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and Infrastructure in Serbia Based on the PIPRECIA-S and MARCOS Methods

INTRODUCTION

Recently, due to its exceptional importance, more and more attention has been paid to the
concept of sustainable development goals. It consists of three dimensions: economic, social,
and environmental (Alkan, 2024, Brodny & Magdalena Tutak, 2023; Burhan, 2024; Estrada
etal., 2024; Osmani et al., 2020; Ricciolini et al., 2024; Raman et al., 2024; Stoenoiu, 2022). It
is applied to all entities (national economy, region, sector, company, institution). The concept
of sustainable development goals is also connected with the concept of circular economy
(Luki¢, 2024a, b, ¢). Applying this concept improves the overall performance of all entities
(Seremesi¢ etal., 2024). In this study, starting from the overall importance of the application
of the concept of sustainable development goals, the dynamics of the realization of sustain-
able development goals in the framework of industry, innovation, and infrastructure in
Serbia are analyzed using the PIPRECIA-S and MARCOS methods. The aim of this is to,
by using several relevant indicators - criteria whose significance is determined mathemat-
ically, realistically assess the trend of sustainable development goals within the framework
of industry, innovation, and infrastructure in Serbia. This is the main research hypothesis
in this study. There is a very rich literature devoted to the goals of sustainable develop-
ment (Fernandez-Portillo et al., 2024). This study serves as the basis for a more complete
understanding of the complexity and significance of the issue of sustainable development
goals and the direction of its further theoretical, methodological, and empirical research.
Relevant empirical data for the research of the treated problem in this study were collected
from Eurostat statistics. They are also available in the statistics of the World Bank. Many
countries, which is also the case with Serbia, have their statistics of indicators of sustainable
development goals. In our opinion, it should be harmonized with the statistics of indicators
of sustainable development goals of Eurostat and the World Bank to improve the quality of
international comparison, which unfortunately is not always the case.

METHODOLOGY

The research into the dynamics of the achievement of sustainable development goals in
the framework of industry, innovation, and infrastructure in Serbia in this study was
carried out using the PIPRECIA-S and MARCOS methods, the characteristics of which
are shown below.

PIPRECIA-S Method

This method originates from the PIPRECIA (PIvot Pairwise RElative Criteria Importance
Assessment) method (Stanujki¢ et al., 2017), which improves the computational aspects.
Contrary to the PIPRECIA method, the comparison with the simple PIPRECIA-S method
is made only about the first criterion, thereby facilitating the decision-making process.
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Like the PIPRECIA method, the simple PIPRECIA-S method does not require prior sort-
ing of criteria according to expected significance, which makes it suitable for application
in the case of group decision-making. The Simple PIPRECIA-S method is used to define
the weight of criteria and solve decision-making problems in different areas of business
(Aytekin, 2022; Sulistiani et al., 2023; Mladenovic et al., 2023; Setiawansyah et al., 2024).
The calculation procedure of the PIPRECIA-S method takes place through the following
steps (Stanujkic et al., 2021; Mircetic et al., 2024):

Step I: Defining a set of evaluation criteria.

Step 2: Calculation of the relative importance s, of each criterion, except the first

one, as follows:

lif¢>¢
lif¢g <1

Where j # 1. Similar to the PIPRECIA method, the value s, is equal to 1, while the
values ¢ belong to the interval (1, 1.9] when ¢, > ¢, and to the interval [0.1, 1) when ¢, < c
Step 3: Determining the value of the coefficient k; as follows:

1 ifj=1
7 2-s;ifj>1 (2)
Step 4: Calculating the weight of the coefficient g, again as follows:
1ifj=1
q; = 1 ifj>1 ©)
k;
Step 5: Defining the relative weight of the criteria as follows:
q;
k=1 9k

q; = 4)

Step 6: In the case of group decision-making, the total weight coefficient of each
criterion is determined using the following equation:

K Yk
G%=<r}¢> ©

k=1
w=GM; /) M 6)
=1

Where GM_ is the geometric mean of the weighting coefficients obtained by the deci-
sion-makers included in the evaluation of criterion j, w; denotes the weighting coefficient
of criterion j, and K is the number of decision-makers.
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MARCOS Method

