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ABSTRACT

A QUANTITATIVE ANALYSIS ON THE PARAMETERS AFFECTING THE
SMART GRID TRANSFORMATION IN GENERATION, TRANSMISSION AND
DISTRIBUTION OF ELECTRICITY IN TURKEY

UGUZ, Mustafa
Ph.D., Department of Information Systems
Supervisor: Assoc. Prof. Dr. Pelin ANGIN ULKUER

August 2024, 204 pages

The increasing world population has led to a significant rise in electricity demand,
which traditional grids cannot meet. In response, the smart grid offers a promising
solution to many issues within the existing electricity infrastructure. By integrating
various information systems and technologies, the smart grid provides more efficient,
cleaner, more reliable and cost-effective electrical energy to all customers,
contributing to the solution of an important global challenge. In Tiirkiye transitioning
from the traditional grid to the smart grid necessitates the involvement of all related
parties including governmental entities, regulators, electricity generators, consumers,
exchangers, transmission and distribution system operators, as well as Internet of
Things device manufacturers. This thesis identifies and analyzes the parameters for the
successful transformation from a traditional grid to a smart grid with a particular focus
on the case of Tiirkiye. Through a comprehensive literature review, Delphi Analysis,
expert views, and surveys the study determines the dependent and independent
variables of smart grid transformation success, examining the country's electricity grid
institutions, stakeholders and overall structure. The parameters of the successful
transformation from traditional grid to smart grid in Tiirkiye are determined and
analyzed by a survey with the participation of 474 respondents from the Turkish
electricity ecosystem.

Keywords: Smart Grid, Success of Smart Grid Transformation in Tiirkiye, Turkish
Digitalized Electricity Grid, Quantitative Analysis for Turkish Smart Grid
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TURKIYE'DE ELEKTRIK URETIMINDE, ILETIMINDE VE DAGITIMINDA
AKILLI SEBEKE DONUSUMUNU ETKILEYEN PARAMETRELER UZERINE
SAYISAL BIR ANALIZ

UGUZ, Mustafa
Doktora, Biligim Sistemleri
Tez Yoneticisi: Do¢.Dr. Pelin ANGIN ULKUER

Agustos 2024, 204 sayfa

Artan diinya niifusu, elektrik talebinde ve tiikketiminde biiylik artiglara neden
olmaktadir. Bu noktada akilli sebeke, mevcut elektrik altyapisinin bir¢ok sorununa
potansiyel bir ¢6ziim olusturmaktadir. Akilli sebeke, bilgi sistemlerini ve
teknolojilerini mevcut geleneksel elektrik sebekesine entegre ederek tiim elektrik
tilkketicilerine daha verimli, daha temiz, daha giivenilir, daha uygun maliyetli elektrik
enerjisi saglamakta ve onemli kiiresel bir problemin ¢6zlimiine katkida bulunmaktadir.
Tiirkiye’de mevcut geleneksel elektrik sebekesinin akilli sebekeye doniistiiriilmesi igin
kamu kurumlarmin, elektrik piyasasi diizenleyicilerinin, elektrik iireticilerinin,
elektrik tiiketicilerinin, elektrik iletim ve dagitim sirketlerinin, nesnelerin internet
cihaz treticileri gibi ilgili tiim taraflarin katilimi saglanmali ve goriisleri dikkatle
incelenmelidir. Bu tez, geleneksel sebekeden akilli sebekeye basarili bir doniisiimiin
parametrelerini, Ozellikle Tiirkiye oOrneginde ele alarak belirlemekte ve analiz
etmektedir. Kapsamli bir literatiir taramasi, Delphi Analizi, uzman goriisleri ve
anketler yoluyla yapilan ¢alisma, iilkenin elektrik sebekesi kurumlarini, paydaslarini
ve genel yapisini inceleyerek akilli gebeke doniigiim basarisinin bagimli ve bagimsiz
degiskenlerini belirlemistir. Tiirkiye'de geleneksel sebekeden akilli sebekeye basarili
doniistimiin parametreleri, Tiirkiye elektrik ekosisteminden 474 katilimciyla yapilan
anketle belirlenmis ve analiz edilmigtir.

Anahtar Kelimeler: Akilli Sebeke, Tiirkiye’de Akilli Sebeke Doniisiimiiniin Basarisi,
Sayisallasmig Tiirk Elektrik Sebekesi, Tiirk Akilli Sebekesi i¢in Nicel Analiz
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CHAPTER 1

INTRODUCTION

The increasing world population is causing a significant surge in electricity demand
and consumption. The demand for electricity has been increasing due to factors such
as population growth, climate change, urbanization, and the rising use of electronic
devices, which often represent non-linear loads that contribute to poor power quality
conditions (Munoz & Ruelas, 2024). The decrease in fossil fuel-based energy reserves,
the increasing dependence of individuals on energy in their daily lives because of
technological and social development, the environmental effects of intensive
industrialization and inefficient energy consumption make evident that the current
traditional grid cannot meet this escalating demand. In this context, connectivity and
the smart grid emerge as potential solutions to many problems inherent in our existing
electricity infrastructure.

Although there is no single, universally accepted definition of a smart grid, the
European Union CEN/CENELEC platform defines smart grid as an electricity and data
network that intelligently integrates the behavior and actions of all users connected to
it — generators, consumers and those that do both — to efficiently ensure a more
sustainable, economical, and secure electricity supply (CEN/CENELEC, 2011). This
integration aims to ensure an economically efficient, sustainable power system with
high levels of quality, security of supply and safety. A smart grid can be described as
the integration of information and communication technologies into the electricity
grid, enabling the remote detection and management of real-time changes in the
network, such as consumption levels, failures, and power line overloads (Rodriguez-
Perez & Matanza, 2024). It plays a crucial role in the electricity market by maintaining
the balance between supply and demand through the introduction of load flexibility,
rather than solely relying on adjustments to generation levels, across nearly all
operational time scales (Balijepalli & Pradhan, 2011).

The concept of a smart grid involves a "digital upgrade" of distribution and long-
distance transmission systems, aimed at optimizing current operations by minimizing
losses and creating new markets for alternative energy production (Vijayapriya &
Kothari, 2011). The implementation of the smart grid, which uses digital technologies
to gather and analyze electricity information, is a goal for electricity grid construction
and development in many countries, as it paves the way towards the future of
intelligent energy (Lee &Chiang, 2024). The smart grid necessitates a high-speed,
integrated, two-way flow of electricity and information, enabling real-time monitoring
and operation of the power system. This real-time capability is essential for tackling
global challenges like energy sustainability, climate change, and the shift to renewable
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energy sources. By improving energy management and integrating renewables, the
smart grid aids in reducing carbon emissions and enhancing energy security, making
it a vital element in the global effort to combat climate change (Colak & Bayindir,
2014).

Today many stakeholders working under the conceptual umbrella of smart grids,
approach the field from different perspectives. Academic studies mainly focus on the
problems of balancing energy generation and consumption as well as the
communication, power electronics and storage technologies. Commercial research and
development activities, and industrial initiatives focus on technologies such as smart
meters, home, or office automation. On the other hand, political entities are mostly
interested in energy price stability, energy efficiency, sustainability, and reliability.
Non-governmental organizations see smart grid applications as an opportunity for
environment-friendly energy generation and consumption. The shift toward a low-
carbon and sustainable energy system is crucial for addressing climate change and
ensuring the long-term sustainability of the global energy sector. Smart grid
technologies are becoming a transformative element in this transition (Zheng, 2024).
The synergy created by such a wide range of stakeholders has turned the topic of smart
grids into a popular one involving interdisciplinary collaborations in a very short time.

The developments, ideas and architectures on smart grids have been shaped especially
within the framework of projects initiated in the United States and the European Union.
In these framework projects, the smart grid is evaluated as a technological
breakthrough involving automation applications where various technologies are
integrated. The importance of smart grid management systems has increased
significantly due to the rising demand for more efficient energy distribution and
consumption (Yang, 2024). Smart grid studies today focus on the problems of
integration and optimal management of electricity production and consumption tools
that can exhibit great variability. With this perspective, it is envisaged that the smart
grid infrastructure will develop over time by adding functional information and
technology layers to existing systems.

The main expectations from smart grid transformation can be summarized as follows
(ELDER, 2019):
e Decreasing the carbon footprint of electricity operation
Reducing the technical and non-technical loss levels
Increasing grid sustainability and energy quality
Increasing grid resiliency
Increasing network situational awareness of the distribution companies
through deployment of sophisticated and near real-time measurement
infrastructures
e Facilitating consumer / demand side participation
e Increasing the connectible capacity for renewable generation, thereby
reducing the external dependency in energy supply
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e Optimal use and management of distribution grid assets

e Transformation from static grids to a dynamic infrastructure with
bidirectional energy and information flow

e Increasing the security of the electricity grid

Smart grid transformation is also critical for the Turkish electricity grid. As the Turkish
electricity grid is more than 100 years old, it needs a rapid transformation from the
traditional grid to the smart grid structure utilizing contemporary information systems
and digital technologies. This transformation requires determining the critical
parameters, which directly affect the success of this transformation. Although there is
a plethora of research on the Turkish smart grid, there is no study in the literature
focusing on the parameters that will directly affect the success of the Turkish smart
grid transformation. In this study we aim to fill this gap through a systematic
comprehensive review of the literature for determining these parameters and surveys
with all involved parties. This study also aims to provide guidance for the successful
smart grid transformation of other countries.

1.1. Significance of the Study

In the literature there is currently no study on determining the parameters and factors
affecting the success of smart grid transformation in Tiirkiye. This study aims to guide
smart grid transformation activities in Tiirkiye through the introduction of a smart grid
transformation success model. Accordingly, the subcomponents of the dependent
variable (smart grid transformation success) and associated independent variables
were determined by collecting data from Turkish electricity grid stakeholders.
Furthermore, these variables and their effects and importance levels were analyzed
with respect to different regions of Tiirkiye. The amount of time it will take to achieve
required levels of the independent variables were also determined for the different
regions. A further contribution of this study to the smart grid literature is the
comprehensive review of the concepts, studies and dissertations on various aspects of
smart grids.

1.2. The Research Phases

The research in this study was conducted in six main phases following the steps shown
in Figure 1.

The first phase defines the need for the research and establishes the theoretical base
for the intended discussion through a comprehensive literature review.

The second phase introduces the stakeholders, institutions, and structure of the Turkish
electricity grid.



The third phase develops the methodology and the tool to be used in the research. In
this phase, research methods, subcomponents of the dependent variable, and the
independent variables were determined. These variables were clarified by Delphi
analyses and survey statements were established.

The fourth phase focuses on building the hypotheses related to the possible
relationships between the variables. This phase contains five research questions
focusing on the relationships and five different sets of hypotheses formed for these
questions. The required sample size for the survey was also determined in this phase.

The fifth phase establishes the validity and reliability of the study and decides on the
types of statistical analyses to be used, collects the real data, organizes it by removing
erroneous and incomplete results and forms the data sets for analyses.

The sixth and last phase applies statistical analyses on the organized data and presents
the results of these analyses for the following discussions. This phase also presents and
discusses the main results and the proposed smart grid success model to provide a basis
for future research.



Problem Conceptualization

| Introduction |
¥
| Literature review |
Defining the Turkish Grid
| Analyzing the structure of Turkish electricity grid “ stakeholders
¥
Solution Design | Establishing research questions |
¥
| Selecting appropriate research method and model |
¥
| Adapting DeLone & McLean IS success model » madel structure
'
madel structurs - | Determining dependent and independent variables of the stud‘\'h variables
variables ‘ | Applying Delphi analysis —l validated variables
Creating Propositions l
| Establishing hypotheses and survey questions |
'
Validation and Data C olleﬂicml Performing validity analyses » survey validity

| Contacting all related parties of Turkish electricity grid h respandents

respandents ‘ | Applying survey on Google Forms b Turkish grid data

Analyzing and Conclusion
Turkish grid data ﬂ Collecting and analyzing the data using statistical tools » statistical results

statistical results d Creating final Turkish Smart Grid Success Model ﬁ final model

Figure 1: Thesis Study Phases

1.3. Dissertation Organization

This thesis is organized under eleven chapters. Chapter 1 introduces the research topic

and the significance of the study. Chapter 2 provides a review of the existing literature

on smart grid studies. In Chapter 3, the institutions, entities, governmental bodies,
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actors and stakeholders in the Turkish electricity ecosystem and the structure of the
Turkish electricity grid are discussed in detail. Chapter 4 reviews possible analysis
techniques and research methods in the literature to select the appropriate research
method for this study. This chapter also explains the basis of this study, which is the
DeLone & McLean information success model, to determine the subcomponents of
dependent variable — smart grid transformation success in Tiirkiye — and the related
independent variables. Chapter 5 validates the subcomponents of the dependent
variable and the independent variables by Delphi Analysis. Chapters 6 and 7 provide
the survey statements, hypotheses, and the appropriate sample size of the survey to be
conducted. Chapter 8 provides a validity and reliability discussion of the survey study
with “Cronbach Alpha” test results. Chapter 9 discusses the data collection structure
for the final survey. Chapter 10 analyzes the survey data collected. Chapter 11
concludes the study with an introduction of the proposed Turkish Smart Grid Success
Model.



