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FOREWORD

The conditions created by the development of technologies in which modern man lives have led to

a complex and paradoxical effect: that by removing obstacles on the way to a more comfortable,
simpler, faster and more efficient life and way of working, man also generates numerous misfortunes,
attracting dark clouds of threats to the survival of the planet and humanity. The question that concerns
and affects all of us - all people, all living beings, systems in which life takes place, large and

small, strong and weak - boils down to the problem of the negative impact of man on the environment;
this issue invites us to an urgent solution by looking at the causes, proposing solutions, evaluating
them, changing approaches and ways of thinking, as well as drawing correct conclusions. Simply put,
by adapting nature to one's own needs, man threatens and damages it. That is why, with the joint
efforts of all of us, individuals, organizations and states, it is necessary to take all possible measures to
immediately prevent the negative effects that are ahead of us.

The importance of renewable sources of electricity, which this international conference focuses on, is
noticeable from two angles: the first - it is certain that fossil fuels as a resource will disappear and it is
necessary to find alternative sources, the second - the use of renewable energy sources by its essence
implies "clean" technology that significantly contributes to reducing CO: emissions and thus mitigating
climate change and reducing pollution, while encouraging social and economic development in all
spheres of life.

The 11th International Conference on Renewable Electrical Power Sources is organized

by the Society for Renewable Electrical Power Sources (DOIEE) at SMEITS, with co-organizers: The
Institute of Architecture and Urban & Spatial Planning of Serbia (IAUS) and the Chamber of
Commerce and Industry of Serbia, with the support of the Ministry of Science, Technological
Development and Innovation of the Republic of Serbia.

The registered participants designed their papers according to the given conference topics:
- Energy sources and energy storage;

- Energy efficiency in the context of use of renewable energy sources (RES);

- Environment, sustainability and policy,

- Applications and services.

Eminent authors - scientists, teachers, experts in this field from fifteen different countries:

Algeria, Belgium, Bosnia and Herzegovina, China, Croatia, Greece, Hungary, India, Portugal, Saudi
Arabia, Serbia, Slovenia, Spain, the United Arab Emirates, and Ukraine, contributed to the conference
through sixty-nine papers that were reviewed by the Scientific Committee of the Conference, and after
the review process were accepted for presentation at the conference and for publication in the
proceedings.

At the end of this short message and at the beginning of the proceedings I believe that it can be proudly
said that scientists, researchers, policy makers and industry experts gathered in one place, in order to
exchange experiences and knowledge with the aim of promoting scientific and professional ideas and
results of research, technology improvement for the use of RES, promoting the rational use of
electricity, affirming and proposing inventive solutions in the field of sustainable sources of electricity.

Belgrade, Milica Vlahovi¢
November 2023
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Apstract

Obnovljivi izvori energije su svoju primenu imali jos od samih pocetaka ljudske civilizacije i to za
razlicite namene kao Sto su: prevoz tereta, pogon mlinova za mlevenje Zitarica, itd. ali se sa
njihovom upotrebom u proizvodnji elektricne energije pocelo u drugoj polovini 19. veka. Medutim,
pravi znacaj obnovljivi izvori energije dobijaju u drugoj polovini 20. veka a posebno u zadnjih
nekoliko decenija. U ovom periodu su se intenzivirala i istraZivanja u ovoj oblasti, toliko da je broj
radova od samo nekoliko hiljada pocetkom 2000-tih dosao na oko 30.000 u 2022. godini. Uporedo
sa intenziviranjem istrazivanja, krenula je i upotreba visekriterijumskog odlucivanja u ovoj oblasti.
Broj radova u kojima se za resavanje razlicitih problema vezanih za istrazZivanja u oblasti
obnovljivih izvora energije i njihovu prakticnu primenu koriste metode visekriterijumskog
odlucivanja iz godine u godinu raste. U ovom radu ce biti prikazani samo neki od primera primene
razlicitih metoda visekriterijumskog odlucivanja u ovoj oblasti.

