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ABSTRACT

In recent years, innovative solutions offered by nanotechnology for the preservation and restoration of
historic wooden structures have become the focus of scientific research and international cooperation.
This development is of great importance for the preservation of cultural heritage and its transmission to
future generations. Nanotechnology, revolutionizing materials science and engineering, provides
innovative solutions in many sectors, and these solutions are finding increasing application in the field of
preserving historical structures. In this study, a comprehensive bibliometric analysis of international
scientific studies has been conducted, addressing the use of nanotechnology in historic wooden
structures and their surroundings. By examining key criteria such as the development of studies over
time, international cooperation networks, most cited publications, scientific publications, authors,
number of publications, locations and years, and identifying prominent research themes, the study aimed
to gain a deeper understanding of nanotechnology’s role in preserving historic wooden structures. In
conclusion, the bibliometric analysis presented in this study will provide strategic guidance for future
research, allowing for a broader perspective in evaluating the potential effects of nanotechnology on
historical structures.

Keywords: Bibliometric Analysis, Historic Wooden Structures, Nanotechnology, VOSviewer.

Tarihi Ahsap Yapilar ve Cevresinde Nanoteknolojinin Kullanimi Uzerine
Uluslararasi Calismalarin Bibliyometrik Analizi

OZET

Son yillarda, tarihi ahsap yapilarin korunmasi ve restorasyonu konusunda nanoteknolojinin sundugu
yenilik¢i ¢oziimler, bilimsel aragtirmalarin ve uluslararasi is birliginin odak noktasi haline gelmistir. Bu
gelisme, kiiltiirel mirasin korunmasi ve gelecek nesillere aktarilmasi agisindan biiyiik 6nem tasimaktadir.
Nanoteknoloji, malzeme bilimi ve miihendislik alaninda devrim yaratarak bir¢ok sektdérde yenilikei
¢ozliimler sunmakta, bu ¢éziimler tarihi yapilarin korunmasi alaninda da giderek daha fazla uygulama
alani bulmaktadir. Calismada, tarihi ahsap yapilar ve cevresinde nanoteknolojinin kullanimi ele alinarak
uluslararasi bilimsel calismalarin kapsaml bir bibliyometrik analizi yapilmistir. Calismalarin zaman
icerisindeki gelisimi, tilkeler arasi is birligi aglari, en ¢ok atif alan yayinlar, bilimsel yayinlar, yazarlar,
yayin sayilari, yerleri ve yillar1 gibi temel olciitleri incelenerek ve O6ne c¢ikan arastirma temalar:
belirlenerek nanoteknolojinin tarihi ahsap yapilarin korunmasindaki roliiniin daha derinlemesine
anlasilmasi hedeflenmistir. Sonug¢ olarak, bu calismanin sundugu bibliyometrik analiz, gelecekteki



Diizce University Journal of Technical Sciences, 2 (2), (2024), 1-13.

arastirmalar icin stratejik yonlendirmeler saglayarak nanoteknolojinin tarihi yapilar iizerindeki
potansiyel etkilerinin daha genis bir perspektiften degerlendirilmesine olanak taniyacaktir.

Anahtar Kelimeler: Bibliyometrik Analiz, Nanoteknoloji, Tarihi Ahsap Yapilar, VOSviewer.

I. INTRODUCTION

Wood, due to its natural structure, has a complex structure at the micro and nano scale. This structure
consists of natural nanotubes or nanofibrils. This characteristic makes wood an ideal material for
nanotechnology applications. Nanotechnology offers unique opportunities to improve the usability and
structural performance of wood materials. This technology allows for precise control of the bonding and
interlocking processes of fibers at the micro scale. Additionally, it enables the development of innovative
features such as the creation of different nanofiber connections. As a result, the mechanical properties,
durability, and functionality of wood materials can be significantly enhanced.

Applications of nanomaterials in wood are leading to revolutionary developments in the wood
industry. For example, self-cleaning wood surfaces have begun to be created using nanocatalysts. These
innovative surfaces increase the aesthetic value and lifespan of wood while reducing maintenance needs.
In addition, early detection of problems such as decay, mold formation, and termite infestation in wooden
structures has become possible through nanosensors. These developments provide significant
advantages in the protection and maintenance of wooden structures. Thanks to nanomaterials, wood
materials are becoming much more functional, which expands the areas of use for wood (Niroumand,
Zain and Jamil, 2013).

Nanomaterials play a critical role in addressing the natural limitations of wood and wood-based
composites. These materials can be applied in a wide range of ways to enhance various properties of
wood. For example, nano-sized protectors that provide resistance against fire hazards can significantly
increase the fire-retardant properties of wood. Nanominerals that enhance biological resistance
strengthen wood's durability against insect and fungal attacks. When integrated into wood, nanoparticles
increase the material's resistance to water and moisture, resulting in structures that are longer-lasting
and require less maintenance. These developments allow wood to go beyond its traditional uses and
become a preferred material even in more challenging environmental conditions (Verma and Yadav,
2021).

In the literature, there is a very limited number of studies on the combined use of nanotechnology in
and around wooden structures. This situation indicates that the field in question has not yet been
sufficiently explored and offers potential research opportunities. In this study, the current state of this
field will be examined and evaluated in detail using the bibliometric analysis method. This evaluation will
help identify gaps, trends, and future research directions in the field.

Bibliometric analysis is a method that provides researchers with access to accurate, reliable, and
comprehensive information through data mining and classification techniques, alongside rapid
advancements and developments in information technologies (Zeren and Kaya, 2020). This method offers
valuable and multifaceted findings on scientific communication by deeply analyzing various
characteristics of academic studies. These characteristics include many parameters such as the subject of
studies, publication year, institutional affiliations, keywords, number of authors, citations received, co-
citations, collaborations between authors, and publication languages (Cicek and Kozak, 2012). This
allows for obtaining a holistic perspective on the historical development, current state, and potential
future trends of a research field.

Comprehensive and reliable academic databases such as Web of Science, Scopus, and Science Direct
enable the effective acquisition of rich and detailed data necessary for bibliometric analyses (Kurutkan
and Orhan, 2018). These databases contain millions of academic publications and are continuously
updated. Thus, researchers can access the most current and relevant information.

Bibliometrics is defined as the examination of scientific studies through numerical analysis and
statistics (Al, Sezen and Soydal, 2019). The bibliometric analysis method is widely used to reveal the
current state and trends of research conducted in various fields. This method provides a quantitative
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approach for identifying, evaluating, and monitoring publications (Zupic and Cater, 2015). Bibliometric
analysis includes qualitative and quantitative methods used to assess the impact of individual
researchers, research groups, countries, institutions, or journals (Krauskopf, 2018). It provides
researchers with the opportunity to explore the literature, identify the most influential studies, and guide
their work, while also revealing factors such as how many articles a study has produced and its impact
on subsequent research. These methods allow researchers to collaborate and share ideas by basing their
findings on the bibliographic data of other scientists (Zupic and Cater, 2015). The bibliometric analysis
method is used for performance analysis and science mapping. While performance analysis evaluates the
research of individuals and institutions, science mapping reveals the structure and dynamics of a field.
Bibliometric studies can be conducted with three different focuses: focusing on a narrow research
question, dynamic analysis according to time intervals, and structural focus. While structural focus
examines the relationships between institutions, authors, and publications, science mapping analyzes the
connections between disciplines, fields, and articles through classification and visualization (Durieux and
Gevenois, 2010).

Citation analysis may fall short in determining connections between academics while evaluating the
impact of publications (Zupic and Cater, 2015). This analysis measures the impact of an article by
examining how much it influences other articles, its citation frequency, and patterns (Al, Sezen and
Soydal, 2019; Zan, 2013). Bibliographic coupling, on the other hand, measures similarity by using the
number of references shared by two documents, increasing the strength of the connection between two
articles as their bibliographic overlap increases (Al, Sezen and Soydal, 2019; Zan, 2013; Durieux and
Gevenois, 2010).

Raw data is typically collected from databases such as Web of Science (WOS), Scopus, or Dimension
for the application of bibliometric methods. In this study, the WOS Core Collection, used as the primary
source, is a large and high-quality database containing more than 20,000 peer-reviewed journals, books,
and articles worldwide from over 250 scientific, social sciences, and humanities disciplines. This database
serves as a highly valuable and comprehensive resource for bibliometric analyses (Kurutkan and Orhan,
2018). The data obtained from these databases is visualized and used in analyses using software
programs such as Citespice, Vivo, Gephi, Histcite, Bibeexcel, Ucinet, Pajek, Vantage Point, Scimat, and
VOSviewer (Seref, and Karagoz, 2019). Table 1 summarizes the types of VOSviewer analyses used in the

study (Table 1).
Table 1. Types of VOSviewer Analysis Used in the Study (Alkiling and Palabiyik, 2023).

Citation Documents

Sources
Authors

Organizations

Countries

Bibliographic coupling Documents

Sources
Authors

Organizations

Countries

VOSviewer is a software used for structuring bibliometric networks. This software typically employs
analysis methods such as citation analysis, co-citation, and bibliographic coupling. In this study, in
addition to these analyses, text mining analysis was also conducted (Burmaoglu, Kidak, Sur and Demir,
2016).

The study is organized in five stages:
o In the first stage, general information and objectives were presented.
e Inthe second stage, the fundamental concepts have been defined.
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e Inthe third stage, the materials and methods used have been explained.

e Inthe fourth stage, the findings were presented.

o In the fifth stage, the findings were discussed, results were evaluated, and recommendations for
the future were made.

II. MATERIAL AND METHOD
The use of nanotechnology in historic wooden structures and their surroundings promises significant
innovation in both preservation and renovation processes. This innovative approach allows for more
effective conservation of cultural heritage by combining traditional restoration techniques with modern
technological advancements. Nanotechnology offers the potential to increase the durability of wooden
structures, slow down deterioration processes, and preserve the characteristic features of the original
material. However, international studies addressing these two fields together are limited, and there are
few bibliometric analyses in the literature that examine this topic in depth. This situation makes it difficult
to systematically evaluate the accumulated knowledge in the field and determine future research
directions.
The main questions of the study are as follows;
e In which countries and regions are such studies concentrated?
e  What topics and themes are prominent in these studies?
e  Which research methods and technological applications are widely used
o  What challenges and opportunities have been identified regarding the use of nanotechnology in
the preservation of historic wooden structures?

The aim of this study is to examine the international academic literature on the integration of historical
wooden structures and nanotechnology using bibliometric analysis method to reveal current trends and
gaps in the literature. This comprehensive analysis aims to systematically evaluate the existing
knowledge in the field, identify research trends, and define potential research areas for future studies.
The study aims to systematically review the scientific literature to understand current developments in
the combination of historical wooden structures and nanotechnology and to contribute to research in this
field.

A. Methods

In the methodology of the study, VOSviewer software was used for bibliometric analysis, which enables
systematic review of scientific literature. The current state in the relevant field was evaluated in detail
using the VOSviewer program, which is frequently preferred for visual representation of data and offers
free access to researchers. VOSviewer is essentially a powerful software that visualizes similarities.
Thanks to this feature, it can effectively reveal relationships between scientific studies, co-authorship
networks, co-occurrence of keywords, and citation patterns. VOSviewer provides great convenience to
researchers and offers in-depth insights, especially in the analysis and visualization of data obtained from
comprehensive academic databases such as Web of Science.

As a result of the search conducted with the selected keywords, it was observed that studies on this
topic were carried out in the Web of Science (WOS) database in 2013, 2017, and 2021. Only 3 studies
were found within these years, indicating that a limited number of research was conducted related to
these keywords during this period. In the bibliometric analysis performed, indicators such as citation
analysis, keyword frequencies, and publication trends were used. This analysis aims to determine the
general trends in the literature of the field and to identify the prominent elements.

A.1. Stages of the Nanotechnology Process for Historic Wooden Structures

The process of using nanotechnology in historic wooden structures consists of three stages: Planning,
implementation, and reporting. In the planning stage, goals for the integration of these two fields are set
and strategies are developed. In the implementation stage, the determined strategies are applied, and the
preservation of historic wooden structures is ensured using nanotechnology. In the reporting stage,
process results are collected, analyzed, and shared with stakeholders. Effective management of these
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stages ensures efficient use of nanotechnology in the preservation of historic wooden structures and
contributes to sustainable preservation solutions.

A.2. Planning Results Phase in the Planning Process of Historical Wooden Structures and Nanotechnology

Bibliometric analysis is a method used for the quantitative examination of scientific literature and
evaluation of relationships (McBurney and Novak, 2002). In this study, works published from 2013 to the
present and included in major bibliographic databases have been examined. Web of Science (WOS) was
chosen as a comprehensive and reliable source for such analyses due to its wide range of disciplines and
high-impact publications (Thomson Reuters, 2017). Other databases were not included in this study
(Donthu et al.,, 2021).

A.3. Execution Phase of Results

The search operations were conducted using relevant keywords for the concepts of "historical wooden
structures" and "nanotechnology". As a result of the literature review, it was observed that bibliometric
analyses regarding the integration of historical wooden structures with nanotechnology are limited in
number. The keyword search results are summarized in Table 2.

Table 2. Search results for keywords on August 8, 2024.

Combination of Words Result

Use of Nanotechnology in Historical Wooden Structures
and Their Surroundings

TITLE-ABS-KEY (Nanotechnology and Historiical
Wooden)

II1. RESULTS AND DISCUSSIONS
In the search conducted in the Web of Science database, the distributions of studies that jointly address
the concepts of "Historical Wooden Structures" and "Nanotechnology" are presented below. These
distributions have been examined according to years, authors, publication subjects, publishing
institutions, countries of publication, and sources. Figure 1 shows the distribution by year of studies in
which the concepts of "Historical Wooden Structures" and "Nanotechnology" are used together, based on
data obtained from the Web of Science database.
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2021

P

2017

_

2013

Figure 1. Distribution of publications by year (2013-2017-2021 from Web of Science).

Figure 1 shows the distribution of studies on "Historical Wooden Structures and Nanotechnology" by
year. The first publication was made in 2013. In 2017 and 2021, with only one publication each, no
significant increase was observed in this field.

As a result of evaluating studies that address historical wooden structures and nanotechnology
concepts together based on the number of publications, a list of authors with the most publications has
been presented. The distribution of publications by authors is given in Figure 2.

GOFFREDO, GIOVANNI BATTISTACESTARI, C.

GHEORGHE, I.

Figure 2. Distribution of publications by authors (Web of Science, 2013,2017,2021).

