INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH
H. N. Durmus Senyapar, Vol.13, No.1, March, 2023

Renewable Energy Literature in Turkey: Mapping
Analysis of the Field and Future Study Suggestions
on Overlooked Issues

H. Nurgul DURMUS SENYAPAR*}

* Gazi University Quality Coordinator, Gazi University, Ankara, 06500, Turkey

1 Corresponding Author; H. Nurgul Durmus Senyapar, Gazi University, Ankara, 06500, Turkey,
Tel: +90 312 202 2000, nurguld@gazi.edu.tr

Received: 05.01.2023 Accepted: 02.02.2023

Abstract- The fact that the fossil-based energy sources used until today are in danger of being depleted very shortly, the rapid
increase in energy prices in the world, and the environmental problems that emerged, made it necessary for all humanity and
our country to turn to renewable clean energy sources. Studies aiming to encourage and facilitate the transition of producers
and consumers to renewable energy sources have made significant contributions to the literature. In this study, published
articles on renewable energy sources in Turkey were analysed and academic studies on the subject were systematically
organized with a holistic perspective. The bibliometric and thematic analysis of 7161 studies on renewable energy resources
and 603 studies, in which the evaluation of renewable energy sources from a social standpoint is conducted and published in
the Web of Science database from Turkey reveals the citation network of international and national co-authors. The thematic
analysis makes it possible to draw attention to overlooked issues by allowing us to identify the focus of academic activities on
renewable energy sources. Therefore, the results of the study can provide an interdisciplinary and research-oriented perspective
on renewable energy sources. Focusing on green energy from a social perspective can be beneficial in terms of increasing
awareness and accelerating the adoption process.
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1. Introduction quality in buildings and production quality and quantity in

industrial enterprises, and Renewable Energy (RE) offers

Energy has become one of the most vital requirements of
humanity in our present day. Every production activity
requires energy. The first of the two important problem areas
that come to the forefront in energy and threaten the future of
our world is the irregular use of fossil fuels that cause global
climate change, and the second is the problem of energy
supply, which even leads to wars. The growing debate about
the 21st century, climate change, and how society can and
should adapt to its consequences in the UN Framework
Convention on Climate Change Conference of the Parties
(COP21) that was held in Paris in December 2015 and this
conference brought the current issue to the present day. It has
resulted in the most aggressive intergovernmental agreement
made ever [1]. One of the issues at the centre of climate
change discussions is energy efficiency. Energy efficiency
can be defined as the reduction of energy consumption
without causing a decrease in the living standard and service

significant opportunities in terms of energy efficiency [2].

Renewable energy defines as a collection of energy
technologies such as solar, wind, and geothermal, which are
derived from renewable sources each time. Sustainable and
environmentally friendly RE has recently become one of the
main sources of energy production [3], [4]. Wind energy,
geothermal energy, solar energy, hydroelectricity, biomass,
tidal energy, hydrogen, and other renewable technologies are
prioritized and promoted with the many advantages they
bring in today’s world where zero emissions are targeted [5].
In addition to these advantages, efforts are being made to
increase the efficiency of equipment for renewable energy
sources daily. There are significant efforts to cut the price
and improve the performance of solar cells. In a number of
these investigations, the authors propose that the solar panels
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evaluated might be excellent candidates for the production of
inexpensive and efficient solar cells. [6]-[10].

By adopting renewable energy sources, it will be
possible to halt or at least slowdown climate change, as
energy will be generated cleanly while satisfying demand
[11], [12]. For these reasons, benefiting from RE resources as
much as possible must be considered a necessity rather than a
choice [13], [14]. In addition to filling a need, this
opportunity has also provided investors with a motive to
invest in renewable energy, especially in recent years due to
increased energy demand [15]. According to the Renewable
Energy Investment Tracker Report [16], in which it is stated
that the global investment in renewable energy reached $226
billion in the first half of 2022, setting a record for the first
six months of the year, investments in new large and small-
scale solar energy projects will reach the first half of 2021. It
broke a record with an increase of 33 percent compared to
the previous half of the year and reached 120 billion dollars.
Wind project financing increased by 16 percent compared to
the same period and reached 84 billion dollars. Venture
capital and private equity investments in renewable energy
and energy storage reached a record, reaching $9.6 billion, an
increase of 63 percent compared to the previous year.

