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CRITERIAFOR SUSTAINABLE SUPPLIER SELECTION
IN AGRO-INDUSTRIAL COMPLEX

Miroslav Nedeljkovi¢!
Abstract

The main goal of paper is to rank the criteria that are important for the selection
of the most favourable supplier of the agricultural company by applying a multi-
criteria decision-making model. Subject of the paper is the procurement of mineral
fertilizer for sowing certain field crops. As a method of work, the author uses
DEMATEL (The Decision making Trial and Evaluation Laboratory) method of
multicriteria decision making. In order to bring the research as close as possible
to human thinking, the fuzzy logic of multicriteria decision-making was applied
in the paper. Method is an expert assessment and ranking by experts in the field.
In addition to the group of economic and technical criteria, the paper also uses
criteria related to sustainable development such as environmental management
system, green product, pollution and waste control, recycling and eco-product
design. Results of the research show that the criteria that are from the economic
group are still assessed as the most important for the decision maker. Importance
of the research would be in pointing out the increase in the importance of criteria,
especially those from the sustainability group according to their importance in the
coming period, and the possibility of applying modern decision-making methods.

Key words: sustainable development, agro-industrial complex, DEMATEL method,
fuzzy logic.
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Introduction

The choice of suppliers is a complex business in the agro-industrial complex. The
complexity of the process increases the impact of the many criteria that emerge in the
decision process. The sustainability factors are of the main importance. Some authors
confirm that the decision-making process is an important segment of business in their
previous research. (Aguezzoul, 2012; Jafarnejad, Salimi, 2013).
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The selection of available suppliers is affected by several factors (Puska, 2015). The
supply chain includes not only the buyer and the supplier, but also the transport,
storage, retailers and consumers themselves (Singh et al., 2012).

Identification of the most important criteria that affect the selection itselfis of the great
importance. Some authors even state the number of necessary criteria. (Liao, Kao
2011; Aguezzoul, 2012). For the needs of the paper, 10 criteria were selected, which
are classified in the group of economic-technical and criteria related to sustainable
development. Their significance is confirmed in previous research by a certain group
of the authors (Bai, Sarkis, 2009; Liu, 2010; Mwikali, Kavale, 2012; Wen et al.,
2013; Jain et al., 2013).

In the process of selecting suppliers, the sustainability factor plays a vital role in
the long-term success of the supply chain, which also makes the decision more
complicated. Some studies using multi-criteria decision-making examine the impact
of these criteria on the success of the decision (Bai, Sarkis, 2009; Awasthi et al., 2010;
Hashemi et al., 2015).

Apart from the use of classical methods of multi-criteria decision making, the fizzy
logic of these methods is also increasingly used. The reason is that some of the
selected criteria are qualitative. The importance of using this variant of multi-criteria
decision-making is found in previous research conducted by some of the authors
(Govindan et al., 2015; Stevi¢ et al., 2019; Nedeljkovic¢ et al., 2021a; Nedeljkovi¢
et al., 2021b, Nedeljkovi¢, 2022). Aim of this paper is to select adequate criteria by
modern decision-making methods that would lead to a rational choice of suppliers,
and for that occasion the procurement of mineral fertilizers as a case study was used,
as one of the most important inputs in the production of agro-industrial complex
located in Bijeljina.

Methodology

As a source of data, the literature from the subject area was used, as well as the
expert assessment of the selected five experts in the field of the subject. The method
of multicriteria decision making DEMATEL (Decision Making Trial and Evaluation
Laboratory) was used for the method of work. DEMATEL method was initiated
and established by the Battelle Memorial Institute of Geneva Research during 1972.
The importance of using this method is confirmed by previous research by a group
of authors (Gharakhani, 2012; Govindan, Chaudhuri, 2016; Shaik, Abdul-Kader,
2018; Hsu, Yeh, 2017; Jarosz, 2019; Yildirim, Koca, 2021). According to Chang
et al. (2011), this method of multicriteria decision-making allows separation into
causal groups and identification of the most important criteria from the group of all
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criteria that are marked as key in the decision-making process. The reason for using
fuzzy logic in this method is that it tries to bring the final decision as close to human
thinking as possible. Concrete steps in the use of this method will be presented in the
chapter research results, where they will be used to adequately select the set criteria
in the paper.

Research results

Generate the fuzzy direct-relation matrix

A matrix of type n X n serves to identify the relationship between the criteria.
The influence of the elements within the matrix is represented by fuzzy numbers.
All experts fill in the matrix and the arithmetic mean of their opinions is used to
generate the matrix of the direct relation z.