In the graph in Figure 2, studies that jointly address the concepts of historical wooden structures and
nanotechnology are evaluated according to the number of publications. The graph lists authors, each of
whom has one publication, accounting for 33% of the total. In three articles published in 2017, 2013, and
2021, various researchers conducted significant studies on nanotechnology and biodeterioration.
Goffredo et al. (2017) examined the protective effectiveness of photocatalytic nanocoatings applied to
wooden surfaces against fungi such as Aspergillus niger. Cestari and colleagues (2013) investigated the
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reinforcement capacity of carbon nanocomposites to enhance the durability of ancient wooden joints.
Gheorghe and team (2021) evaluated the effect of MgB2 powders against fungal biological deterioration,
developing new nanotechnology-based methods for protecting cultural heritage structures. These
studies emphasize the importance of nanotechnology in both preserving cultural heritage and combating
biological deterioration.

Data obtained from indexes scanned in the Web of Science database are ranked according to the
research areas of studies that use the concepts of "Historical Wooden Structures and Nanotechnology"
together. Figure 3 shows the distribution of publications using these concepts together based on subject
matter. The results show that studies in this field were limited to only one publication each in the years
2013,2017 and 2021. There has been no significant increase outside of these years. Although the number
of studies is limited, these three publications were carried out with the participation of many different
authors. According to the analyses conducted, the publication topics have spread across various scientific
fields. 33 % of the publications belong to the fields of Archaeology, Art, Analytical Chemistry,
Multidisciplinary Geosciences, and Mechanics. The field with the most publications is Materials Science
(Multidisciplinary) with two publications (67%). Additionally, one publication related to Spectroscopy is
also included at a rate of 33%. This distribution reveals that the relevant studies are published across a
wide range of disciplines and are present in various scientific fields.

» Archaeology » Art

* Chemistry Analytical Geosciences Multidisciplinary
* Matenals Science Multidisciplinary = Mechanics

= Spectroscopy

Figure 3. Distribution of publications by subject (Web of Science, 2012-2024).

Figure 4 presents the distribution of publications that jointly address the concepts of "Historical
Wooden Structures and Nanotechnology" according to the publishing institutions, based on data obtained
from indexes scanned in the Web of Science database. In the ranking of institutions associated with the
publications, the Department of Applied Science and Technology and the Department of Architecture and
Design at Politecnico di Torino are equally positioned with one publication each. The Department of Life
and Environmental Sciences and the Faculty of Sciences at Politecnico University of Marche are also
included in the ranking with one publication each. Additionally, the Research Institute, Faculty of Biology,
and Faculty of History at the University of Bucharest have each contributed to this field with one
publication. This distribution reflects the scientific studies of various academic and research institutions
related to the subject. The studies conducted at these three institutions have investigated the protective
potential of nanotechnology on historical wooden structures and its effectiveness against biological
deterioration. The Department of Applied Science and Technology and the Department of Architecture
and Design at Politecnico di Torino focused on increasing structural durability by examining the role of
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carbon nanocomposites in strengthening old wooden connections (Cestari et al., 2013). The Department
of Life and Environmental Sciences at Politecnico University of Marche studied the effectiveness of
photocatalytic nanocoatings against fungal-induced biological deterioration on wooden surfaces
(Goffredo et al., 2017). Researchers from the Research Institute, Faculty of Biology, and Faculty of History
at the University of Bucharest evaluated the potential use of MgB2 powders in protecting cultural heritage
structures against biological deterioration caused by fungi (Gheorghe et al., 2021). These institutions
have made significant contributions to developing innovative solutions for the preservation of cultural
heritage using nanotechnology.

1,2
1 1 1 1 1 1 1
1
0,
0,
0,
0,
0

Polytechnic Of Polytechnic Of Polytechnic  Polytechnic Research  University Of University Of

(o]

()]

H

N

Turin Turin University Of University Of Institute Of  Bucharest Bucharest
Department Department Marche The Marche The University Faculty Of Faculty Of
Of Applied of Department  Faculty Of Of Bucharest Biology History

Science And Architecture Of Life And Sciences
Technology  And Design Environmental
Sciences

Figure 4. Distribution of publications by institutions (Web of Science, 2012-2024).

Figure 5 shows the two countries with the highest number of publications on Historical Wooden
Structures and Nanotechnology. According to the data, the majority of studies come from Italy 2 studies,
67%. Romania ranks second with 1 study 33%. This distribution reflects the scientific contributions and
concentrations of countries conducting research in the relevant field.

m ITALY
= ROMANIA

Figure 5. Distribution of publications by country of publication (Web of Science, 2013-2017-2021).
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Figure 6 shows the distribution of publishers in publications on Historical Wooden Structures and
Nanotechnology. Elsevier, Frontiers Media SA, and Springer Nature publishers are equally represented.
Each accounts for 33% of total publications. This indicates that these three publishers make a significant
contribution to the relevant topics and constitute a large portion of academic publications in this field.

Springer Nature

o
o
N
o
=
=]
(=3}
o
oo
[y

12

Figure 6. Distribution of publications by publishers (Web of Science, 2013, 2017, 2021)

This distribution reflects the diversity and frequency of contributions made by publishers to the
academic field over a specific period. This variation among publishers provides an important indicator
for understanding research on a particular subject or scientific discipline and evaluating the impact of
publishers in academic literature. This data helps in assessing publishers' contributions to the subject
and their roles within the scientific community.

A. Visualization of Studies on "Historical Wooden Structures” and "Nanotechnology" in the Web of Science
Database Using the Vosviewer Mapping Technique

Within the scope of the Bibliometric Analysis on international studies regarding the combined use of
historical wooden structures and nanotechnology, it is aimed to examine the studies in the Web of Science
database and visualize these studies using the VOSviewer mapping technique. This technique visually
presents the trends and connections in scientific literature by analyzing the distribution of research on
the subject by years, the most published authors, fields of study, and countries. This method helps us
better understand the place of studies that address nanotechnology and historical wooden structures
together in the literature. Using the VOSviewer program, the relationships between 34 authors who have
worked on Historical Wooden Structures and Nanotechnology are visualized in Figure 7 and Figure 8.
This analysis covers not only the three identified studies but also authors from different studies based on
a broader literature review. In this analysis conducted using the VOSviewer program, criteria such as an
author having at least two studies and these studies receiving at least two citations were used. The works
of 24 authors meeting these criteria were evaluated, and 276 connections were identified. On the map,
all authors are visualized within a single network, with the sizes of the representative circles determined
according to the number of publications. Additionally, authors involved in the same projects are shown
in the same color, while the lines between authors represent their mutual relationships. Therefore, the
34 authors are part of a broader collaboration network that encompasses not only the three identified
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studies but also different works. This has allowed for the analysis of research intensity in the field and
collaboration among authors from a wider perspective.
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Figure 7. Bibliometric network analysis of research on historical wooden structures and nanotechnology based on author
distribution.

Figure 8. Bibliometric network analysis of research on historical wooden structures and nanotechnology based on author
distribution.
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The map has been created based on the criteria of an author having at least 2 works and receiving a
minimum of 2 citations for their works. In this analysis, the works of 24 authors have been evaluated and
276 connections have been identified among them. The map displays all authors in a single network, as 1
cluster. The sizes of the circles are determined according to the number of publications by the authors.
While the circles of authors working on the same projects are shown in the same color, the lines between
them represent their mutual relationships.

In the analysis conducted using VOSviewer, a visualization was created considering 6 out of 16
keywords used in the topics of "Historical Wooden Structures and Nanotechnology". In this analysis, a
total of 15 connections were identified among the selected 6 keywords (items). These keywords are
grouped into a single cluster, indicating that they are highly related to each other. The number of
connections within the cluster reveals the frequency of co-occurrence of these terms and the strength of
their relationships. As a result, this visualization clearly presents which keywords the research in the field
of historical wooden structures and nanotechnology is concentrated around and how these terms are
interconnected. Figure 9 shows the co-occurrence network of keywords generated with the help of
VOSviewer software.

antifungalieapability

aspergillus-niger

titaniuqadioxide

wood prigservation

nanametals

woodernj@rtefacts

Figure 9. Bibliometric network analysis based on the distribution of keywords in research on historical wooden structures and
nanotechnology.

The lack of a sufficient number of countries in this research depends on a specific minimum dataset for
the validity and generalizability of research results in bibliometric analyses. Especially in international
studies, it is important to have at least three different countries on a particular topic. This ensures the
diversity and comparability of data from different geographical regions and scientific communities.

When an insufficient number of countries are represented, the data may be specific to a particular
region or country and may not accurately reflect global trends. Therefore, it is critical to include at least
three countries in the analysis to maintain the validity of the results in a broader scientific context. This
diversity is also important for understanding how the study is received in different scientific cultures and
research environments.

Figure 5 shows the two countries with the most publications on historical wooden structures and
nanotechnology. According to the data, most of the studies come from Italy (2 studies, 67%), while
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Romania ranks second with 1 study (33%). However, as mentioned earlier, at least three different
countries should be included in such analyses.

This situation is important in terms of being able to address studies from a broader perspective in a
global context and compare scientific contributions from different geographical regions. Although this
analysis, which includes two countries, reflects the trends in the existing literature, it demonstrates that
more countries need to be included for a more comprehensive global understanding. This is a critical
necessity to understand how the subject is addressed at an international level and how it resonates in
different scientific communities.

IV. CONCLUSIONS

In this study, a comprehensive bibliometric analysis of international scientific studies has been
conducted, focusing on the use of nanotechnology in and around historical wooden structures.
International research on historical wooden structures and nanotechnology has been examined using
bibliometric analysis methods, with data obtained from the Web of Science database and visualized
through VOSviewer software. The bibliometric analyses show that most of the relevant studies come from
only a few countries, which does not provide a broad perspective in a global context. The analyses
emphasize that the representation of at least three countries is a significant shortcoming. It has been
observed that Italy has the highest number of publications with two studies, while Romania has one. This
situation reveals the need for a wider geographical coverage to fully reflect global trends and
international collaborations.

The bibliometric and VOSviewer analysis conducted in this study yielded three main conclusions.
Firstly, it was determined that the number of publications on Historical Wooden Structures and
Nanotechnology is limited, with only one publication each in 2013, 2017, and 2021. This situation
indicates that research in this field has not yet been explored in sufficient depth and presents a significant
research gap for future studies. Secondly, it was observed that the analyzed keywords are highly
correlated and clustered within a single group. This reveals that certain concepts and terminology are
tightly linked among studies in this field, suggesting that researchers can conduct more effective and
comprehensive studies using these keywords. Thirdly, the fact that a large portion of the research has
been limited to specific countries, with Italy and Romania having the highest number of publications,
emphasizes the importance of international collaboration and multidisciplinary approaches. This finding
suggests that future studies require more collaboration among researchers from different geographical
regions and that increasing knowledge sharing in this field could accelerate developments in Historical
Wooden Structures and Nanotechnology. These results provide a guiding framework for future research
and demonstrate that this field needs more attention from both academic and practical perspectives.

In the future, research in the fields of Historic Wooden Structures and Nanotechnology can be further
deepened in light of the fundamental references provided by current studies. The present analysis
indicates that strong connections between key words will promote interdisciplinary interaction and
allow for the enrichment of this field. In particular, the integration of these two areas may increase the
applicability of nanotechnological innovations in the processes of preservation and restoration of historic
structures. Therefore, future studies can provide significant contributions at both academic and practical
levels, paving the way for the development of new methods for the sustainability and preservation of
historic structures. In this context, researching this topic not only contributes to academic literature but
also carries the potential to develop concrete applications for the preservation of cultural heritage.

In conclusion, it has been determined that research on historical wooden structures and
nanotechnology needs to be expanded. This expansion aims to develop a more comprehensive
understanding in the global scientific context and to increase the diversity of data from different
geographical regions by including more countries and various international collaborations. This
approach is critical both for improving research quality and for better representation of the global
scientific community. To increase the generalizability of study results and make them more meaningful
in an international context, participation of more countries in such research should be encouraged.
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ABSTRACT

In this study, Matlab/Simulink software was used to create a smart irrigation system that utilizes the
electricity produced by photovoltaic cells. The system setup will be carried out considering that the farm
needs 90,000 liters of water during its periodic irrigation period. The designed irrigation system will be
installed in the rural area of Mosul, Iraq. According to our calculations, a submersible pump compatible
with a 1400 W power BLDC model and capable of a 200 m water lifting height is sufficient. It has been
observed that using a smart irrigation system is more efficient and economical compared to traditional
irrigation systems. Approximately 36% savings were achieved from the design of the 1400 W power
BLDC model submersible pump and about 67% savings from the design of the photovoltaic array. Due to
its location, Iraq is one of the countries with high annual solar radiation values. We believe that using
smart irrigation system models in regions with high electricity energy needs but low coverage rates will
contribute positively to national economies.

Keywords: BLDC Motor, DC-DC Boost Converter, MPPT Technique, PV array, Smart Irrigation, Water Flow.

Irak-Musul Bolgesinde PV sistem Destekli Akill1 Sulama Sisteminin Modellenmesi

OZET

Bu calismada, fotovoltaik hiicrelerin trettigi elektrigi kullanan akilli bir sulama sistemi olusturmak icin
Matlab/Simulink programi kullanilmistir. Ciftligin periyodik sulama déneminde 90.000 litre su ihtiyaci
oldugu diisiiniilerek sistem kurulumu gerceklestirilecektir. Tasarimi1 gerceklestirilecek olan sulama
sistemi Irak’in Musul kirsal kesiminde kurulumu gergeklestirilecektir. Yapmis oldugumuz hesaplamalara
gore 1400 W gliciinde BLDC model fotovoltaik sisteme uyumlu, 200 m su basma ytiksekligine sahip dalgi¢
pompa yeterli olmaktadir. Akilli sulama sistemi kullanilmasinin geleneksel sulama sistemlerine gore
daha verimli ve ekonomik oldugu gozlemlenmistir. 1400 W giiciinde BLDC model dalgic pompa
tasarimindan yaklasik %36, fotovoltaik dizi tasarimindan %67°lik bir tasarruf saglanmistir. Irak, konumu
geregi yillik glines 1s1nim degeri yiiksel olan tlkelerden biridir. Biz bu ¢alismamizda elektrik enerji
ihtiyaci fazla olan fakat ihtiyaci karsilama orani diisiik olan boélgeler i¢in akilli sulama sistem modelinin
kullanilmasinin iilke ekonomilerine katki saglayacagini diisiiniiyoruz.