However, it is not possible to say that the transition to
renewable energy has taken place at the expected pace in all
countries. Various economic, political, technological, and
political barriers hinder using Renewable Energy with the
awareness of being a world citizen. One of them is
undoubtedly the low level of knowledge and awareness in
this area, both at the individual and societal levels.
Undoubtedly, the academic community has a great role in
raising awareness in society and individuals about renewable
energy, and in informing and raising awareness of the public
correctly. Renewable energy is an area that needs to be
handled multi-dimensionally with multidisciplinary methods,
as it creates a healthy and sustainable environment for
society by reducing carbon emissions, transforming the
natural wealth of countries into economic development,
meeting the increasing energy needs with technological
transformations and even being a tool for political struggles.
In this context, it is a necessity to deal with the social
dimension of the issue. In this study, the bibliometric
analysis of academic debates in the field of renewable energy
in Turkey was handled with two different searches carried
out in the WoS database, and a comparative analysis of the
results was carried out. Academic studies on Turkey and
renewable energy and academic publications on Turkey and
the social dimension of renewable energy are examined and
the course of developments in the field is revealed. Variables
such as research keywords, abstracts, and researchers are
evaluated with bibliometric identification. The potential
research topics of the field are revealed by analysing the
keywords thematically and periodically. The results of this
study will be an important reference for renewable energy as
it evaluates current research trends and potential future
research directions in the field of renewable energy and will
also form an important basis for future renewable energy
research by revealing neglected research areas.

2. Importance of Renewable Energy

The shares of fossil fuels such as coal and oil, which are
used as energy sources after wood, in the total energy
consumption have increased gradually over time throughout
the history of humanity, and after reaching a certain
saturation level, they generally started to decrease at a rate
close to the rate of increase. The production of new fuel
(energy source) first starts in the most developed countries
and then spreads to other countries at certain intervals.
Although the economic dimension of the world energy sector
constitutes only 3% of the total Gross National Product, a
sustainable development model is not possible without
continuous and cheap energy [17]. Economic growth, a key
indicator of a country's level of development, is often
achieved through the use of fossil fuels, which have
significant environmental impacts [18]. Fossil fuels, which
cover most of the energy needed worldwide, are significantly
responsible for the emission of greenhouse gases and carbon
dioxide, which are largely responsible for global warming,
climate change, and deterioration of air quality. Natural
resources are depleted and climate change is caused by the
increase in CO2 emissions [19]. According to the greenhouse
gas inventory results, the total greenhouse gas emission
shown in Figs. 1 and 2 were calculated as 506.1 million tons
(Mt) CO2 equivalent in 2019 [20]. The total greenhouse gas
emission per capita, which was 4 tons of CO2 eq. in 1990,
was 6.1 tons of CO2 eq. in 2019.
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Fig. 1. The total and per capita GHG emissions (1990-2019).
Source: https://data.tuik.gov.tr/

In total greenhouse gas emissions in 2019, as CO2 eq.,
energy-related emissions had the largest share with 72%,
followed by agriculture with 13.4%, industrial processes, and
product use with 11.2%, and the waste sector with 3.4%.
Energy sector emissions increased at a rate of 161% in 2019
when compared to 1990.

It is essential to utilize renewable energy sources while
fostering economic growth. Utilizing self-renewing and
infinite resource-based renewable energy sources minimizes
energy consumption and has a good impact on the
environment [21]. The use of RE is accepted as clean energy
because it significantly reduces the dependence on fossil
fuels as an energy source, not causing environmental and air
pollution, and causing low or zero carbon and greenhouse
gas emissions [22], [23]. Social media is also an important
aspect in terms of helping to increase the popularity and
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widespread use of renewable energy sources, as well as
assisting in the sharing of information and ideas about their
use. Social media platforms play a significant role in the
promotion and support of projects related to renewable
energy sources. Through this, information about the use of
renewable energy sources is obtained and the widespread use
of these sources is supported, making a significant
contribution to climate change and environmental protection
issues [24-26]. However, it is also true that renewable energy
has some disadvantages. RE, which has low maintenance
requirements, saves money, has many environmental
benefits, reduces dependence on foreign energy sources,
provides cleaner water and air, creates employment, and
reduces waste. It also includes energy types with high
installation costs relatively intermittent and limited storage
capacity and geographical limitations [27].
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Fig. 2. The greenhouse gas emissions according to sectors.
Source: https://data.tuik.gov.tr/

One of the biggest concerns in the renewable energy
field is energy production based on natural resources that
cannot be controlled by humans [28]. The uncertainties in the
production of RE technologies make integration more
complex. When compared to traditional forms of power
generation such as fossil fuels, there are still difficulties in
generating large amounts of power in RE technology,
making it, at least today, impossible to rely on these sources
alone for national energy supply. Especially in the age of
Web 3.0 with Artificial Intelligence [29], where the
communication networks based on electrical energy are so
integrated, a power outage means that many services are
interrupted globally.

Constant adherence to high standards of power quality is
essential for ensuring the continued reliability and efficacy of
the energy distribution network [30]. The quality of the
power supply makes the system work well with high
reliability and lower costs. However, poor power quality can
have significant adverse effects on the power grid and
industrial processes. RE, whose continuity is based on
uncontrollable factors, is not in the capacity to meet the
unconditional and total transition in this respect. Also, RE
sources that are not available in different regions (i.e., areas
that do not receive enough sun or wind, etc.) have high
installation costs, and limited portability and storability. In
addition to all these disadvantages, there is a lack of
knowledge and awareness about the benefits of renewable
energy and the incentives for its implementation [31].