CHAPTER 2

LITERATURE REVIEW

The literature review is a critical component of this study, which is instrumental in
determining the important and critical parameters of the successful transformation
from the traditional grid to the smart grid in Tiirkiye. Within the scope of the literature
review, 236 studies were reviewed. As the smart grid concept is a newly emerging
topic, most of these studies were conducted after 2010.

2.1. Smart Grid Doctoral and Master’s Theses in Tiirkiye

As the first step of our literature review, we reviewed both doctoral and master’s theses
on the smart grid in the YOK (Higher Education Institution) theses database' of
Tiirkiye in detail.

For doctoral and master’s theses we searched the YOK theses database with the key
words “smart grid”, “smart grids”, “akilli sebeke” (in Turkish), and “akilli sebekeler”
(in Turkish). As smart grid is an emerging topic, the earliest doctoral thesis “Smart
grid connections and energy managements of electric vehicles” in the database is from
2014 and the earliest relevant master’s thesis “Intelligent networks and their
applicability” is from 1992.

In the YOK database there are 38 doctoral studies about smart grids, conducted at
Turkish universities between 2014 and 2024 as shown in Table 1. None of these
doctoral theses analyzes smart grid transformation of the Turkish power grid, the
success of this transformation, structure of this transformation, factors affecting this
transformation and stakeholders’ (distribution system operators, transmission system
operators and regulatory bodies) views and expectations from the smart grid
transformation.

The 38 doctoral studies in the database were mostly conducted at Engineering
Departments such as Electrical Engineering, Electronics Engineering, Electrical and
Electronics Engineering, Energy Systems Engineering, Industrial Engineering,
Software Engineering and Computer Engineering. Electrical and Electronics
Engineering departments are at the top of the list with 28 doctoral theses. In the smart
grid research area, Inonii University and Yildiz Technical University have the biggest
number of doctoral theses in the database, with Indnii University contributing 5 and
Yildiz Technical University contributing 4.

Uhttps://tez.yok.gov.tr/Ulusal TezMerkezi/



In the YOK database there are also 107 master’s theses. Most of this master’s studies
were conducted at Electrical and Electronics Engineering and Computer Engineering
departments, and none of them was studied under the Information Systems discipline.

2.2. Smart Grid Doctoral Theses in Tiirkiye between 2014-2024

The doctoral theses on the topic of smart grids in the YOK theses database are in
different areas of smart grid. Twelve of these doctoral theses are about Energy
Management, seven of them are about Integration of Renewables, three of them are
about Power Electronics, five of them are about Optimization and the rest are about
Communication Technologies, Privacy, Cyber Security, EV Charging, Computation,
IoT (Internet of Things) and Power Quality. The list of these theses is given Table 1.

Table 1: 2014-2024 Smart Grid Doctoral Theses in the YOK Database

Author Year | University | Department Thesis Title Area
ALl L Electrical Smartairr:)’decnoenrnewons
RIFAT | 2014 | Technical | - =*"'¢% o emegt’; of EV Charging
BOYNUEGRI Uni. & & gemen
electric vehicles
Electrical The power integration
ABDUL P . .
. Inéni and of the energy supplies Integration of
KERIM 2015 . . . L
. Uni. Electronics used in smart grid via Renewables
KARABIBER . . .
Engineering direct current
Electrical Energy balancing in
BARIS P .
Inéni and smard grids under Energy
BAYKANT 2015 . . . .
- Uni. Electronics varying generation and Management
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Engineering demand conditions
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ONUR ! |.z Electrical implementation of a Energy
2016 | Technical . . new home energy
ELMA . Engineering . Management
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for smart grids
Electrical
ULAS Firat e:n::llca Applications of
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KELES Uni. Electronics L Management
. . energy generation in
Engineering .
smart grids
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SANI 2018 St . e SR Optimization
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SHEHU . . :
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Quality of service aware
QP IKE Bahgesehir | Computer communicegig Communication
YiGiT 2018 3n§| En inZerin framework for wireless Technologies
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smart grid applications
. Electrical Smart demand
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RECEP 2018 | Technical and management system for Energy
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YALCIN Uni. Electronics . . Quality
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Engineering .
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Optimization of power
MUSTAFA Karabik Electrical 'and qua/l.ty n 5’"’,‘"” gr{ds Integration of
2019 . Electronics and integration with
YILMAZ Uni. . . Renewables
Engineering renewable energy
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EFE Karadeniz Electrical and oaf’etr{rrrgf::zo;:z;idfor Ener
iSA 2019 | Technical Electronics | P 99 &Y
. . . a smart grid connected Management
TEZDE Uni. Engineering .
hybrid energy system
The improvement of a
HAMZA Kon\{a Electrical famd new opt/r.n/zat/on. Integration of
2019 Technical Electronics method for integration
YAPICI : ¥ . Renewables
Uni. Engineering of renewable energy
sources to smart grids
MEHMET Konya Electrical and Load forecasting and Ener
SEFIK 2019 Technical Electronics load management in Mana ei\ﬁ/ent
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Development of a new
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KENAN . Electrical management system for Energy
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YIGIT Uni Engineering the ships in accordance Management
’ with the smart grid
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ILTER ) Energy . )
) G Risk / t
SAHIN | 2020 U‘:' Systems picana yrSiZSOf SMArt 1 Risks Analysis
AKTAS ’ Engineering g
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MEHMET inénii Electrical 'and algorlthmf used in o
CINAR 2020 Uni Electronics smart grids and Optimization
) Engineering application to an actual
system
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KEMENT ' Engineering privacyp )
strategies in smart grids
Grid integration of
Vildiz renewable energy
MEHMET 2020 Technical Electrical power plants and Integration of
TAN TURAN Uni Engineering protection system Renewables

design with smart grid
infrastructure

10




Table 1: 2014-2024 Smart Grid Doctoral Theses in the YOK Database

(Continued)
Author Year | University | Department Thesis Title Area
AYSE Gebze Electronics Distribution network Ener
AYBIKE 2021 | Technical Engineerin reconfiguration for smart Mana e%’::ent
SEKER Uni. & J grid operation J
. Karadeniz Electrical Classification of home
VAHIT . and . . . Energy
2021 | Technical . electrical appliances using
FERYAD . Electronics . - Management
Uni. . . deep learning for smart grid
Engineering
ELIF TOBB Industrial Developing ?pt/mal usage -
ZEYNEP 2022 ETU Engineerin plans for wireless sensor Optimization
SERPER F & J networks in smart grid
MIiKAIL Istant')ul Electrical Exa'mlflatlon of the effects Integration
. 2022 | Technical ) . of distributed generation on of
PURLU : Engineering .
Uni. smart grids Renewables
Electrical
+ Power flow analysis of
AHMET In6ni and . Power
NUR 2022 Uni. Electronics AC/BQ h_yb”d energy Electronics
. . systems in smart grids
Engineering
Artificial intelligence based
Electrical energy optimization of rail
RAMAZAN Kirikkale and systems integrated into N
s 2023 . . . . Opt t
GUNGUNES Uni. Electronics virtual power plants in plimization
Engineering smart grids and its impact
on the plant
ALPARSLAN Electrical Design and realization of a
BURAK 2023 TURKES and solid?state transformer for Power
ESENBOGA S&T Electronics . Electronics
. . . smart grids
Uni. Engineering
- . Electrical Using modern methods for
Omer Halis ]
ALPEREN . and load frequency control in Power
2023 Demir . . . .
SARI Uni Electronics smart grids and the design Electronics
’ Engineering of robust controllers
Household electricity
RABIA Middle East Earth consumption analysis under Ener
uLuUSoY 2023 | Technical System the use of smart grid Mana e%’::ent
YILMAZ University Science applications a demand-side J
approach
Techno-economic
Istanbul comparative analysis of
ONUR . Electrical grid-connected and islanded Energy
2023 | Technical . . .
AYAN Uni Engineering hybrid renewable energy Management

systems and smart home
applications in smart grids
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Table 1: 2014-2024 Smart Grid Doctoral Theses in the YOK Database

(Continued)
Author Year | University | Department Thesis Title Area
Integration of electric
Electrical vehicles into the smart
Konya and grid and analysis of
KADIR OLCAY | 2024 TecLTr:lilcal Electronics | their effects on the grid EV Charging
) Engineering with artificial
intelligence methods
Konva Electrical Examination of pricing
AHMET 2024 Techn\?cal and and generation-related Obtimization
KARYEYEN Uni Electronics load balance in smart P
) Engineering grids
Electrigg Demand side ener
ABDULKADIR S0l 19 Mayis and Ay stegrrr Energy
GOzZOGLU Uni. Electronics g 4 : Management
. . for future smart grids
Engineering
Developing new
MUHAMMED Firat Software detzlc)firrroa;:sssj;%in
ZEKERIYA 2024 . . . g " Cybersecurity
L Uni. Engineering | security vulnerabilities
GUNDUZ . .
in internet of things
based smart grids

The main contributions of the smart grid doctoral theses listed in Table 1 are
summarized below.

Boynuegri researched electric vehicle charging, focusing on power management to
minimize battery stress and address potential issues related to grid connectivity. A
power conditioning unit was developed for connecting EVs to the grid, allowing for
controlled charging. Furthermore, the study examined the system's operation with a
smart home at Yildiz Technical University to assess its compatibility with smart grid
technology (Boynuegri, 2014).

Karabiber introduced a direct current power integration method to connect distributed
energy sources of different scales to the existing grid. This approach enhances the
efficiency of the power system, reduces the reliance on electronic devices, lowers
costs, and improves power quality (Karabiber, 2015).

Alagdz investigated energy balancing challenges in scenarios of uncertain generation
and demand. He conducted theoretical analyses of smart grid architectures using a
hierarchical tree topology and highlighted its benefits in addressing generation and
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demand uncertainties. He showed that energy balance in smart grids with this
architecture can be achieved through closed-loop generation control with dynamic
energy pricing. Additionally, he created a simulation environment for managing smart
grid closed-loop energy markets, proposed dynamic models for generation and
demand, and performed simulations for energy balancing (Alagoz, 2015).

Elma created a new home energy management algorithm for a smart home powered
by renewable energy. The algorithm aims to enhance customer comfort while reducing
electricity costs by taking real-time pricing into account. It primarily utilizes voltage
reduction to decrease power consumption of household appliances, distinguishing
itself from traditional methods such as load shifting and load shedding found in
existing literature (Elma, 2016).

Baloglu explored various computational methods in information technologies and
integrated them with the conceptual model of electric networks to address challenges
in smart grids. He developed and successfully applied new methods to common issues
in smart grids, including demand-side management, privacy protection, and electric
vehicle charging (Baloglu, 2017).

Keles introduced a local load shedding method for managing load under conditions of
distributed generation and varying energy pricing tariffs. When total energy demand
surpasses the dynamically set maximum power consumption limit, based on real-time
energy prices and local generation, the method curtails local energy use by turning off
electrical loads according to user-defined priorities and the power needs of household
appliances (Keles, 2017).

Bahgeci examined the selection of locations for energy storage systems within specific
distribution networks. To achieve this, he modeled a photovoltaic array connected to
distribution networks at random, simulating unlicensed manufacturers. He also
investigated a location planning algorithm aimed at selecting optimal sites for energy
storage systems and determining charge-discharge timings to enhance energy quality
in the distribution networks (Bahgeci, 2017).