Kljucne reci: visekriterijumsko odlucivanje; obnovljivi izvori energije; istrazivanje, ciljevi odrzivog
razvoja,

Abstract

Renewable energy sources have been used since the very beginning of human civilization for
various purposes such as: transportation of cargo, operation of grain mills, etc. but their use in the
production of electricity began in the second half of the 19th century. However, renewable energy
sources gained real importance in the second half of the 20th century, and especially in the last few
decades. During this period, research in this area intensified, so much so that the number of papers

from only a few thousand in the early 2000s came to around 30,000 in 2022. Along with the

intensification of research, the use of multi-criteria decision-making in this area also started. The
number of papers in which multi-criteria decision-making methods are used to solve various
problems related to research in the field of renewable energy sources and their practical
application is growing year by year. In this paper, only some examples of the application of various
methods of multi-criteria decision-making in this area will be presented.

Keywords: multi-criteria decision making, renewable energy sources; research, sustainable

development goals;

1 Introduction

The idea of using renewable energy has been present for centuries. For example in ancient
times humans have been using renewable energy in various forms, i.e. wind power for sailing ships
and windmills for grinding grains. The renewable energy sources were the main sources of energy
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until 19th century, when the increasing use of fossil fuels began with the rise of the industrial revo-
lution. However, during this time, scientists like Augustin Mouchot, John Ericsson, Alessandro
Battaglia and William Adams started exploring solar power as an alternative energy source [1]. Al-
s0, the first hydroelectric power plant was launched in 1881 in Appleton (Wisconsin, USA) [2].

In the early 20th century, hydroelectric power became more prevalent. Large-scale hydro-
power projects were developed, such as the Hoover Dam in the United States [3], utilizing the ener-
gy from flowing water to generate electricity. The 1970s marked a turning point in the modern re-
newable energy movement. The oil crisis and growing environmental concerns led to increased at-
tention to alternative energy sources. This period saw the emergence of significant research and
development in solar, wind, and geothermal energy. Between 1980s and 1990s governments and
organizations worldwide started to promote renewable energy, driven by concerns about climate
change and the desire for energy independence. Policies and incentives were introduced to support
the growth of renewable energy industries.

The 21st century has seen a rapid expansion of renewable energy technologies. Solar and
wind power have become more economically viable and widely adopted. The advancement of tech-
nology, coupled with decreasing costs, has made renewable energy increasingly competitive with
fossil fuels.

Today, the use of renewable energy sources such as solar, wind, hydro, and geothermal power
continues to grow as countries strive to reduce greenhouse gas emissions, combat climate change,
and transition towards a more sustainable and clean energy future.

2 Research in the area of renewable energy

Affordable and clean energy is one of the Sustainable Development Goals (SDG) set by the
United Nations [4]. In order to accomplish this goal and provide the world with affordable and
clean energy a lot of research needs to be undertaken, since todays sources of energy are either
“dirty” like fossil fuels and nuclear energy or expensive like energy from renewable energy sources.
According to this, more and more researchers from all over the world are trying to find new, cleaner
and more affordable sources of energy or new technologies for using the existing ones that will be
in accordance with the SDG.

The increase in awareness about the use of renewable energy, i.e. its increasingly intensive
use, also caused the publication of a significant number of articles in scientific and professional
journals, which is illustrated in Figure 1.

Figure 1. Number of articles published in scientific and professional journals over the years
(Source: Scopus)

According to the Scopus data base the first article containing the key word "Renewable ener-

gy" was published in 1974, but the real breakthrough came in the 2000s leading to over 25000 arti-
cles published in 2022 (Figure 1).
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Renewable energy sources have been studied from different aspects and from different subject
areas. An overview of published works by different subject areas is shown in Figure 2.

Figure 2. Overview of the number of published articles by different subject areas
(Source: Scopus)

The number of published articles related to renewable energy sources varies significantly
across countries, as illustrated in Figure 3.

Figure 3. Number of articles published by countries
(Source: Scopus)

From Figure 3, it can be seen that China, the USA, and India are at the top among the coun-
tries where the application of renewable energy sources is intensively considered.

3 Multiple criteria decision making and renewable energy

The multiple criteria decision making (MCDM) is a part of operational research which is be-
ing developed very intensively and which has so far been used to solve numerous problems from
different fields.