Renewable energy releases little or no greenhouse gases
or pollutants into the air, which means a smaller carbon
footprint and an overall healthier atmosphere [32]. It can be

argued that the gas released to nature by the establishment or
activities of RE plants causes relatively carbon emissions.
However, some RE sources can even contribute to the
reduction of current gas emissions in this field. For example,
biomass energy obtained from biological wastes reduces the
amount of waste going to landfills, while reducing the total
amount of carbon released into the atmosphere.

In addition, to benefit from natural energy resources in
different regions of the country, ensuring the sustainability of
energy supply by evaluating different geographical
conditions, and reducing transfer costs, it also supports
regional developments [33]. The fact that the sector operates
in a wide area, not in certain regions, contributes to the
regional economic development and stability of renewable
energy, reducing the country’s dependence on foreign energy
resources. In this respect, it has the power to reduce the
possibility of using energy as a geo-political trump card.

Because of the Russian-Ukrainian War, which turned
into the Russian occupation of Ukraine in February 2022, the
gas and electricity prices, which rose rapidly with the
interruptions in the gas flow, put the European heavy
industry in crisis. In response to the economic and political
sanctions imposed by the European Union (EU) on Russia,
Russia’s massive restriction of gas flow has directly affected
the global energy market [34]. European natural gas prices
reached historical peaks, exceeding 20 times two years ago,
and the rapid increase in gas prices was reflected in
electricity, resulting in an 8-fold increase in wholesale
electricity prices in European countries when compared to
the previous year. Because of the inability of European
countries to take adequate measures against the energy crisis,
price increases were reflected in producers and businesses,
and strategic facilities in critical sectors began to experience
difficulties in production with increasing energy costs and
uncertainties [35], [36]. Although the oil-based energy crisis
in the 1970s affected the USA and European countries, the
fact that the share of low-carbon emission technologies in
electricity generation increased from 21.5% to 39% in the
last 45 years was not sufficient to avoid the new crisis
because of the fully integrated energy architecture. It turned
into a crisis that affected almost all regions of the world [37].

While the war in Ukraine threatens the energy security in
Europe, the Europeans’ turn to wood for heating increases
demand, prices, and environmental concerns. According to a
study published by the European Public Health Alliance in
2022, health-related costs of approximately 17 billion euros
arise across Europe because the use of wood as fuel has a
higher carbon pollutant emission level per unit than coal and
wood stoves have a 28 percent effect on particulate pollution,
and air pollution from burning wood causes a total of 27
billion euros per year in health expenses in societies in the
European Union and the UK [38].

The increased use of renewable energy directly affects
public healthcare. Total healthcare expenses in Turkey
increased by 24.3% in 2020 when compared to the previous
year and reached 249 billion 932 million TL [39]. No doubt,
although the global COVID-19 pandemic had severe effects
on this increase, the social dimension of renewable and clean
energy studies should be underlined to achieve the goals of a

223



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

H. N. Durmus Senyapar, Vol.13, No.1, March, 2023

sustainable environment and healthy society in an
environment where the general government health
expenditure increased by 26.3% and reached 198 billion 62
million TL.

3. Renewable Energy and Turkey

To prevent climate change and reduce its effects,
countries reduce fossil fuel consumption and accelerate the
transition to low-carbon technologies. Renewable energy
sources are critical in reducing emissions from conventional
power generation techniques. Renewable energy sources
such as solar, wind, and hydrogen are preferred because they
are environmentally friendly and sustainable, although they
are not as efficient as electricity produced from fossil fuels.
In addition, the investments of companies operating in the
energy sector in these technologies are increasing rapidly,
and the transition to an environmentally friendly energy
production system that reduces carbon footprints is
accelerated.

Turkey, which has a wide variety of renewable energy
sources including solar, wind, geothermal, hydro, and
biomass, has made significant progress in increasing its
renewable energy capacity and reducing its dependence on
fossil fuels in recent years. According to data from the
International Energy Agency (IEA), the share of renewable
energy in Turkey’s total primary energy mix reached
approximately 13.5% in 2020, making it one of the leading
countries in the region in terms of renewable energy
adoption. According to the data of the Ministry of Energy
and Natural Resources, Turkey’s installed renewable energy
capacity reached 60.6 GW in 2021, representing
approximately 30% of the country’s total installed power
generation capacity. Solar energy is the dominant renewable
resource in Turkey with a total installed power of 27.4 GW,
followed by wind energy with 21.4 GW. Hydroelectric
power plants also make a significant contribution to Turkey’s
renewable energy composition with an installed power of
10.8 GW. In addition, the country has a small but growing
geothermal and biomass sector with an installed capacity of
1.3 GW and 1.2 GW respectively. In terms of changes over
the years, Turkey’s renewable energy capacity has been
growing steadily, with an average annual growth rate of
around 9% between 2010 and 2020. The country’s rate of
adoption of renewable energy is still below the global
average, but it is making progress toward a sustainable and
low-carbon energy system [40]. In 2021, 30.9% of Turkey’s
electricity production will come from coal, 33.2% from
natural gas, 16.7% from hydraulic energy, 9.4% from wind,
4.2% from solar, 3.2% obtained from geothermal energy, and
2.4% from other sources. As of the end of November 2022,
the country’s installed power reached 103,541 MW. As of
the end of November 2022, the distribution of the country’s
installed energy power by resources; is 30.5% hydraulic
energy, 24.4% natural gas, 21.1% coal, 11.0% wind, 9.0%
solar, 1.6% geothermal, and 2.4% other resources.