Celimli investigated the communication structures necessary for control requirements
and the integration of renewable energy sources. He designed a microgrid system
model that utilizes power line communication infrastructure, distributed energy
resources, and electric vehicle systems, and simulated the entire setup using MATLAB
Simulink (Celimli, 2018).

Shehu proposed optimization and hybrid algorithms to address the power dispatch
problem. He also concentrated on ensuring secure and stable grid operations, given the
highly variable nature of load demand resulting from the frequent charging and
discharging of electric vehicles in low-capacity distribution grids (Shehu, 2018).
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Kapidan concentrated on ensuring reliable and timely data transmission across
unreliable and error-prone wireless sensor networks in a smart grid setting. To meet
the smart grid application's quality-of-service demands, several new protocols were
developed, taking into account the specific features of the application data. The
influence of the wireless environment on the communication performance within the
smart grid was also examined to offer more precise solutions (Kapidan, 2018).

Cakmak introduced an innovative smart demand management system (SDMS) based
on a metaheuristic optimization algorithm, focused on efficiency and scalability, along
with a new pricing and billing system for homes using grid-connected photovoltaic
systems. The goal of the proposed system is to minimize losses by lowering the peak-
to-average consumption ratio and to mitigate voltage fluctuations in distribution
network (Cakmak, 2018).

Gonen conducted a cybersecurity analysis of programmable logic controllers, which
are critical components in integrated circuit systems. In this study, the Siemens S7
1200 (Firmware 2.2) programmable logic controller was analyzed for security
vulnerabilities using a testbed specifically set up for the investigation. The impact of
various attacks on both the hardware and the system was examined, and attack packets
were captured using a mirroring technique to prevent adding extra load to the system
(Gonen, 2018).

In his work, Bilgin proposed the implementation of the IEEE 802.11p protocol for
smart grid applications. The study describes a method where data is sent from smart
meters to a bus via infrastructure-to-vehicle communication, and transmitted from the
bus to a bus stop using vehicle-to-infrastructure (V2I) communication. Moreover, he
introduced a secure routing protocol that aims to detect and remove blackhole nodes
from the network (Bilgin, 2019).

Ayyildiz introduced new communication, security, and battery-saving methods for
post-disaster management applications. His thesis focuses on improving
communication capabilities, extending battery life, and enhancing security and data
integrity in a real-world earthquake disaster management IoT system. He also
developed a sensor for structural health monitoring after earthquakes, and the sensor's
accuracy was tested in an earthquake laboratory in collaboration with civil engineering
experts (Ayyildiz, 2019).

Yal¢gm investigated power quality disturbances in smart grids, focusing on
advancements in effective signal processing and the application of machine learning
algorithms and methods that leverage these improvements (Yalgin, 2019).

Yilmaz proposed a solution to integration challenges by conducting simulation studies
on wind power plants and solar panels, two of the most commonly used renewable
energy sources. He conducted a time-based and continuous state analysis of the
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asynchronous generator utilized in wind turbines to forecast the scenario after
integration. Additionally, he experimentally investigated how the operating conditions
of photovoltaic panels affect inverter output power and grid power quality, using data
collected in January and July from an 8 MW production facility located in the Burdur
province (Y1ilmaz, 2019).

Tezde introduced a novel two-stage hybrid optimization algorithm to manage
household power consumption in homes equipped with distributed generation and
storage. The study modeled a home energy management system (HEMS) at the
residential level, incorporating various power components such as photovoltaic
systems, wind turbines, electric vehicles, energy storage systems, and electrical
appliances (Tezde, 2019).

Yapici introduced a new heuristic algorithm called improved swarm optimization with
eagle strategy. This algorithm was applied to simultaneously minimize power loss,
installation costs, voltage deviation, and gas emissions. The effectiveness of the
method was evaluated using several classical benchmark tests (Yapici, 2019).

Uney focused on creating a management strategy for smart grids aimed at helping
power system operators reduce power losses and enhance the operational speed of the
network. He emphasized the importance of load forecasting, which plays a critical role
in power system management. Additionally, he explored optimal reactive power
dispatch, which is essential for the economical and safe operation of power systems
(Uney, 2019).

Yigit proposed a novel "Ship Electrical Energy Management System" designed for
vessels equipped with alternative energy sources and a smart grid infrastructure. He
developed two distinct algorithms for managing electrical energy on ships, which were
integrated into the system and tested using MATLAB (Yigit, 2019).

Aktag developed an advanced risk assessment index framework for smart grid systems,
encompassing various risks such as financial, security, environmental, technological,
and management risks. The significance of these risks was evaluated using Chang's
Fuzzy Analytic Hierarchy Process, along with the Enhanced Integral Value and
Quadratic Mean methods (Aktas, 2020).

Cnar created a wound healing algorithm inspired by the clonal selection principle to
achieve optimal load distribution in smart grids. He developed a software package in
the MATLAB environment that implemented this algorithm, along with clonal
selection, artificial bee, firefly, and cuckoo algorithms. These algorithms were applied
to functions for optimizing fuel costs, minimizing power loss, and adjusting voltage
level (Cinar, 2020).
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Kement conducted comparative analyses of privacy protection strategies based on load
shaping. His thesis offers a balanced evaluation of various load shaping methods for
privacy protection and their impacts on the objectives of utility providers. It also
explores the concept of holistic privacy and delves into privacy protection strategies
based on both real and reactive power (Kement, 2020).

Turan concentrated on sizing and optimization studies for electric vehicle charging
stations and solar power plants within microgrids, aiming to stabilize voltage levels.
The modeling of solar power plants was conducted with a focus on utilizing their
nominal capacity while taking into account the physical and electrical constraints of
the microgrids. The proposed sizing methodology aims to minimize the impact of solar
power plants on voltage levels in microgrids (Turan, 2020).

Seker created an analytical approach to address the reconfiguration problem for
distributed load profiles. He explored a sensitivity index-based method for systems
with spot loads. Additionally, he developed a new method for representing changes in
the topology of a distribution network through a bus-injection to branch-current
matrix, which is used for load flow analysis in distribution networks. This proposed
method was tested with the grid search algorithm. He also examined the effects of load
modeling on the reconfiguration of distribution networks, focusing on voltage-
dependent and time-varying loads (Seker, 2021).

Feryad created an efficient energy disaggregation model, evaluating its performance
using publicly available benchmark data and success metrics. He developed a device
classifier model based on a Turkish electrical appliances dataset and assessed its
effectiveness (Feryad, 2021).

Serper explored a scenario in which transmission paths are adjusted in response to
topology changes, provided that the existing set of sensors with sufficient residual
energy can maintain the necessary coverage level and connectivity to the base station.
He proposed an innovative 0-1 mixed integer programming model along with two
alternative models that optimize network performance through unit time
decomposition, focusing on energy consumption (Serper, 2022).

Piirlii implemented single and double optimal distributed generation allocations to
minimize total power losses and enhance the voltage profile. To achieve this, he
proposed and applied genetic and particle swarm optimization algorithms—both
heuristic methods—on the IEEE 33-bus radial distribution system (Piirlii, 2022).

Nur conducted a 24-hour power flow analysis in a 13-bus AC system utilizing variable
renewable distributed sources and variable loads. This analysis produced graphs for
voltage, active power, reactive power, and complex power across the buses.
Additionally, he designed a hybrid 13-bus AC/DC test system featuring voltage source
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converters using the MATLAB platform and performed the power flow analysis for
this system (Nur, 2022).

Glingiines proposed an energy-efficient dynamic driving model that employs heuristic
optimization techniques to enhance the driving dynamics of rail system vehicles
equipped with regenerative braking energy generation capabilities. The optimal model
design focuses on determining the best idle locations on a horizontal curving track for
cars, where regenerative braking energy can be harvested. The goal is to maximize
energy efficiency by utilizing optimal speed profiles (Giingiines, 2023).

Esenboga introduced a three-level solid-state transformer model along with a power
management scheme specifically designed for solar photovoltaic power plants
integrated with smart grids. He also outlined the operating strategies of the solid-state
transformer, including voltage and current management between converters and pulse-
width modulation control (Esenboga, 2023).

Sar1 studied the incorporation of electrical aggregators as a resource in both single-
area and multi-area traditional load frequency control systems to enhance frequency
regulation and flexibility within smart grids. To analyze the impact of time delays
arising from various communication requirements—particularly those related to
digitalization in smart grids—two frequency domain methods were employed to
determine the time delay margins necessary for the system to remain stable (Sari,
2023).

Yilmaz investigated the relationship between electricity consumption behavior and the
use of smart grid applications through the lens of habitual behavior. In addition to
considering social norms and self-efficacy, the study utilized a habitual behavior
framework to examine the impacts of awareness, attitude, and intention (Yilmaz,
2023).

Ayan conducted a comparative analysis of hybrid renewable energy systems for
residential areas within the framework of smart grids and smart building applications.
In this study, 21 provinces in Tiirkiye were compared based on technical, economic,
and environmental factors using HOMER Pro software, taking into account the lowest,
median, and highest solar radiation values across the seven regions of Tiirkiye (Ayan,
2023).

Olcay investigated the impact of electric vehicle chargers on the electricity network.
A MATLAB Simulink model of power test systems with varying bus numbers was
created to analyze how electric vehicle chargers affect these networks. Furthermore,
future impacts were forecasted using deep learning techniques applied to the collected
data, enabling the prediction of potential malfunctions related to infrastructure
planning and analysis for the networks (Olcay, 2024).
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Karyeyen explored load balancing based on dynamic pricing through modeling a
closed-loop electrical power control system, where the demand-supply balance aligns
with the electric energy price at a common point. In his system model, three different
controllers were utilized to achieve the demand-supply-price balance in the electricity
market, in line with smart grid technology. He applied classical proportional integral
controllers, fuzzy logic proportional integral controllers, and neural network model
reference controllers to various demand change scenarios as part of his thesis research
(Karyeyen, 2024).

Go6zoglu developed a home automation server centered around the concept of low-cost
smart devices connected through a Wi-Fi network. The primary goal of this design is
to establish a home management system that is adaptable and to create an environment
that can manage demand-side energy consumption in future smart grids (Gozoglu,
2024).

Giindiiz conducted a detailed analysis of the various types of cyber attacks on IoT-
based smart grids, categorized by network layers. He presented potential threats and
corresponding solutions. Additionally, he proposed two artificial intelligence-based
approaches for detecting and addressing security vulnerabilities in smart grids
(Giindiiz, 2024).

2.3. Related Work in the Literature

As the main goal of our work is to determine the parameters and factors affecting the
success of smart grid transformation in Tiirkiye, we also reviewed similar studies in
the literature. For related work, we performed searches in the sciencedirect.com,
researchgate.net, escholarship.org, openresearch.surrey.ac.uk, cadmus.eui.eu, and
semanticscholar.org databases with the keywords “smart grid”, “smart grid in
Turkey”, “smart grid in EU”, “smart grid parameters”, “success of smart grid in
Turkey”, “smart grid transformation success”, “parameters of smart grid
transformation”, and “Del.one and McLean IS success model adaptation for Smart
Grid”. Each keyword was searched separately. We found out that in the literature
there is no direct study focusing on determining the parameters that directly affect the
success of Turkish smart grid transformation. We summarize the most relevant
studies below.

ELDER’s Tiirkiye Smart Grid report discussed future expectations from the Turkish
electricity grid. The report emphasizes lowering the carbon footprint of distribution
companies by minimizing both technical and non-technical losses, improving grid
sustainability and energy quality, enhancing grid resilience, and boosting the
distribution companies' situational awareness of the network using sophisticated and
near real-time measurement infrastructures (ELDER, 2019).

Keskin offered an overview of the challenges facing Tiirkiye’s current electric power
system while examining the country’s progress toward the smart grid transition to
18



date. To summarize key smart grid technologies worldwide, he presented a smart grid
framework design. Based on this framework, he evaluated Tiirkiye’s past initiatives
for power system development from a smart grid perspective and proposed additional
steps to achieve a successful transition to a smart grid (Keskin, 2021).

Atasoy examined the modernization efforts in the Turkish electricity distribution
sector, which led to processes of liberalization, privatization, and unbundling that
have reshaped the sector's landscape. His study offers a comprehensive overview of
the Turkish electricity sector, covering aspects such as the regulatory framework, the
electricity market value chain, the dynamics of the electricity distribution sector, and
its revenue framework (Atasoy, 2020).

