a dual multiplier model, which is denoted as [23]

mink = Zil:l ay Xpo,
Subject to.

Xy O Xhm — Xy 9 Yin < O (10)
YK Oy =1
wi, dy,>2e =20
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Banker et al. introduced an input-oriented Banker—Charnes—Cooper (BCC-I) model which can

evaluate the effectiveness of DMUO by solving the following linear equation:
EH = min &

Subject to.
Z}zlzlxhnqm +S,” = &xpp, h = 1,2,..j an
Zn:l]/in(pn -ST=vyp,h=12..k
Yiog pe= 1
= 0,¢c=12,..,1

We avoid incorrect border points by calling the linear program as follows [23]:
max Ziil Sb_ + Z:n:] SI’+/

Subject to.
Z‘}l:lth an + S~ = &xpo, h = 1,2,...j
Sl+: ]/z'o,I - 1/2/-"1k
Zg:l(Pczl

(Pnz 0, CcC = 1,2,...,1
S5,720,h = 1,2,...,j

;7> 0,i=12,...,k

Z:1 Yina, — (12)

Therefore, this is the first multiplier for the problem solved as follows [23]:
min& - ¢ (L5, 8~ + LIy S:t),

Subject to.
Z}q:lxhn an + Sy~ = Exp0, h = 1,2,..5
ZZ:] Yina, — Sit= Vi,1 =12,...,k (13)

Z/l:l(Pk:l
@:>0,¢c=12,..,1
d,">0,h = 1,2,...,j
dit>0,i=12..%k

The second multiplier provided by the linear program is performed as follows:

max&H 4, 4, = d yo — do,

Subject to.
(14)

There are cases in which f and u are vectors and scalar vy may be positive or zero. Therefore, dual

programs [23] have equivalent BCC segment programs:

Subject to.
o —d < 5 —1,2,..1 (15)
wkx = rEry
w >0
d >0
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A measurement model based on an input slacks-based measure (SBM) stack—the SBM effective
input orientation (SBM-I C)—is SBM input-oriented and assumes a constant ratio [23]:

P/ = min, g-g+ 1 — ¢¥.

Subject to.

th =

8 S
h=1 Xhe’

X8 Xpwan+ Sy, (h = 1,2,...,j)

Xwi = Z‘i—l Ywi On — Sh+/ (h = 1/2/-~~/j)
an>0,¢c(V¥j), S, =0,8,7>0(Vn)

4. Case Study

(16)

To verify the model, the author conducted a survey of suppliers at ABC Petroleum Joint Stock

Company—one of the leading oil and gas companies in Vietham. The company is increasingly
expanding investment and improving its supply chain because of the increasing oil and gas demand.
Based on the opinions of experts (including the head of the purchasing department) and the ability to
provide raw material, prices, and the ability to fulfill orders, 10 potential suppliers that typically bring

high efficiency to the business are identified.

The process of screening and identifying a list of potential suppliers is based on supply capacity,
financial capacity and other factors. The list of potential suppliers is shown in Table 3.

Table 3. Symbol of 10 oil suppliers (DMU: decision-making units).

No. Suppliers Symbol
1 Supplier/001 DMU_01
2 Supplier/002 DMU_02
3 Supplier/003 DMU_03
4 Supplier/004 DMU_04
5 Supplier/005 DMU_05
6 Supplier/006 DMU_06
7 Supplier/007 DMU_07
8 Supplier/008 DMU_08
9 Supplier009 DMU_09
10 Supplier/010 DMU_10

The main and sub-criteria for selecting oil and gas suppliers are determined from the SCOR model
and the literature review, which are shown in Table 4.

Table 4. List of main and secondary criteria [22].

Main Criteria

Subcriteria

C1: Reliability

C11:
C12:
C13:
Cl4:
C15:

Maximize delivery time
Maximize the amount of delivery
Maximize perfect conditions
Maximize document accuracy
Maximize compatibility

C2: Ability

C21:
C22:

Minimize order fulfillment cycle time
Minimize supplier’s need for corrective action, resolution time

C3: Agile

C31:
C32:
C33:

Maximize adaptability
Maximize the downside adaptability
Maximize flexibility

C4: Effective asset management

C41:
C42:

Minimize cash to cash cycle time
Minimizing profits on fixed assets of the supply chain

C5: Costs

C51:
C52:
C53:

Materials cost
Shipping costs
Supplier management costs
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After collecting all necessary criteria and suppliers, the matrix related to the target are built.
The decision maker then compares the attributes associated with the criteria. The pairwise comparison
matrices are performed and the weight vector of each matrix are calculated. All properties are compared
using individual criteria. By comparing the main pairs of criteria together, we obtain Table 5 as follows:

Table 5. The comparison matrix between the main criteria.