Anahtar Kelimeler: Akilli sulama, BLDC Motor, DA-DA Déndistiirticti, MPPT teknigi, PV dizi, Sulama.
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I. INTRODUCTION

This study aims to develop an intelligent irrigation system that utilizes a photovoltaic power system
to extract power efficiently. The proposed PV system comprises a pumping system, a tank, a Photovoltaic
Array (PV array), a sensing system, and a DC-to-DC converter with an incremental conductance MPPT
control algorithm.

The primary objective of this study is to create a sustainable irrigation system using solar power
instead of diesel-powered pumps. This approach will eliminate fuel costs and reduce the carbon
emissions these engines produce.

A secondary objective is to manage groundwater withdrawal and consumption more effectively.
Irregular and inefficient drainage depletes groundwater resources and can damage wheat plants by over-
saturating them, even though they require a specific amount of water. Thus, controlling drainage
practices will enhance and improve agricultural production.

Solar-powered irrigation systems ought to emphasize efficiency, optimizing the use of the solar energy
provided by the panels. PVsyst result was used to get optimal results, followed by Matlab to verify these
outcomes.

II. MATERIAL AND METHOD

A. Irrigation System Description

The irrigation system consists of PV array MPPT (Maximum Power Point Tracking) boost converter,
two DC pumps (one for pumping water from the well to the tank and the other one for pumping water
from the tank to the farm), tank, piping net, solenoid valves, sprinklers and control system (solar radiation
sensor, moisture sensors, water level sensors for water level of the well and the tank and controller) as
shown in Figure 1

~——Tank Irrigation Moisture Sprinklers Farm
Irrigation Pump sensor lines
solenoid valve

Water
level
sensors

\ Circuit
breakers

'V array

Well water
Pump

Figure 1. Intelligent irrigation system.

B. Theoretical Calculations of the System

The size of the irrigation system is primarily determined by the monthly energy output of the PV system
and the daily water requirements. The monthly energy output of a 1 kWp PV system at the Al-Ayadiya
location is shown in Figure 2 (Europa, 2024).
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Figure 2 The monthly energy output

Using the Peak Sun Hour (PSH) principle in conjunction with a simple deterministic algorithm, one can
quickly determine the size of a PV system. In such cases, the PSH value from the Global Sun Map can be
used, as this approach is effective in locations where daily solar radiation data is unavailable. PSH
represents the number of hours a day when the average solar energy is 1,000 W/m?. As shown in Table
1. (Al Riza et al.,, 2024;Markvart and Castafier, 2003; Al Riza, 2011; Sen, 2008), the Peak Sun Hour (PSH)
is calculated by dividing the monthly average irradiation by the number of days.

Table 1 Irradiation and Peak Sun Hours

Month Jan. Feb. | Mar. | Apr. | May | June | July Aug. | Sep. | Oct. | Nov. | Dec.
Trradiati
rgl,lfngn 113.75 | 127.96 | 167.85 | 178.46 | 202.04 | 217.23 | 228.01 | 225.43 | 211.22| 173.06 | 139.54| 11.15
PSH 367 | 447 | 541 | 595 | 652 | 724 | 736 | 727 | 7.04 | 585 | 465 | 3.74
Average PSH 5.0325

The average depth of wells in the area ranges from 30 to 50 meters; therefore, the deepest well was
used for this study. A 10-acre wheat farm requires 90,000 liters of water per irrigation period, which
occurs six times a month, based on data gathered from farmers. The average water requirement of the
crop is calculated as follows:

Monthly water requirement

= 18 m3/day @8]

Daily water requipment =
month days

Equation (2) is used to calculate the flow rate in cubic meters per hour (m3/h) based on the PSH and
daily water needs.

Daily water requirement __ 18
PSH "~ 50325

=3.576 (2)

Flow rate =

Since the system is intended to operate during the winter and spring, the tilt angle in Mosul is typically
selected to be between 14 and 60 degrees. The plane tilt was adjusted to 55 degrees, which corresponds
to minimal loss concerning the optimal angle (Hassan et al.,, 2021; Ali, 2018; Morad et al., 2018).

For the solar PV water pumping system, the following calculations are part of the theoretical analysis:
hydraulic power, PV array sizing, motor sizing, and system efficiency.

a. Hydraulic power requirement

Equation (3) is used to determine the system'’s hydraulic power requirements (Sharma et al., 2020):

p.9.Q.H
3.6x100%7

Py (kW) = 3)
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where

Water density = 1000 kg/m?,

g: Acceleration due to gravity (9.81 m/s?),
Q: Water discharge = 3.576 (m®/h)

H: Head =50 m

n: Pump efficiency

Py (kW) =1.2Kw

b. Sizing of Motor

The pump is driven by a DC motor. The motor’s power consumption is determined by the efficiency of
the pump (Sharma et al., 2020; Yahyaoui et al., 2015):

. Hydraulic power required by pum
Power required by motor = 4 L 1 Y pump 4
Efficecny of motor

Power required by motor= 1.5 kW

c. Sizing of PV Array

The size of the PV array is determined by the power requirements of the system. The system’s efficiency
affects the overall power requirements (Sen, 2008):

Power required by motor (5)
Efficiency of the system

Total power required from PV array =

Total power required from PV array = 1.666 kW

d. System Sizing Calculation

Number of modules required in the PV array:

Power output required from PV arra
The total no. of modules = et Y

Power rating of the unit module (6)
Total no.of modules = 2.38 =~ 2 Modules

C. 4.Matlab/Simulink Modeling

As shown in Figure 3, the solar PV irrigation system consists of a PV array, an MPPT-DC converter,
energy storage, and a control system.

Discrete
S5e-05s.

E
=

Measurments  Control2

gin+ Out+ B

— . Pumping unit

Variable Irradiance P+

PV array unit in- out-m

Boost converter MPPT unit

Irrigation unit
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Figure 3. Grid-connected PV power plant

The PV array consists of two 700 Wp Risen modules (Riseenergy, 2024), which are configured as a 2x1
array. These two modules are connected in series to form a 1.4 kW PV array. Additionally, the system
includes a 1.4 kW permanent magnet DC motor (BLCD), a 1.4 kW MPPT-DC converter with an incremental
conductance MPPT technique (Grundfos, 2024), and a smart control system.

a. PV Array Specifications

The PV array has a Maximum Power Point (MPP) voltage of 83.56 V and an MPP current of 16.77 A at
Standard Test Conditions (STC). These values represent the input voltage and current for the MPPT-DC
converter, based on the electrical data of the module and the pump requirements.

b. MPPT Modeling

The control technique employed in this solar power system is the incremental conductance MPPT
(Maximum Power Point Tracking) method, implemented using Matlab code. This control approach
adjusts and monitors the operating point to maximize power output from the PV array. The Matlab
function utilized in this approach optimizes PV power production by continuously tracking the maximum
power point.

The incremental conductance MPPT control method is detailed in Figure 4, which shows the simulation
model. In this model, the PV current and voltage serve as the input signals, while the PWM triggering
signal is the output.

+
o | eEm
‘ Vref - D

Inc

Delay1

Matlab Function

Figure 4. Incremental conductance MPPT control model

c. MPPT-DC Converter

An incremental conductance boost converter is used to achieve a fixed output voltage at maximum
power. The Incremental Conductance (IC) MPPT approach was applied to this end. The simulation model
of the boost converter is illustrated in Figure 5.

{2 000 &
In+ Out+
PWM >
l a
o o
P Cout
Cin _| ol
u

Boost converter unit

Figure 5. Boost converter model
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The parameters of the boost (Sen, 2008);

The parameters of the boost converter were calculated as follows (Hasaneen and Mohammed, 2008;
Shaikh et al., 2023; Rashid, 2017):

P=700x2=1400W.

The input voltage is the PV array at maximum power point

Vin=41.77x2=83.56V.

The switching frequency was 5000 Hz.

The motor nominal voltage which is the boost converter output voltage is 170 V.

Vout=170V.

The maximum output current is the maximum motor current which is calculated as follows;

=L =82354 )

Vout

I

outmax

The maximum current ripple is calculated as follows;

Al, =0.01x I x 2t = 0167 A (8)

outmax Vin
The maximum voltage ripple is calculated as follows;
AVyye = 0.01xVy, = L7V )

The Inductor value is calculated as follows;

L = Yoo Vin) _ 5q (10)

Al xFsxVoyt
The Capacitor value is calculated as follows;

V.
1 x
out max Xy -

c = = 493 uH (11)

Fs x AVpyut

The duty cycle is calculated as follows;

Duty cycle = Yextlin — 59 (12)

Vout

d. Pump Modeling

A 1.4 KW permanent magnet DC motor (BLCD), which serves as the pump, is connected to the boost
converter via a circuit breaker. The input torque of the motor has been calibrated based on the nominal
head and flow rate. As shown in Figure 6, the smart irrigation system control manages the circuit breaker
to connect or disconnect the pump as needed.
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Pumping unit

a)

Irrigation unit

b)
Figure 6. a) Pumping unit & b) Irrigation unit
D. Operation Strategy

The operation strategy is determined by four parameters: radiation level, soil moisture content, water
level in the tank, and water level in the well. The flowchart in Figure 7 illustrates this process. The
controller will activate the irrigation pump when radiation is available, the soil moisture level is below
the minimum threshold, and the water level in the tank is above the minimum threshold. Additionally, if
the water level in the well is above the minimum threshold, the controller will turn on the pumping pump.
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Figure 7 Matlab/Simulink control circuit.

The flowchart of the system is shown in Figure 8

PV power > Min.
Threshold

Soil moisture > Min.
threshold

Yes

Start Tank level >Min.
irrigation level

Well level >Min.
Level

Yes

Start
pumping

Figure 8. Operation strategy flowchart
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II1. RESULTS AND DISCUSSIONS

A. Matlab/Simulink Simulation

The 1.4 kWp nominal capacity PV array designed using PVsyst software consists of two 700 W solar
panels, an incremental conductance MPPT DC-DC converter, and two permanent magnet DC motors—
one for pumping water from the well to the tank and the other for pumping water from the tank to the
farm. The two panels are connected in series to form a 2x1 array, as depicted by the PVsyst system, and
this configuration serves as the basis for the MATLAB design.

As shown in Figure 9, various radiation and temperature levels were used to cover all possible climatic
scenarios.

Radiation
I

1000

800

600

Radiation W/m?

400

200

Temperature
f

Temperature C.
o g
I I
| |

| | | | |
0 10 20 30 40 50 60
Time Sec

Figure 9. Different Irradiances and Temperature Levels

The chart displays a range of temperatures from -5 to 55 degrees Celsius and irradiance levels from
200 to 1000 W/m?,

PV Voltage
f f f —

Voltage V.

PV Power
I | I

PV Power kW

Boost Output Voltage
I | [

Voltage V.

I I I |
30 40 50 60
Time Sec.

Figure 10. System voltages and power.

The graphic demonstrates that while voltage and power increase with rising radiation levels, voltage
decreases due to the effect of increasing temperatures.

The process of pumping water from the well to the tank or from the tank to the farm depends on the
availability of PV power, soil moisture, and the water levels in the tank and well. To test the system's
operation, these parameters were simulated. The priority is irrigation. If PV power is available and the
tank level is above the minimum level, the irrigation pump will start. If not, the pumping pump will start
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if PV power is available, the well level is above the minimum level, and the tank level is below the
maximum level.

The following conditions were replicated:

e PV power is zero, no pumping and no irrigation.

e PV power > minimum threshold, moisture < minimum level, well level is normal and
tank < minimum level, start pumping and no irrigation.

e PV power > minimum threshold, moisture < minimum threshold, well level is normal
and tank is full, no pumping and start irrigation.

e PV power > minimum threshold, moisture < minimum threshold, well level is under
minimum level and tank is normal, no pumping and start irrigation.

e PV power > minimum threshold, moisture > minimum threshold, well level is normal
and tank < minimum level, start pumping and no irrigation.

e PV power > minimum threshold, moisture > minimum threshold, well level <
minimum level and tank is full, no pumping and no irrigation.

e PV power > minimum threshold, moisture > minimum threshold, well level is normal
and tank level is normal, start pumping and no irrigation.

e PV power > minimum threshold, moisture > minimum threshold, well level is normal
and tank is full, no pumping and no irrigation.

Figure 11 shows the system control signals for the system parameters.
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1000 [

800 -

600 -

Radiation W/m?
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| | |

Moisture % Tank level %

Level %
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1 1 1 1 L
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Figure 11. PV System control signals.
The system was operated according to the control signals. As illustrated in Figure 12, when the

moisture level falls below the minimum threshold and the water level in the tank is above the minimum

level, irrigation takes precedence. If the water level in the well is above the minimum level, the pump will
run to fill the water tank.

22



Diizce University Journal of Technical Sciences, 2 (2), 2024, 14-25.

Irrigation Pump Speed
2000 T T

1500 [— T —

1000 [— 1 —

Speed RPM

o
=3
1=

1

Well Pump Speed
2000 — ‘ T =

1500 [— | | i

Speed RPM
o 2
g 28
8 8
T

o

| i | | |
20 30 40 50 60
Time Sec.

o
=)

Figure 12. System operation.

The operation of the irrigation pump is illustrated in the figure above. When the radiation level was
higher than zero, the motor's speed increased in accordance with the radiation level. The irrigation pump
continued to operate until the moisture level reached its maximum value at eighteen seconds. At this
point, the irrigation pump stopped, and the well pump began transferring water from the well to the tank.
The well pump ceased operation when the moisture level fell below the minimum threshold at forty-two
seconds, and the irrigation pump restarted.

IV. CONCLUSIONS

The simulation performance of the proposed smart irrigation system demonstrates that the
theoretical calculations and Matlab/Simulink results align reasonably well. Farmers, especially those in
the agriculture sector, will ultimately benefit from the implementation of this system. By monitoring soil
and weather conditions on the farm, this method provides an alternative means of controlling
overwatering and underwatering issues during the irrigation process.

However, due to the occurrence of rainfall during the rainy season, the smart irrigation system cannot
prevent overwatering on its own. To address this, the soil moisture level should be continuously
measured to adjust the irrigation schedule accordingly. High soil moisture levels can inhibit the irrigation
mechanism, thereby preventing unnecessary irrigation.