Colak presented an overview of European smart grid projects and provided details of
the current infrastructure and smart grid applications of EUAS, TEIAS, and TEDAS.
In his study, he discusses the feasibility of the necessary next steps and offers
assessments and recommendations for advancements in smart grid technology more
broadly (Colak, 2014).

Elma and Vural reviewed smart grid research in the world and gave an overview of
smart grid applications in Tiirkiye (Elma & Vural, 2014).

There are also related studies in the literature on smart grids in other countries as
summarized below.

Bhatt and Shah examined smart grids through the lens of critical applications and
parameters. They identified monitoring of the power network, automated metering
infrastructure, monitoring and automation of substations, home automation networks,
demand response, and integrating solar photovoltaics as 'critical applications'.
Additionally, they highlighted security, interoperability, reliability, scalability,
congestion, energy efficiency, and latency, as 'critical parameters' in their study (Bhatt
& Shah, 2014).

Sale and Grande shared insights from a pilot study conducted in Norway focusing on
households’ daily demand response. This study employed smart metering, remote load
control, and a pricing model that combined hourly spot prices with a time-of-day
network tariff. Customers were also provided with a token to indicate peak hours (Sele
& Grande, 2011).

Boogen and Datta analyzed data from a survey of 30 utility companies in Switzerland
to assess the effect of demand-side management activities on residential electricity
demand. By examining variations in demand-side management efforts both within and
among utilities over time, they determined that the implementation of these programs
led to a reduction of approximately 5% in residential electricity consumption per
customer (Boogen & Datta, 2017).
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Séder and Lund compared various demand-side flexibility approaches for balancing
renewable power production. Their study included an analysis of flexibility potentials
across seven Northern European countries, as well as an examination of the general
challenges faced and the outcomes achieved by each country in relation to the
estimation methods employed (Séder & Lund, 2018).

Lampropoulos and Broek proposed exploring opportunities, challenges, and possible
solutions for developing flexibility mechanisms via aggregator companies, with an
emphasis on market integration. They tested their approach in the Netherlands as a
case study, producing a thorough review of electricity market evolution that covers all
relevant aspects related to improving the market integration of aggregator companies
in the Dutch system, in line with the new European grid codes (Lampropoulos &
Broek, 2018).

Korsnes and Throndsen examined how smart energy technologies impact users in
Norway and the degree to which users can shape the role of these technologies in their
daily lives. Their findings revealed a gap between the intended goals and the actual
effects of the implemented technologies. For example, smart technologies were found
to influence how individuals structured their daily routines, requiring more effort from
participants (Korsnes & Throndsen, 2021).

Norouzi and Hoppe studied the developments in smart grid innovation systems. Their
primary research question focused on identifying the systemic and transformational
failures that occurred in the development of smart grid innovations in the Netherlands
between 2001 and 2021 (Norouzi & Hoppe, 2023).

Nazir and Sharifi used a mixed-methods approach, including a literature review and
expert surveys through the Delphi method, to identify the main obstacles to smart grid
implementation in Pakistan and their interrelations. They highlighted the following
barriers: state monopoly, low public awareness, inadequate regulations and policies,
organizational hurdles, financial limitations, market unpredictability, a lack of skilled
technical workforce, outdated grid infrastructure, and challenges in data management
(Nazir & Sharifi, 2024).

Akkad and Wills examined the requirements and controls for cybersecurity related to
the bidirectional data flow in loT-enabled smart grids within the Saudi energy sector.
Their focus was specifically on ensuring the cybersecurity of information flow by
implementing technical security measures to combat internet-based threats in IoT-
enabled smart grids (Akkad & Wills, 2023).
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CHAPTER 3

ACTORS & STAKEHOLDERS IN TURKISH ELECTRICITY GRID

In the Turkish electricity grid, there are different kinds of actors, stakeholders, and
institutions whose responsibilities include generation, transmission, and distribution
of electricity as well as its regulation, operation, and management. These actors and
stakeholders also produce, collect, share, and use data related with electricity. The data
flow structure among these actors is a significant part of the Turkish smart grid
establishment, development, and future smart grid management. The views, priorities
and needs of these actors are game changers to determine the critical parameters that
directly affect the success of smart grid transformation in Tiirkiye. These actors,
stakeholders and institutions are EUAS (Electricity Generation Company), TEIAS
(Turkish Electricity Transmission Company), TEDAS (Turkish Electricity
Distribution Company), EPIAS (Energy Exchange Company), EPDK (Energy Market
Regulatory Authority) and Ministry of Energy and Natural Resources. Below we
discuss and assess the responsibilities and operations of these players in detail.

3.1. EUAS (Public Electricity Generation Company)

Electrical energy production is carried out by both public and private companies in
Tiirkiye. EUAS (Public Electricity Generation Company), considering public interest,
within the framework of profitability and efficiency principles, is a government
organization established to generate and distribute electrical energy that is reliable,
uninterrupted, high-quality, efficient, cost-effective, and environmentally sustainable.
It has only thermal and hydroelectric power plants. Due to the privatized power plants,
the share of EUAS in production is decreasing every year.

3.2. TEIiAS (Turkish Electricity Transmission Company)

The electric transmission network is the backbone of an electric system and carries
electric power at a high voltage over long distances. The transmission of electric power
at a high voltage reduces the electricity losses allowing large volumes of power to be
transported over long distances in an efficient manner. Transmission networks are
often likened to a ‘highway system’ that facilitates the long-distance transmission of
electricity to individual large users or for onward carriage via more localized electric
distribution systems (Rubino, 2021). The transmission network is also a critical
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infrastructure required for the integration of distributed energy resources. At the bulk
transmission level, high-capacity green energy corridors are planned and implemented.

TEIAS in Tiirkiye is responsible for the critical activity of transmission of electricity
from production to the distribution networks. The energy produced in power plants is
transmitted to substations in cities via high voltage lines. Since it is necessary to keep
the frequency at 50 Hz, the National Load Dispatch Center within TEIAS works to
keep production and consumption in balance in real time. Under the "Transmission
License" granted by the Energy Market Regulatory Authority (EMRA) on March 13,
2003, and in line with the new market structure, TEIAS operates through central and
nationwide units that manage projects, installation, operations, maintenance, and load
dispatch. Since September 18, 2010, the Turkish electricity system has been running
in synchronized parallel mode with the European Network of Transmission System
Operators for Electricity (ENTSO-E) (TEIAS, 2022).

3.3. TEDAS (Turkish Electricity Distribution Company)

Distribution is the transmission of electrical energy over lines with a voltage level of
36.000 volts and below. Distribution networks carry power the last few miles from
transmission or sub-transmission to consumers, and they are distinguished from
transmission networks by their voltage level and topology (A. Papalexopoulos, 2013).

Distribution companies are responsible for the distribution of electricity with medium
/low voltage lines, for the reading/maintenance of the meters in the distribution region,
smart metering, forecasting the demand and general lighting. Electricity distribution
activities have been divided into 21 different regions in Tiirkiye and the operating
rights of these companies have been transferred to the private sector, with the
ownership belonging to TEDAS. Therefore, TEDAS is also responsible for the
supervision of these 21 distribution companies (TEDAS, 2022).

The main responsibilities of TEDAS includes (TEDAS, 2022):

e Carrying out operations related to auditing the operational network and
investment activities of distribution companies in terms of necessity, priority,
and characteristics

e Performing electricity distribution activities domestically and/or abroad when
necessary and/or when assigned

e Conducting the necessary R&D studies to improve service quality and
customer satisfaction and establishing new performance criteria

e Performing project control and approval, provisional and final acceptance
procedures

e Establishing laboratory and training facilities

e Preparing specifications for materials and equipment to be used in the
distribution network
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e Carrying out the certification process for the conformity assessment of
materials or equipment to be used in the network and performing the related
documentation/certification procedures

e Development and digitalization of the current distribution grid

3.4. Electricity DSOs (Distribution System Operators) in Tiirkiye

Electricity distribution networks were initially designed as passive systems, which
provided one-way links between the transmission network and electricity end users.
The introduction of distributed generation resulted in many distribution networks
becoming energy harvesting systems, with much more variability and bi-directional
power flows where there are high penetrations of distributed generation (Gharehpetian
& Agah, 2017).

Electricity distribution has been evolving from its traditional passive structure to an
active form with the increasing penetration of distributed energy resources, distributed
energy transition (e.g., wind, solar) and transition to the smart grid. Electricity
consumers linked to the distribution network are also more active now, as they
consume, produce and store energy in smart grids (Abdelmotteleb &Avila, 2019).

Companies responsible for electricity distribution in a specified region are called
distribution companies. In Tiirkiye there are 21 electricity distribution companies.
These companies are presented in Figure 2 and in Table 2. The responsibilities of these
distribution companies include:

e Operation, maintenance, repair, expansion, improvement of distribution lines
and keeping them running

e Ensuring that the distribution network is operational by performing planned

maintenance activities, establishing remote reading systems (eg. smart meters)

and energizing newly introduced consumption points

Facilities and investments, cutting/binding operations

Meter reading, notifying the elecricity meter consumption data to consumers

Sharing the consumption data of free consumers to EPIAS monthly

Research and development activities of the distribution network
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Figure 2: Tiirkiye Distribution System Operators Map

Table 2: Distribution System Operators in Tiirkiye and Their Regions

DISTRIBUTION COMPANY

REGION

1)AKDENIZ ELEKTRIK DAGITIM AS

Antalya, Burdur, Isparta

2)AKEDAS ELEKTRIK DAGITIM

Adiyaman, Kahramanmarag

3)ANADOLU YAKASI ELEKTRIK
DAGITIM AS (AYEDAS)

Istanbul - Anadolu Yakas1

4)ARAS ELEKTRIK DAGITIM AS

Agr1, Ardahan, Bayburt,
Erzincan, Erzurum, Igdir,
Kars

5)AYDEM ELEKTRIK DAGITIM AS

Aydin, Denizli, Mugla

6)BASKENT ELEKTRIK DAGITIM A S.

Ankara, Bartin, Cankir,
Karabiik, Kastamonu,
Kirikkale, Zonguldak

7)BOGAZICI ELEKTRIK DAGITIM AS

Istanbul - Avrupa Yakasi

8)CAMLIBEL ELEKTRIK DAGITIM AS

Sivas, Tokat, Yozgat

9)CORUH ELEKTRIK DAGITIM AS

Artvin, Giresun,
Gumiishane, Rize, Trabzon
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Table 2: Distribution System Operators in Tiirkiye and Their Regions (Continued)

10)DICLE ELEKTRIK DAGITIM AS

Batman, Diyarbakir, Mardin,
Siirt, Sanlurfa, Sirnak

11)FIRAT ELEKTRIK DAGITIM AS

Bingo6l, Elazig, Malatya,
Tunceli

12)GEDIZ ELEKTRIK DAGITIM AS

Izmir, Manisa

13)KAYSERI VE CIVARI ELEKTRIK TURK AS

Kayseri

14)MERAM ELEKTRIK DAGITIM AS

Aksaray, Karaman, Kirsehir,
Konya, Nevsehir, Nigde

15)OSMANGAZI ELEKTRIK DAGITIM AS

Afyonkarahisar, Bilecik,
Eskisehir, Kiitahya, Usak

16)SAKARYA ELEKTRIK DAGITIM AS

Bolu, Diizce, Kocaeli, Sakarya

Adana, Gaziantep, Hatay,

17)TOROSLAR ELEKTRIK DAGITIM AS Kilis, Mersin, Osmaniye

18)TRAKYA ELEKTRIK DAGITIM AS Edirne, Kirklareli, Tekirdag

Balikesir, Bursa, Canakkale,

19)ULUDAG ELEKTRIK DAGITIM AS Yalova

20)VANGOLU ELEKTRIK DAGITIM AS Bitlis, Hakkari, Mus, Van

Amasya, Corum, Ordu,

21)YESILIRMAK ELEKTRIK DAGITIM AS Samsun, Sinop

3.5. EPIiAS (Energy Exchange Istanbul)

Energy Exchange Istanbul (EXIST), or Enerji Piyasalar1 isletme A.S. (EPIAS) in
Turkish, is an energy exchange company established on March 18, 2015. EXIST
operates under the Turkish Electricity Market Law and has the Energy Markets
Operation License granted by the Energy Markets Regulatory Authority (EMRA) of
Tiirkiye. EXIST oversees the management and operation of energy markets, covering
both electricity and gas commodities. By offering central counterparty services,
EXIST guarantees transparent, reliable, and credible market conditions (EPIAS,
2022).