0 2::1
z= 1 :
L 0

The table below (Table 1.) indicates the direct relation matrix, which is the same as
pairwise comparison matrix of the experts.
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Table 1. The direct relation matrix
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In next table (Table 2.) is given the fuzzy scale applied in the model.
Table 2. Fuzzy Scale

Code Linguistic terms L M U
1 Very Low 1 1 3
2 Low 1 3 5
3 Medium 3 5 7
4 High 5 7 9
5 Very high 7 9 9

Source: According to Kiani Mavi et al., 2016; Mijajlovi¢ et al., 2020.
Normalize the fuzzy direct-relation matrix

By next step is generated the normalized fuzzy direct-relation matrix (Table 3.):

.\-u d.. . = )
SR S e R iV
X ij - ¥ ¥
r r r r
Where,
n n
r=maxqymax ) u;,max )} u; Lje {123, .., n}
£, J i J
J=1 i=1
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Table 3. The normalized fuzzy direct-relation matrix
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Calculation of the fuzzy total-relation matrix
In next step, it could be obtained the fiizzy total-relation matrix:
T = lim Fl@itd..e i)

In next formula are defined all elements linked to matrix:

5= (1 ;'i, m :tli’ u :tli] it can be calculated as follows:

[l E}] =x % (I —x)7t

[m :;] =X X (I —xp)?
" -1

[u z_}_:| =x, X (I—x,)

Accordingly, by calculating the inverse matrix and subtracting it from the matrix, we
obtain a normalized matrix that is multiplied by the resulting matrix. The following
table (Table 4.) shows the fuzzy direct-relation matrix.
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ion matrix

Table 4. The fuzzy total-relat
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Defuzzify into crisp values

Appliance of the suggested CFCS method is linked to generation of crisp value of
total-relation matrix (Table 5.). CFCS method involves next steps:

[I —minl}; )

max
min

!:'!

(m}; —min ;)

In!}' - Amax
™MIin
(uf; — min lf;)
uy; = .
ij pma
mLn
So that,
max _ S
ﬂmm = mMax U 1n111£l-J,-

Upper and lower bounds of normalized values could be calculated as follows:

mb

5= .

ij (1+m}; —EU}
s _ U
YT+l =)

CFCS algorithm generates the crisp values, while calculation of the total normalized
crisp values could be presented by next formula:

[15(1—15;) + uf; %
x"}'_ [1— 15+,
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Table 5. The crisp total-relation matrix
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Set the threshold value

We get the matrix of internal relations with the help of the limit value. So, incomplete
relations are rejected, while the network relationship map (NRM) is created. There
are links that has values within the matrix T much higher than the threshold value.
Research shows that the value of threshold is 0.2380 and all values that are lower are
set to zero, and its causal relationship is not taken into account. In following table
(Table 6.) is shown the significance relationship model.

Table 6. The crisp total - relationships matrix by considering the threshold value
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Final output and create a causal relation diagram

With the help of the following expressions we get the sum of rows (D) and the sum
of columns (R):

—_ mn
D= J'=1Tij

—_— (]
R=22= T

With the help of D + R values, we get the degree of importance of the factor in

the whole system, and with D-R values, we get the net effects to which the factor
contributes to the system.

Previously mentioned results are shown in following table (Table 7.).

Table 7. The final output

Element R D D+R D-R
Delivery costs 2.269 2772 5.041 0.503
Delivery speed 2.134 2.631 4.765 0.498
Technology and management 2.931 1.551 4.482 -1.38
Payment flexibility 2.013 2.743 4.756 0.731
Service 2.985 1.764 4.749 -1.221
Environmental management system 2.077 2.823 49 0.746
Green product 2.462 2.153 4,616 -0.309
Pollution control 2.089 2.7 4.789 0.611
Recycling 2.46 2.397 4.857 -0.063
Eco design 2.333 2.217 4.549 -0.116

Source: Authors’ calculation

The following figure (Figure 1.) shows a diagram of the significance relationship,
where the position and interaction of each factor is located in the coordinate system.
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Figure 1. Cause-effect diagram
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Interpret the results

In the previous diagram we notice that it is Delivery costs is ranked in first place
and Environmental management system, Recycling, Pollution control, Delivery
speed, Payment flexibility, Service, Green product, Eco design and Technology and
management, are ranked in the next places. In this study, Delivery costs, Delivery
speed, Payment flexibility, Environmental management system, Pollution control are
considered to be as a causal variable, Technology and management, Service, Green
product, Recycling, Eco design are regarded as an effect.

Considering that the positive value of D-R is causally variable, and the negative
value of D-R effect then in terms of importance Delivery costs is ranked in first place
and Environmental management system, Recycling, Pollution control, Delivery
speed, Payment flexibility, Service, Green product, Eco design and Technology and
management, are ranked in the next places. In this study, Delivery costs, Delivery
speed, Payment flexibility, Environmental management system, Pollution control are
considered to be as a causal variable, Technology and management, Service, Green
product, Recycling, Eco design are regarded as an effect.
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Conclusion

From the above, we can conclude that the choice of supplier is a complex task for
the decision maker. Rationality in decision-making depends on a good selection
of criteria to be set as well as on the applied decision-making method. Precisely
the application of the modern method of multicriteria, decision-making, its fuzzy
logic is imposed as a solution when it comes to rational choice, the selection of
adequate criteria. In addition, the inclusion of sustainable criteria in the decision-
making process brings with it a good basis for improving the characteristics of
each criterion individually, which is of particular importance when it comes to
today’s agro-industrial complex. In future research it is necessary to analyse as
many sustainability criteria as possible and thus improve the offer and create
greater competition among suppliers.
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