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Abstract: Selecting suppliers plays an important role in improving efficiency of supply chains.
In the field of extraction of vegetable oil, one of the main submaterials is hexane solvent. Choosing
a supplier of hexane solvent is a multicriteria decision-making task that decision-makers must have
an understanding of the quantitative and qualitative elements for assessing the symmetrical impact
of the criteria to reach the most accurate result. In this paper, the authors suggest a multicriteria
decision-making (MCDM) model for N-hexane solvent (C6H14) supplier evaluation and selection for
vegetable oil production. All criteria affecting to the hexane solvent supplier evaluation and selection
process are defined by experts. Then, a fuzzy analytic hierarchy process (FAHP) multicriteria
comparative analysis method has been applied for determining the weight of all criteria. Finally,
the technique for order of preference by similarity to ideal solution (TOPSIS) was applied to select
the optimal hexane solvent supplier. As a result, decision making unit 003 (DMU3) is the optimal
supplier. The contribution of this research is to propose an MCDM model for hexane solvent supplier
selection in the food industry. The work also proposed a useful guideline for supplier evaluation
and selection processes in other industries.

Keywords: fuzzy theory; fuzzy analytic hierarchy process; food industry; supplier selection;
sustainability; multicriteria decision-making

1. Introduction

Oilseeds are a popular agricultural product and becoming increasingly important to the economy.
The general trend in the world today is that the area for growing oilseed crops is constantly expanding,
while the area of industrial oil plants is increasingly shrinking. This is due in part to the replacement
of industrial oils with chemicals but is mainly due, however, to the important role of cooking oils
in the body, which has been scientifically analyzed. Besides, oily seeds are a nutritious food source
for people and pets [1]. Today, cooking oil production technology is developed from oil extraction to
refining technology to produce oil of higher quality [2].

Oil extraction is based on the good solubility properties of vegetable oils in nonpolar organic
solvents such as gasoline, hecxane, dicloetane, and, mainly, hexane. The transfer of oil distributed
internally, as well as the outer surfaces of solid objects such as granules, distillation powders, oil drying
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into the liquid phase of the solvent, is a mass transfer process that occurs in the motion layer, based on
the difference. The first concentration is raw material and outside flow [2].

N-hexane (C6H14) is used to extract oil and nonpolar compounds from oil-containing foods
and also helps to eliminate unwanted compounds present in the material [3]. In Vietnam, N-hexane
solvents are subject to high import taxes, which forces vegetable oil producers to impose high prices
on products, and are difficult to compete with other products [4]. Besides, the issue of sustainable
development, e.g., green products, are of increasing concern for customers. Choosing green suppliers
to realize the long-term sustainable development goals through reducing energy and production costs
will, thereby, increase profits. The Lowell Center for Sustainable Production [5], defined sustainable
manufacturing as “sustainable production is the creation of products and services using processes
and systems,” which includes:

â No pollution;
â Conserving energy and efficient use of natural resources;
â Economic efficiency;
â Safe and healthy for workers, community and consumers; and
â Brings social and creative incentives to all workers.

In this view, sustainable development is the interaction and interdependence of the three systems,
as follows [6]:

X Economic sustainability: Creating prosperity for the community and effective use for all economic
activities. The core is that the vitality and development of the business and its activities must be
sustained in the long term.

X Social sustainability: Respect for human rights and equality for all requires equitable benefit
distribution, focusing on poverty reduction. Recognize and respect different cultures while
avoiding any form of exploitation.

X Environmental sustainability: Protection and management of resources; minimize environmental
pollution, thus conserving biodiversity and other natural assets.

Therefore, choosing a supplier of hexane solvent is a MCDM model It can be seen that selecting
a supplier is complex in that decision-makers must have an understanding of the qualitative
and quantitative features for assessing the symmetrical impact of the criteria to reach the most
accurate results.

MCDM model refers to making decisions in the presence of multiple, usually conflicting, criteria [7].
MCDM also refers to choosing the best alternative from among a finite set of decision alternatives
in terms of multiple, usually conflicting, criteria. The main steps in multicriteria decision-making are
as follows [8]:

Step 1. Build a system of assessment criteria that links the system capabilities to the objectives,
Step 2. Establish alternative systems for achieving the objectives (creating parallel options),
Step 3. Assess the options using the determined criteria,
Step 4. Apply one of the normative multiple criteria analysis methods,
Step 5. Obtain one option as the “optimal” alternative; and
Step 6. If the final optimal alternative is denied, collect new information and perform the next iteration

of the multiple criteria optimization process.