EXIST, which operates Day-Ahead and Intraday Spot Electricity Market, Spot Natural
Gas Market, Power Futures Market, Natural Gas Futures Market and Renewable
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Energy Guarantees of Origin System & Organized YEK-G Market, also performs
financial transactions such as settlement, collateral and invoicing in these markets,
settlement activities regarding the Balancing Power Market (BPM), operation of the
Renewable Energy Resources Support Mechanism (YEKDEM), and carries out
eligible customer transactions (EPIAS, 2022).

3.6. Turkish Republic Ministry of Energy and Natural Resources

Duties and authorities of the Ministry of Energy and Natural Resources in Tiirkiye are
as follows (Ministry of Energy, 2022):

e Determining the country's short-term and long-term needs for energy and
natural resources, developing policies, and making plans

e Researching, operating, developing, evaluating, and controlling general policy
principles, making necessary programs, planning, and preparing projects

e Exploration, establishment, operation, and utilization of these resources to
grant, transfer and revoke rights when necessary,

e Undertaking mortgage, expropriation and establishing other restrictive rights,
keeping, and maintaining their records

e Ensuring security and benefit from energy and natural resources in line with
public needs; energy production, transmission, distribution, survey,
establishment, operation, and maintenance services of its facilities

e Production, transmission, distribution and consumption of underground and
surface energy and natural resources and their products; determining the
pricing policy and determining the prices when necessary

e Examining and approving the business and investment programs of the
affiliated and related institutions of the Ministry; monitoring and evaluating its
activities according to annual programs

e Examination, investigation, and inspection of all the activities and transactions
of the institutions affiliated with the Ministry and related to the Ministry

e Evaluation of renewable energy sources and increasing energy efficiency

3.7. EPDK (Energy Market Regulatory Authority)

Smart grid business models are influenced by different factors such as electricity
market regulation mechanisms, power system characteristics and infrastructure
(Behrangrad, 2015). Therefore, the Energy Market Regulatory Authority (EMRA),
which is an independent public institution, is significant and critical for smart grid
transition in Tiirkiye. The independence of the institution is an indispensable element
for the impartial management of energy markets. The EMRA Board consists of the
presidency and service units. The Authority uses its power through the energy market
regulatory board, which is the representative and decision body of the institution, while
performing its duties. With the privatization of energy markets, the responsibilities of
this institution have also increased. The main duties of EMRA are as follows (EPDK,
2024):
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e Monitoring the performance of the companies in the market

e Establishing standards for the performance measures to be applied

e Preparing regulations on matters falling under the service area and performing
inspections to ensure compliance with regulations

e Dealing with pricing issues and keeping prices updated based on inflation data

e Preparing the necessary regulations for consumers to receive quality, low-cost,
reliable, and uninterrupted electricity service

e Approving wholesale tariff, transmission, distribution and retail sales tariffs
and determination of pricing principles

e Determining the discount made in the free consumer limit in January every
year and publishing the new limit

e Determining the financial reporting standards of companies operating in the
market with production, distribution and sales licenses and monitoring the
compliance of these companies with the determined equality and transparency
requirements

e Encouraging the use of renewable and domestic energy resources

3.8. Installed Power Structure of Turkish Electricity Grid

The installed power structure of the Turkish electricity grid has changed significantly
in recent years. The ratio of the renewables (solar and wind) in electricity generation
is rapidly increasing. Between 2019 and 2024 the wind power ratio increased from
8.35% to 11.02% and the solar power ratio increased from 0.1 % to 13.32%. In 2019,
the installed solar power in Tiirkiye was 81.66 MW, whereas this number increased to
14640.24 MW just in 5 years, which is more than 179 times. The total installed
renewable power increased from 37382 MW to 62701 MW in the same period, which
means a 67.73 % increase. As wind and solar power are intermittent sources, smart
grid transformation is inevitable and urgent in Tirkiye. The installed power
configurations of Tiirkiye for the period 2019-2024 is presented in Figure 3 and
detailed in Table 3 (EPDK, 2024).

Installed Wind and Solar Power 2019-2024

° 13.32%
15.00% 11.02%
10.000/0 8-350/0
5.00%
0.00%
2019 APRIL 2024 APRIL

mEWIND mSOLAR
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Figure 3: Installed Wind & Solar Power in Tiirkiye 2019-2024
Table 3: Installed Power of Turkish Electricity Grid (2019-2024)

TURKIYE INSTALLED POWER (MW)

TYPE 2019 | PERCENT | 2024 [ PERCENT CHANGE

APRIL (%) APRIL (%) (%)
HYDRO 28392.2 33.79% | 32180.42 29.29% 13.34%
WIND 7015.56 8.35% | 12102.56 11.02% 72.51%
SOLAR 81.66 0.10% | 14640.24 13.32% 17828.29%
BIOMASS 590.92 0.70% | 2087.02 1.90% 253.18%
GEOTHERMAL 1302.52 1.55% | 1691.34 1.54% 29.85%
RENEWABLE 37382.86 44.49% | 62701.58 57.07% 67.73%
NATURAL GAS | 26119.29 31.08% | 25083.95 22.83% -3.96%
IMPORT COAL 8938.85 10.64% | 10373.8 9.44% 16.05%
LIGNITE 9853.08 11.73% | 10206.59 9.29% 3.59%
COAL 616.15 0.73% 840.77 0.77% 36.46%
ASPHALTITE 405 0.48% 405 0.37% 0.00%
FUEL OiL 709.21 0.84% 251.93 0.23% -64.48%
NAFTA 4.74 0.01% 4.74 0.00% 0.00%
LNG 1.95 0.00% 1.95 0.00% 0.00%
DIESEL 1.04 0.00% 1.04 0.00% 0.00%
FOSSIL FUELS 46649.31 55.51% | 47169.77 42.93% 1.12%
TOTAL 84032.17 100.00% | 109871.35 100.00%
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CHAPTER 4

ANALYSIS TECHNIQUES & RESEARCH METHODS

This section provides an overview of potential research methods to be used for
determining and analyzing the parameters affecting smart grid transformation success
in Tirkiye.

4.1. Qualitative and Quantitative Analysis Methods

Research methods comprising both data collection and analysis are mainly classified
as qualitative or quantitative methods in the literature (Powell, 1999). Quantitative
research, in contrast to qualitative research, deals with data that are numerical or that
can be converted into numbers (Sheard, 2018). Qualitative research studies typically
seek to answer questions about the ‘what’, ‘how’ and ‘why’ of phenomena, which is
in contrast to the questions of ‘how many’ or ‘how much’ that are answered by
quantitative research. Quantitative research involves gathering and analyzing
numerical data to describe, explain, predict, or manage variables and phenomena of
interest (Gay, Mills & Airasian, 2009).

QUANTITATIVE
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Figure 4: Research Techniques and Types of Research Methods (Cardenas, 2019)
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According to Cardenas, research is a process of asking questions and answering them
by collecting and analyzing data. Data can be converted into numbers, words or
images. When data are numbers or the information collected is transformed into
numerical scale, this research is performed with quantitative data and is called
quantitative analysis (Cardenas, 2019). Research techniques and types of research
methods are presented in Figure 4.

4.2. Types of Quantitative Analysis

To decide the most appropriate method for our problem, we investigated quantitative
research methods in the literature. Brief overviews of the six quantitative research
methods commonly used in the literature are provided below.

4.2.1. Historical Quantitative Research

Historical quantitative research is the construction of a physical, conceptual or
mathematical model that searches the existence and the direction of a relation
dependent on the same variable affecting the same group at different times (Armstrong
& Shapiro, 1974).

4.2.2. Descriptive Quantitative Research

Descriptive research aims to find the answers to the Who, What, Where, When, How,
How many and How much questions. In descriptive research, the researcher should
have a clear idea of what is needed and look for answers to more clearly defined
questions. Descriptive studies might tell the size, the structure, developments over time
and attitudes of particular groups of people (Sloman, 2010).

4.2.3. Correlational Quantitative Research

Correlational research is used to discover and then possibly measure relationships
between two or more variables. From a research perspective, the word relationship
means that an individual’s status on one variable tends to reflect the status on another
variable (Vogt, 2011).

The correlational method focuses on identifying connections between variables and is
defined by quantification, as it requires determining the magnitude of those variables.
Data can be gathered using various approaches, including observation, interviews,
online surveys, questionnaires, or measurements (MacKenzie, 2013).
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4.2.4. Experimental Quantitative Research

According to Armstrong and Shapiro, experimental quantitative research is a physical,
conceptual, or mathematical model that searches for the existence and the direction of
a relation dependent on the same variable affecting two or more groups (Armstrong &
Shapiro, 1974). Experimental research involves the differentiation of two basic
conditions: exposure and non-exposure to the independent variable. The experimental
group is the group exposed to the condition, while the control group is not.
Observations are recorded for each group and the groups are then compared, with
differences in the experimental group assumed to be attributable to the application of
the condition (Tanner, 2002).

4.2.5. Survey Research

The survey method is used as a research strategy that encompasses any measurement
procedures that involve asking questions to the respondents concerning the status of
the subject under study (Powell & Connaway, 2010). Survey research may incorporate
quantitative methods, such as using questionnaires with numerically rated items, and
employs sampling strategies to gather a sufficient, representative sample of the target
population. Since it is typically impractical to collect data from the entire population,
a sample or subset is used to estimate the overall population's responses (Ponto, 2015).
Table 4 lists the sources of error in survey research.

Table 4: Sources of Error in Survey Research

Type of error

Source of error

Strategies to reduce error

Coverage error

Unknown or zero chance of
individuals in the population being
included in the sample

Multimode design

Sampling error

Individuals included in the sample do
not represent the characteristics of the
population

Clearly identified population
of interest; diverse participant
recruitment strategies; large,
random sample

Measurement error

Questions/instruments do not
accurately reflect the topic of interest;
questionnaires/ interviews do not
evoke truthful answers

Valid, reliable instruments;
pretest questions; user-friendly
graphics, visual characteristics

Nonresponse error

Lack of response from all individuals
in sample

User-friendly survey design;
follow-up procedures for
nonresponders
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4.2.6. Causal Comparative Research

The goal of causal research is to offer explanations, which is why it is often referred
to as explanatory research. For instance, it can be employed to determine why
individuals prefer brand A over brand B or why some support capital punishment while
others do not. This type of research can also help eliminate competing explanations
and conclusions (Bertomeu & Beyer & Taylor, 2016).

As a result of our investigation of quantitative research methods, we decided to use
both correlational research and survey research for this study. The correlational model
best fits our study because the focus and contribution of our study is to determine and
analyze the parameters affecting smart grid transformation success in Tiirkiye. We also
use survey research techniques to collect data from stakeholders in the energy sector,
such as employees at electricity distribution system operators, transmission system
operators, regulatory bodies, electricity generation entities and academicians.

To use the correlational research model in our study, it is required to define
independent and dependent variables. In a formal cause-effect relationship, dependent
variables are used as the effects and independent variables are used as the causes.

4.3. DeLone & McLean Information System Success Model

The dependent variable of this study is smart grid transformation success in Tiirkiye.
To differentiate subcomponents of the dependent variable from independent variables,
we take DeLone’s and McLean’s studies “Information Systems Success: The Quest
for the Dependent Variable-1992” (Delone & McLean, 1992) and “The DeLone and
McLean Model of Information Systems Success: A Ten-Year Update-2003” (Delone
& Mclean, 2003) as reference. DeLone and McLean proposed the Information Systems
Success model as a framework for measuring the complex dependent variable in
information systems research and differentiating subcomponents of the dependent
variable from independent variables.

Rai and Welker conducted a goodness-of-fit test on the full DeLone & McLean
Information Success Model, using survey data from 274 users of a university's student
information system. The results showed that while some goodness-of-fit indicators
were significant, others were not. Nevertheless, all path coefficients between the
success dimensions of the DelLone & McLean Information Success Model were found
to be significant (Rai &Welker, 2002).