Overall, the smart irrigation system can significantly conserve resources such as money, labor, and
water usage by automating the irrigation process with an effective schedule. It is expected that this
system will substantially transform the agriculture sector. For future work, incorporating a weather
forecasting system could help predict the onset of the rainy season and further optimize irrigation
management.
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OZET

Glnlumizde niifus artisi ve teknolojik gelismeler enerji tiiketimini artirmistir. Tiiketim oranini korumak
icin yeterli miktarlarda iiretilemeyen, yenilenemeyen veya yeniden kullanilamayan dogal kaynaklarin
miktari genellikle sabittir ve doganin yenilenme yeteneginden ¢ok daha hizli tiikenir. Bu sinirli kaynaklar
diinyadaki tilkelerin ekonomisini, politikasin1 ve gevresini etkilemektedir. Bu baglamda yenilenebilir
enerji, fosil yakitlara ve niikleer enerjiye giiclii bir alternatif olup ekonomik, politik ve ¢evresel sorunlari
en aza indirme potansiyeline sahiptir. Riizgar ve glines enerjisi gibi yenilenebilir enerji kaynaklari cevre
dostu olmalari ve siirdiiriilebilir enerji tiretimine katki saglamalar1 nedeniyle 6nemlidir. Son yillarda
degisen talep yiikleri ve artan gii¢ sistemi karmasiklhigi gibi faktérler nedeniyle yiiksek giiclii enerji
santrallerinin kurulumu hiz kazanmistir. Ancak bu yiiksek giiclii enerji kaynaklarinin dagitim sebekesine
entegre edilmesi bazi zorluklari da beraberinde getiriyor. Bu makalede, esnek bir alternatif akim (AA)
iletim sistemine sahip bir dagitim sebekesindeki riizgar ve gilines enerjisi santrallerinin sebeke
entegrasyonu Digsilent yazilimi kullanilarak incelenmistir.

Anahtar Kelimeler: Analiz, Dagitim Sebekesi, Enerji Santralleri, Yiik Akist.

Investigation of Electrical Power System Solutions with Flexible Alternating
Current Transmission System for Grid Integration of Wind and Solar Power Plants
with Digsilent

ABSTRACT

Today, population growth and technological development are driving up energy consumption. Natural
resources that cannot be produced at a level commensurate with the rate of consumption, cannot be
regenerated or reused are usually limited and are consumed much faster than nature can renew them.
Due to their limited nature, these resources have economic, political and environmental impacts on
countries. In this context, renewable energy is a powerful alternative to fossil fuels and nuclear energy
and offers great potential to minimize economic, political and environmental problems. Renewable
energy sources such as wind and solar are essential due to their environmental benefits and their
contribution to sustainable energy production. In recent years, power systems have become increasingly
complex due to the constant fluctuations in demand, accelerating the construction of large-capacity
power plants. However, the integration of these high-capacity energy sources into distribution networks
presents several challenges. This paper will provide an evaluation of the integration of wind and solar
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power plants into electrical distribution networks, using flexible alternating current (AC) transmission
systems (FACTS) within the Digsilent software.

Keywords: Analysis, Distribution Grid, Energy Plants, FACTS Devices, Load Flow.

. Giris

Teknolojinin ve insan popiilasyonunun hizli artisiyla enerjiye, 6zellikle de elektrik enerjisine olan
ihtiya¢ siirekli olarak artmaktadir. Fosil yakitlarin enerji iiretiminde kullanilmasi ve bu yakitlarin
azalmasi sebebiyle yeni enerji kaynaklar1 arayisina baslanmistir. Strdiiriilebilir olmayan yakitlarin
yeniden kullanim firsatinin bulunmamasi ve tiiketim talebini karsilayamamasi, yeni enerji kaynaklarina
yonelimi artirmistir. Bu arayis, dogaya zarar vermeyen, iiretim kirliligi ve sera gazi emisyonlarina neden
olmayan, gelecekte 6nemli rol oynayacak yenilenebilir enerji kaynaklarina yonelmistir.

Yenilenebilir enerji kaynaklari arasinda giines ve riizgar enerjisi 6ne ¢ikmaktadir. Tiirkiye’de bulunan
glines enerji santrallerinin toplam kurulu giicii 8.335 MW'dir. 2021 yilinda bu santraller araciliiyla
13.294.280.970 kWh elektrik tiretilmistir (https://www.enerjiatlasi.com/gunes/). Siirdiiriilebilirlik ve
karbon azaltimi agisindan ¢evre dostu olmalari, istenilen alanlarda kurulabilmeleri ve 6zellikle ¢atilara
yerlestirilebilmeleri nedeniyle gelecekte en 6nemli enerji kaynaklari arasinda yer almaktadir. Anh yiik
veya riizgar profili igcin bugiine kadar gerceklestirilen optimizasyon c¢alismalari, giin gectikce gelisen ve
biiyliyen elektrik sebekeleri icin gelecekte gerekli olan performansi karsilamayacaktir. Bundan dolayi, bu
etkilerin incelenmesi i¢in gerekli olan optimizasyon yontemlerinin saptanmasi giincel bir arastirma
konusudur (Ersavas, 2013).

Ik zamanlarda kiigiik giiclerde imal edilen riizgar santralleri, miistakil yapilarin enerji ihtiyacin
karsilamak i¢in kullaniliyordu. Ancak artan ntifus ve gii¢ sistemlerinin karmasik hale gelmesi, talep edilen
yiikiin siirekli degismesi gibi nedenlerle, biiylik kapasiteli riizgar enerji santrallerinin iiretimi biiyiik
onem kazanmistir (D6soglu, 2010). Diinyada riizgar enerjisi ile elektrik liretimi yapan 100'den fazla iilke
bulunmaktadir. Riizgar enerjisi kurulu giicii agisindan en ytiksek kapasiteli iilkeler arasinda Cin, Amerika
Birlesik Devletleri ve Almanya uzun zamandir ilk {i¢ sirada yer almaktadir. Tiirkiye ise rizgar enerji
santrali kurulu giicii bakimindan Avrupa’da 7. ve diinyada 13. sirada bulunmaktadir.

Haziran 2022 sonu itibariyla, riizgar enerji santrallerindeki tretimin kurulu giic ve toplam gii¢
arasindaki oran incelendiginde, riizgar enerjisine dayali elektrik tiretiminin kurulu giicliniin 10.976 MW
oldugu ve bu giiciin toplam kurulu giice oranimin %10,81 oldugu belirlenmistir (Tiirkiye Elektrik Uretim
ve [letim Anonim Sirketi (TEIAS)2022/2021 Istatistikleri).

Diinyanin hemen hemen tiim iilkelerinde giines enerjisi ile az ya da ¢ok elektrik tiretimi yapilmaktadir.
Sebeke baglantili sistemlerin iilkelere dagilimina bakildiginda, Cin 78 GW'yi asan kurulu giici ile lider
konumdadir. Tirkiye, glines enerji santrali kurulu giicii bakimindan 14. siradadir (Enerji Atlasi, 2024.
https://www.enerjiatlasi.com/ruzgar/).

Tiirkiye Giines Enerjisi Potansiyeli Atlasi'na (GEPA) gore, ortalama yillik toplam giineslenme siiresi
2.7 saat olup, ortalama y1llik toplam 1s1nim degeri 1.527,46 kWh/m? olarak hesaplanmistir. Haziran 2022
itibariyla glines enerjisi kurulu giicimiiz 8.479 MW olup, toplam kurulu giice oram %8,35’tir. Tiirkiye
Riizgar Enerjisi Potansiyeli Atlas1 (REPA-V1) tarafindan 2006 yilinda yapilan arastirma sonucunda,
kilometrekare basina 5 MW giiciinde riizgar santralinin tesis edilebilecegi kabul edilmistir. Bu arastirma
dogrultusunda, Tirkiye'de 47.849,44 MW kapasitede riizgar enerji santralleri kurulabilecegi
ongorilmistiir.
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Sekil 2. Yillara Gore RES Kurulu Gii¢ Degisikligi Sekil 3. Yillara Gore GES Kurulu Gii¢ Degisikligi

Sekil 1, Sekil 2, Sekil 3’te belirtilen verilerde TEIAS raporuna gére, riizgar ve giines enerji
santrallerinin sayisinda ve buna bagh olarak elektrik iiretiminde bir artis oldugu gériilmektedir. Ancak,
giines ve riizgar santrallerinin kullaniminin artmasi, gii¢ sistemlerinde bazi problemleri de beraberinde
getirmistir. Elektrik enerjisinin tiiketicilere daha kaliteli, kesintisiz ve diisiik maliyetle sunulmasi énem
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arz etmektedir. Elektrik enerjisinin iiretiminden son tiiketiciye kadar ulasirken, sabit sebeke frekansinda,
sinlizoidal bi¢imli dalga seklinde ve belirgin bir gerilim seviyesinde olmasi istenmektedir. Ancak, bu ideal
kosullar gercekte tam olarak saglanamamaktadir (Tabak ve Yal¢in, 2004).

Enerji kalitesi kavrami, dagitim sisteminden ¢ekilen akimdaki dalga sekli bozukluklarini ve dagitim
sisteminin frekansi ile geriliminde olusabilecek degisimleri incelemek icin kullanilmaktadir (Ozdemir,
2007). Eneriji kalitesinin bilinen temel sorunlarindan biri, gerilim/akim dalga seklindeki sapmalardir. Bu
sapmalar, ideal siniis diizleminden uzaklasmayi ifade eder (Tekin ve ark., 2016).

Gug Kkalitesi, enerji sistemlerinden ¢ekilen akim ve gerilim dalga seklindeki sintizoidal 6zelliklerin
korunmasini ifade eder. Dagitim sistemlerinde frekans degeri 50 Hz olarak kabul edilmektedir ve bu
frekans degeri, giic kalitesinin bir parcasi olarak kabul edilmelidir (Gencer, 2018). Dagitim sisteminde
talep edilen giic ile sistemden tiiketiciler tarafindan ¢ekilen gii¢ arasinda bir esitsizlik oldugunda, dagitim
sistemlerinde arizalar, kesintiler, tiretim yogunlugunun artmasi ve ani akim degisiklikleri nedeniyle
gerilim dengesizlikleri meydana gelebilir (Yesilbudak ve ark., 2016).

Glg kalitesi, belirli standartlara uygun olarak besleme gerilimini korumay1 amaclar. Ancak, ideal
durumda saglanan gerilimin her zaman sabit bir biiytikliikte ve frekansta miikemmel bir siniis dalgasi
olmasi ve sonraki akimin bu gerilimi takip etmesi nadiren miimkiindiir. Bu tiir bozukluklar gii¢ kalitesini
disiirebilir. Giig kalitesi problemlerinin bazi yaygin tiirleri kisaca ele alinmistir (Bayraktar, 2021):

e Gerilim Gegisleri: Kisa stireli ve yiiksek gerilim dalgalanmalaridir. Transformatorler ve
motorlar gibi cihazlar i¢in zararh olabilir (Edvard, 2014).

e Gerilim Diismeleri ve Yiikselmeleri: Ani gerilim diistisleri ve artislaridir. Bu durumlar sistem
arizalari veya agir yiik degisiklikleri ile iliskilendirilebilir ve elektronik ekipmani etkileyebilir
(Edvard, 2014).

e Diisiik ve Asinn Gerilimler: Uzun siireli diisiik veya ytlksek gerilimlerdir. Asir1 yiiklenmis
devreler veya sebeke beslemesi bu sorunlara yol acabilir ve ciddi hasarlara neden olabilir
(Edvard, 2014).

e Kesintiler: Birka¢ milisaniyeden birkag saate kadar siirebilen tam gii¢ kaybidir. Hava kosullari
veya ekipman arizalar1 gibi nedenlerden kaynaklanabilir ve isletmeleri dnemli ol¢lide
etkileyebilir (Edvard, 2014).

Asenkron makinalar yapilarinin basit, kontrollerinin kolay ve maliyetlerinin diisiik olmasi sebebiyle
riizgar tiirbinlerinde siklikla tercih edilmektedir (Wu ve ark., 2007). Asenkron motor kullanim ile
birlikte, gli¢ sistemlerinde aktif giic, reaktif giic, empedans ve gerilim kontroliiniin saglanabilmesi i¢in gii¢
elektronigi tabanl Esnek AA iletim Sistemleri (FACTS) kullaniminda hiz kazandirilmistir.

Riizgar enerji santrallerinden (RES) elde edilen giiclerdeki belirsizlikler ve kullanilan asenkron
makinalarin kararsiz ¢alisma durumlarimi diizenlemek ve kontrol etmek igin FACT cihazlari
kullanilmaktadir (Kumar ve Gokulakrishnan, 2011). Bu cihazlar hakkinda, gerilim profilinin
diizenlenmesi ve reaktif glic kompanzasyonu gibi konularda pek ¢ok ¢alisma yapilmistir (Kehrli ve Ross,
2003; Qiao ve ark., 2008).

FACTS cihazlarinin iki ana amaci vardir:

e iletim sistemlerinin gii¢ transfer kapasitesini artirmak
e  Tanimlanan iletim rotalari tizerinde gii¢ akisinin kontroliinii saglamak

Glg¢ sistemlerinin karmasik dogasi, siirekli degisen talepler ve ¢esitli dis etkenler nedeniyle kararlilik
problemi biiylik énem tasir. Kararlilik, rotor agisi, frekans ve gerilim olmak tlizere ii¢ ana kategoride
incelenir. Gerilim kararlhiligy, gii¢ sistemlerindeki herhangi bir bozucu etkiye maruz kalindiginda, tiim
baralarin kabul edilebilir bir gerilim seviyesinde kalabilmesi olarak tanimlanmir. Kararliligi etkileyen
faktorler arasinda transformatoér kademe degisimi, jenerator arizalari, asir1 yiiklenme ve hat kopmalari
gibi cesitli durumlar yer alir. Ayrica, gerilim kararlilifl uzun ve kisa dénem olarak da siniflandirilmistir.
Bu siniflama, ¢6ziim stratejilerinin belirlenmesini kolaylastirir ve gii¢ sistemlerinin karmasik yapisini
anlamak icin 6nemli bir aragtir (Uzun, 2022).

Amacimiz, sistem iizerindeki giic akisinin gercek zamanli ve uygun kontrolii yoluyla sistem
kararhhgini korumaktir. ikinci amag ise belirlenen hat iizerinde akim kontrolii yaparak gii¢ akisini
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istenilen iletim koridorlarina yénlendirmektir. Birincil gii¢ akisy, sistem arizalar1 durumunda sistemden
talep edilen tiim giicii iletmek icin hizh bir sekilde kullanilabilir; bu amagla ikinci bir giizergah tespit
edilerek degistirilebilir. Bu amaglarin verimli sekilde gerceklestirilmesi, iletim sistemlerinin kullanimini
artiracak, mevcut hatlarda yipranmay1 minimuma indirecek ve yeni iletim hatlari i¢in gereksinimleri
azaltarak ozellestirmeyi kolaylastiracaktir (Vural, 2001). Gii¢ elektronigi teknolojisindeki gelismeler,
FACTS cihazlarinin ilgi odagi olmasina zemin hazirlamistir. Bu cihazlar, gerilim regiilasyonu, iletim
kapasitesi ve gii¢ akis kontrolii artirmi gibi kontrol sorunlarinin c¢éziimlenmesi amaciyla
kullanilmaktadir. Gii¢ sistemlerinde meydana gelen dalgalanmalarin soniimlenmesi ve sistemlerin
kararliligini artirmada FACTS cihazlarinin kullanimi incelenmistir (Abido, 2008).