The MARCOS method is based on defining the relationship between alternatives and
reference values (ideal and anti-ideal alternatives) (Palié, 2020; Kova¢, 2021; Miski¢, 2021;
Nedeljkovi¢, 2021; Puska, 2021; Stevi¢, 2020a, b; Stankovi¢, 2020; Trung, 2021). Based
on the defined relationships, the utility functions of alternatives are determined and a
compromise ranking is made about ideal and anti-ideal solutions. Decision preferences
are then defined based on the utility function. Utility functions represent the position
of the alternative about ideal and anti-ideal solutions. The best alternative is the one
closest to the ideal and at the same time furthest from the anti-deal reference point. The
MARCOS method proceeds through the following steps (Stevi¢, 2020a, b; Luki¢, 2022a,
b, ¢, 2023a, b, ¢):
Step 1: Formation of the initial decision-making matrix. A multi-criteria model
involves defining a set of n criteria and m alternatives. In the case of group deci-
sion-making, a group of r experts is formed who evaluate the alternatives concern-
ing the criteria. In this case, the matrices of expert evaluation are aggregated into
the initial matrices of group decision-making.
Step 2: Forming the expanded initial matrix. In this step, the expansion initial
matrix is defined with ideal ( AI') and anti-ideal ( AAI) solutions.

G G, Gy
AAl Xaa1 Xaaz = Xaan
Ay X11 X1z 7 Man
X= 4, X21  Xo2 7 Xon (7)
A, Xm1 Xm2 v Xmp
Al Xai1  Xai2 ©t Xain

The anti-ideal solution ( AAT) is the worst alternative. The ideal solution ( AI) is, on
the contrary, the alternative with the best characteristics. Depending on the nature of the
criteria, AAI and A are defined using the following equations:

AAl = minx;; if j € Band maxx;; if j€C (8)
12 12
Al = max x; if j € Band miinxl-j ifjecC 9)
Where B represents the benefit and C the cost group of criteria.

Step 3: Normalization of the expanded initial matrix (X ). The elements of the nor-
malized matrix N=[n] were obtained by applying the following equations:

ijmx:
x.. .
n;j = x—”j ifjecC (10)
_Xicicp
ny = ifJ€ (11)

at
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Where the elements x; and x  represent the elements of the matrix X.
Step 4: Defining the weighting matrix V = [vij]mxn. The weighting matrix V is obtained

by multiplying the normalized matrix N with the weighting coefficients of the criteria w,
using the following equation:

Vij = Ny X0; (12)

Step 5: Determining the level of usefulness of alternatives K. The degree of useful-
ness of alternatives to anti-ideal and ideal solutions is determined using the follow-

ing equations:
S,
K =— (13)
' Sﬂal
K= 2L (14)
Sai

Where §,(i =1, 2, ..., m ) represents the sum of the elements of the weight matrix V,
shown in the following equation:

S = Z Vij (15)
i=1
Step 6: Determining the utility function of alternatives f(K , ). The utility function

is the compromise of the observed alternative about ideal and anti-ideal solutions.
The utility function of alternatives is defined with the following equation:

k) = K + K~
fK:) = = fKY) 1= fK) (16)
fKH) fKD)

Where f(K ") represents the utility function of the anti-ideal solution and f(K ") repre-
sents the utility function of the ideal solution.

Utility functions for ideal and anti-ideal solutions are determined using the following
equations:

K+
fKT) = WLK‘ (17)
pa
(K" = K;fTLKl‘ (18)

Step 7: Ranking of alternatives. The ranking of alternatives is based on the final
value of the utility function. The alternative that has the highest possible value of
the utility function is preferred.
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RESULTS AND DISCUSSION

Due to their importance, several indicators measure sustainable development goals. These
are detailed in Eurostat and World Bank statistics. Eurostat identifies 17 sustainable devel-
opment goals, including:

Goal 1 - No poverty

Goal 2 - Zero hunger

Goal 3 - Good health and well-being

Goal 4 - Quality education

Goal 5 - Gender equality

Goal 6 - Clean water and sanitation

Goal 7 - Affordable and clean energy

Goal 8 - Decent work and economic growth

Goal 9 - Industry, innovation and infrastructure

Goal 10 - Reduced inequalities

Goal 11 - Sustainable cities and communities

Goal 12 - Responsible consumption and production

Goal 13 - Climate action

Goal 14 - Life below water

Goal 15 - Life on land

Goal 16 - Peace, justice, and strong institutions

Goal 17 - Partnerships for the goals

So, for example, to analyze the goals of sustainable development in the framework of
industry, innovation, and infrastructure (Goal 9- Industry, innovation, and infrastruc-
ture), the following indicators are presented in Eurostat statistics:

1. Gross domestic expenditure for research and development by sector.

2. Research and development personnel by sector.

3. Patent applications to the European Patent Office by applicants/inventors with
residence.

Participation in buses and trains in internal passenger traffic.
Participation in railways and inland waterways in inland freight traffic.
Intensity of emissions into the air from industry.