There are many literatures in applying MCDM methods to many fields of business and engineering.
Among these, MCDM methods have been widely utilized to assist solving supplier selection problems.
In this paper, the authors proposed a MCDM model for for N-hexane solvent (C6H14) supplier
evaluation and selection for vegetable oil production. In the first stage, all criteria affecting N-hexane
solvent (C6H14) supplier evaluation and selection process are defined by experts and literature
review. Although some researches have considered the applications of AHP in this field, very few
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works have attempted to solve this problem in a fuzzy environment. This is the reason why this
research took a hybrid AHP with fuzzy logic theory approach to solve the supplier selection problem.
Hybrid fuzzy set theory into the AHP model is a very useful tool for solving complex decision-making
problems, with the existence of various qualitative criteria. Thus, an FAHP, multicriteria comparative
analysis method has been utilized for calculating the weight of all criteria in the next stage. Finally,
TOPSIS, a multicriteria decision analysis method, was applied for evaluating and selecting the optimal
supplier in the final stage. The authors applied TOPSIS model iin this stage because this model is
computationally simpler which is easier to use than other models. The best alternative must have
the shortest geometric distance from the PIS and the longest geometric distance from NIS [8,9]. The next
part of this paper will present literature reviews to support building MCDM model, methods of
determining parameters of FAHP model, TOPSIS model. Discussions and conclusions are displayed
at the end of the paper.

2. Literature Reviews

According to Kraljic [10], the strategic significance of procurement was recognized in the 1990s
because of its immense impact on organizations performance. The increased focus on core competencies,
due to competitive pressure, has resulted in boosted level of outsourcing non-core operations and made
purchasing cost a major part of product cost in many industries (Ghodsypour et al., 1998) [11]. Inefficient
supplier selection process will reduce the company profit and may cause loses (Xu et al., 2013) [12].
As such, the selection of suppliers is one of the most difficult decision to make and plays an important
role in the success of organizations.

Currently, many researchers applied MCDM model for supplier selection process in various
industry such as: P.K Humphreys et at. [13] proposed a MCDM model for integrating environmental
factors for supplier selection. Junyi Chai et al. [14] have reviewed an application of decision-making
techniques in supplier selection. Pandian Pitchipoo et al. [15] integrated decision model for evaluating
suppliers by combining the FAHP and GRA.

Selim Zaim et al. [16] used FAHP model for solving the problem of complex multi-criteria
decision-making for supplier selection process. N. Arunkumar et al. [17] proposed a new method to
assist the supplier selection process using fuzzy alpha cut analysis. The paper utilizes triangular fuzzy
number to express the subjective preferences of evaluators. Ali Nazeri et al. [18] proposed an integrated
model for supplier evaluation and selection in supply chain management. In the first step, suppliers
are assessed using qualitative criteria such as financial health, services level and loyalty with Fuzzy
AHP and obtain their weights. Meanwhile, fuzzy logic and triangular fuzzy numbers are used to
manage the vague nature of human judgement. In the second step, suppliers are evaluated and ranked
using quantitative criteria such as cost, defect rate, and delay—considering company’s situations
and suppliers’ limitations—and forming a multi objective linear programming (MOLP) model.