FACTS cihazlarinin konfiglirasyonu sént ve seri olarak kategorize edilebilir. Gii¢ akisi kontrolii
geleneksel olarak jenerator ¢ikislarina ve gerilim diizenlemesine dayanir. Geleneksel ag calismalarinda,
faz kaydirma ve tap degistirme transformatorleri, reaktif giic kompanzasyonu yaparak gerilim
biiytkligini ve faz agilarini degistirerek giic akisini diizenler. Seri reaktorler ve kapasitorler, iletim
hatlarinin elektriksel parametrelerini degistirerek gii¢ akisini degistirebilir. Ayrica, gii¢c aktarimini asir1
yliklemeden maksimum yiikleme kosullarinda seri kapasitif kompanzasyon kullanimi avantajhidir (Acha
ve ark., 2004). Operasyonel agidan, SVC (Static Var Compensator), gerilim biiytikliigiinii diizenlemek icin
reaktif giicli ayarlayan bir sont bagl degisken reaktans olarak hareket eder. AA aglarinda, SVC genis
Olctide hizl reaktif gii¢c destegi ve gerilim diizenlemesi i¢in kullanilir (Becerik Mir, 2022).

Elektrik enerjisi iletimi ve son kullanicilarin karsilastig1 en biiyiik problem olan harmonikler, sebeke
glc Kkalitesinin bozulmasina neden olurlar. Cesitli FACTS cihazlar1 ve kontrolorler, giic kalitesi
sorunlarinin iyilestirilmesinde ve azaltilmasinda énemli bir rol oynamistir (Darabian ve Jalilvand, 2017).
Son yillarda, verimli enerji kullanimi, arz-talep kontrolii, gerilim salinim dengeleme, gii¢ kalitesi
iyilestirme, giic faktorii diizeltmesi ve harmonik bozulma azaltma konularinda FACTS teknolojisi
kontroldrlerinin kullanimi artmistir (Barrios-Martinez ve Angeles-Camacho, 2017).

Bu calismada, TEIAS'tan ¢ikan gercek bir fider kullanilarak bu ve bu fiderin besledigi ilgili dagitim
sebekesi lizerinde birden fazla tiiketim ve iiretim tesisinin (gilines enerji santralleri ve riizgar enerji
santralleri) dagitim sebekesine entegrasyonu ve anlik olarak gerilim/akim dalga seklinin bozulmasina
neden olan anlik yiiklerin DIgSILENT POWER FACTORY kullanilarak FACTS cihazlar ile yiik akis
analizlerinin takip edilmesi amac¢lanmistir. Ger¢cek zamanli ve gercek verilerle sebeke DIgSILENT POWER
FACTORY’de modellenecek ve sistemin anlik ylik durumlarinda kararlilig1 incelenecektir.

II. MATERYAL METOT

Yapilacak ¢alismada, sistemde asir1 ylik ve zaman dilimlerinde siirekli degisen yiik miktarlarinin giig
kalitesini etkileyebilecegi g6z oniine alinacaktir. Sisteme giren yiiklerin ve iiretim tesislerinin enerji
kalitesinde degisiklikler yaratacagi, dagitim sisteminden ¢ekilen asir1 akimin gerilim degisimlerine ve
sebeke frekansinin dalga seklindeki bozulmalara neden olacag1 dngoériilmektedir. Bu tiir degisikliklerin
en kisa siirede kararli hale getirilmesi, dagitim tesisinin ekonomik 6émriinii uzatmakta ve tiiketicilere
kesintisiz ve Kkaliteli enerji sunulmasini saglamaktadir. Sistemin eski haline hizli bir sekilde déonmesi
saglanmalidir; yani sistem kararlili1 kisa siirede gerceklesmelidir. Gerilim kararliligini saglamak, gii¢
sistemlerini glivenli ve istikrarli sinirlar iginde calistirmak ve elektrik enerjisi arzini kaliteli, kesintisiz ve
yeterli bir sekilde saglamak i¢in gii¢ sistemlerinin planlama ve isletme asamalarinda yiiklenebilirlik, arz-
talep dengesi, gii¢ akis1 ve kararlilik gibi faktorler dikkatlice incelenmeli ve analizler dogru bir sekilde
yapilmaldir. Gerekli énlemler alinmahdir (isin, 2022).

FACTS cihazlary, iletim hatlarinin reaktif giic kompanzasyonunu reaktor veya kapasitor gruplarina
ihtiyac duymadan, anahtarlamali konvertor devreleri kullanarak reaktif gii¢ liretebilir ve tiiketebilirler.
Modern kompanzasyon yontemleri sayesinde FACTS cihazlarinin, kisa siirede tepki verip, her fazin ayri
ayri1 kontrol edilebilmesi, dengesiz yiikleri kompanzasyonunda bu cihazlarin kullanimini olduk¢a 6nemli
kilmaktadir (Carlak ve Kayar, 2019). Literatiirde yapilan benzetim c¢alismalari, sistemde farkh
zamanlarda degisken yiiklerin girmesiyle FACTS cihazlarinin yiik barasindaki reaktif giic, gerilim ve aktif
glic degerlerini minimum stlirede kararli hale getirdigini gostermektedir. Reaktif ve aktif ylik degerlerinin

30



Diizce Universitesi Teknik Bilimler Dergisi, 2 (2), 2024, 26-46

artis ve azalisinin yol agtif1 salinimlar, FACTS cihazlarinin kullanimi ile ortadan kaldirilmistir. Bu durum,
sistemin daha giivenli bir sekilde calismasini saglamistir (Désoglu, 2010).

Sistem tasariminda SVC (Static Var Compensator) kontroloérleri kullanilacaktir. Bu kontrolérler,
gerilim gibi gii¢ sistemi parametrelerini kontrol etmek i¢in gii¢ sisteminin kararlilik durumuna goére
reaktif gii¢ lireten veya tiiketen FACTS cihazlar ailesinin bir parc¢asidir. Temel amaci, sisteme hizl, etkili,
hassas ve kontrol edilebilir siirekli reaktif gii¢ iiretmek veya tiiketmektir. SVC kontroldrleri yiiksek tepki
siiresine sahip, genis bir aralikta ¢alisan, giivenli ve operasyonel esnekligi olan cihazlardir (Gyugyi, 2000).
iletim sistemi sinirlamalan su karakteristikleri icerebilir: siirekli durum gii¢ transfer limiti, gerilim
kararlilik limiti, dinamik kararlilik, isletme gerilim limiti, gecici kararlilik limiti, gii¢ sistemi dalgalanma
soniimleme limiti, termal limit ve kisa devre akim limiti. Her bir iletim engeli ve bolgesel kisitlama, bir
veya daha fazla sistem seviyesinde probleme yol agabilir (Acha ve ark., 2004). Gii¢ sisteminin
karakteristikleri, yiik biiyiidiikce ve Uretim arttikca zamanla degisir. Enerji iletim sebekesi sistem
iyilestirmeleri yeterli sekilde gelistirilip isletilmezse, gii¢ sistemi siirekli durum ve gegici durum
problemlerine karsi kararhlik sinirlar1 daralir (Habur ve O’Leary, 2004).

SVC kontrolorleri, biiytlik endiistriyel tesislerde reaktif giice olan talep yiiksek oldugunda, dinamik gii¢
faktorii diizeltmesi igin kullanilir. SVC kontroloérleri, tesisin gli¢ faktoriinii artirir, tesis girisindeki gerilim
dalgalanmalarini en aza indirir ve isletme maliyetlerini azaltir. Gerilim kontrolii ve sistem stabilitesinin
artirilmasi icin SVC kontrolérleri gii¢ sistemlerinde kullanilmaktadir.

Modelleme ¢alismasi, Digsilent yazilimi kullanilarak yapilacaktir. Bu yazilim, tek bir program ile pilot
TM lizerinde bulunan tim dagitim sebekesinin fonksiyonlarinin gercek zamanl similasyonunu
yuriitmeyi miimkiin kilacaktir. DigSilent programy, iletim, dagitim ve endiistriyel elektrik sistemlerinin
analizi i¢in kullanilan ve elektrik gii¢ sistemi planlamasinda ve isletilmesinde optimizasyon hedeflerine
ulasmak icin gelistirilmis entegre bir mithendislik aracidir (Samancioglu, 2014).

Bu program ile:

1.  Gii¢ Akis Analizi
Uretim Yeterliligi Analizi
Optimal Gii¢ Akis Analizi
Model Parametre Tanimlama
Gli¢ Sistemlerinin Dinamik Simiilasyonu
Harmonik Analizi
Dagitim Sebekesi Analizi

® NN

Riizgar ve Glines Santrallerinin Modellenmesi
9.  Sistem Kararlilik Analizi (FACTS Cihazlari ile)

Belirtilen hususlar ti¢ farkli durum igin kontrol edilecek ve grafikler olusturularak analizler
yapilacaktir. Sistemin modellemesi tamamen kullanicinin tercihine kalmakla birlikte, model i¢inde
kullanilan veriler tamamen sahadan alinan degerlerdir. Gerilim kararlilii, FACTS cihazlarinin maliyeti ve
glic kayiplari1 matematiksel olarak modellenmistir (Singh ve ark, 2010). Literatiirde yapilan
modellemeler 6rnek alinarak, modelleme siirecinde tercih edilen giines santrali ve riizgar santrali
degerleri belirlenen periyot araliginda enerji analizoriinden alinacak ve sistemde aktif olan yiikler 0SOS
ile maksimum yiikiin oldugu zaman diliminde incelenecektir.

Cografi bilgi sisteminden alinan veriler DigSilent’'a islenmis olup, lretim tesislerinin maksimum
liretim periyotlari, anlik yiiklerin devreye giris ¢ikis siireleri ve anlik giic durumlar1 OSOS iizerinden
alinarak TM bara gerilimleri, fider gerilim profilleri ve en yiiklii fidere baglanacak FACTS cihazi ile gerilim
degerlerindeki degisiklikler tespit edilecektir.
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A. Digsilent Power Factory [le Mevcut Sebekenin Modellemesi

Program tlizerinde veriler, ¢izim ve istenilen bilgiler kullanici tarafindan girilerek diizenlenir. Bu
programda, pilot TM iizerinde lretim santralleri ve tiiketim noktalar1 cografi bilgi sistemi iizerinden

alinarak sebeke modellemesi yapilmistir. Modelleme siirecinde kullanilan yiikler ve degerler, gercek
veriler olup, bu veriler OSOS araciligiyla sistemden ¢ekilmistir.

Bl Hesaplama Disinda
Bl Enerjisiz

Sekil 4. Cografi Bilgi Sisteminden Alinan Pilot TM Sebeke Modellemesi

Sekil 4’te belirtilen sistemin ¢alistig1 durumu Sekil 4.1'de gorebilirsiniz. Bu sekil, yiik akis analizinin
baslatildig1 sistemin gorilntiisiinii gostermektedir. Gerilimler ve yiiklenmeler, alt aralik, list aralik ve
yuklenme aralif1 dikkate alinarak renk kodlamasi ile belirtilmistir.

Gerilimler / Y Uklenmeler

Geriim ait b

Sekil 4.1 Pilot TM'nin Yiik Akis Analizinin Calistirilmis Hali

Sebeke yonetiminde karsilasilan temel zorluklarin basinda gii¢ sistemlerindeki yiik belirsizlikleri
gelmektedir. Bu nedenle, yiik akis analizlerine yiik modellerinin dahil edilmesi ¢ok biiyliik 6nem arz
etmektedir (Haghifam ve Malik, 2007). Yapilan analizler, ¢ikis fiderlerinin tamaminda 0,9 p.u. gerilim
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disiisii yasandigin1 gostermektedir. Adalara giden fider cikislarinda, maden ocaklariin yogunlugu
gerilim dusiislerinin ana nedeni olarak belirlenmistir. Hesaplamalar, kis aylari dikkate alinarak iiretimin
ve tiiketimin minimum oldugu zaman dilimlerine gore yapilmistir.

Sekil 4.2°de, pilot TM’ye ait ytik akis analizinin ¢alistirilmasiyla fider cikislarindaki bara gerilimleri ve
gerilim dusiislerinin p.u. degerleri gosterilmistir.

ot
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Sekil 4.2 Pilot TM igerisideki Fiderlerin Gerilim Degerleri

Gii¢ sistemlerinin analizi, program sayesinde yiik akisi1 hesaplar1 yapilarak kararl sistem kosullari
altinda incelenmektedir. Dagitim sebekesinin mevcut isletme durumu ve planlama durumu i¢in analizler
gerceklestirilir. Yik akis analizi ¢alistirlldiginda, reaktif ve aktif glic degerleri, hatlarin ve trafolarin
yuklenme durumu, akim degerleri ve mevcut sistemin gerilim degerleri goriintiilenir. Sekil 4.2’de ise tiim
baralar ve ¢ikislarin degerleri, sistemin ¢alisir durumda oldugu haliyle gosterilmistir.

Gerilimin 1 p.u. nominal degerinde olmasi istenmektedir. Ancak, cogu zaman gerilim degeri nominal
degerde tutulamaz. Bu nedenle, fider ¢ikislarindaki 154 kV ve 34,5 kV baralardaki gerilim degerleri Tablo
1'de verilmistir. Bu degerler, sistem limitleri ddhilindedir.