According to DeLone & McLean’s newer study in 2003, subcomponents of the
dependent variable include information quality, system quality, service quality,
intention to use (use), user satisfaction and net benefits. DeLone & McLean’s newer
study is presented below.

32



INFORMATION \

QUALITY
INTENTION | USE
TO USE
W
SYSTEM QUALITY ~
NG MET '
l BENEFTTS |
_ |

USER ! ,,/

SATISFACTION |~

SERVICE / ’

QUALITY

Figure 5: DeLone and McLean IS Success Model (DeLone & Mclean, 2003)

DeLone & McLean provided an example study for e-commerce success to illustrate
the dependent variable’s subcomponents. The subcomponents of the dependent
variable for e-commerce success are as follows:

e System quality: adaptability, availability, reliability, response time, usability
e Service quality: assurance, empathy, responsiveness

e Information quality: completeness, ease of understanding, personalization,
relevance, security

e Use: nature of use, navigation patterns, number of site visits, number of
transactions executed

e User satisfaction: repeat purchases, repeat visits, user surveys

e Net benefits: cost savings, expanded markets, incremental additional sales,
reduced search costs, time savings

For our study, we changed some subcomponents of the dependent variable of DeLone
and McLean’s example to match smart grid transformation success, by consulting
electricity sector experts. We also added electricity interruption duration to the service
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quality part and removed reduced search costs, which is not a suitable subcomponent
for smart grid transformation. Experts’ explanations about the modification of each
subcomponent are given below.

Responsiveness to self healing: Responsiveness means giving immediate reaction to
incidences in e-commerce. Immediate reaction achieved with self healing is critical
and urgent in case of power outages in electricity grids. Therefore, the responsiveness
variable was modified as self healing for the smart grid.

Navigation patterns to load profile: In e-commerce most of the actions and road maps
are determined according to navigation patterns of the users. Likewise in the electricity
grid, load profiles of the consumers determine the required actions plans and
investments. Hence, the navigation patterns variable was modified as load profile for
the smart grid.

Number of site visits to number of load shiftings: In e-commerce, the number of site
visits is one of the success indicators of that site. For smart grids, load shifting
corresponds to a similar indicator.

Number of transactions executed to shifted electricity used in Kwh: In e-commerce,
the number of transactions executed affects the financial effectiveness of that site. For
the smart grid, shifted electricity usage in Kwh determines a similar financial outcome
for the system.

Repeat purchases to repeat load shiftings: Encouraging a customer to make repeated
purchases is one of the targets of an e-commerce site. To encourage the
customer/subscriber to participate in load shiftings many times is a similar target for
the smart grid. Hence, the repeat purchases variable was modified as repeat load
shiftings.

Repeat visits to repeat shifted electricity usage in off-peak times: In e-commerce,
repeating customer visits increases user satisfaction. In the smart grid, repeating the
shifted electricity usage in off-peak times increases user profit, because of the low
electricity prices in off-peak times, which in turn increases user satisfaction. Hence,
repeat visits was modified as repeat shifted electricity usage in off-peak times for smart
grids.

Expanded markets to expanded distributed energy resources: E-commerce enables
markets to be expanded for new regions and countries. Similarly, smart grid
transformation enables energy sources to be expanded to include resources like wind
and solar energy. Hence, the expended markets variable was modified as expanded
distributed energy sources for smart grids.

Incremental additional sales to incremental additional electricity sales in off-peak
times: Encouraging customer to make extra purchases is one of the targets of e-
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commerce. Encouraging the customer/subscriber to use additional electricity in off-
peak times is one of the similar targets of the smart grid. Therefore, the incremental
additional sales variable was modified as incremental additional electricity sales in off-
peak times for smart grids.

Electricity interruption duration: In electricity grids outage durations are critical
parameters for calculating the service quality. Hence, electricity interruption duration
was added to the subcomponents list.

Having determined the subcomponents of the dependent variable for smart grid
transformation success, below we list and define the 25 subcomponents of the
dependent variable.

System quality (5):

Adaptability: Capability of the services received from the smart grid to meet different
requirements that will arise over time

Availability: Continuity and uninterruptibility of all services provided by the smart
grid

Reliability: The ability of the smart grid to provide trustworthy and trusted functions
and services to the users

Response Time: Instant action time for events like technical failures, power outages,
price changes, cyber attacks

Usability: Ease of use for smart grid enabled functions and services

Service quality (4):

Assurance: Monitoring and recording of grid safety performance, as well as evaluating
safety management processes and practices

Empathy: Designing smart grid services and functions from the users’ perspective for
enhanced service quality

Self healing: The ability of the smart grid to repair itself or resolve the fault in case of
failure

Electricity interruption duration: Power outage periods/durations of the smart grid
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Information quality (5):

Completeness:  Inclusion of the complete provision of all promised network
parameters to the electricity consumers of the smart grid

Ease of understanding: Ease of understandability of the data/information presented to
subscribers/users with smart grid transformation

Personalization: Tailoring smart grid services to accommodate subscribers/
consumers (subscriber specific electricity usage tariff, etc.)

Relevance: Information provided to the subscriber/user being related to the user's
demands

Security: Transmitting and processing the smart grid data/information through cyber-
secure channels and keeping the entire smart grid system secure against cyber security
threats

Use (4):

Nature of use: Using the opportunities brought by the smart grid in many different
areas

Load profile/pattern: Creating the electricity usage profile/pattern of each user/
subscriber with smart grid transformation

Number of load shiftings: Enabling the electricity consumption to be shifted many
times during peak times of electricity demand

Shifted electricity ussage in Kwh: Measuring and recording the shifted electrical
energy (Kwh) used by the subscribers/users

User satisfaction (3):

Accepted or demanded load shifting repeats: Evaluating the use of shifted electrical
energy accepted/requested by the user/subscriber for customer satisfaction

Accepted or demanded repeats of shifted electricity usage in off-peak times: Showing
electricity subscribers/users both the financial and environmental benefit/contribution
of the electricity they consume in the off-peak period

User surveys: Conducting surveys to understand the satisfaction of electricity users
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Net benefits (4):

Cost savings: Reducing the costs required to operate the electricity grid with the help
of smart grid transformation

Expanded distribution of energy resources: Enabling distributed energy resources
(wind, solar) to become widespread

Incremental additional electricity sales in off-peak times: Enabling increased
electricity sales during non-peak periods of electricity consumption

Time savings: Reducing the total operational time spent in operating the electricity
system

A similar DeLLone & Mclean information systems success model and its adjustment
approach was also used in a study on e-government transformation success in Tiirkiye
by Gokhan Iskender and Sevgi Ozkan in 2013 (Iskender & Ozkan, 2013).

4.4. Smart Grid Transformation Success Independent Variables

For determining the independent variables, we performed an extensive search in the
sciencedirect.com, researchgate.net, escholarship.org, openresearch.surrey.ac.uk,
cadmus.eui.eu, semanticscholar.org databases with the keywords “smart grid”,
“demand response”, “demand side flexibility”, “demand side management”, and
“integration of renewables”, which resulted in 196 studies. We determined 24 possible
independent variables by reviewing these 196 studies. The list of the studies reviewed,
and the independent variables obtained from these studies are shown in Appendix A

Table 12.

The 24 possible independent variables affecting smart grid transformation determined
by our comprehensive literature review are given below. These independent variables
were selected according to their frequency of mention in the studies reviewed. Their
frequencies in the studies are also given in parantheses with each independent variable.

1. Remote Controlling (14) 13. Regulatory Framework (41)
2. Smart Metering (53) 14. Incentives (11)

3. Consumer Participation (35) 15. Interoperability (IOP) (16)

4. Integration of Renewables (55) 16. Institutional Change (11)

5. Data Management Support (49) 17. Organizational Change (8)

6. Security (41) 18. Dynamic Pricing (31)

7. Distributed Energy Trans. (45) 19. Self Healing of The Grid (9)
8. Return of Investment (12) 20. Communication Support (57)
9. EV Charging (34) 21. Artifical Intelligence (20)

10. Reliability (15) 22. Internet of Things Support (35)
11. Smart Appliances Usage (14) 23. Political Support (18)

12. Aggregator Support (27) 24. Electric Storage (30)
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Some of the items also exist among the subcomponents of the dependent variable.
These items are security, reliability, and self-healing. According to the DeLone and
McLean information systems success model, these items are among the main
subcomponents of the model. Security is a subcomponent of the information quality
part; reliability is a subcomponent of the system quality part; self-healing is a
subcomponent of the service quality part. Information quality, system quality and
service quality are among the main components of the DeL.one and McLean model.
As it is not possible for a variable to exist both as the dependent variable’s
subcomponent and independent variable, these items were left in the subcomponent
part and removed from the independent variables list, leaving 21 independent
variables.

Definitions of the independent variables are given below.

Remote controlling: Use of remote control and online monitoring techniques to
control/use grid equipments

Smart metering: Use of smart meters and online measurement techniques in grid power
measurement

Consumer participation: Active participation of electricity subscribers /consumers in
demand side management and demand response

Integration of renewables: Integration of renewable energy sources like solar and wind
power into the electricity grid

Data management support: Establishing data centers, data management and analysis
mechanisms for the processing of grid data

Distributed energy tranmsition: Establishing the necessary infrastructure and
mechanisms for distributed energy transition

Return of invesment: The payback period and amount for smart grid investment of
infrastructure, equipments and human resources

EV charging: Integrating the electric vehicle charging infrastructure and equipments
into the smart grid

Smart appliances usage: Usage of smart home appliances that can communicate with
both the electrical grid and the Internet

Aggregator support: Establishing the aggregator structure that will mediate between
electricity users and electricity suppliers

Regulatory Framework: Establishing and publishing smart grid specific legislations
and laws
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Incentives: Establishing financial support systems and mechanisms for the smart grid

Interoperability (IOP): Data sharing and collaboration of the smart grid and its
equipments with other systems

Institutional change: Establishing responsible institutions or institutes dedicated to
smart grid transformation

Organizational change: Making organizational changes in existing structures or
institutions for smart grid transformation

Dynamic pricing: Creating a dynamic pricing structure for electricity tariffs among
stakeholders for smart grid transformation

Communication support: Using fast, reliable, two-way communication infrastructures
and protocols for the smart grid

Artifical intelligence: Using artificial intelligence techniques, applications and
approaches in smart grid operations

Internet of Things support: Using Internet-connected devices and equipments in the
smart grid infrastructure

Political support: Support of political authorities and the goverment for smart grid
transformation

Electric storage: Storage of electrical energy obtained from distributed and renewable
energy sources
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CHAPTER 5

DELPHI ANALYSIS TO VALIDATE THE VARIABLES

To validate the subcomponents of the dependent variable and the independent
variables, we used Delphi Analysis. Delphi Analysis is a formal, in-depth systematic
methodology first studied in 1950 by a team at the RAND Corporation. The aim of
Delphi Analysis is to narrow down the range of differing opinions within a small
group, leading them towards a shared consensus. This method involves a series of
iterative cycles that include rounds of questions, responses, and analysis, which are
then fed back to the subject matter experts (Dell’Olio & De Otia, 2017).

The Delphi Analysis method has the following characteristics and features:

e Anonymity of experts, assuring free expression of opinions by the experts.
This method helps prevent the influence of social pressure from dominant or
dogmatic individuals, as well as from majorities or minorities.

e Iteration— Experts are free to revise their opinions or judgments at any point
without the concern of facing public criticism.

o Controlled feedback— Experts are made aware of the opinions of other
experts involved in the study.

e Some form of statistical aggregation permits a quantitative analysis. Hence,
although qualitative, the Delphi method can be used for obtaining quantitative
results (Profillidis & Botzoris, 2019).

In our study, the email-based Delphi consultation method was used to enhance the
relevance of the results for stakeholders. It is suggested that this approach allows for
the involvement of a wide variety of stakeholders in a time- and cost-effective way
(Northcote & Lee, 2008).

We applied the Delphi Analysis method for the twenty-five subcomponents of the
dependent variable and its twenty-one independent variables. According to Hallowell
and Gambatese, at least eight participants are needed to conduct a Delphi Analysis
(Hallowell & Gambatese, 2010). Accordingly, seventeen experts participated in our
Delphi study. Four of them are academicians who have research experience in power
systems and smart grids. The other thirteen are from the energy sector. Demographic
properties of the participants are given in Table 5. All experts were aware that they
were participating in a Delphi Analysis. None of the Delphi group members knew each
other and they did not have any information about each other’s personal information
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because of the Delphi method requirements. The e-mail accounts of the Delphi
participants were used to communicate with the Delphi group members.