Wang et al. [19] suggested an MCDM model for sustainable supplier selection for edible oil
production, using hybrid FAHP and green DEA model. The study utilizes a hybrid MCDM model,
which uses a FAHP in combination with a GDEA method to calculate the weights of evaluation criteria
for a supplier selection procedure based on the opinions of the procurement experts of company.
Wang et al. [20] proposed a MCDM approach for supplier evaluation and selection in the rice supply
chain. The authors utilize a FANP to evaluate and rank these criteria. Then, DEA models are used
for evaluating potential suppliers. Govidan et al. [21] developed a hybrid MCDM model to support
supplier evaluation and selection process using fuzzy Delphi, DEMATEL, ANP and PROMETHEE;
based on suppliers’ corporate social responsibility practices. Awasthi et al. [22] developed a fuzzy AHP
and VIKOR model to assist multi-tier global supplier selection process using sustainability criteria.
Chen et al. [23] proposed a fuzzy approach for supplier evaluation and selection. The authors use
trapezoidal fuzzy numbers to express linguistic ratings and build an MCDM model using on TOPSIS.
Ziemba et al. [24] built a multi-criteria decision analysis to assist product evaluation process in online
shopping comparison services.
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Rong-Ho Lin [25] proposed a hybrid FANP–MOLP model for supplier evaluation and order
allocation. Ahmad Dargi et al. [26] applied Fuzzy-ANP approach model for supplier selection.
The main goal of this paper is to develop a framework to support the supplier selection process
in an Iranian automotive industry. Semih Önüt et al. [27] developed a supplier evaluation model using
the ANP model and the TOPSIS method to help a telecommunication company in the GSM sector
in Turkey. Bohui Pang et al. [28] suggested a fuzzy synthetic evaluation approach to assist the supplier
selection process, which utilized analytic network process.

MCDM methods have been widely utilized to assist solving supplier selection problems over
the years. Although some researches have considered the applications of AHP in this field, very few
works have attempted to solve this problem in a fuzzy environment. This is the reason why this
research took a hybrid AHP with fuzzy logic theory approach to develop a MCDM model for N-hexane
solvent (C6H14) supplier evaluation and selection in the food processing industry.

3. Methodology

3.1. Research Process

In this research, the authors developed a MCDM model for hexane solvent (C6H14) supplier
evaluation and selection process in the food processing industry. There are three main stages in this
study (Figure 1):
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Figure 1. Research methodology.

All main criteria and subcriteria that affect hexane solvent (C6H14) supplier evaluation
and selection process are defined by experts and literature review.

FAHP is utilized to determine the weight of the subcriteria.
TOPSIS is utilized to rank all potential suppliers. The optimal hexane solvent supplier is

determined based on PIS and NIS values.
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3.2. A Hybrid Model for Supplier Selection

3.2.1. FAHP Model

• Fuzzy sets and fuzzy number

Fuzzy set was proposed by Zadeh (1965) [29] in order to solve problems in uncertain environments.
Fuzzy set allows the gradual assessment of the set members with the use of membership function,
valued within the interval [0,1] [30,31]. The TFN can be defined as (v, b, n). Theses numbers (v ≤ b ≤ n),
specify the smallest, the promising and the largest value. Figure 2.

Symmetry 2020, 12, 211 5 of 13 

 

3.2. A Hybrid Model for Supplier Selection 

3.2.2. FAHP Model 

• Fuzzy sets and fuzzy number 

Fuzzy set was proposed by Zadeh (1965) [29] in order to solve problems in uncertain 
environments. Fuzzy set allows the gradual assessment of the set members with the use of 
membership function, valued within the interval [0,1] [30,31]. The TFN can be defined as (v, b, n). 
Theses numbers (v ≤ b ≤ n), specify the smallest, the promising and the largest value. Figure 2. 

 

Figure 2. Traingular Fuzzy Number [32]. 

TFN can be defined as:  

𝜇 ൬ 𝑥𝑀෩൰ = ⎩⎪⎨
⎪⎧ 0,𝑥 − 𝑣𝑏 − 𝑣𝑛 − 𝑥𝑛 − 𝑏0,   𝑥 ൏ 𝑏,𝑣  𝑥  𝑏,𝑏  𝑥  𝑛,𝑥  𝑢,  (1) 

A Fuzzy number is calculated by the representatives of each level of membership as followed: 𝑀෩ = (𝑀(௬), 𝑀(௬)) = ሾ𝑣 + (𝑏 − 𝑣)𝑦, 𝑛 + (𝑏 − 𝑛)𝑦ሿ, 𝑦 ∈ ሾ0,1ሿ 
 