Tablo 1. Pilot TM’deki baralarin gerilim degerleri

Ad umin umax Maksimum Gerilim  Maksimum Gerilim (Faz-Faz) Minimum Gerilim Minimum Gerilim (Faz-Faz)

v v puv  puv KV v KV v o> % v
b — ERDEK TM 0,769 1,000 889 1540 02 03
=~ ERDEK TM_ADALAR 1 0,905 0,922 02 04 02 04
=~ ERDEK TM_ADALAR 2 0,863 0,921 183 318 02 03
-+ ERDEK TM_ADALAR 3 0,769 0,913 18,2 315 02 03
=+ ERDEK TM_BOS 0,000 -1,000 00 00 00 0.0
v ERDEK TM_ERDEK 1 0,875 0914 18,2 315 02 03
=~ ERDEK TM_ERDEK 2 0,899 0,915 18,2 316 02 04
>+ ERDEK TM_KOYLER 1 + ILHANLAR 0,914 0,922 184 318 02 04
—++ ERDEK TM_KOYLER 2 0,906 0,921 184 318 02 04
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Tablo 2. Pilot TM baralarin maksimum yiiklenme durumlari

Ad Maks. Yiklenme umax
v v 9% v pu. v

P =~ ERDEKTM 1594 1,000
=~ ERDEK TM_ADALAR 1 30,0 0922
=~ ERDEK TM_ADALAR 2 89,8 0,921
=~ ERDEK TM_ADALAR 3 101,2 0913
=+ ERDEK TM_BOS 0,0 -1,000
=~ ERDEK TM_ERDEK 1 54,2 0914
=~ ERDEK TM_ERDEK 2 301 0,915
=~ ERDEK TM_KOYLER 1 + ILHANLAR 29,6 0922
=~ ERDEK TM_KOYLER 2 30,0 0,921

Yenilenebilir enerji kaynaklarinin sisteme olan etkisini incelemek amaciyla mevcut sistemde bagh
olan yaklasik 9 adet RES santrali bulunmaktadir. Bu santrallerin statik jeneratorleri ve bunlara bagh
yukler Tablo 3 ve Tablo 4'te belirtilmistir.

Tablo 3. RES’lere ait statik generator giicleri

Ad Klas..  Sebeke Enerji (Aktif Glg) Aktif Glg, Maks.
v v v v MWh v MW v
@~ 1lres TR- ... ERDEKTM 23,0 038
@~ 2res TR- ... ERDEKTM 314 08
@~ 3res TR- ... ERDEKTM 90,6 20
@~ 4res AD.. ERDEKTM 90,6 20
@~ Sres TR- ... ERDEKTM 17,7 07
@ 6ures TR- ... ERDEKTM 30,3 08
@~ Tres RK.. ERDEKTM 29,7 08
@~ 8res TR- ... ERDEKTM 27,2 08
& @~ 9res TR-.. ERDEKTM 28,2 08

Tablo 4. Pilot TM baralara bagh ytik durumlar1

Ad Klas... Sebeke Terminal u, Buydkl... Aktif Gic Reaktif Gig Gorondr G... Gug Faktora
v v v v Bara v pu. ¥ MW Mvar MVA ~ v
b & v 54302782 Load TR- ... ERDEKTM 54302782 LV 0,875 0.8 0.3 09 0928
- 55200116_Load TR-.. ERDEKTM 55200116_LV 0.875 0.6 0.2 07 0928
& v 55200273_Load AD.. ERDEKTM 55200273_LV 0,875 0,6 0.2 07 0928
& v 55222013 Load TR-.. ERDEKTM 552220131V 0,912 0,0 0,0 0,0 0928
& v 57379876 Load MA... ERDEKTM 57379876_LV 0,901 0,0 0,0 0,0 0928
- 57380163 Load MA.. ERDEKTM 57380163 LV 0,899 13 0.5 14 0928
& v 57280300_Load MA... ERDEKTM 57380300_LV 0,899 13 0,5 14 0928

Modellemede mevcut sistemde toplamda 9 adet RES bulunmaktadir. Bu RES’lerin toplam giicii 9,5
MW’dir; bunlardan 7 tanesine yiik bagl olup, 2 tanesinde yiik bulunmamaktadir. Sisteme sonradan dahil
edilecek 4 adet lisanssiz GES i¢in senaryo olusturulmus ve bu GES’lerin toplam giicii 2,9 MW olarak
belirlenmistir. Bu GES’lere yiik baglanmamis ve sadece enerji saglayacak sekilde modellemeye dahil
edilmistir. Modelleme sonrasinda yar1 dinamik simiilasyon zaman bagimli olarak ¢alistirilmis ve ekil
5'teki grafik elde edilmistir.
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[ sebeke Ozeti: Harici Sebekeler [ sebeke Ozeti: Rizgar [ sebeke Ozeti: Dizel [ sebeke Ozeti: Niikleer
[ sebeke Ozeti- Yenilenebilir Uretim "] Sebeke Ozeti- Diger Statik Jenerator [ sebeke Ozeti- Gaz [ sebeke Ozeti- Hidro

Sekil 5. Zamana baglh ¢alistirilan Yar1 Dinamik Simiilasyon Santral Kategorisi Grafigi

sl Maks. = 39,03 MW | |

0 L L I L
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[ sebeke Ozet Depolama Pompasi [ sebeke Ozet Gines [ sebeke Ozeti Yakit Pl [ Sebeke Ozeti- Kémiir
[ gebeke Ozetic Harici Sebekeler [ sebeke Ozeti- Rizgar 0 sebeke Ozeti- Dizel 0 sebeke Ozeti: Niikleer
[ sebeke Ozewr Yenienebiir Uretim | sebeke Ozeti- Difjer Statik Jenerator [ seveke Ozen Gaz @ seveke Ozetr Hidro

2024-01-01 2024-01-02 2024-01-03 2024-01-04 2024-01-05 2024-01-06 2024-01-07 2024-01-0
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00

[ sebeke Ozeti- Tum kategoriler

Sekil 6. Sebeke Ozeti

Sisteme FACTS cihazi baglantis1 yapilmadan dnce sistemden alinan akim, gerilim ve gii¢c degerlerine
iliskin veriler Sekil 7, Sekil 8 ve Sekil 9 da gosterilmistir.
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0 35,86 MW/ 17,4 Mvar

Mvar
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-20

—— ERDEK TM\139769\YG-Tarafi: Aktif Gug

Mvar

-35 -30 -25 -20 -15 -10 E 5 10 15 20 25 30 35 Mw

-35,41 MW / 9,844 Mvar

= ERDEK TM\139769\AG-Tarafi: Aktif Gug

Sekil 9. Aktif-Reaktif Gli¢ Vektor Diyagrami

Modellemede FACTS Cihazi baglanmadan 6nceki durumu toplam dis besleme 865.246 MWh, toplam
tiretim 15.101 MWh toplam yiik = 805.970 MWh toplam kayip = 74.377 MWh olarak hesaplanmistir.

B. Sebeke Modellemesinin Facts Cihazi lle Tasarlanarak Yiik Akis Analizinin Yapilmasi

Bu boéliimde, P-Q barasinda gerilim, aktif gii¢c ve reaktif giic degisimleri Statik Var Kompanzator
kullanilarak DigSilent Power Factory ortaminda modellenerek incelenmistir. SVC, aktif giicii ve gerilimi
kontrol etmek i¢in kullanilan en temel FACTS cihazidir ve gii¢ sisteminde bagh oldugu baradaki gerilim
degerini, reaktif giic degerine gore kontrol edebilme yetenegine sahiptir. Bu nedenle, sisteme baglantisi
yapilmistir (Sundareswaran, 2010).

Bu cihazlarin ¢alisma araligi -14 Mvar ile 14 Mvar arasindadir. Endiiktif karakteristikte calisma
durumunda gii¢ degeri negatif olmaktadir ve reaktif giic cekildigini gostermektedir. Kapasitif
karakteristikte ise gilic degeri pozitiftir ve reaktif giic bastigini géstermektedir. Negatif veya pozitif
degerler, modelleme agisindan kolaylik saglar. Bu ¢alismada, SVC, gii¢ sistemine paralel baglanan ve hizl
bir sekilde kontrol edilebilen ideal bir reaktif glic kompansatorii olarak modellenmistir.

Sisteme paralel olarak baglantisi yapilan SVC sonrasi gerilim degisimleri Sekil 10, Sekil 10.1 ve Sekil
10.2’de gosterilmistir. Sekil 10'da cografi bilgi sistemi lizerindeki modelleme yer almaktadir. Sekil 10.1
ve Sekil 10.2’de ise gerilimler ve gerilim diistimleri p.u. cinsinden etiketlerde belirtilmistir.
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Sekil 10. Pilot TM’ye SVC baglanarak Yiik Akis Analizinin Calistirilmis Hali
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Sekil 10.1. Pilot TM igerisindeki Fiderlerin SVC'den sonrasi Gerilim Degerleri
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Sekil 10.2. Pilot TM igerisideki Fiderlerin SVC’den sonrasi Gerilim Degerleri
Pilot TM modellemesinde gergekte sahada kurulu bulunan riizgar santralleri ve ilave olarak giines
enerji santralleri kullanilmistir. Bu sistemde 9 tane 9,5 MW’lik riizgar santrali, 5 tane 5 MW’lik giines

enerji santrali kullanilmistir. Santraller reaktif giictin belli kismini sebekeden ve kapasitor gruplarindan
karsilamaktadir. Bundan dolay1 sisteme 14 MVAr’lik Statik Var Sistem grubu kullanilmistir.

Tablo 6. Pilot TM’deki baralarin gerilim degerleri

Ad umax umin Maksimum Gerilim  Maksimum Gerilim (Faz-Faz) Minimum Gerilim (Faz-Faz) Minimum Gerilim

v v p.u. v pu. v KV v kv v KV v kv v
P >~ ERDEKTM 1,000 0,858 889 1540 03 0.2
—~ ERDEK TM_ADALAR 1 1,000 0,979 02 04 04 0,2
i~ ERDEK TM_ADALAR 2 0,994 0,941 198 343 04 0,2
—~ ERDEK TM_ADALAR 3 0,987 0,858 19,7 340 03 0,2
i~ ERDEK TM_BOS -1,000 0,000 00 00 0,0 0.0
=~ ERDEK TM_ERDEK 1 0,988 0,952 197 341 0.4 0.2
—~ ERDEK TM_ERDEK 2 0988 0973 19,7 341 04 0.2
>~ ERDEK TM_KOYLER 1 + ILHANLAR 0,995 0,987 198 343 04 0.2
—~ ERDEK TM_KOYLER 2 0,994 0,979 198 343 04 0,2

Tablo 7. Pilot TM baralarin maksimum yiiklenme durumlari

Ad Maks. Yiklenme umax
v v % v p.u. v

b i+ ERDEKTM 100000,0 1,000
-+ ERDEK TM_ADALAR 1 69,0 1,000
-+ ERDEK TM_ADALAR 2 94,3 0,994
—~ ERDEK TM_ADALAR 3 91,3 0,987
-+ ERDEK TM_BOS 0,0 -1,000
-+ ERDEK TM_ERDEK 1 52,2 0,988
-+ ERDEK TM_ERDEK 2 278 0,988
=~ ERDEK TM_KOYLER 1 + ILHANLAR 274 0,995
-~ ERDEK TM_KOYLER 2 325 0,994

Gerilim yerel bir biiytiikliiktiir ve gerilim kontroliine iligskin tedbirler dengesizligin yakininda devreye
sokulmalidir. Ozel cihazlar (generatérler, kapasitorler, reaktérler gibi) ve giic tesisleri reaktif giiciin
kontrol edilmesini saglamaktadir. Gerilim kontroliiniin saglanmasi i¢in sistemdeki bozunumlar sirasinda
sistem icerisinde reaktif rezervler bulunmalidir. Rezervler, bozulmalar sirasinda gii¢ sistemlerinin
gerilim seviyesini istenilen degerdeki kararl hale getirebilmesi i¢cin temel rezerv olarak kullanilmaktadir.
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Farkl gerilim seviyelerinin doniisiimii, kademe degistiricili gii¢ transformatorleri ile ayarlanabilir. Bu da
farkli gerilim seviyeleri arasinda reaktif gii¢ akisini saglar (Samancioglu, 2014).

Bu ¢alismada, ytki modellerken birbirinden bagimsiz rastgele degerler kullanilmistir. Sistemdeki
orijinal yiik degerleri, ortalama yiik degerleri olarak secilmistir. Test sonuglarina gére SVC cihazinin
dogrulugu izlenmistir. Sebekenin asir1 yiiklenme durumlarinda seviye transformatérleri kullanilmadan,
SVC cihaz1 gerilim kontroliini sinirlarn igerisinde saglayabilmektedir. SVC’'nin 1 nolu baraya paralel
baglanmasi ile TM’den gerilim profili alinmistir.
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Sekil 11. Pilot Fider Gerilim Profili

Sekil 12 ve Sekil 13’te SVC baglandiktan sonra Akim-Gerilim ve aktif ve reaktif giic degerindeki
degisimlerin vektor diyagrami gosterilmistir.

35 3 25 2 15 -1 05 05 1 15 2 25 3 35
05
o amas a2 26 kA
——— ERDEK TMM37690YG-Taraft Alm kide ——— ERDEK TV 397690/ G-Tarafi Faz-Toprak Gerilm k\'de
””””” KA J 1768 kA
f
05
- 35 3 25 2 15 1 05 05 1 15 2 25 3 35 4

——— ERDEK TW1397T69\AG-Taraf:: Akim kade ——— ERDEK TW\139769\AG-Tarafi: Faz-Toprak Gerilm Kv'de.

Sekil 12. Akim-Gerilim Vektor Diyagrami

40



Diizce Universitesi Teknik Bilimler Dergisi, 2 (2), 2024, 26-46

Mvar

——— ERDEK TM\130760\YG-Tarah: Aktif Gug

-35 -30 -25 20 15 -10 5 5 10 15 20 25 30 35 MW

ERDEK TM\139768\AG-Taraf Aktif G

Sekil 13. Aktif-Reaktif Gii¢ Vektor Diyagrami

Modellemede FACTS Cihazi1 baglandiktan sonraki durumu Toplam Dis Besleme 852,323 MWh Toplam
Uretim 15.101 MWh Toplam Yiik = 805.970 MWh Toplam Kayip = 61,454 MWh olarak hesaplanmistir.

I1I. SONUCLAR

Olusturulan modellemede, iiretim santrallerinin sebekeye baglanmasi durumunda gerilim bozulmasi
sirasinda sistemde yeterli reaktif rezerv bulunmasi gerekmektedir. Ancak, bu rezervlerin sistemden
cekilmesi ayni zamanda sistem kararliligini da bozmaktadir.

Bilimsel arastirmalar, FACTS cihazlarinin elektrik gii¢ sistemine optimum yerlesiminin karmasik ve
6nemli bir problem oldugunu goéstermistir. Elektrik gii¢ akis denklemleri lineer olmadig igin ¢6ziimler
iteratif yontemlerle yapilmaktadir. FACTS cihazlarinin entegrasyonunda, optimizasyon metotlari ve amag
fonksiyonlari belirlemek zor olabilir. Gii¢ kayiplari, gerilim dalgalanmalar1 ve maliyet gibi faktorler farkh
sonuglara yol agabilir. DigSilent Power Factory programi, FACTS cihazlarinin gii¢ sistemi kontrolini
iyilestirdigini ortaya koymustur. (Agtiero ve ark., 2014).