Higher education by gender.

Gross added value in the sector of ecological goods and services.
High-speed Internet coverage, according to the type of area.

%N L

Each country has its indicators of sustainable development goals, adapted to the
specifics.

These indicators in the case of applying multi-criteria decision-making methods are noth-
ing but criteria. At the same time, they are performance factors (i.e. achievement of goals)
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of sustainable development. Effective control of them can influence the trend of sustainable
development goals. The essence of Goal 9 - Industry, innovation, and infrastructure is reflected
in the following: build resilient infrastructure, promote inclusive and sustainable industrializa-
tion, and encourage innovation. Statistics Eurostat has data for Serbia only for 7 out of 9 indica-
tors. For some indicators within Goal 9 - Industry, innovation, and infrastructure, empirical
data are not available for all years. Table 1 shows the goals of sustainable development in the
framework of industry, innovation, and infrastructure (Goal 9) in the European Union (EU).

Table 1. Sustainable Development Goal (SDG) indicators.
Goal 9 - Industry, innovation and infrastructure, EU

Indicator | Period | Annual growth rate | Assessment

R&D and innovation

Observed: 1.5 %

2007-2022 A
@ Gross domestic Required: 2.2 % ’
expenditure on R&D Observed: 0.3 %
2017-2022 Required: 2.6 % \
Patent applications to 2008-2023 0.9 % P
the European Patent
Office 2018-2023 0.7 % P
2007-2022 29% 1
R&D personnel
2017-2022 33% 1
Observed: 2.5 %
G} 20082023 ——— ———— t
Tertiary educational Required: 1.9 %
attainment (*) p— Observed: 2.2 % t
Required: 1.3 %
Sustainable industry
. - . " 2008-2021 -46% t
Air emissions intensity of
industry
2016-2021 -30% t
Gross value added in 2006-2021 3.4% 1
environmental goods
and services sector (*) 2016-2021 3.8% ‘t
Sustainable infrastructure
Share of buses and 2006-2021 -14% l
trains in inland
passenger transport 2016-2021 -48% l
Share of rail and inland | 2007-2022 ~10% "
waterways in inland
freight transport 2017-2022 -20% l
Time series too short for long-term
@ Share of . . assessment
households with high-
speed intemet Observed: 20.2 %
A 2017-2022 -
connection (*) Required: 9.9 %
Note: See Annex |l fora iption of the used for the annual growth ratz calculation and the

trend assessment. For indicators without a target, the growth rates observed over the specified periods are given. For
indicators with a quantdied EU target (marked with a target sign @), both the cbserved growth rates and the growth
rates that would have been required in the specified periods for meeting the target are given. See Table A1 in Annex |
for the full list of EU policy targets considersd for monitoring in this report.

{*) Multi-purpose indicator.
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Trends for indicatons marked with this ‘target’ symibol are calculated against an offcial and

quantified EU palicy targes. In this case the arrow symbals should be interpreled according to the
lefi-hand column below. Trends for all ather ndicators should be interpreted according 1o the

right-hand column bekow.

Sigrificant progress towards the EU target Signiicant progress towards SO ohjectives

Modarate progress towards the EU target Moderate progress towards SD objectives

No progress fowards nor mavement away from

@
t
7
- g et
N
!

S0 abjectives
InsuMMcient progress owards the EU target Moderate movement away from S0 chjectives
Mowvement away from the EU target Significant mavement away from SD objectives

Calculasion of trend nat passible (for example, Sme seres 100 short)

Source: Eurostat

Table 2 shows the indicators of the goals of sustainable development, Goal 9 - industry,

innovation, and infrastructure, in Serbia for the period 2016 - 2022. In this study, due to
the nature of multi-criteria decision-making methods, they are marked as relevant criteria
(C1, C2,...,,C7) for the analysis of the treated problem using PIPRECIA-S and MARCOS
methods. The alternatives are the observed years: Al - 2016, A2 - 2017, A3 - 2018, A4 -
2019, A5 - 2020, A6 - 2021 and A7 - 2022 (Table 2).

Table 2. Sustainable Development Goal indicators,
Goal 9- Industry, innovation and infrastructure, Serbia, 2016 — 2022.