Main Criteria C1 C2 C3 C4 C5
C1 1 4 3 5 2
C2 1/4 1 2 3 2
C3 1/3 12 1 4 2
C4 1/5 1/3 1/4 1 1
C5 1/2 1/2 12 1 1
Total 137/60 19/3 27/4 14 8

To calculate the weights of the criteria, we take each value divided by the sum of each corresponding
column. Then, we calculate the average of each row, which is the weight corresponding to each
criterion as shown in Table 6.

Table 6. Conversion matrix and weights.

Main Criteria c1 C2 C3 C4 C5 Weight
C1 0.43796 0.63158 0.44444 0.35714 0.25 0.42422
c2 0.10949 0.15789 0.2963 0.21429 0.25 0.2056
C3 0.14599 0.07895 0.14815 0.28571 0.25 0.18176
C4 0.08759 0.05263 0.03704 0.07143 0.125 0.07474
C5 0.21897 0.07895 0.07407 0.07143 0.125 0.11368
Total 1 1 1 1 1 1

From the table above, we can calculate the weight vector as follows:

1 4 3 5 2 0.42422 2.39296
1/4 1 2 3 2 0.2056 1.12676
1/3 1/2 1 4 2 (x| 0.18176 |= | 0.95229
1/5 1/3 1/4 1 1 0.07474 0.38724
1/2 1/2 1/2 1 1 0.11368 0.59421

2.39296 0.42422 5.64085
1.12676 0.2056 5.48035
0.95229 (/| 0.18176 | = | 5.23927
0.38724 0.07474 5.18116
0.59421 0.11368 5.22704

As the number of criteria is 5, we take n = 5, A, and Cl is calculated as follows:

Amax = 5.64085+5.48035+5.235927+5.18116+5.227O4 — 5.35373
_ Amax—n __ 5.35373-5 __
CI = Amacn _ 535735 _ (08843

With n =5, we have an RI of 1.12.

CR — CI _ 0.08843

R- 112 — 0.07896

We have a consistency ratio of 0.07896 < 0.1, so the data comparing the main criteria pairs is
appropriate and does not need to be re-evaluated.
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The weights of all suppliers are defined by the AHP model, which are shown in Table 7.

Table 7. Weight of all DMUs.

No. Suppliers Weight
1 Supplier/001 0.2342
2 Supplier/002 0.1372
3 Supplier/003 0.0516
4 Supplier/004 0.0902
5 Supplier/005 0.0905
6 Supplier/006 0.0603
7 Supplier/007 0.0840
8 Supplier/008 0.0816
9 Supplier009 0.0755

10 Supplier/010 0.0948

In summary, a graphic of the DEA model for the analysis of DMUs (suppliers) along with three
inputs and three outputs is shown in Figure 2. The results of the AHP model for the ranking of
various suppliers on qualitative attributes are utilized in the output qualitative benefits of the DEA
model [25,26]. In our situation, the inputs are those factors that organizations would consider as an
improvement if they were decreased in value (i.e., smaller values are better), whereas outputs are those
factors that organizations would consider as improvements if they were increased in value (i.e., larger
is better). This is a standard approach when seeking to use DEA as a discrete alternative multiple
criteria decision-making tool [26].

INPUTS OuTPUTS

Supply capacity (5C) w2 Qualitative Benefit
(QB)

Lead time (LT) ‘ DEA Revenue (RE)

models

Unit price (UP) - Net Income (INI)

Figure 2. Inputs and outputs of the DEA model.

Raw data are provided by case organization, as shown in Table 8.
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Table 8. Raw data of DEA model.