Table 5: Demographic Properties of the Delphi Participants

Expert No | Gender Education Years of Experience Responsibility

Expert 1 Male Undergraduate 25 years loT Manager

Expert 2 Male Doctorate 22 years Academician

Expert 3 Male Master’s Degree 19 years Electricity Transmission Expert
Expert 4 Male Undergraduate 32 years Electricity Distribution Expert
Expert 5 Male Undergraduate 16 years Electricity Distribution Expert
Expert 6 Female | Master’s Degree 17 years loT Expert

Expert 7 Male Master’s Degree 15 years Smart Appliance Expert
Expert 8 Male Doctorate 27 years Academician

Expert 9 Male Doctorate 23 years Academician

Expert 10 Male Doctorate 17 years Academician

Expert 11 Male Master’s Degree 19 years Cybersecurity Expert
Expert 12 Male Undergraduate 23 years Electricity Generation Expert
Expert 13 Female | Master’s Degree 14 years Electricity Distribution Expert
Expert 14 Male Master’s Degree 16 years Electricity Regulation Expert
Expert 15 Male Master’s Degree 28 years Electricity Regulation Expert
Expert 16 Male Master’s Degree 15 years Electricity Transmission Expert
Expert 17 Male Master’s Degree 21 years Electricity Generation Expert

5.1. Delphi Analysis Process

The Delphi study was completed in three iterations over two months. At any iteration
point, experts could change their opinions or judgments without fear of being exposed
to public criticism. All the personal information about the participants were deleted
from the e-mails and the experts were informed about the views of other experts.

The Delphi survey was prepared on Google Forms. Definitions for each variable were
provided during the Delphi study to ensure that all participants had the same
understanding of the variables. In the first round, we sent the Delphi analysis questions
to the 17 experts via sharing the Google Forms link. The experts were expected to
evaluate whether the determined independent variables and subcomponents of the
dependent variable are the right ones for smart grid transformation. We collected the
results from 17 experts in three weeks time. Immediately, the results for each
independent variable and subcomponents of the dependent variable were shared with
the participants in percentage and pie chart form. Then we requested the second-round
evaluation. Again, the Delphi participants sent their responses in three weeks time and
the second-round results were shared with the participants in percentage and pie chart
form. We requested a third and final round of evaluation. The Delphi analysis results
42



were gathered and analyzed. In the third round, the Delphi participants ultimately
reached varying levels of consensus on the dependent variable’s subcomponents and
the independent variables as shown in Table 6 and Table 7. After the participants had
a common decision on the subcomponents of the dependent variable (smart grid
transformation success in Tiirkiye) and its independent variables, they decided to
remove three subcomponents of the dependent variable and one independent variable.
Accordingly, “usability”, “completeness” and “user surveys” were removed from the
subcomponents list of the dependent variable. Delphi participants also decided to
remove one independent variable, which is “return of investment duration”. Round 1
and Round 2 results are also given in Appendix B. As most Delphi studies in the
literature accept a consensus level between 50%-97%, to have highly reliable results
we take the consensus level as 75% for this study.

For Table 6 and Table 7 the column definitions are given below.

#Accept: Number of participants, who accepted that item as a dependent variable’s
subcomponent/independent variable of smart grid transformation success.

%Accept: Percentage of participants, who accepted that item as a dependent variable’s
subcomponent /independent variable of smart grid transformation success.

#Reject: Number of participants who rejected that item as a dependent variable’s
subcomponent /independent variable of smart grid transformation success.

%Reject: Percentage of participants who rejected that item as a dependent variable’s
subcomponent /independent variable of smart grid transformation success.

#No idea: Number of participants who had no idea about whether that item is a
dependent variable’s subcomponent/independent variable of smart grid transformation
success.

%No idea: Percentage of participants who had no idea about whether that item is a
dependent variable’s subcomponent/independent variable of smart grid transformation
success.

#Opinion: #Accept+#Reject
%Accept without No Idea: Percentage of participants, who accepted that item as a

dependent variable’s subcomponent/independent variable of smart grid transformation
success, excluding the participants who had no idea.
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Table 6: Delphi Analysis Results for Subcomponents of the Dependent Variable

ROUND 3
)
- I~ - - < < z I~
& o 2 2 a 8 Sluss 3
] ] o o o o S| o= @A
Subcomponents of the g g $ g Z g é $ "; &
Dependent Variable
ADAPTABILITY 15 100% 0 0% 0 0% 15 100% CONSENSUS
AVAILABILITY 14 88% 2 13% 0 0% 16 88% CONSENSUS
RELIABILITY 16 | 100% | o | 0% | o | o% | 16 | 100% | CONSENsUS
RESPONSE TIME 16 100% 0 0% 0 0% 16 100% CONSENSUS
NON-
USABILITY 8 50% 7 44% 1 6% 15 53%** | CONSENSUS
ASSURANCE 16 100% 0 0% 0 0% 16 100% CONSENSUS
EMPHATY 13 81% 2 13% 1 6% 15 87% CONSENSUS
SELF HEALING OF THE
GRID 9 56% 3 19% 4 25% 12 75% CONSENSUS
ELECTRICITY
INTERRUPTION
DURATION 15 100% 0 0% 0 0% 15 100% CONSENSUS
NON-
COMPLETENESS 8 53% 3 19% 4 25% 11 73%** CONSENSUS
EASE OF UNDERSTANDING 12 80% 1 7% 2 1% 13 92% CONSENSUS
PERSONALIZATION 16 100% 0 0% 0 0% 16 100% CONSENSUS
RELEVANCE 12 75% 1 6% 3 19% 13 92% CONSENSUS
SECURITY 16 | 100% | o | 0% | o | o% | 16 | 100% | CONSENsUS
NATURE OF USE 11 69% 3 19% 2 13% 14 79% CONSENSUS
LOAD PROFILE /LOAD
PATTERN 15 94% 1 6% 0 0% 16 94% CONSENSUS
NUMBER OF LOAD
SHIFTINGS 16 100% 0 0% 0 0% 16 100% CONSENSUS
SHIFTED ELECTRICITY
USAGE IN KWH 16 100% 0 0% 0 0% 16 100% CONSENSUS
ACCEPTED OR DEMANDED
LOAD SHIFTING REPEATS 11 69% 0 0% 5 31% 11 100% CONSENSUS
ACCEPTED OR DEMANDED
REPEATS OF
SHIFTED ELECTRICITY
USAGE IN OFF-PEAK TIMES 16 100% 0 0% 0 0% 16 100% CONSENSUS
NON-
USER SURVEYS 6 38% 6 38% 4 25% 12 50%** | CONSENSUS
COST SAVINGS 15 94% 0 0% 1 6% 15 100% CONSENSUS
EXPANDED DISTRIBUTION
OF ENERGY RESOURCES 16 100% 0 0% 0 0% 16 100% CONSENSUS
INCREMENTAL
ADDITIONAL ELECTRICITY
SALES IN OFF PEAK TIMES. 15 94% 0 0% 1 6% 15 100% CONSENSUS
TIME SAVINGS 16 100% 0 0% 0 0% 16 100% CONSENSUS
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Table 7: Delphi Analysis Results for Independent Variables

ROUND 3

©

S

= I~ - << < 2 - =
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g s = R | F| E|Q| w2 =

Independent Variables 2
REMOTE CONTROLLING 16 100% 0 0% 0 0% 16 100% CONSENSUS
SMART METERING 16 100% 0 0% 0 0% 16 100% CONSENSUS
CONSUMER PARTICIPATION 14 88% 0 0% 2 13% 14 100% CONSENSUS
INTEGRATION OF RENEWABLES 15 94% 1 6% 0 0% 16 94% CONSENSUS
DATA MANAGEMENT SUPPORT 16 100% 0 0% 0 0% 16 100% CONSENSUS
DISTRIBUTED ENERGY TRANSITION 16 100% 0 0% 0 0% 16 100% CONSENSUS

NON-
RETURN OF INVESTMENT DURATION 6 38% 4 25% 6 38% 10 60%** | CONSENSUS
ELECTRIC VEHICLE INTEGRATION 15 94% 0 0% 1 6% 15 100% CONSENSUS
SMART APPLIANCE USAGE 16 100% 0 0% 0 0% 16 100% CONSENSUS
AGGREGATOR SUPPORT 12 75% 0 0% 4 25% 12 100% CONSENSUS
REGULATORY FRAMEWORK 16 100% 0 0% 0 0% 16 100% CONSENSUS
INCENTIVES 16 100% 0 0% 0 0% 16 100% CONSENSUS
INTEROPERABILITY(IOP) 15 100% 0 0% 0 0% 15 100% CONSENSUS
INSTITUTIONAL CHANGE 14 88% 0 0% 2 13% 14 100% CONSENSUS
ORGANIZATIONAL CHANGE 11 69% 0 0% 5 31% 11 100% CONSENSUS
DYNAMIC PRICING 16 100% 0 0% 0 0% 16 100% CONSENSUS
COMMUNICATION SUPPORT 16 100% 0 0% 0 0% 16 100% CONSENSUS
Al (ARTIFICIAL INTELLIGENCE)

SUPPORT 15 94% 0 0% 1 6% 15 100% CONSENSUS
10T (INTERNET OF THINGS) SUPPORT 16 100% 0 0% 0 0% 16 100% CONSENSUS
POLITICAL SUPPORT 16 100% 0 0% 0 0% 16 100% CONSENSUS
ELECTRIC STORAGE 16 100% 0 0% 0 0% 16 100% CONSENSUS

After the application of the Delphi Analysis, the remaining 22 subcomponents of the
dependent variable were determined as follows:

System quality (4): Adaptability, Availability, Reliability, Response Time

Service quality (4): Assurance, Empathy, Self Healing, Electricity Interruption
Duration

Information quality (4): Ease of Understanding, Personalization, Relevance, Security

45



Use (4): Nature of use, Load Profile/Load Pattern, Number of Load Shiftings, Shifted
electricity used in Kwh

User satisfaction (2): Accepted or Demanded Load Shifting Repeats, Accepted or
Demanded Repeat of shifted electricity usage in off-peak times

Net benefits (4): Cost savings, Expanded distributed energy resources, Incremental
Additional Electricity Sales in Off-Peak Times, Time savings

After the application of the Delphi Analysis, the remaining 20 independent variables
are as follows:

1. Remote Controlling 11. Incentives

2. Smart Metering 12. Interoperability (IOP)

3. Consumer participation 13. Institutional Change

4. Integration of Renewables 14. Organizational Change

5. Data Management Support 15. Dynamic Pricing

6. Distributed Energy Transition 16. Communication Support

7. EV Charging 17. Artificial Intelligence Support
8. Smart Appliances Usage 18. Internet of things Support

9. Aggregator support 19. Political Support

10. Regulatory Framework 20. Electric Storage
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CHAPTER 6

SURVEY STATEMENTS FOR VARIABLES

A survey was prepared and conducted to find out Turkish electricity experts’ views on
the parameters affecting the smart grid transformation success in Tiirkiye. The main
objective of the survey was to find answers to the research questions of this study. The
respondents of the survey were selected from the experts of electricity generation,
transmission, distribution, regulation bodies, institutions, and companies of Tiirkiye.
The survey questions were prepared to find answers to the five research questions
below.

e RQ-1) Do the independent variables have positive correlation with smart grid
transformation success?

e RQ-2) Is there a statistically significant difference between the effects of the
independent variables of smart grid transformation success?

e RQ-3) Is there a statistically significant difference between the effects of the
independent variables of smart grid transformation success with respect to
different regions of Tiirkiye?

e RQ-4) Is there a statistically significant difference between the time periods
required to achieve the independent variables of the smart grid transformation
success?

e RQ-5) Is there a statistically significant difference between the time periods
required to achieve the independent variables of the smart grid transformation
success with respect to different regions of Tiirkiye?

