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Abstract

Recently, the problem of the circular economy has been very topical. In the
literature, it is investigated from different angles. This study analyzes the problem
of the circular economy in Serbia based on the COBRA method. The results of the
COBRA method show that the best performance of the circular economy in Serbia
was in 2021. The worst was in 2016. Recently, generally speaking, the performance
of the circular economy in Serbia has been improving. To improve the performance
of the circular economy in Serbia, it is necessary to have a continuous, adequate
action plan to manage the recycling of municipal waste, production of municipal
waste, dependence on the import of materials, resource productivity, and energy
from renewable sources as efficiently as possible. Likewise, other relevant factors.
There is no doubt that the increasing application of the circular economy principle
contributes significantly to the preservation of the environment in Serbia.
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1.Introduction

The issue of the circular economy has been very challenging lately. Due to its character
in the relevant literature, special attention is paid to the analysis of the problem of applying
the circular economy principle. The issue of the circular economy is widely researched.
Here we will point out only some aspects relevant to the analysis of the treated problem
in this study. In the literature, significant attention is paid to the effects of applying the
circular economy principle ( Alivojvodic & Kokalj, 2024). in the countries of the European
Union ( Mazur-Wierzbicka, 2021; Friant et al., 2021; Alberich et al., 2023; Markovi¢ et al.,
2023; Radovan et al., 2023; The Word Bank - Squaring the Circle: Policies From Europe's
Circular Economy Transition, 2022 ). The problems of applying the principle of circular
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economy in Serbia also receive significant attention in the literature ( lli¢ & Nikoli¢, 2016;
Kosanovic¢ et al., 2021; Abramovic et al., 2024; Mihajlov et al., 2021; Radovanov et al.,
2023; Stiljkovic et al., 2023; Vukeli€ et al., 2023). This issue is analyzed from different
angles. Significant attention in the literature is devoted to the sectoral analysis of the
circular economy problem (Amicarelli et al., 2024; Krsti¢ et al., 2024; StoSi¢ &
Smelcerovi¢, 2023 ). In the literature, special attention is paid to the specifics of the
application of the circular economy principle in the countries of the Western Balkans
(Bjeli¢ et al., 2024). When analyzing the circular economy problem, in addition to classic
analysis, DEA models are also applied in the literature (Radovanov et al., 2023). Likewise,
multi-criteria decision-making methods are increasingly being applied in the literature
(Markovic et al., 2023). The application of mathematical multi-criteria analysis provides
more accurate results of research into the circular economy problem. Therefore,
mathematical multicriteria analysis is increasingly used in the literature devoted to the
circular economy. Consequently, in this study, we will analyze the problem of the circular
economy in Serbia based on the COBRA method.

2.Research Methodology

The research on the circular economy problem in Serbia in this study is based on the
AHP-COBRA approach. Therefore, we will briefly indicate their mathematical
characteristics.

Analytic Hierarchy Process (AHP) method

Given that the weighting coefficients of the coefficients of the application of the COBRA method
are determined using the AHP method, we will briefly refer to its theoretical and methodological
characteristics.

The Analytical Hierarchy Process (AHP) method takes place through the following steps
(Saaty, 2008):

Step 1. Formation of the matrix of comparison pairs

1 a, o Qin
A=lay]= Y%z L (1)
1/ay,, 1/azm - 1

Step 2. Normalization of the comparison pair matrix

ar. = J ,i,j = 1, e, n (2)
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Step 3. Determination of relative character, i.e. vector weights

noog*
i=1%ij . .
wW; = T,l,]=1,...,?’l (3)

The consistency index - Cl (consistency index) represents a measure of the deviation of
n from A maxand can be represented by the following formula:

}\max_n
[ = —— 4
c - @

If Cl < 0.1 of the estimated value of coefficient a jis consistent, the deviation of A maxfrom
nis negligible. This means, in other words, that the AHP method accepts an inconsistency
of less than 10%.

Using the consistency index, the consistency ratio CR = CI/RI can be calculated, where
Rl is the random index.

COBRA method

COBRA ( Comprehensive Distance Based Ranking) is a relatively new multi-criteria
decision-making method (Popovi¢ et al., 2022). The budget steps of the COBRA method
are shown below (Krsti¢ et al., 2022).

Step 1. Formation of the decision matrix.

The decision matrix is created in the following way

diy  diz . dip
p=[d,]  =|% 2 o Tliziz.mi=12..0 @
dml dmz dmn

Where d jrepresents the degree of performance of alternative i about criterion j. Opinions
m alternatives and n criteria.