Within the framework of the policy of supporting
renewable energy production to increase energy supply
security, increasing the share of renewable resources in
electricity generation from 32.5 in 2018 to 38.8 in 2023 has

been set as a target in the Republic of Turkey’s Eleventh
Development Plan (2019-2023) and “Electricity from
renewable energy sources production will be increased, and
the necessary planning and investments are made to ensure
the safe integration of renewable energy production into the
grid” has been included in the Development Plan. The
Turkish government develops various incentives and policies
such as tariff guarantees, tax exemptions, and grants to
encourage the development of renewable energy projects. In
2021, the total investment in renewable energy reached
approximately 11 billion dollars and much of the financing
was obtained from domestic sources [41]. The government
has also set ambitious targets to increase the share of
renewable energy sources in the energy mix to 50% by 2030.
Overall, Turkey’s renewable energy sector is expected to
continue to grow in the coming years with increased
investments and the implementation of more ambitious
targets [42].

4. Methodology

Studying the literature on a topic allows us to
systematize and analyse all the information on the topic
under consideration. Analysing by various methods helps
researchers make clear and reliable reviews of scientific
references [43]. Various scientific studies are carried out
such as theme-based, framework-based, theory-based, theory
development, hybrid type, and bibliometric analysis [44]. In
the literature, bibliometric analysis and thematic analysis are
generally used, which enable solid and regular research [45].
The authors work in this dual structure; thematic analysis can
be made according to the selected studies by using
parameters such as citations, keywords, and the countries in
which they were published [46].

This study was carried out to analyse the studies on
renewable energy sources in Turkey and academic studies
accessed from the WoS database were used for this. Web of
Science is a website that provides subscription-based access
to multiple databases that provide comprehensive citation
data for many different academic disciplines. The Web of
Science Core Collection consists of six online databases:
Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI), Arts & Humanities Citation Index
(A&HCI or AHCI), Emerging Sources Citation Index
(ESCI); Book Citation Index (BCI) and Conference
Proceedings Citation Index (CPCI).

The analysis performed internationally with the logical
operator includes “renewable*” AND “energy*” AND
Turkey* OR “green*” AND “energy*” AND “Turkey*”
publications containing the words were examined at Web of
Science.

In the two-stage analysis with the logical operator, first,
the publications containing the words “renewable*” AND
“energy*” AND Turkey* OR “green*” AND “energy*”
AND “Turkey*” were examined in the Web of Science. In
the second search, the workspace has been narrowed by
adding the search word “social”.

There was no filtering for the study and the articles
published from 1989 to the present were included in the
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research. The studies published in peer-reviewed journals
were scanned with the keywords and a total of 7161
documents were reached in the first acquisition. In the
second search, with the addition of the word “social” to the
search, the total number of publications accessed was 603. In
this context, the methodology met the data refinement
required in Fig. 3.

Assembling

¢+ Identification

Searching Domain: Renewable Energy in Turkey

Research Questions:

RQ1: In which areas do academic studies examining renewable energy in Turkey concentrate?
RQ2: In which areas do academic studies examining the renewable energy issue with its social
dimension concentrate in Turkey?

*  Acquisition-1

Searching mechanism and material acquisition : Web of Science

Searching period : December 2022

Searching keywords : renewable energy* AND Turkey* OR green energy* AND Turkey*

The number of articles found as a result of the research : 7161

* Acquisition-2

Searching mechanism and material acquisition : Web of Science

Searching period : December 2022

Searching keywords : renewable energy* AND Turkey* AND social* OR green energy* AND
Turkey* AND social*

The number of articles found as a result of the research : 603

Assesing

+ Evaluation

Performance Evaluation : Bibliometric variables, co-citations network and geographical analysis
under RQ1 and RQ2

Software : R-Studio, Bibliometrix

Fig. 3. The structure of the systematic literature review

Additionally, Figs. 4 and 5 demonstrate how the search
panel of the Web of Science platform is used with the desired
keywords. In this direction, objectivity is maintained by
using numerical information in the selection of main and
identical articles by using the bibliometric technique [47].