(2) 

l(y), r(y) specify the left part and the right part of a fuzzy number, respectively. Two positive TFN (v1, 
b1, n1) and (v2, b2, n2) are shown as bellows: (𝑣ଵ, 𝑏ଵ, 𝑛ଵ) + (𝑣ଶ, 𝑏ଶ, 𝑛ଶ) = (𝑣ଵ + 𝑣ଶ, 𝑏ଵ + 𝑏ଶ, 𝑛ଵ + 𝑛ଶ) (𝑣ଵ, 𝑏ଵ, 𝑛ଵ) − (𝑣ଶ, 𝑏ଶ, 𝑛ଶ) = (𝑣ଵ − 𝑣ଶ, 𝑏ଵ − 𝑏ଶ, 𝑛ଵ − 𝑛ଶ) (𝑣ଵ, 𝑏ଵ, 𝑛ଵ) ൈ (𝑣ଶ, 𝑏ଶ, 𝑛ଶ) = (𝑣ଵ ൈ 𝑣ଶ, 𝑏ଵ ൈ 𝑏ଶ, 𝑛ଵ ൈ 𝑛ଶ) (𝑣ଵ, 𝑏ଵ, 𝑛ଵ)(𝑣ଶ, 𝑏ଶ, 𝑛ଶ) = (𝑣ଵ/𝑛ଶ, 𝑏ଵ/𝑏ଶ, 𝑛ଵ/𝑣ଶ) 

(3) 

• Analytical hierarchy process (AHP) 

1 

0 
v b n 

x 

Figure 2. Traingular Fuzzy Number [32].

TFN can be defined as:

µ

(
x

M̃

)
=


0, x < b,

x−v
b−v v ≤ x ≤ b,
n−x
n−b b ≤ x ≤ n,
0, x > u,

(1)

A Fuzzy number is calculated by the representatives of each level of membership as followed:

M̃ = (Ml(y), Mr(y)) = [v + (b− v)y, n + (b− n)y], y ∈ [0, 1] (2)

l(y), r(y) specify the left part and the right part of a fuzzy number, respectively. Two positive TFN
(v1, b1, n1) and (v2, b2, n2) are shown as bellows:

(v1, b1, n1) + (v2, b2, n2) = (v1 + v2, b1 + b2, n1 + n2)

(v1, b1, n1) − (v2, b2, n2) = (v1 − v2, b1 − b2, n1 − n2)

(v1, b1, n1) × (v2, b2, n2) = (v1 × v2, b1 × b2, n1 × n2)
(v1, b1, n1)
(v2, b2, n2)

= (v1/n2, b1/b2, n1/v2)

(3)

• Analytical hierarchy process (AHP)

The AHP method is a Multi Criteria Decision Making (MCDM) method, which was developped
byProf. Thomas L. Saaty in the 1970s. The priorities of each level of hierachy, quantified by using a 1 to
9 Saaty scale, are determined by pairwise comparison matrixes.

• Fuzzy AHP

The weights of the criterias are calcualted by a eight-step-process using Fuzzy AHP:

Step 1: Triangle Fuzzy Number calculation

Criterias are compared in this step using pairwise comparision. The fuzzy analytical hierarchy
process uses a combined range of values for evaluating criterias, instead of a single number [33].
The fuzzy conversion scale based on Parkash’s fuzzy priortization method [34] will be used in this step:
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Step 2: P̃1 value calculation

After pairwise comparision is done, the relative scores are given as:

P̃a = (va, ba, na) (4)

va =
(
va1

⊗
va2

⊗
. . .

⊗
vai

) 1
i , a = 1, 2, . . . i (5)

ba =
(
ba1

⊗
ba2

⊗
. . .

⊗
bai

) 1
i , a = 1, 2, . . . i (6)

na =
(
na1

⊗
na2

⊗
. . .

⊗
nai

) 1
i , i = 1, 2, . . . i (7)

Step 3: P̃Y value calculation

The geometric fuzzy mean is calculated by (27):

P̃Y =

 i∑
a=1

va,
i∑

a=1

ba,
i∑

a=1

na

 (8)

Step 4: R̃ value calculation

The fuzzy geometric mean is calculated as:

R̃ =
P̃a

P̃Y
=

(va, ba, na)∑i
a=1 va,

∑i
a=1 ba,

∑i
a=1 ni

=

 va∑i
a=1 na

,
ba∑i

a=1 ba
,

na∑i
a=1 va

 (9)

Step 5: waβl value calculation

Criterias, which are dependent of β cut values, will be defined for the determined β. The fuzzy
priorities are used for the lower (l) and upper (u) bounds of each βo value:

Waβl =
(
Walβl, Wauβl

)
; a = 1, 2, . . . i; l = 1, 2, . . . L (10)

Step 6: Wal and Wau values calculation

Wal and Wau are determined by summing the lower and the upper values, then dividing by
the sum of β values:

Wal =

∑i
a=1 β(Wal)l∑L

l=1 βl
; a = 1, 2, . . . i; l = 1, 2, . . . L (11)

Wau =

∑i
a=1 β(wau)l∑L

l=1 βl
; a = 1, 2, . . . i; l = 1, 2, . . . L (12)

Step 7: Wad value calculation

Wad is calculated by summing the upper and the lower bounds values, and use optimism index
(δ) to defuzzify.

Wad = δ·Wau + (1− δ)·Wal; δ ∈ [0, 1]; a = 1, 2, . . . i (13)

Step 8: Waz value calculation
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Defuzzified priorities values are nomalized as:

Waz =
Wad∑i

a=1 Wad
; a = 1, 2, ..i (14)

3.2.2. TOPSIS

The TOPSIS method proposed by Hwang and Yoon [8]. The main approach of TOSIS to MCDM
problems is that the optimal option would have the shortest geometric distance from the PIS and the
NIS [9]. With m options and n criterias, TOPSIS model result shows the score of each alternative [35,36].
The method is shown as followed:

Step 1: Normalized decision matrix is calculated, by converting raw values (xab) to normalized
values (nab) as followed:

nab =
xab√∑g

a x2
ab

, a = 1, . . . g; b = 1, ..h. (15)

Step 2: The weighted normalized value (van) is determined using:

vab = Pabnab, a = 1, . . . ., g; b = 1, . . . , h. (16)

with Pj as the weight of the ath criterion, while
∑h

b=1 pp = 1.
Step 3: Determining PIS (B+) and PIS (B−) values, with l+a as the maximum value of lab, and l−a

as the minimum value lab.

B+ =
{
l+1 , . . . , l+h

}
=

{(
max

b
lab

∣∣∣∣∣a ∈ A
)
,
(
min

b
lab

∣∣∣∣∣a ∈ A
)}

, (17)

B− =
{
l−1 , . . . , l−n

}
=

{(
min

b
lab

∣∣∣∣∣a ∈ A
)
,
(
max

b
lab

∣∣∣∣∣b ∈ B
)}

, (18)

where A is the ‘relate with profit’ criteria, and B is the ‘relate with cost’ criteria.
Step 4: Calculate the distance to the PIS

(
D+

a

)
independently, using:

D+
a =

 h∑
b=1

(
lab − l+b

)2


1
2

, a = 1, . . . . , g (19)

Similarly, determine the distance from the NIS
(
D−i

)
using:

D−a =

 h∑
b=1

(
lab − l−b

)2


1
2

, a = 1, . . . . , g (20)

Step 5: Identify the relationship proximal to the issue solving models, proximal relationship from
option Ba to option B+

Ca =
D−a

D+
a + D−a

, a = 1, . . . , g. (21)

Step 6: Rank the options to get the best alternative with the highest Ca value.

4. Case Study

N-hexane (C6H14) is a vegetable oil extraction solvent. It helps to narrow the distillation range
from extracted oils, with low aromatic content, thus eliminating unnecessary aromatic color content.
Therefore, it is used as an extraction solvent of many vegetable oils such as soybean, coconut, peanut,
palm, and healthy oils.
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Choosing the optimal N-hexane solvent (C6H14) supplier is critical to businesses in the food
processing industry. Suppliers ensure that raw materials are in stable, accurate quantities and quality
to meet operation requirements with reasonable cost and on-time delivery. Therefore, selecting
an optimal supplier and managing it essential for the organization to produce a product of desired
quality, on schedule, with a reasonable price and competitiveness in the market.

The suggested model is used to evaluate and selecting the optimal supplier among potential
suppliers of N-hexane solvent of a famous food processing enterprise in Vietnam as a typical example
to verify the model. After a preliminary assessment, ten potential suppliers (decision-makers [DMU])
were chosen by interviewing experts and head of purchasing departments based on production
capacity, delivery time, quality of goods, supplier, and material prices. There are ten potential suppliers
from DMU1 to DMU10 are considered in this research.