A1 A2 A3 A4 A5 A6 A7
2016 2017 2018 2019 2020 2021 2022
c1 Gross domestic expenditure on R & D by sector 084 087 092 089 091 099 097
(Percentage of gross domestic product)
c2 R&Dpersonnel by sector 072 069 069 068 071 070 073
(Percentage of population in the labor force)
c3 Pateht app!lc.atlons tha‘t the Egropean Patent Office by 1 10 9 9 8 20 13
applicants '/ inventors * of residence (Number)
ca Share of buses and trains in inland passenger transport 138 134 149 136 105 112 135
(Percentage) (% of passenger-km)
cs Alremission intensity from industry 073 075 081 080 079 071 000
(Grams per euro, chain-linked volumes)
c6 Tertiary educational attainment by sex 000 323 328 334 326 339 334
(Percentage)
c7 Gross value added in the environmental goods and services 000 000 072 076 082 079 00

sector (Percentage of gross domestic product (GDP)

Source: Eurostat

(All calculations and results in this study are the author’s.)

The significance of the criteria was determined using the PIPRECIA-S method (Table 3).
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Table 3. Weighting coefficients of criteria - PIPRECIA-S method

sj kj what wj

C1 1 1.00 0.12
c2 0.7 1.3 0.769231 0.09
c3 1.4 0.6 1.67 0.20
c4 1.2 0.8 1.25 0.15
C5 1.3 0.7 1.43 0.17
Cé6 1.3 0.7 1.43 0.17
Cc7 0.9 1.1 0.91 0.11
8.45 1.00

The most important criterion in this particular case is C3 - Patent applications to the
European Patent Office by applicants/inventors with residence. The goals of sustainable
development in Serbia can therefore be achieved with an increase in the number of pat-
ents. In this direction, the other criteria should be treated appropriately.

In Table 4. the process steps and results of the MARCOS method are presented.

Table 4. Steps and results of the MARCOS method

Initial Matrix
Weights of criteria 0.12 0.09 0.2 0.15 0.17 0.17 0.11
Kind of criteria 1 1 1 1 1 1 1
C1 c2 c c4 c5 c6 Cc7
A1 0.84 0.72 1 13.8 0.73 0 0
A2 0.87 0.69 10 134 0.75 323 0
A3 0.92 0.69 9 14.9 0.81 32.8 0.72
A4 0.89 0.68 9 13.6 0.8 334 0.76
A5 0.91 0.71 8 10.5 0.79 326 0.82
A6 0.99 0.7 20 11.2 0.71 339 0.79
A7 0.97 0.73 13 135 0 334 0
MAX 0.99 0.73 20 14.9 0.81 339 0.82
MIN 0.84 0.68 1 10.5 0 0 0
Extended Initial Matrix
Weights of criteria 0.12 0.09 0.2 0.15 0.17 0.17 0.11
Kind of criteria 1 1 1 1 1 1 1
c1 c2 c3 c4a c5 c6 c7
AAA 0.84 0.68 1 10.5 0 0 0
A1 0.84 0.72 1 13.8 0.73 0 0
A2 0.87 0.69 10 134 0.75 323 0
A3 0.92 0.69 9 14.9 0.81 328 0.72
A4 0.89 0.68 9 13.6 0.8 334 0.76
A5 0.91 0.71 8 10.5 0.79 326 0.82
A6 0.99 0.7 20 1.2 0.71 339 0.79
A7 0.97 0.73 13 135 0 334 0
Al 0.99 0.73 20 14.9 0.81 33.9 0.82
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Normalized Matrix

Weights of criteria 0.12 0.09 0.2 0.15 0.17 0.17 0.11
Kind of criteria 1 1 1 1 1 1 1
C1 c2 c3 c4 c5 C6 c7
AAA 0.848485 0.931507 0.05 0.704698 0 0 0
A1 0.8485 0.9863 0.0500 0.9262 0.9012 0.0000 0.0000
A2 0.8788 0.9452 0.5000 0.8993 0.9259 0.9528 0.0000
A3 0.9293 0.9452 0.4500 1.0000 1.0000 0.9676 0.8780
A4 0.8990 0.9315 0.4500 0.9128 0.9877 0.9853 0.9268
A5 0.9192 0.9726 0.4000 0.7047 0.9753 0.9617 1.0000
A6 1.0000 0.9589 1.0000 0.7517 0.8765 1.0000 0.9634
A7 0.9798 1.0000 0.6500 0.9060 0.0000 0.9853 0.0000
Al 1 1 1 1 1 1 1
Weighted Normalized Matrix
C1 C2 C3 c4 Cc5 C6 Cc7
AAA 0.101818 0.083836 0.01 0.105705 0 0 0
A1 0.1018 0.0888 0.0100 0.1389 0.1532 0.0000 0.0000
A2 0.1055 0.0851 0.1000 0.1349 0.1574 0.1620 0.0000
A3 0.1115 0.0851 0.0900 0.1500 0.1700 0.1645 0.0966
A4 0.1079 0.0838 0.0900 0.1369 0.1679 0.1675 0.1020
A5 0.1103 0.0875 0.0800 0.1057 0.1658 0.1635 0.1100
A6 0.1200 0.0863 0.2000 0.1128 0.1490 0.1700 0.1060
A7 0.1176 0.0900 0.1300 0.1359 0.0000 0.1675 0.0000
Al 0.12 0.09 0.2 0.15 0.17 0.17 0.11
Results of the MARCOS Method
Si . . .