Step 2. Normalized decision matrix.
It is formed using the equation

A= [aij]mxn (2)
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aij = . 3)

max aij
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Step 3. Weight-normalized matrixA,,
The weight-normalized matrix is determined using Eq
Ay=[wixa] (4
Where w jrepresents the relative weight of criterion j.

Step 4. The positive ideal solution ( PIS ), the negative ideal solution ( NIS ), and
the average solution ( AS j) for each criterion are determined using equations

PIS; = miax(wjxal-j),‘v’j= 1,...,mforjeB (5a)
PIS; = miin(wjxal-j), Vi=1,..mforj €C (5b)
NIS; = miin(wjxxaij),vj= 1,...,mforj €B (6a)
NIS; = miax(wjxal-j),vj= 1,..,mforj € C (6b)

Y (wixay)) .
S; = %,V]: 1,..,mjfor € B,C (7)

Where B represents the benefit set and C is the cost set.

d ( PISj)) and negative ideal ( d ( NIS j)) solutions are determined. The distance from the
average solution is also identified for positive ( d (AS j*)) and negative ( d ( AS "))
solutions.

d(S;) = dE(S;) + o x dE(S;) x dT(S;),¥;=1,..,m  (8)

For any solution Sj( PIS 4, NIS j or AS j) the correction coefficient ¢ is calculated using
the equation

0 = max dE(Sj)l_ — min dE(Sj)l_ 9
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The symbols dE(S;).and dE(S;) represent the Euclidean and Taxicab distances,
respectively. Accordingly, the differences between the positive and negative ideal

solutions are shown by Egs.

m
dE(PIS])l = Z(PIS] - W]X al-]-)z,‘v’i= 1, e, n, V]= 1, e, m (10)
j=1

m

dr(PIS;), = Z|P15j —wjxa;|,¥;=1,..,n,V;=1,..,m (11)

Jj=1

m
dE(NISj)L, = Z(Plsj —w; x aij)z,vi= L.,nY=1..,m (12)
j=1

m

dT(NIS;), = Z|N15j —wixa;|,¥Vi=1,..,n,¥,=1,..,m (13)

J=1

]

Euclidean and Taxicab distances for positive and negative deviations from the average

solution are calculated by equations

m

dE(AS)} = Zr+(A5j —wixay) ,Vi=1,..,n,V,=

j=1

m

dT(AS)f = Zr+|A5j —wjx a;;|,¥;=1,..

j=1
+_{1 AS]<W]xaU

T =
0 AS] >ijal-]-

J

,n,Vj: 1

(16)

1,..m (14)

,.,m (15)
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m
dEAS); = Y (45— wyx ) Vi= Loon W= 1m (A7)
=1

m
dT(AS)L_ = ZT_lAS] - W] X Cll']' ,Vl'= 1, ey n, V]= 1, e, M (18)
j=1

= {1 AS] > W]x Cll']'

Step 6. The alternatives are ranked based on the comprehensive distance
(dCi)

. d(P1s;). - d(N1s;) — d(AS;)" +d(AS;).
i = 4 !

V,=1,..,n (20)

3.Results and discussion

Developed with numerous circular economy indicators (Eurostat, The Word Bank, OECD
statistics). They are used as criteria in the multi-criteria decision-making method. In this
study, the multi-criteria analysis of the circular economy problem in Serbia based on the
COBRA method is based on the following criteria:

C1 - Recycling rate of municipal waste, Percentage

C2 - Generation of municipal waste per capita, Kilograms per capita
C3 - Material import dependency, Percentage

C4 - Resource productivity, Euro per kilogram

C5 - Overall share of energy from renewable sources, (% of gross final energy
consumption)

In Serbia in the period 2012 - 2022, a strong correlation between the production of
municipal waste and the recycling rate of municipal waste (.894) was recorded at the level
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of statistical significance (.000). There is a strong correlation between the production of
municipal waste and the use of energy from renewable sources (.812) at the level of
statistical significance (.002). Likewise, there is a strong correlation between energy from
renewable sources and the recycling rate of municipal waste (.947) at the level of
statistical significance (.000). All this in itself leads to the conclusion that efficient
management of these statistical variables can significantly influence the achievement of
the target performance of the circular economy in Serbia. (The correlation analysis was

performed on the Eurostat database.)