Yenilenebilir enerji kaynaklariin kullanimini artirmak ve sistem gereksinimlerini karsilamak igin
FACTS cihazlarinin yenilenebilir enerji kaynaklarindan enerji iretiminde daha onemli bir rol
oynamaktadir (Mahela ve ark, 2015). Yapilan arastirmalar, FACTS cihazlarinin yenilenebilir enerji
sistemlerinde ve akilli sebekelerde etkili oldugunu, bu cihazlarin enerji liretimini artirdigin1 ve giig
sistemlerinde daha fazla giivenilirlik sagladigini géstermistir. (Crow, 2004; Suresh ve Sreejith 2017).
Ayrica, dagitik iiretim ve degisken arz-talep durumlar i¢gin yapilan dinamik ytik akis analizleri, FACTS
cihazlarmin gerilim ve gii¢ faktori kararliligi iizerindeki olumlu etkilerini ortaya koymustur.(Sadaiappan
ve ark,, 2010).

Kalair ve ark., (2017) tarafindan degisken arz talep durumlari ve dagitik iiretim durumlari i¢in giin igi
dinamik ytik akis analizi yapilmis, degisken arz ve talep durumlari, giic parametre degerlerinin saatlik
degisimleri hesaplanmis ve incelenmistir. Sonu¢ olarak iiretim siireksizligi gosteren generatorlerden
olusan dagitik liretimin, gerilim ve gii¢ faktorii kararlilig izerindeki etkileri degisen arz ve talepleri
lizerine analiz edilmistir (Kalair ve ark., 2017).

Gerilimleri degisken olan trafo merkezleri ve bara sistemlerine yonelik optimizasyon teknikleri
kullanilarak baglanti noktalari belirlenmis ve FACTS cihazlar1 baglanarak sistemin gii¢ hesaplamalari, yiik
akisi analizi ve gerilim disiimii kontrolleri gergeklestirilmistir. FACTS kontrolérlerinden SVC kontrolord,
paralel baglandigi icin ek bir sanal baraya ihtiya¢ duyulmamistir.

Calismada, mevcut sebekede yiiklerin yogun oldugu bolgelerde tiretim santrallerinin devrede olmasi
nispeten sebekedeki ylik yogunlugunu azaltmaktadir. Bu azaltimlarin yaninda sistemde reaktif gii¢ etkisi
olusturarak aktif gliciin akim-gerilim degerlerini degistirmektedir. Modellemede alt ve iist sinir degerleri,
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400 kV gerilim seviyesi i¢cin 1p.u. gerilim alt aralig1 0.95-1.0p.u. ve st gerilim aralig1 1-1.05p.u. olarak
belirlenmis olup, hem enduktif hem de kapasitif karakteristikte ¢alisabilmektedir.

1. Sekil 7 ve Sekil 11’de, TM icerisinde bulunan trafoya ait gerilim profili olusturulmustur. FACTS
cihazi baglandiktan sonra sistem kararliligi artmis ve gerilim diistimleri azalmistir.

2. Sekil 8 ve Sekil 12 karsilastirildiginda, YG tarafinda akim 0,1494 kA/-25,88 kA iken AG tarafinda
0,6667 kA/154,1 KA, gerilim ise YG tarafinda 88,91 kV iken AG tarafinda 18,37 kV/-10,34 kV’dir.
FACTS cihaz1 baglandiktan sonra sistemde akim 0,1325 kA/-3,26 kA iken AG tarafinda 0,5909
kA/176,6 kA, gerilim ise YG tarafinda 88,91 kV iken AG tarafinda 19,82 kV/-9,665 kV'dir.

3. Sekil 9’da, liretim santralleri devrede iken YG tarafinda aktif-rekatif gii¢ 35,86 MW/17,4 MVAr,
AG tarafinda ise -35,91 MW/-9,844 MVAr’dir. Sekil 13’te, FACTS cihazi devreye alindiktan sonra
YG tarafinda aktif-rekatif gii¢ 35,27 MW/2,01 MVAr, AG tarafinda ise -34,91 MW/3,93 MVAr'dir.

4. Sekil 4.1 ile Sekil 10 incelendiginde, FACTS cihaz1 baglantisindan sonra modellemenin 34’iinde
gerilim diislimiiniin azaldig1 ve sistemin gerilim degerlerinin 34,5/36 kV degerlerine yaklastigi
goriilmektedir. Sekil 4.2 ve Sekil 10.1'de baralarda bulunan etiket bilgilerinden gerilimde
iyilesmeler vardir.

5. FACTS cihazlar1 bagh degilken 7 giinliik yiik profili altinda FACTS cihazlar1 bagliyken bulunan
ihlaller karsilastirilmistir. Sekil 4.1'de artan FACTS cihazi sayisi ile sorunlu durumlarda azalma
gorilmiistiir. Eger haftalik yiik belirsizligi modelinde FACTS cihazlar tercih edilmezse, bara
gerilimleri ve hat ihlallerinin sonuglar yiik modeline bagimlidir. Optimizasyonun amaci, uzun
streli yiik degisimlerine gore bara gerilimlerindeki ve hatlardaki gii¢ ihlallerini minimum
seviyeye indirmektir.

Farkli yiik karakteristiklerine sahip bir enerji iletim sisteminde FACTS elemanlarinin gerilim
kararsizligini nasil etkiledigi incelenmistir. S6nt ekipmanlar siirekli devrede iken, en kotii acil durum
senaryosu olarak tiretim barasinin kisa devre durumu ele alinmis ve bu durumda bara gerilimlerinin
ortalama 0.86 p.u. seviyelerine diistiigi, kararl hale gecisin daha uzun siirdiigii gézlemlenmistir. FACTS
cihazlariin devrede oldugu durumlarda ise gerilimlerin 0.95 p.u. isletme limit degerleri icinde tutuldugu
belirlenmistir.

Yapilan analizler, mevcut enerji iletim sisteminde bara gerilimlerinin isletme limit degerlerine yakin
oldugunu ve sistem arizalarinda kritik noktalarda gerilim ¢6kmelerinin yasandigini géstermistir. FACTS
cihazlarinin elektrik gilic sistemlerine entegre edilmesinin, sistemlerin kararliliini ve maksimum
yuklenme araliklarini artirdig1 ve gerilim degerlerini alt ve iist limitler arasinda korudugu ortaya
konulmustur. Sonug olarak, enerji iletim sistemlerinde gerilim kararliliginin saglanmasinda en etkin
yontemlerden birinin sisteme uygun noktalardan FACTS cihazlarinin entegre edilmesi oldugu
vurgulanmistir.

SVC (Statik Var Kompanzatorii) sistemlerinin, dinamik gii¢ sistemlerinde reaktif gii¢c yonetimini nasil
sagladig ve sisteme olan faydalari ele alinmistir. SVC sistemlerinin, anlik ihtiya¢lara bagh olarak hizl bir
sekilde reaktif gii¢c basip ¢ekebildigi, genis bir aralikta ¢alisabildigi, giivenli ve isletme esnekligine sahip
oldugu belirtilmistir. Gergeklestirilen maliyet analizi arastirmalarina gére, modellemesi yapilan pilot
bolgede FACTS cihazlarinin kendilerini yaklasik 6-8 y1l icinde amorti edecegi tespit edilmistir. Ayrica, bu
cihazlarin ilave iletim hatlar1 ve iiretim {initelerinin tesis edilme gereksinimlerini belirli bir siire
oteleyebilecegi sonucuna varilmistir (Degirmenci, 2016).
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IV. TARTISMA

Sekiller ve tablolarda gosterilen degerler, gerilim degeri, yliklenme kapasitesi ve reaktif-aktif giic
degerleri gibi verileri icermektedir. Ornegin, dagitim sisteminin yiizdesel olarak yiiklenme durumu,
FACTS cihaz1 baglanmadan ve baglandiktan sonraki halleri tablolarda goésterilmistir. Bu sonuglar, gii¢
sistemindeki elektrik tiretimi ve tiiketiminin her zaman dengede olmasi gerektigini gostermektedir. Arz
ve talepteki farkliliklar, gii¢c sistemi kararsizligina veya voltaj dalgalanmalarina neden olarak ciddi
arizalara neden olabilir. Beklenmeyen yiik degisiklikleri elektrik kesintilerine neden olabilir. Bir gii¢ hatt1
asir yiiklendiginde bara voltaji diiser veya iletim hatti termal kapasitesine ulasir. Senkron jeneratorlerin
ve kontrol yetenekleri sinirli olan kompanzasyon kaynaklarinin mevcut altyapisinda yiiksek veya diisiik
gerilim durumlari meydana gelebilir. Bu a¢idan bakildiginda, dogru sekilde yerlestirilen FACTS
ekipmanlar1 mevcut gli¢ altyapisinin daha iyi calismasini saglayabilir.

Mevcut sistemde bulunan reaktif giicleri minimalize etmek, hem sebeke kararliligini artirmakta hem
de sistemden beslenen {i¢lincti sahislari gerilim diisiimii gibi bozunmalardan koruyarak enerjinin verimli
olarak tiiketilmesini saglamaktadir. Kurulacak olan iliretim santralinin ve sistemde yiik barasina (P-Q)
baglantis1 yapilacak FACTS cihazinin konumlarinin ytkiin fazla oldugu bélgelere gére ayarlanmasi,
ekonomik ve teknik agidan yapilan degerlendirmelerle birlikte dagitim sistemine yapilan yatirimlarin
yapilabilir ve finanse edilebilir olmasini saglayacaktir. Mevcut dagitim aginda gerilim diisiimii olan
alanlara ilave trafo tesisleri yapmak veya hatlarin kesitini artirmak, sistem kararliligini saglamayacak
olup daha fazla isletme bakim maliyetini artiracak ve mevcut hatlardaki kayiplar1 soniimlemeyecektir.

Elektriksel kayiplarin azaltilmasi, elektrik enerji sistemlerinin verimliligi agisindan oldukga
o6nemlidir. Gii¢ sistemlerinde karsilasilan teknik kayiplarin basinda Harmonik Distorsiyon gelmektedir.
Harmonik Distorsiyon Elektrik akimindaki bozulmalar, sistemde istenmeyen harmonik frekansta
sinyaller olusturur. Bu kayiplar sirasiyla tiiketici ytiklerinin yanlis topraklanmasi, iletim hatlarinin asir
yuklenmesi ve uzunluklari, uzun mesafelerde elektrik enerjisi iletiminde yasanan gerilim diisiisleri ve
kalitesiz veya standart disi ekipman kullanimi, verimliligi olumsuz etkiler. Son olarakta sebekeden
cekilen reaktif gii¢ tiiketimi, gli¢ kayiplarini artirabilir. Bu nedenlerle, bu kayiplar1 minimize etmek,
sistem verimliligini artirmak i¢cin 6nemlidir (Navani ve ark., 2012).

Gerilim diisiimiiniin temel nedenlerinden biri, gli¢ sisteminde yiikiin aktif ve reaktif gii¢ ihtiyacinin
asir1 artmasidir. Bu durum, iletim hatlarinda ve jeneratoérlerde kayiplara yol agar. Gii¢ sistemlerindeki
kayiplar li¢ ana kategoriye ayrilabilir: iiretim, iletim ve dagitim kayiplari. Elektriksel kayiplarin biiyiik
kismi iletim ve dagitim sistemlerinde goriiliir. Uretilen elektrik enerjisinin yaklagik %8'i i¢ kayip ve i¢
tiiketimden kaynaklanmaktadir (Yasar ve ark., 2010).

Gii¢ sistemlerindeki kayiplarin artmasi, enerji iletim hatlarinin kapasitesinin tizerinde ¢alismasina
neden olur ve bu durum, aktif ve reaktif giic kaynaklarinin azalmasina yol acar. iletim hattinin sinirlarinin
asilmasi, diger hatlardaki reaktif gii¢ kaybini artirir ve bu da gii¢ sistemindeki reaktif gii¢ ihtiyacini artirir.
Artan yiikler nedeniyle ytiik baralarinda belirgin gerilim diisiimleri gézlemlenir. Gerilim diisiimlerini
dengelemek icin sont ekipmanlar ve jeneratorler kullanilarak gerilim eski seviyelere ¢ekilmeye ¢alisilir,
ancak bu siirecte aktif ve reaktif giic kayiplar1 artar. Sonuc¢ olarak, enerji iletim hattindaki gerilim
diisimleri daha biiyiik olur. Gii¢ kayiplarini minimize etmek i¢in akimin disiiriilmesi ve gerilimin
artirilmasi gereklidir. Ayrica, hat empedansini azaltmak da kayiplari diisiirmek i¢in bir yontemdir.
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V. CIKARIM

Elektrik enerjisinin tiiketicilere kesintisiz, daha az maliyetle ve kaliteli sekilde iletilmesini saglamak
onemlidir. Sebekede uyartimlarin neden oldugu gerilim dalgalanmalarina sebep olan durumlar sadece
tiiketiciyi degil, ayn1 zamanda bu elektrigin dagitilmasindan sorumlu dagitim sirketlerini ve mevcut
sebekeyi olumsuz etkilemektedir. Mevcut sebekede bu dengesizliklerin olusmasi, hem sebeke bakim
maliyetlerini artirmakta hem de yeni yatirimlarin yapilmasi i¢in zorunluluk olusturmaktadir. Ani olusan
zorunluluklarin ve bakim maliyetlerinin minimalize edilmesi, ancak gercek veriler dogrultusunda tahmin
edilebilir ytiklerin sanal olarak sisteme baglanmasi ve olusabilecek olumsuz olasiliklar icin 6nlem
alinmasi ile miimkiindiir. Ornegin, yapilacak olan yiiksek giiclii {iretim santrallerinin yiikiin en fazla
oldugu alanlara kaydirilmasi ve bu firmalarin baska sehirde olsa bile mahsuplagsmasinin saglanmasi icin
¢alismalar hizlandirilmali ve kolaylastirilmalidir. Tiikketimin az oldugu boélgelere ise liretim santrallerinin
kurulmasinin dniine gecilmesi gerekmektedir. Bu hususlar dikkate alindiginda, sebekenin 6mrii ve bakim
maliyetleri minimalize edilebilir. Bir bolgede iliretim santrali kurulmasi planlanirken, elektrik enerji
sisteminin iiretim birimleri ve ytiklerin tlimiine hizmet vermesi sebebiyle elektrik enerji sisteminin biitiin
olarak ele alinmasi 6nem arz etmektedir.