Inputs (I) Outputs (O)
Suppliers
(DPR (DLT (DCA (0)QB (O)RE (O)NI

DMU_01 55.95 32 550 0.2342 41,542.8750 4615.8750
DMU_02 55.58 30 600 0.1372 45,019.8000 5002.2000
DMU_03 58.12 31 500 0.0516 39,231.0000 4359.0000
DMU_04 58.29 30 1000 0.0902 78,691.5000 8743.5000
DMU_05 57.88 33 900 0.0905 70,324.2000 7813.8000
DMU_06 58.01 29 800 0.0603 62,650.8000 6961.2000
DMU_07 58.29 39 1200 0.0840 94,429.8000 10,492.2000
DMU_08 57.07 38 1500 0.0816 115,566.7500  12,840.7500
DMU_09 57.04 37 900 0.0755 69,303.6000 7700.4000
DMU_10 58.19 38 3000 0.0948 235,669.5000  26,185.5000

5. Discussion

Supplier evaluation and selection has been identified as an important problem which can affect
the efficiency of a supply chain. It can be seen that selecting a supplier is complicated, in that
decision-makers must have a wide view concerning qualitative and quantitative features to assess the
symmetrical impact of the criteria to reach the most accurate result.

In this empirical study, the authors collected data from 10 oil suppliers in Vietnam. A hierarchical
structure is established to select the best suppliers and is built based on the SCOR metric. Next, an
analytical hierarchy process is proposed to evaluate the weight of criteria. The AHP can be applied for
ranking alternatives, but the number of suppliers selected is practically limited because of the number
of pairwise comparisons that need to be made; a disadvantage of the AHP approach is that input
data, expressed in linguistic terms, depend on the experience of decision makers and thus involve
subjectivity. Thus, we proposed the DEA model to rank alternatives in the final stage. As the results
showed that DMU_1, DMU_4 and DMU_10 are identified as extremely efficient, all six models are
shown in Table 9, which have a condition response to the enterprise’s supply requirement. This
research provides a Multi-Criteria Decision Making model for supplier evaluation and selection in oil
production projects. This research also presents useful guidelines for supplier selection processes in
other industries.

Table 9. Efficiency score of suppliers by using six models (Charnes—Cooper—-Rhodes (CCR),
Banker-Charnes—Cooper (BCC), and slacks-based measure (SBM).

Supplier CCR-1I CCR-O BCC-I BCC-O SBM-I-C SBM-I-V
DMU_01 1 1 1 1 1 1
DMU_02 0.9704 0.9704 1 1 0.7761 1
DMU_03 0.9987 0.9987 1 1 0.6480 1
DMU_04 1 1 1 1 1 1
DMU_05 0.9943 0.9943 0.9983 0.9972 0.7403 0.9667
DMU_06 0.9952 0.9952 1 1 0.6624 1
DMU_07 1 1 1 1 0.8877 0.9299
DMU_08 0.9797 0.9797 0.9916 0.9876 0.7367 0.9483
DMU_09 0.9786 0.9786 0.9950 0.9917 0.6375 0.9360
DMU_10 1 1 1 1 1 1

6. Conclusions

Multiple-Criteria Decision Making (MCDM) is an effective tool used to solve complex selection
issues including multiple criteria and options, especially for qualitative variables. Qualitative standards
often have vague characteristics which are difficult to accurately define, making it difficult to synthesize
evaluation results according to criteria and thus difficult to reach a conclusion or make an accurate
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decision. The MCDM method will quantify these criteria, calculate the total score of the evaluation
subjects according to the weight of each criterion and help decision makers to have a stronger and
more accurate outcome. Many studies have applied the MCDM approach to various fields of science
and engineering, and this number has been increasing over the past years. One of the fields to which
the MCDM model has been applied is the supplier selection problem. Thus, the authors proposed the
MCDM model for supplier selection and evaluation in this research.

In this research, the author used SCOR, AHP and DEA to assess and select the optimal supplier
in the oil industry. The criteria used to evaluate potential suppliers were determined through the
SCOR model. The weights of all suppliers were determined by the AHP model through expert
opinion surveys, and the DEA model was used to rank providers at the final stage. After the model
implementation and the results were shown in Table 9, DMU_1, DMU_4 and DMU_10 were shown to
be the best suppliers.

For future research, the author proposes to consider more criteria in the supplier selection
process. Particular attention should be paid to the sustainable development factor, which is evaluating
sustainability, which is increasing rapidly with the expansion of the period of industrialization and
modernization. Similarly, the improvement of the supply chain is a need that has arisen in the oil and
gas industry; in particular, it is responsible for the majority of CO, emissions in the atmosphere.
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