AR 03012 Ki- Ki+ f(K-) f(K+) f(K) Ranking

A1 0.4927 1.6350 0.4878 0.2298 0.7702 0.4565 0.4565 7

A2 0.7448 24715 0.7374 0.2298 0.7702 0.6901 0.6901 5

A3 0.8677  2.8791 0.8591 0.2298 0.7702 0.8039 0.8039 2

A4 0.8560 2.8404 0.8475 0.2298 0.7702 0.7931 0.7931 3

A5 0.8228 2.7304 0.8147 0.2298 0.7702 0.7624 0.7624 4

A6 0.9440 3.1326 0.9347 0.2298 0.7702 0.8747 0.8747 1

A7 0.6410 2.1269 0.6346 0.2298 0.7702 0.5939 0.5939 6

Al 1.0100

In Serbia, the most significant positive trend of sustainable development goals within
industry, innovation, and infrastructure was recorded in 2021. Recently, a positive trend
in sustainable development goals for industry, innovation, and infrastructure has gener-
ally been observed in Serbia. This trend is supported by several factors: employment in
the processing industry is growing, the share of small industrial enterprises in the total
added value of the processing industry is also growing, and CO2 emissions are decreas-
ing according to various indicators. Total investments in research and development are
increasing. The number of researchers per million inhabitants is also increasing. The

10
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share of the population covered by the mobile network is growing. The unsatisfactory
trend of sustainable development goals in the framework of industry, innovation, and
infrastructure in Serbia in 2022 is the result of not having all relevant empirical data avail-
able for all indicators. In the context of international comparison, this partially reflects
the limitations of the results of this study. It is therefore necessary in Serbia, based on
Eurostat and World Bank statistics, to improve the system of creating relevant empirical
data for all indicators of sustainable development goals within the framework of industry,
innovation, and infrastructure. The effects of this are the improvement of the quality of
the international comparison of sustainable development goals, in the specific case of
Goal 9 - Industry, innovation, and infrastructure, with other comparable countries. Taken
as a whole, Serbia is still far from achieving the defined goals of sustainable development
(Goal 9 - Industry, innovation, and infrastructure) in the European Union. In the future,
we should strive for that.

Applying multi-criteria decision-making methods to analyze sustainable development
goals provides realistic insights. The results of this study confirm their effectiveness, and
thus these methods are recommended for the analysis of sustainable development goals.

CONCLUSION

The pursuit of sustainable development goals is highly challenging. The concept of sus-
tainable development goals is applied at all organizational levels. The application of the
concept of sustainable development goals has a positive impact on the development of
the circular economy and the overall performance of all entities. Multi-criteria deci-
sion-making methods offer realistic answers to questions such as: What is the situation
regarding the goals of sustainable development, specifically Goal 9 - Industry, innovation,
and infrastructure? This is also indicated by the results of this study. Therefore, they are
recommended in the analysis of sustainable development goals.

In recent years in Serbia, a positive trend in sustainable development goals within
industry, innovation, and infrastructure has been observed, though this progress is still
far from the achievements in the European Union. We need to work intensively to opti-
mally achieve the goals of sustainable development in Serbia within the framework of
industry, innovation, and infrastructure. The effects of this are the improvement of the
overall performance of the Serbian economy.

11
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Analiza ciljeva odrzivog razvoja u okviru industrije, inovacija
i infrastrukture u Srbiji na bazi PIPRECIA-S i MARCOS metoda

Rezime: Primena koncepta ciljeva odrzivog razvoja (ekonomska, socijalna i okruzenska
dimenzija) pozitivno se u nacelu odraZava na ukupne performanse svih entiteta. U ovoj
studiji analizira se dinamika primene koncepta ciljeva odrzivog razvoja (SDGs) u okviru
industrije, inovacija i infrastrukture (Cilj 9) u Srbiji na bazi PIPRECIA-S i MARCOS metoda.
Rezultati ove studije pokazuju rastudi trend primene koncepta ciljeva odrzivog razvoja
u okviru industrije, inovacija i infrastrukture u Srbiji. Efekat toga je poboljsanje ukupnih
performansi.
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