Uretim tesislerinin yakinlarindaki tiiketiciler tarafindan iiretim santrallerince gergeklestirilen
tretimler tliketilmezse, enerji tiikketilemeden yeniden ana baraya donecektir. Bu geri doniis sistemde
gerilim yiikselmesine sebep olacaktir. Uretilen bu enerjinin tek bir noktadan c¢ikis yapilmasi yerine,
sistemde farkli noktalardan dagitilarak verilmesi gerilimdeki ani degisikliklerin 6niine gegilmesinde
etkin rol oynayacaktir. Modellemenin yapildig1 bolgede yiik yogunlugunun fazla olmasi, bélgenin ¢alisma
yapilacak optimum lokasyon oldugunu géstermektedir. RES ve GES'lerin yiiksek kurulu giiclerde dagitim
sistemine baglant1 yapilmaya baslanmasi, 6zellikle dagitim sisteminin nispeten zayif oldugu bélgelerde
sebeke kararlilig1 agisindan hassas bir durum tegkil etmektedir.

Tabii ki, biitiin bu ¢alismalarin yapilabilmesi ve kaliteli enerji saglanabilmesi i¢in soguk havanin
riizgar tirbinlerinden enerji liretiminde 6nemli bir faktér oldugunu ve soguk bolgelerde kurulum
yaparken zorluklarin ortaya cikabilecegini belirtmistir (Tammelin ve Seifert, 2001). Bu nedenle,
kurulumlarin yapilacagl alanlarda soguk iklim etkisinin kisa siirmesi dnem arz etmektedir. Ayrica,
inceledigimiz ¢alismalarda soguk sicakliklardaki operasyonlarla ilgili herhangi bir bilgiye
rastlanmamistir. Ancak, bu calismaya katilan uzmanlar anketler araciligiyla soguk havanin riizgar
tiirbinlerinden enerji iiretimindeki 6nemini ve soguk bolgelerdeki kurulum zorluklarini vurgulamistir.
Tiirbinlerin ¢alismadigi 5 ila 7 ay siiresince kendilerini 1sitmak i¢in enerji harcamasi durumunda,
tiretimin beklenen miktarin yaris1 kadar azalacagi ve bu nedenle yiiksek riizgarli alanlara yatirim
yapmanin mantikli olmayacag1 belirtilmistir. Kanat isitma sistemlerinin gelistirilmesi, bu sorunu
hafifletebilir. Sonuglar, mevcut riizgar ciftliklerinin donma siiresi skalasinda 50 derecenin altinda yer
almadigini ve ¢ogunun donma siiresi haritasina gére en uygun bolgelerde bulundugunu gostermistir.
Ancak, gelecekte riizgar ciftliklerinin sifirin altindaki daha yiiksek bolgelere dogru kayacagi
ongoriilmektedir. Ornegin, Borusan EnBW, 52,8 MW kurulu kapasiteye sahip olan ve yiiksekligi 1600-
1693 metre arasinda degisen Mut Riizgar Enerjisi Santrali'ni Mersin'in Gokgetas ve Medreselik
koylerinde kurmustur. Riizgar enerjisinin tilkenin bu kismina kaymasi nedeniyle, bu ¢alismada sicaklik
kriteri diger ¢alismalara kiyasla karar verme siirecine dahil edilmistir.

Elde edilen sonuglar, sistem giivenilirligini ve kararhiligin1 artirmak, hatalar ve donanimsal
bozukluklarin etkilerini sinirlandirarak tekrar eden enerji kesilmelerini 6nlemek ve Tiirkiye'nin
enterkonnekte sisteminin gerilim ve gii¢ kontroliinii daha kaliteli ve ekonomik bir sekilde saglamaya
yonelik katkilar sunacaktir.

44



Diizce Universitesi Teknik Bilimler Dergisi, 2 (2), 2024, 26-46

TESEKKUR

Bu calismada her tiirlii destegi veren katki saglayan fikirleri ile yon gosteren sayin danismanim Dr.
Ogr. Uyesi Mustafa DURSUN’a, fikirleri ile makaleme katki saglayan Dog. Dr. M. Kenan DOSOGLU'na
sonsuz tesekkiirlerimi sunarim.

Her tiirlii bilgi ve birikimi kullanima sunan UEDAS ailesine, ayrica akademik egitime verdigi
desteklerden dolayr UEDAS Yatirim Direktorii Sn. Ahmet BERK’e bu siirecte en biiyiik destek¢im bu
¢alismalar1 yapabilmem i¢in bana firsat sunan zaman ayiran Yatirim Planlama Midird Sn. Hakan
ERSOY’a ,manevi destegini hi¢ eksik etmeyen Yatirim Planlama Ekip Lideri Hazim OZTURK'’e , Sebeke
analiz programinin kullanimi i¢in egitim destegi aldigimiz EPRA ENER]i Sn.Hiiseyin Oguz’a Makalede
yaptigim projenin sahadan OSOS verilerinin alinmasinda ve her program kullaniminda desteklerini
esirgemeyen Genel Aydinlatma ve Kayip Analizi Yonetmeni Sn. Erdi KOCADAG’a tesekkiirlerimi sunarim.

Makale hazirlama siirecinde kiymetli vakitlerinden feragat eden beni hep destekleyen annem Selma
BAYRAK, esim Ahmet Serdar BAYRAK ve oglum Zeki Tuna BAYRAK’a hep arkamda duran hig¢bir seyi
esirgemeyen degerli ailem Mukaddes -Servet DINCER ve Meryem -Selahattin KAHVECI’ye minnettarim.

KAYNAKLAR

Désoglu M. K (2010). Elektrik Egitimi Anabilim Dali Haziran 2010 Diizce Universitesi Fen Bilimleri Enstitiisii Y. Lisans Tezi - Riizgar
Santralinde Gerilim Ve Gii¢ Kontroliiniin Facts Cihazlari ile incelenmesi.

Abido M. A, (2008). Power System Stability Enhancement Using Facts Controllers: A Review,The Arabian Journal for Science and
Engineering, Volume 34, Number 1B,153-172.

Acha, E,, Fuerte-Esquivel, C. R, Ambriz-Perez, H., & Angeles-Camacho, C. (2004). FACTS: modelling and simulation in power networks. John
Wiley & Sons.

Agtiero, E.D., Cepeda, ].C. and Colomé, D.G. (2014). FACTS models for stability studies in DIgSILENT Power Factory. 2014 IEEE PES
Transmission & Distribution Conference and Exposition-Latin America (PES T&D-LA), ss. 1-6.

Barrios-Martinez, E. and Angeles-Camacho, C. (2017). Technical comparison of FACTS controllers in parallel connection. Journal of applied
research and technology, 15, (1): 36-44.

Bayraktar, E. (2021). Bitlis Eren Universitesi Lisansiistii Egitim Enstitiisii Elektrik Elektronik Miihendisligi Anabilim Dal Yiiksek Lisans
Tezi - Enerji Sistemlerinde Gerilim Kararliiginin Artirilmasinda Facts Cihazlarin Uygulamasi.

Becerik Mir,G. (2022). Dokuz Eyliil University Graduate School Of Natural And Applied Sciences, Coordinated Transmission Expansion
Planning With Wind Power Generation And Facts Devices.

Carlak, H. F. and E Kayar, E. (2019). Volt/VAR Regulation in Energy Transmission Systems Using SVC and STATCOM Devices. Balkan
Journal of Electrical and Computer Engineering. 7(4).

Crow, M. (2004). Power quality enhancement using custom power devices [Book Review]

Darabian, M. and Jalilvand, A. (2017). A power control strategy to improve power system stability in the presence of wind farms using
FACTS devices and predictive control. International Journal of Electrical Power & Energy Systems, 85, 50-66.

Degirmenci, S. (2016). Environmental Impact and Capacity analysis of Renewable Energy resources: Case Study of Wind Energy in Turkey.
A Thesis Submitted to the Graduate School of Engineering And Sciences of izmir Institute of Technology in Partial Fulfillment of the
Requirements for the Degree of Master of Science in Environmental Engineering

Edvard C, (2014). 9 Most Common Power Quality Problems. https://electrical-engineeringportal.com/9-most-common-power-quality-
problems (Available From: 08.06.2021).

Ersavas, C. (2013). Elektrik Sebekelerinde Facts Cihazlarimin Optimum Yerlesimi. Yiiksek lisans tezi, Fen Bilimleri Enstitiisii, Ege
Universitesi.

Gencer, E. (2018) Orta gerilim sebekelerinde gerilim sarkmalarina dstatcom etkileri. Yiiksek lisans tezi Sakarya Universitesi Fen Bilimleri
Enstitiisii Elektrik Elektronik Mithendisligi Ana Bilim dal1 Sakarya 87s.

Gyugyi, L. (2000). Application characteristics of converter-based FACTS controllers. PowerCon 2000. 2000 International Conference on
Power System Technology. Proceedings (Cat. No. 00EX409), ss. 391-396,

Habur, K. and O’Leary, D. (2004). FACTS-flexible alternating current transmission systems: for cost effective and reliable transmission of
electrical energy. Siemens-World Bank document-Final Draft Report, Erlangen, 46.

45



Diizce Universitesi Teknik Bilimler Dergisi, 2 (2), 2024, 26-46

Haghifam, M.R. and Malik, O.P., (2007). Genetic algorithm-based approach for fixed and switchable capacitor placement in distribution
systems with uncertainty and time varying loads, IET Gener. Transm. Distrib., 1(2):244-252 pp.

Isin, E. (2022). Giines Enerji Santrallerinde Gii¢ Faktérii Ve Gerilim Kararhhgimn Belirlenmesi. Yiiksek lisans tezi, Lisansiistii Egitim
Enstitiisii, Konya Teknik Universitesi.

Kalair, A., Abas, N., Kalair, A, Saleem, Z. and Khan, N. (2017). Review of harmonic analysis, modeling and mitigation techniques. Renewable
and Sustainable Energy Reviews, 78,1152-1187.

Kehrli, A. and Ross, M., (2003). Understanding grid integration issues at wind farms and solutions using voltage source converter FACTS
technology, IEEE Power Engineering Society General Meeting, 1822-1828 pp.

Kumar, N.S. and Gokulakrishnan, J., (2011). Impact of FACTS controllers on the stability of power systems connected with doubly fed
induction generators, Electrical Power and Energy Systems, 33(5):1172-1184 pp.

Mabhela, O.P.,, Shaik, A.G. and Gupta, N. (2015). A critical review of detection and classification of power quality events. Renewable and
Sustainable Energy Reviews, 41, 495-505.

Navani, ]., Sharma, N. and Sapra, S. (2012). Technical and non-technical losses in power system and its economic consequence in Indian
economy. International Journal of Electronics and Computer Science Engineering, 1, (2): 757-761.

Ozdemir, E. (2007). Dagilmis Enerji Uretim Sistemleri ve Yardimci Hizmetler. 12. Elektrik, Elektronik, Bilgisayar ve Biyomedikal
Miihendisligi Ulusal Kongresi, 14-18.

Sadaiappan, S., Renuga, P. and Kavitha, D. (2010). Modeling and simulation of series compensator to mitigate power quality problems.
International Journal of Engineering Science and Technology, 2, (12): 7385-7394.

Samancioglu, G. (2014). Riizgar Havza Planlamasi Ve Riizgar Santrallerinin Sebekeye Olan Etkilerinin Digsilent Programi Ile
Modellenmesi.-Yiiksek lisans tezi, Fen Bilimleri Enstitiisi, Elektrik Elektronik Miihendisligi Anabilim Dali, Gazi Universitesi.

Singh, B., Sharma, N.K. and Tiwari, A.N., (2010). A Comprehensive Survey of Optimal Placement and Coordinated Control Techniques of
FACTS Controllers in Multi-Machine Power System Environments, Journal of Electrical Engineering & Technology, 5(1):79-102 pp.

Sundareswaran, K. (2010). Optimal Placement of Static VAR Compensator (SVC’s) Using Particle Swarm Optimization, Power, Control and
Embedded Systems, Allahabad, India, 1-4 pp.

Suresh, V. and Sreejith, S. (2017). Power flow analysis incorporating renewable energy sources and FACTS devices. International Journal
of Renewable Energy Research, 7 (1): 452-458.

Tabak, B. and T-Yal¢in M.(2004). Elektrik Gii¢ Sistemlerinde Enerji Kalitesi, Sakarya Universitesi Fen Bilimleri Enstitiisii Dergisi 8(1).
Tammelin, B. and Seifert, H. (2001). Large Wind Turbines Go Into Cold Climate Regions. Power. 20: P. 30.

Tekin, M., Kececioglu, O.F., Erafsar, O., and Sekkeli, M. (2016). Bir hidroelektrik santralinin(hes) elektrik sebekesindeki harmonik
Olusumuna Etkisinin incelenmesi . Kahramanmaras Siitcii imam Universitesi Mithendislik Bilimleri Dergisi, 19(2),70-77.

Uzun, U.E (2022). Zonguldak Biilent Ecevit Universitesi Fen Bilimleri Enstitiisii Y.Lisans Tezi- Facts Cihazlar1 Kullanilarak Elektrik Giig
Sistemlerinin Kararlilik Yapisinin incelenmesi Ve Goklu Bara Uygulamalart.

URL-1, www.enerjiatlasi.com/gunes/ 2 Mayis 2024.

URL-2, www.enerjiatlasi.com/ruzgar/ 3 Mayis 2024.

URL-3, www.teias.gov.tr/turkiye-elektrik-uretim-iletim-istatistikleri, 5 May1s 2024.

Vural, A. (2001). Flexible AC Transmission a Unified Power Flow Controller, Master Thesis, Gaziantep Univ.

Wu, F., Zhang, X. P, Godfrey, K. and Ju, P., (2007). Small signal stability analysis and optimal control of a wind turbine with doubly fed
induction generator, I[ET Gener. Transm. Distrib., 1(5):751-760 pp

Yasar, C., Aslan, Y. and Biger, T. (2010). Bir Dagitim Transformatdrii Bélgesindeki Kayiplarin incelenmesi. Dumlupinar Universitesi Fen
Bilimleri Enstitiisti Dergisi, (022): 9-22.

Yesilbudak, M., Bayindir, R., and Getinkaya, U.(2016) Giig sistemlerinde Gerilim kararliigini etkileyen Faktérler; Gazi University Journal
of Science Part C: Design and Tecnology, 3(4), 595-602.

46