20 Experts and 05 head of purchasing departments have been interviewed for defining criteria
affect to supplier selection processes. Table 1 shows the main criteria and sub-criteria used in this
N-hexane supplier selection process.

Table 1. Main and subcriteria for N-Hexane supplier selection process.

Main Criteria Subcriteria

C1: Financial factors
C11: Supplier’s Capital and financial status
C12: Prices of N-hexane
C13: Transportation costs

C2: Deliveries and Services factors

C21: Delivery solvent to factory
C22: Customer services
C23: Contact information systems
C24: Production capacity

C3: Qualitative factors

C31: Quality of products
C32: Operation control
C33: Labor professionals, technical capabilities, and facilities
C34: Experience and business position between competitors

C4: Environmental management system (EMS)

C41: Environmental emissions
C42: Environmental planning
C43: Environmentally friendly materials (packaging materials)
C44: Environmentally friendly technology

After identifying important criteria and the potential suppliers, a fuzzy assessment matrix
was developed. Then, the decision makers compared the elements that associate with the criteria.
Pair comparison matrices and the weight vector of each matrix is then determined. Table 2 shows
the weights of the criteria, calculated using FAHP.

Table 2. The weight of all subcriteria for N-Hexane supplier selection process.

Subcriteria Weight

C1.1: Supplier’s Capital and financial status 0.1157
C1.2: Prices of N-hexane 0.0540
C1.3: Transportation costs 0.1003
C2.1: Delivery solvent to factory 0.0344
C2.2: Customer services 0.0289
C2.3: Contact information systems 0.0104
C2.4: Production capacity 0.0279
C3.1: Quality of products 0.0344
C3.2: Operation control 0.0722
C3.3: Labor professionals, technical capabilities, and facilities 0.0692
C3.4: Experience and business position between competitors 0.0723
C4.1: Environmental emissions 0.0673
C4.2: Environmental planning 0.1083
C4.3 Environmentally friendly materials (packaging materials) 0.1186
C4.4: Environmentally friendly technology 0.0863
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Vietnam’s food processing industry is facing many challenges, including domestic and global
competition. In the past few years, Vietnam has joined several Free Trade Agreements. These agreements
require businesses to improve not only product quality but also their production process.
Among the requirements, environmental protection and sustainability are putting pressure upon
local enterprise, which are used to lax regulation from the government. Also, financial success is
vital to the survival of companies as well as their development and operation. Thus, environmental
and financial factors are the most important conditional criteria and it is an expected result.

Finally, all ten potential suppliers will be ranked using a TOPSIS model. The Performance Matrix
and the Normalized Weight Matrix are defined by TOPSIS model shown in Tables 3 and 4.

Table 3. Performance Matrix.

DMU1 DMU2 DMU3 DMU4 DMU5 DMU6 DMU7 DMU8 DMU9 DMU10

C1.1 6 7 8 8 9 7 6 8 8 9
C1.2 8 8 7 9 8 6 8 9 8 9
C1.3 8 7 9 6 7 8 9 8 8 8
C2.1 9 8 8 7 9 8 9 8 8 8
C2.2 8 8 7 9 8 7 7 8 9 9
C2.3 7 7 8 9 7 6 8 9 8 9
C2.4 9 8 8 8 7 8 9 9 9 9
C3.1 9 8 9 7 9 8 9 8 7 6
C3.2 8 8 7 9 9 8 8 7 8 9
C3.3 8 7 8 9 8 8 9 8 9 9
C3.4 7 8 8 9 8 9 8 8 7 7
C4.1 8 8 9 8 8 8 7 7 9 9
C4.2 8 9 8 9 7 8 9 7 8 8
C4.3 8 7 8 9 8 8 9 8 7 7
C4.4 8 7 8 9 8 8 9 8 9 9

Table 4. The Normalized Weight Matrix.