The study’s research questions allow for answers for
structured analysis. The research questions for the thematic
analysis, whose algorithm and findings are presented below,
were determined as follows.

» RQ1: In which areas do academic studies examining
renewable energy in Turkey concentrate?

» RQ2: In which areas do academic studies examining
the renewable energy issue with its social dimension
concentrate in Turkey?

With the bibliometric analysis, answers were sought to
the research questions of the study. Bibliometric analysis was
carried out in different dimensions such as “keyword
analysis” and “thematic analysis”. Geographical analysis and
common citation analysis were not performed in the study
because they did not produce meaningful findings for the
research questions.

All obtained and categorized articles are applied as data
input to create a map of their topics. The data is then
processed via the Bibliometrix library written in R-Studio.
Since it is programmed in the R language, it is flexible, can
be developed rapidly, and can be used in integration with
other R programs, open source Bibliometrix guides the
researcher in the analysis processes [48]. The outputs use the
weighted sum of the squares of the distances of correlations
between all broadcast pairs concerning similarities [49], [50].

DOCUMENTS CITED REFERENCES
Example: liverdiseaseindiasingh  ——————————
All Fields ~ ["renewable"AND"energy“ AND "turkey” X ‘
Example: liverdiseaseindiasingh ————————————
Q| Oor ~ ‘ All Fields - ["grc—en” AND "energy"” AND "turkey” X ‘
I + Add row I I + Add date range Advanced Search

Fig. 4. The keywords and search panel of the Web of
Science platform - Acquisition 1 (Acg.-1)

DOCUMENTS ~ CITED REFERENCES
Y (- Example: liver disease india singh
All Fields v ("renewabte” AND "energy" AND "turkey" AND "social” X ‘
) Y~ Example: liver disea: iz singh
@ o~ ‘Al[F[eIdg v ("green"AND"energy"AND“[urkey”Ar\D”socia[" X ‘
I + Add row l [ + Add date range ] Advanced Search
B

Fig. 5. The keywords and search panel of the Web of
Science platform - Acquisition 2 (Acg.-2)

A keyword analysis is a bibliometric technique that
analyses the main source content of leading publications and
displays them in a search database with keywords. It also
allows the identification of the most frequently used words in
studies conducted over a certain period when used with
analyses by year. It can also be used to track trends in
scientific studies and show how a subject’s popularity has
changed over time [51].

This analysis, which is highly preferred in data
collection applications, allows for the systematic, one-sided,
and regular examination of literature content. It is a form of
ontological analysis used to research and analyse the
meanings of sentences and words used at a study level by
shifting them to the right or left. This analysis may also
include metrics such as evaluating the impact factors, citation
counts, and publication counts of research [52]. The
qualitative analysis of a specific sample allows for scanning
multiple sources, such as written texts. Qualitative analysis is
a method that deeply examines the content of the samples
and aims to extract meaning. This helps researchers discover
similarities and differences among the samples and assists in
drawing general conclusions [53], [54]. Researchers utilize
various software based on artificial intelligence for this
purpose. This software automates processes such as data
collection, analysis, and result extraction, helping researchers
save time [55]. In this study, R-studio was used to perform a
thematic analysis with Biblioshiny. This software helps
researchers collect, analyse, and extract results. Thematic
analysis is a method that examines the content of the data
and aims to extract meaning, helping researchers discover
similarities and differences among the samples.
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5. Results and Findings

This section simultaneously responds to RQ1 and RQ2
by discussing the findings on renewable energy publications
in Turkey with and without the social dimension.

Renewable Energy is the subject of research by many
different disciplines, and especially its technical and
economic dimensions are examined. When the Web of
Science (WoS) Core Collection database is searched with the
keywords “renewable energy” and “green energy”, 253543
results are reached. When the same survey was carried out
for Turkey, it is seen that 7161 studies were carried out. Two
data sets obtained from the WoS database with the above-
mentioned scanning method were analysed in the computer
environment. The thematic analysis of the article series was
also carried out using the Biblioshiny library.

Table 1 provides a general workspace to get an overview
in the next section. This table shows that there was a total of
7161 articles published in journals in Web of Science
indexes scanned by national and international researchers in
Turkey between 1989 and 2022. The total number of
keywords is 14450, meaning renewable energy studies
consist of various thematic aspects. KeyWords Plus, which
are words and phrases blended from the titles of cited
articles, is about half of the keywords cited by the authors.
While there were 13696 authors in the articles, the average
number of citations for each article was calculated as 24.79.
The same values for acquisition two are 603 articles, 1635
keywords, 3289 authors, and 28.8 which is the number of
citations per article, respectively.