The alternatives are:

A1-2013
A2 -2014
A3 -2015
A4 — 2016
A5 —-2017
A6 — 2018
A7 - 2019
A8 — 2020
A9 — 2021
A10 - 2022

The necessary empirical data for the analysis of the circular economy problem in Serbia
were collected from Eurostat. (In this study, the calculations and results are the author's.)

The decision matrix is shown in Table 1.

Table 1 Decision Matrix

w 0.2635 0.3177 0.1721 0.117 0.1298
C1 C2 C3 C4 C5

A1 1 336 9.8 0.3352 21,095
A2 0.7 299 111 0.346 22,864
A3 0.8 259 12.4 0.3278 21,989
A4 0.3 268 12.5 0.3096 21,147
AS 0.3 306 14.2 0.3458 20,287
A6 0.3 319 14 0.3629 20.32
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A7 0 338 14.1 0.3656 21,443
A8 15.4 427 12.7 0.3564 26,297
A9 16.8 442 13.5 0.4015 25,255
A10 17.6 472 0 0 27,077
MAX 17.6 472 14.2 0.4015 27,077

The weighting coefficients of the criterion were determined using the AHP method (Table

2).
Table 2 Weight coefficients of the criterion
1 2 3 4 5 .
C1 c2 C3 C4 C5 WEIGHTS
1 C1 1.00 1.00 1.50 2.00 2.00 0.2635
2 Cc2 0 0.3177
3 C3 0.1721
4 C4 0.1170
5 C5 0.1298
1.0000
Consistency Ratio 0.0130

Generation of municipal waste per capita, Kilograms per capita) is highly ranked.
Adequate management of municipal waste production per capita (kilograms per capita)
can influence the achievement of the target performance of the circular economy in
Serbia. In this direction, it is important to improve the productivity of the resource.

The ranking of alternatives based on the COBRA method is shown in Table 3 and Figure

1.
Table 3 Results of the COBRA method
D(PIS) D(NIS) d(as+) d(as-) dC rank

2013 |A1 |0.07704 |0.027282459 |0.005952 [0.071924  [0.028932546 [0.028933 |7
2014 |A2 (0.082739 |0.030026097 [0.009189 |0.0804485 [0.030993172 [0.030993 8
2015 |A3 |0.088793 |0.032708685 [0.012629 [0.0951485 [0.034650782 [0.034651 |9
2016 |A4 |0.091507 |0.031906843 |0.01326 [0.0977785 |0.036029854 |0.03603 |10
2017 |A5 [0.083852 |0.041964564 [0.03616 |0.0851626 [0.0227225 0.022722 |6
2018 |A6 |0.081679 |0.042863632 [0.035554 (0.082298 |0.021389865 [0.02139 5
2019 A7 |0.08109 |0.044766858 |0.037074 (0.0840075 [0.020814041 [0.020814 14
2020 |A8 [0.002541 |0.107181538 [0.17786 [0 -0.070625174 -0.07063 2
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2021 |JA9 0.000702 |0.126998567 [0.207061 |0 -0.083339304 |-0.08334 1

2022 |A10 [0.044399 [0.094762587 [0.224164 [0.1794501 0.023769321 -0.02377 3

A a o

e Wbt vl
-w -wr "
Al | A2 | A3 |

| 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 |

@=@==D(P|S) e=@==D(NIS) d(as+) d(as-) ==@==dC e=@== e=@m== ank

Figure 1 Ranking of alternatives according to the COBRA method

Source: Author's picture

The data in Table 3 show that the best performance of the circular economy in Serbia was
in 2021. The worst was in 2016. Recently, the performance of the circular economy in
Serbia has been improving. To improve the performance of the circular economy in
Serbia, it is necessary to manage the recycling of municipal waste, production of
municipal waste, dependence on the import of materials, resource productivity, and
energy from renewable sources as efficiently as possible with an adequate action plan.
This also applies to other relevant factors. The increasing application of the circular
economy principle contributes significantly to the preservation of the environment in
Serbia.

4.Conclusion

In this local study, we can conclude the following: the results of the COBRA method show
that in the period 2013 - 2022, the best performances of the circular economy in Serbia
were in 2021. The worst was in 2016. Generally speaking, the performance of the circular
economy has been improving recently in Serbia. In the direction of continuous
improvement of the performance of the circular economy in Serbia, it is certainly
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necessary, with an adequate action plan, to manage the recycling of municipal waste,
production of municipal waste, dependence on the import of materials, resource
productivity and energy from renewable sources, and other relevant factors as efficiently
as possible. In principle, the increasing application of the circular economy principle
contributes significantly to the preservation of the environment in Serbia.
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