The number of articles related to the application of MCDM methods in the field of renewable
energy is shown in Figure 4, while the number of articles by country is shown in Figure 5.
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Figure 4. Number of articles by year
(Source: Scopus)

Figure 5. Number of articles by country
(Source: Scopus)

From Figure 4, it can be seen that the number of articles per year is increasing, and from Fig-
ure 5, it can be seen that India, Turkey and Iran are among the countries where MCDM methods are
used the most in the field of renewable energy.

In the continuation of the paper, some examples of the application of MCDM in the field of
renewable energy sources are given. Lee and Chang (2018) used MCDM methods for ranking re-
newable energy sources in Taiwan [5], while Alizadeh et al. (2020) used MCDM methods for im-
proving renewable energy policy planning [6]. Colak and Kaya (2017) [7] and Nigim et al. (2004)
[8] applied MCDM method for prioritizing renewable energy sources. A comprehensive overview
of the application of MCDM methods for sustainable renewable energy development can be found
in Kumar et al. (2017) [9]. Ramezanzade et al. (2021) implemented a new hybrid fuzzy MCDM
model in which VIKOR (Vise Kriterijumska Optimizacija I Kompromisno Resenje), distance from
average solution, and additive ratio assessment methods were used for ranking renewable energy
projects [10]. Lak Kamari et al. (2020) gave an overview of applications of MCDM methods in re-
newable energy development [11]. Similar to that, Siksnelyte-Butkiene et al (2020) also did a re-
view of MCDM applications for the assessment of renewable energy technologies in a household
[12], as well as Shao et al. (2020) whose review was on MCDM applications for renewable energy
site selection [13].

Comparative analysis of hybrid renewable energy systems based on concentrating solar and
biomass technologies for Faro-Poli, Cameroon was investigated by Biboum et al. (2023) where they
compared three f hybrid renewable energy systems (HRES) alternatives by Analytic Hierarchy Pro-
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cess combined with the Technique for Order Preference by Similarity to Ideal Solution (AHP-
TOPSIS) method [14]. Wang et al. (2022) combined the spherical fuzzy analytical hierarchy pro-
cess (SF-AHP) and weighted aggregated sum product assessment (WASPAS) for offshore wind
power station (OWPS) site selection [15]. [jadi Maghsoodi et al. (2018) proposed a hybrid Multiple
Attribute Decision Making (MADM) approach based on the Step-Wise Weight Assessment Ratio
Analysis (SWARA) approach with a hierarchical arrangement combined with the Multi-Objective
Optimization on the basis of Ratio Analysis plus the full MULTIplicative form (MULTIMOORA)
for renewable energy technology selection [16]. Karasan and Kahraman (2020) did a selection of
the most appropriate renewable energy alternatives by using a novel interval-valued neutrosophic
ELECTRE I method [17].

4 Conclusion

The necessity of using renewable energy sources was recognized at the very beginning of the
industrial revolution, in the second half of the 19th century, when the first scientists began research-
ing the application of wind and solar energy for the production of electricity. The use of renewable
energy sources for the production of electricity, but also as a substitute for fossil fuels, has become
an imperative of modern civilization in order to reduce environmental pollution and preserve natu-
ral resources, which was also recognized by the United Nations adding affordable and clean energy
as one of the sustainable development goals.

Research in the field of renewable energy sources began in the 1970s, but experienced its ex-
pansion in the early 2000s, when the number of published works according to the Scopus database
increased from several hundred (thousands) per year to almost 30,000 thousand in 2022. With the
increase in the importance of renewable energy and research in this area, arose the need to apply
MCDM, another area of science that has experienced a great rise in recent years, for solving various
selection and decision making problems in the field of renewable energy sources.

As it was shown in this paper, MCDM methods found their applications for selection of the
best renewable energy technologies for certain area or for implementing in households, for renewa-
ble energy power plant site selection, for ranking renewable energy projects, for improving renewa-
ble energy policy planning, etc. These are only some of the examples for MCDM can be used in this
area and help decision makers when dealing with different problems and solutions. However, the
list of MCDM applications is much larger and certainly there are still many possibilities for their
implementation in renewable energy area.
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