As can be seen in Fig. 6, 7161 publications are reached
between the years 1989-2022 in the results of the searches
carried out with the words “renewable energy” and “Turkey”
in the WoS indexes. These publications concentrate on the
subjects “Energy Fuels”, “Green Sustainable Science
Technology”,  “Engineering  Electrical Electronic”,
“Environmental Sciences”, “Thermodynamics”,
“Engineering Chemical”, “Engineering Environmental”,
“Chemistry Physical” and “Environmental Studies”. It turns
out that most of the studies are carried out by engineering
sciences and a small part of their deals with the economic
dimension.

When the word “social” is added to the search words to
get a general idea about how many of the studies touch on
the social dimension of the issue, the number of publications
drops to one-tenth. As can be seen in Fig. 7, 603 publications
are reached between 1999-2022 in the results of the search
carried out with the words “renewable energy”, “Turkey”
and “social” in WoS indexes.

An important milestone is the adoption of the Paris
Agreement in 2015. The Paris Agreement is an agreement
that aims to reduce carbon emissions and use renewable
energy sources to prevent global warming from exceeding 2
°C. This agreement was adopted under the United Nations
Framework Convention on Climate Change and has been
signed by 190 countries so far. Among the objectives of the
Paris Agreement are to aim to reduce carbon emissions by
40% by 2030 and to try to limit global warming to a

maximum of 1.5 °C. [56], [57]. And since then, research on
renewable energy sources has become more important and
there has been an increase in academic studies based on this
[58], [60]. The same momentum has been observed in
Turkey since 2015.

Table 1. Main characteristics of the data

Results
Description Acg.1 Acq.2
Main Information about the Data
Timespan 1989:2022 1999:2022
Sources (Journals,
Books, etc.) 1352 202
Documents (Doc) 7161 603
Annual Growth Rate % 30.29 24.04
Document Average Age 517 3.04
Average Citations per
References 199337 24564
Document Contents
KeyWords Plus (ID) 7378 1043
Author’s Keywords (DE) 14450 1635
Authors
Authors 13696 3289
Authors of Single-
Authored Docs 607 73
Authors Collaboration
Single-Authored Docs 952 83
Co-Authors per Doc 357 6.75
International Co-
authorships % 34.8 50.25
Document Types
Article 7161 603
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Fig. 6. Acquisition 1 - The results of the search were carried out with the words “renewable/green energy” and “Turkey” in the
WoS indexes

According to this analysis, in addition to the technical
issues, it is observed that, in addition to the studies on
“Economics,” which are among the previous studies, studies
on the themes of “Educational Research,” “Management,”
and “Business” are presented. The term “Economics” refers

to the field of study that investigates the relationship between
economics and other topics. When seen from this angle, it is
possible to assert that renewable energy is deserving of
investigation not just from an academic and business point of
view, but also in terms of its impact on the economy.
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Fig. 7. Acquisition 2 - The results of the search carried out with the words “renewable/green energy”, “Turkey” and “social” in
WoS indexes
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Figure 8 shows the distribution of publications by year.
It is observed that the interest in renewable energy has
increased over 20 years. Especially after 2015, the increase
in the number of publications accelerates. However, it would
not be wrong to say that the studies are very limited. It is also
noteworthy that the first study in Turkey, which deals with
the social dimension of the subject, was published exactly
ten years after the renewable energy issue began to be
discussed (1999).
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Fig. 9. The annual scientific production - Acq.-2

Figures 10 and 11 list the institutions that have
conducted the most research in this field. These figures show
how research in the field is affected by which institutions.
While it can be seen that most publications on renewable
energy in Turkey are produced by Gazi University
researchers, it is seen that the social dimension of the subject
is mostly examined by academicians of Istanbul Gelisim
University.
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Fig. 10. Institutions with which authors who have worked in
this field are most connected - Acq.-1
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Fig. 11. Institutions with which authors who have worked in
this field are most connected - Acg.-2

5.1. Co-Keywords Analysis

In this section, the networks and formations of the
keywords used by the authors of the analysed articles are
examined. Biblioshiny, used as a software tool, visualizes the
formations of the important terms extracted from the
keywords of the analysed articles. The minimum co-
formation value is taken as one to determine all keyword
association cases. The keyword network accessed by the
scans performed in this study is shown in the Figures.

Figures 12 and 13 show a series of keywords together
with circles of different sizes; the more keywords there are,
the larger they will be in the circular display [61], [62].
These have been analysed by obtaining them from the
keywords given by the author in the article. Also, similar
topics are indicated with a search group of the same colour
together. As can be seen in the figures, the keywords
renewable energy, carbon/CO2 emission, economic growth,
financial development, performance, and consumers have
been used the most. The clusters focus more on
environmental, technical, and economic issues.
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Fig. 12. Detailed analysis of the identical keywords in the
articles published on renewable energy resources in Turkey
by Bibliometrix - Acq.-1
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Fig. 13. Detailed analysis of the identical keywords in
the articles published on renewable energy resources in
Turkey by Bibliometrix - Acg.-2

Table 2 lists the most used words on this topic from
1989 to 2022. Table 2 has been analyzed using keyword plus
selection. Keyword Plus typically refers to similar keyword
suggestions that can be used when selecting a keyword for an
article. For example, if you select the keyword “sustainable”
in an article, keyword plus suggestions may include similar
keywords such as “continual” or “uninterrupted”, which can
help the article be more visible in search results and expand
the reader base. It can be said that renewable energy is
mostly handled in terms of performance by associating it
with carbon emissions, and this is associated with economic
growth and consumption.