DMU1 DMU2 DMU3 DMU4 DMU5 DMU6 DMU7 DMU8 DMU9 DMU10

C1.1 0.2474 0.2887 0.3299 0.3299 0.3712 0.2887 0.2474 0.3299 0.3299 0.3712
C1.2 0.3143 0.3143 0.2750 0.3536 0.3143 0.2357 0.3143 0.3536 0.3143 0.3536
C1.3 0.3223 0.2820 0.3626 0.2417 0.2820 0.3223 0.3626 0.3223 0.3223 0.3223
C2.1 0.3462 0.3077 0.3077 0.2692 0.3462 0.3077 0.3462 0.3077 0.3077 0.3077
C2.2 0.3148 0.3148 0.2754 0.3541 0.3148 0.2754 0.2754 0.3148 0.3541 0.3541
C2.3 0.2816 0.2816 0.3218 0.3620 0.2816 0.2414 0.3218 0.3620 0.3218 0.3541
C2.4 0.3378 0.3002 0.3002 0.3002 0.2627 0.3002 0.3378 0.3378 0.3378 0.3378
C3.1 0.3530 0.3138 0.3530 0.2746 0.3530 0.3138 0.3530 0.3138 0.2746 0.2353
C3.2 0.3112 0.3112 0.2723 0.3501 0.3501 0.3112 0.3112 0.2723 0.3112 0.3501
C3.3 0.3039 0.2659 0.3039 0.3419 0.3039 0.3039 0.3419 0.3039 0.3419 0.3419
C3.4 0.2791 0.3190 0.3190 0.3589 0.3190 0.3589 0.3190 0.3190 0.2791 0.2791
C4.1 0.3112 0.3112 0.3501 0.3112 0.3112 0.3112 0.2723 0.2723 0.3501 0.3501
C4.2 0.3112 0.3501 0.3112 0.3501 0.2723 0.3112 0.3501 0.2723 0.3112 0.3112
C4.3 0.3190 0.2791 0.3190 0.3589 0.3190 0.3190 0.3589 0.3190 0.2791 0.2791
C4.4 0.3039 0.2659 0.3039 0.3419 0.3039 0.3039 0.3419 0.3039 0.3419 0.3419

The main approach of TOSIS to MCDM problems is that an optimal option will have the shortest
geometric distance from the positive ideal solution (PIS) and the longest geometric distance from
the negative ideal solution (NIS). As Figures 3 and 4, DMU3 has shortest geometric distance from
the PIS and the longest geometric distance from the NIS. Thus, DMU3’s winning factor in the final
TOPSIS ranking.
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In Figure 3, DMU3 has shortest geometric distance from the PIS and the longest geometric distance
from the NIS.

Figure 4 show the results of the TOPSIS model. Base on the final performance score C_a; the final
location ranking list are DMU3, DMU8, DMU5, DMU10, DMU7, DMU9, DMU1, DMU6, DMU4,
and DMU2. The results show that DMU3 is the best N-hexane solvent (C6H14) supplier in this
case study.

5. Conclusions

It has become increasingly difficult to buy materials at acceptable prices from suppliers. The fact
that companies, organizations, and businesses can reduce costs associated with purchasing goods
and increase profits without having to increase sales or reduce the quality of products, managing
supplier relationships thus remains a holistic approach to managing business interactions with
organizations that provide goods and services.

However, choosing a sustainable N-hexane supplier to ensure human health and environmental
protection remains a critical issue. Many MCDM models have been developed to solve decision-making
problems in various scientific and technical fields, a trend that has increased over the years. Among these,
MCDM models have proven to be very useful in assisting supplier selection processes. This paper
examines this issue under uncertain environmental conditions, and N-hexane (C6H14) supplier
selection processes can be considered as an MCDM problem.
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In this paper, the authors proposed a multicriteria decision-making (MCDM) model for N-hexane
solvent (C6H14) supplier evaluation and selection for vegetable oil production. In the first stage,
all criteria affecting supplier evaluation and selection process are defined by experts and literature
review. Then, an FAHP is utilized for determining the weight of all criteria. Finally, TOPSIS is applied
for ranking the potential suppliers.

The contribution of this research is to propose an MCDM model to assist the hexane solvent
supplier selection process in vegetable oil production. The work also proposed a helpful guideline for
supplier selection processes in other industries such as garment industry, mechanical industry.

The limitation of this study is the lack of specific main criteria and sub-criteria of social sustainability.
It is suggested that future studies should focus on the development of new criteria, sub-criteria and the
incorporation of new models and approaches such as Fuzzy TOPSIS, FANP, for other fields within
the supplier evaluation and selection issue.
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