Table 2. Keywords using trends

Keywords Occurrence
Acqg.1 Acg.2 Aca.l | Acg.2

Renewable Energy | CO2 emissions 789 187

CO2 Emissions Economic growth 615 102

Performance Financial 524 76
development

Economic Growth | Impact 432 75

Consumption Renewable energy 329 37
consumption

Word dynamics refers to how words change and evolve.
This can include changes in the meanings of words, the way
they are used in different contexts, or the way they are
pronounced. Word dynamics can be influenced by various
factors, such as cultural and social changes, technological
developments, and the influence of other languages.
Understanding word dynamics can be useful for language
learners, researchers, and anyone interested in the evolution
of language. Figs. 14 and 15 show the change in keywords
under the subject title discussed in this study over the years.
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Fig. 14. The usage frequency of significant keywords in the
requested title over time - Acg.-1
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Fig. 15. The usage frequency of significant keywords in the
requested title over time - Acqg.-2

5.2. Thematic Analysis

This section conducts a thematic analysis to answer RQs
and examine the impacts of critical keywords on each other.
According to the conceptual structure map, it is seen that the
studies focus on the technical dimensions of renewable
energy such as efficiency, storage, design, consumption, and
urbanization, and concentrate on two clusters, such as energy
consumption, economic growth, financial development, and
foreign direct investments.

Figs.16 and 17 show that detailed keyword analysis
provides insights into the relationships between the keywords
and their usage in different themes, allowing for a deeper
understanding of the scientific topics being explored and the
research trends in a particular field. This method was used to
identify emerging topics, and track research progress over
time. The words are organized into three primary groups. The
blue one, is related to economic growth, and ecological
footprint, the red one is related to renewable energy sources
and the green one is related to management. In the larger red
cluster, it is seen that different types of renewable energy are
evaluated together with energy efficiency, energy policies,
and climate change. It is observed in the blue cluster where
issues such as economic growth, financial development,
ecological footprint, carbon emissions, and urbanization are
evaluated together.
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In the articles examining the social dimension of the
renewable energy issue, it is observed that two main clusters
develop around the issues of economic growth and
sustainable development. Issues such as globalization,
technological innovation, environmental sustainability, and
climate change draw attention.
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Additionally, in Figs. 18 and 19, a thematic map of the
data has been produced. The word clusters in the Motor
Themes region of this map are both more intense and central
in the analysed data. Niche Themes are words that are distant
from the topic coherence or can be shown as less analysed
topics. The Emerging or Declining Themes section contains
words that are newly emerging or beginning to leave the
focus. The Basic Themes section shows the basic words
generally analysed in the data. The purpose of this map is to
visually present the keyword trends in the data and show
how these trends have changed over time. While showing
how keyword trends have changed in different periods, this
map also explains the relationship between word groups in
the data. Terms in the motor themes section are seen to be
gaining importance in today’s graph.

{Centrality)

Fig. 19. Thematic map of the keywords - Acqg.-2

Ultimately, the keywords from the articles in the
research were brought together and a word cloud was used in
Figs. 20 and 21 to determine the most frequently used
keywords. The most used words in both word cloud schemes
are the elements such as carbon dioxide emission, economic
growth, renewable energy consumption, performance,
financial development, optimization, etc.
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Fig. 20. Word cloud of subject keywords for articles detailed
by Bibliometrix. - Acg.-1
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6. Discussion and Future Work

Renewable energy has an important place in the
academic agenda as well as in the political and economic
agenda to increase the appetite of investors and to ensure a
sustainable energy supply due to high energy prices around
the world. While the development and operation of
renewable energy projects have  multidimensional
environmental, economic, and social benefits, it is often
given importance to measure and evaluate environmental and
economic impacts, while researching the social impacts that
can help the social acceptance process of these projects can
be ignored. Despite the rapid increase in global investments,
its great potential in renewable energy sources, and its
superiority over traditional fossil fuels in many respects, it is
an issue that needs to be questioned why the transition to
renewable energy in Turkey is not at the expected level. At
this point, it should be evaluated whether one of the factors is
the inadequacy of studies examining the issue with its social
dimension.

Before making evaluations about the situation in Turkey,
it may be possible to state that the course of academic studies
is not very different on a global scale. Analytical work and
empirical evidence on the socioeconomic impacts of RE
technologies remain relatively limited in focusing on and
providing a clear theoretical framework at the regional and
local levels [63]. A study which is given in [64], analysed the
contents of 4444 research papers, including 9549 authors and
90079 references (from a smaller subsample) published in
three leading energy journals from 1999 to 2013,
demonstrating the underutilization of social science
disciplines, methods, concepts, and topics in contemporary
energy studies, found that less than 0.3 of the authors in these
studies were from any social science discipline, such as
history, psychology, anthropology, and communication. It
was also found that only 12.6 percent of the articles used
qualitative methods and less than 5 percent of the references
were made to social sciences and humanities journals.

Another study conducted on energy efficiency, which is
an aspect of the energy field that is often discussed and a
dimension of renewable energy, has also reached similar
results. Dunlop [65], reached 155156 results after scanning
the documents by using “energy efficiency” in his summary
or keywords between 1909 and 2018 in Scopus in a similar

study in both recent studies to identify trends and changes in
culture, values, technologies, and governance priorities in the
literature, and examined 104 documents, including historical
studies. It was found that the social science literature on
energy efficiency is significantly underrepresented and
accounted for only 2.6% of the total energy efficiency
literature. Based on this perspective, the importance of
information and awareness stands out to strengthen energy,
especially renewable energy, against fossil fuels and to
increase its preference for individual, organizational, and
public users.

The conceptual network analysis, which is used to reveal
the conceptual structure of the research area, is used to
identify the most important and newest topics in the research
area and the relationships between them. The thematic
analysis carried out in this study shows that energy resources
such as sun, wind, water, hydrogen, biodiesel, and biogas are
handled in the axis of climate change, environment,
performance, and efficiency. It can be said that technological
elements such as energy storage, microgrids, smart grids,
power quality, and energy management create a cluster. At
the same time, it is seen that the topics of economic growth,
energy consumption, technological innovation, urbanization,
and financial development are frequently used together.
When the survey is narrowed down to the social dimension,
it is seen that the topics covered do not differ much. When
the keywords obtained from both scans are mapped with
Word Cloud, the result is not much different from each other.
In both scans, it is seen that the concepts of carbon emission
and economic growth come to the fore. Subjects such as
consumption, foreign direct investments, and optimization
have guided the studies.

With the analyses carried out to reveal the relationship
between the keywords in the research area, the relationship
between the most studied topics in the axis of renewable
energy and its social dimension and the dynamics of change
of the concepts in the field were tried to be revealed. It is
seen that the relationship networks of the words that are
effective in the field are established with the technological,
economic, and environmental dimensions of renewable
energy. However, it can be said that many aspects of the
social dimension are ignored, and the subject is not examined
with its sociological and psychological dimensions. While
many topics such as energy efficiency and optimization,
technical factors that stand out in the selection of renewable
energy sources, and economic incentives are discussed in the
literature, social dimensions such as consumer intentions,
attitudes, and behaviors, increasing awareness of renewable
energy and trust in this environmentally friendly energy are
too much to be reflected in the mapping studies. appeared to
be underappreciated. Although it is determined that the
concepts of consumption and consumer are discussed in the
study, it is seen that consumer attitudes, intentions, and
behaviours are examined so little that they do not reflect on
the results of the analysis. Again, although there are few
studies in the literature on the social acceptance of renewable
energy sources in Turkey, no findings were found in the
mapping study. With these aspects, it is considered that it
would be beneficial to expand future studies to include these
issues.
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7.
8. Conclusion

The application of RE technologies can offer a variety of
positive socio-economic effects at both national and local
levels, such as securing and diversifying energy supply,
reducing  external  dependency, increasing  regional
development, and employment, and raising the standard of
living by promoting a healthy environment. Investments in
renewable energy resources, which aim to use natural resources
efficiently to help reduce global warming, are increasing day
by day. To reduce the amount of carbon dioxide released into
the atmosphere as a greenhouse gas, studies are continuing to
increase the performance and efficiency of renewable energy
sources. Turkey also takes steps to support its economic
growth with environmentally friendly renewable energy
sources and implements policies in this direction. The low rate
of consumer adoption of renewable energy sources can be seen
as an obstacle to these efforts. Although the issue of renewable
energy is a subject that is frequently examined by the academic
community, it has been revealed by the research findings that
the social dimension of the issue is handled at a low rate, and
these studies are carried out within the framework of increasing
the efficiency of renewable energy resources and ensuring
optimization in the context of economic development and
financial development. While determining the political
measures to be implemented to increase the use of renewable
energy by society, it is important to underline the importance
of the issue in terms of a sustainable environment, to
emphasize its social benefits, and to increase the level of
awareness on this issue, as well as providing economic
incentives for the use of renewable energy. In this context,
starting an awareness movement in this direction in education
programs at all levels will be an important step to be taken
today in terms of leaving a liveable environment to the next
generations.
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