6.1. Survey Statements for Dependent Variable’s Subcomponents and

Independent Variables

After determination of the dependent variable and its subcomponents, we defined the
related statements to gather scores for the subcomponents of the dependent variable,
as given in the below subsections. As the statements were presented to Turkish
respondents, the statements are also given in Turkish in parentheses.
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6.1.1. Survey Statements for the System Quality Part

Adaptability: The services to be received from smart grids must be able to meet
different requirements that will arise over time. (Akilli sebekelerden alinacak servisler
zaman i¢inde olusacak farkli gereksinimleri karsilayabilmelidir.)

Availability: All services provided by smart grids should be continuous and
uninterrupted. (Akilli sebekelerin saglayacagi tiim hizmetler siirekli ve kesintisiz
olmalidir.)

Reliability: Smart grids should be more reliable than traditional grids. (Akill
sebekeler geleneksel sebekelerden daha giivenilir olmalidir.)

Response time: In smart grids, response time to events (failure, outage, price change,
usage amount...) should be faster than in traditional networks. (Akilli sebekelerde
olaylara (ariza, kesinti, fiyat degisikligi, kullanim miktar1...) kars1 tepki stiresi
geleneksel sebekelere gore daha hizli olmalidir.)

6.1.2. Survey Statements for the Service Quality Part

Assurance: Smart grids are safer than classical grids. (Akilli sebekeler klasik
sebekelere gore daha giivenlidir.)

Empathy: Smart grid services should be designed from the user perspective for
service quality. (Akilli sebeke hizmetleri servis kalitesi i¢cin kullanici bakis agisiyla
tasarlanmalidir.)

Self healing of the grid: The smart grid should be able to repair itself/resolve the
fault in case of failure. (Akilli sebeke ariza durumunda kendi kendini onarmali /arizay1
giderebilmelidir.)

Electricity interruption duration: In smart grids, power outage periods should be
less than in traditional networks or there should be no outages. (Akilli sebekelerde
elektrik kesinti siireleri geleneksel sebekelere gore daha az olmali, hatta kesinti
olmamalidir.)

6.1.3. Survey Statements for the Information Quality Part

Ease of understanding: The data/information to be presented to subscribers/users
with smart grid transformation should be easily understandable. (Akilli sebeke
doniisiimii ile abonelere/kullanicilara sunulacak veriler/bilgiler kolayca anlasilir
olmalidir.)

Personalization: The smart grid must offer subscribers/consumers the opportunity to
personalize the service provided (subscriber-specific electricity usage tariff, etc.)
(Akilli sebekenin abonelere/ tiiketicilere verilen hizmeti kisisellestirebilme (aboneye
0zel elektrik kullanim tarifesi vb..) imkani1 sunmasi gerekir.)
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Relevance: The information provided to the subscriber/user as a result of smart grid
transformation should be related to the user's demands. (Akilli sebeke doniistimii
sonucu aboneye/kullaniciya saglanan bilgiler kullanicinin talepleri ile ilgili olmalidir.)

Security: Information generated by smart grids must be transmitted through cyber-
secure channels. (Akilli sebekeler tarafidan olusturulan bilgiler siber giivenlikli
kanallardan iletilmelidir.)

6.1.4. Survey Statements for Use

Nature of use: The opportunities brought on by smart grids should be usable in many
different areas. (Akilli gebekelerin getirdigi imkanlar bir ¢ok farkli alanda
kullanilabilmelidir.)

Load profile: With smart grid transformation, the electricity usage profile/pattern of
each subscriber/user must be created. (Akilli sebeke doniisiimii ile birlikte her
abonenin/kullanicinin elektrik kullanim profilinin/patterninin ¢ikarilmasi gerekir.)

Number of load shiftings: The smart grid must allow electricity consumption to be
shifted many times during peak times of electricity demand. (Akilli sebekenin, elektrik
talebinin pik oldugu zamanlarda elektrik tiiketiminin bir ¢ok defa Gtelenebilmesine
imkan saglamasi gerekir.)

Shifted electricity used in Kwh: The smart grid must be able to measure the shifted
electrical energy (Kwh) wused by the subscriber/user. (Akilli sebeke
abonenin/kullanicinin ~ 6teleyerek  kullandigi  elektrik  enerjisini  (Kwh)
Olctimleyebilmelidir.)

6.1.5. Survey Statements for User Satisfaction

Accepted or demanded load shifting repeats: The use of shifted electrical energy
accepted/requested by the subscriber should be evaluated in customer satisfaction.
(Abonenin kabul/talep ettigi Otelenmis elektrik enerjisi kullaniminin  miisteri
memnuniyetinde degerlendirilmesi gerekir.)

Accepted/demanded repeats of shifted electricity usage in off-peak times: The
smart grid should be able to show electricity subscribers/users both the financial and
environmental benefit/contribution of the electricity they consume in the off-peak
period. (Akilli sebeke elektrik abonelerine/kullanicilarina pik olmayan dénemde
tilkettikleri  elektrigin  hem maddi hem de ¢evresel faydasini/katkisin
gosterebilmelidir.)

6.1.6. Survey Statements for Net Benefits

Cost Savings: The smart grid should reduce the costs required to operate the electricity
grid. (Akilli sebeke elektrik sebekesinin isletilmesi igin gerekli maliyetleri
diistirmelidir.)

49



Expanded distributed energy resources: The smart grid should allow distributed
energy resources (wind, solar) to become widespread. (Akilli sebeke dagitik enerji
kaynaklarinin (riizgar, giines) yayginlasmasina imkan saglamalidir.)

Incremental additional electricity sales in off-peak times: The smart grid should
enable increased electricity sales during non-peak periods of electricity consumption.
(Akilli sebeke elektrik tiiketiminde peak olmayan zamanlarda elektrik satiginin
artmasini saglamalidir.)

Time savings: The smart grid should ensure that the total operational time spent in
operating the electricity system is reduced. (Akilli Sebeke, elektrik sisteminin
isletilmesinde harcanan toplam operasyonel zamanin azaltilmasini saglamalidir.)

6.1.7. Survey Statements for the Independent Variables

After Delphi Analysis, we had twenty independent variables, whose effects we would
like to evaluate. Below we list the related survey phrases that we asked the survey
respondents to score.

1--Remote controlling: Using remote control techniques (Uzaktan kontrol
tekniklerinin kullanilmast)

2--Smart metering: Use and widespread use of smart meters (Akilli Sayaglarin
kullanimi1 ve yayginlasmasi)

3--Consumer participation: Active participation of electricity subscribers/consumers
in demand side management (Elektrik abonelerinin / tiiketicilerinin talep tarafi
yonetimine aktif katilim1)

4--Integration of renewables: Integration of renewable energy sources (solar, wind,
etc.) into the electricity grid (Yenilenebilir enerji kaynaklariin (giines, riizgar vb.)
elektrik sebekesine entegrasyonu)

5--Data management support: Establishing data management and analysis
mechanisms (Veri yonetimi ve analizi mekanizmalarinin kurulmasi)

6--Distributed energy transition: Establishing the necessary infrastructure for
distributed energy transition (Dagitik enerji gegisi i¢in gerekli altyapinin kurulmasi)

7--Electric vehicle integration: Integrating electric vehicle infrastructure into the
smart grid (Elektrikli ara¢ alt yapisininin akilli sebekeye entegre edilmesi)

8--Smart appliances usage: Use and widespread use of smart home appliances that
can communicate with the electrical grid (Elektrik sebekesiyle konusabilen akilli ev
esyalarinin kullanimi ve yayginlagsmasi)
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9--Aggregator support: Establishing the aggregator structure that will mediate
between electricity users and electricity suppliers (Elektrik kullanicilar ile elektrik
tedarikgileri arasinda arabulucuk yapacak yapinin kurulmasi)

10--Regulatory framework: Establishing legislation and laws for the smart grid
(Akilli sebeke i¢in mevzuatlarin ve yasalarin olusturulmasi)

11--Incentives: Having financial incentive systems for the smart grid (Akilli sebeke
i¢in finansal tesvik sistemleri olmasi)

12--Interoperability: Interoperability of the smart grid with other systems (Akillt
sebekenin diger sistemlerle birlikte ¢alisabilir olmasi)

13--Institutional change: Establishing responsible institutions or institutes for smart
grid transformation (Akilli sebeke doniistimii i¢in sorumlu kurum ya da enstitiilerin
kurulmasri)

14--Organizational change: Making organizational changes in existing structures for
smart grid transformation (Akilli sebeke doOniisiimii i¢in mevcut yapilarda
organizasyonel degisikliklerin yapilmast)

15--Dynamic pricing: Creating a dynamic pricing structure and culture among
stakeholders for smart grid transformation (Akilli sebeke doniisiimii i¢in paydaslar
arasinda dinamik fiyatlandirma yapismin ve kiiltiiriiniin olusmasi)

16--Communication support: Using fast, reliable, two-way communication
infrastructures in the smart grid infrastructure (Akilli sebeke alt yapisinda hizl,
giivenilir, ¢ift tarafli iletisim alt yapilarinin kullanilmasi)

17--Artificial intelligence support: Use of artificial intelligence in smart grid
operations (Akilli sebeke isletiminde ve operasyonlarinda yapay zeka kullanimi)

18--Internet of Things support: The devices and equipment to be used in the smart
grid infrastructure must be [oT devices (connectable to the Internet) (Akilli sebeke alt
yapisinda kullanicak cihaz ve ekipmanlarin IoT cihazi (Internete baglanabilen) olmasi)

19--Political support: Support of political authorities for smart grid transformation
(Akill1 Sebeke doniisiimii igin siyasi otoritenin destegi)

20--Electric storage: Storage of electrical energy obtained from distributed and

renewable sources (Dagitik ve yenilenebilir kaynaklardan elde edilen elektrik
enerjisinin depolanmasi)
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CHAPTER 7

HYPOTHESES AND SURVEY QUESTIONS

After determining the independent variables of our study, to investigate the
relationship between the independent variables on the success of the Turkish smart
grid transformation we applied hypothesis testing.

In hypothesis testing, the research question is simplified into two possible hypotheses:
the null hypothesis, represented as HO, and the research (or alternative) hypothesis,
represented as H1. Usually, it is easier to disprove a false statement (the null
hypothesis); hence, we often start by assuming the opposite of what the research
question suggests. The goal is to test whether the null hypothesis can be rejected to
provide evidence in favor of the research hypothesis. Hypothesis testing does not
confirm the research hypothesis as true, but rather indicates that it is plausible (Allua
& Thompson, 2009).

The null hypothesis (HO) is often stated as the assumption that there is no difference
between two groups or no relationship between two variables. The alternative
hypothesis (H1) on the other hand, is the statement that there is a difference or
relationship.

Hypothesis testing uses data to decide between the two possibilities (called
hypotheses). It can tell us whether the results we witnessed are just coincidence (and
could reasonably be due to chance) or are likely to be real (Siegel & Wagner, 2022).

A hypothesis states a presumed relationship between two variables in a way that can
be tested with empirical data. It may take the form of a cause-effect statement or an
"if x, ... then y" statement. The cause is called the independent variable and the effect
is called the dependent variable. Relationships can be of several forms, including linear
or non-linear. Linear relationships can be either direct (positive) or inverse (negative)
relationships (Saint-Germain, 2002).

After determining the subcomponents of dependent variable and independent variables
for smart grid transformation success, we formed five hypotheses for the following
five research questions (As the hypotheses here were tested with data based on the
results of the surveys including opinions of people in the sector, it is important to note
that effects are estimated effects and time periods are estimated time periods).

e RQ-1) Do the independent variables have positive correlation with the smart
grid transformation success?
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HO for each independent variable x for this question is formulated as “x and
smart grid transformation success in Tirkiye are not positively correlated.”,
whereas H1 is formulated as “x and smart grid transformation success in
Tiirkiye are positively correlated.” For example, for the independent variable
remote controlling, HO was formulated as “Remote controlling and smart grid
transformation success in Tiirkiye are not positively correlated.” And H1 was
formulated as “Remote controlling and smart grid transformation success in
Tiirkiye are positively correlated”.

RQ-2) Is there a statistically significant difference between the effects of the
independent variables of smart grid transformation success?

HO for this question is stated as “There is no statistically significant difference
between the effects of independent variables of smart grid transformation
success”, whereas H1 is stated as “There is a statistically significant difference
between the effects of independent variables of smart grid transformation
success.”

RQ-3) Is there a statistically significant difference between the effects of the
independent variables of smart grid transformation success with respect to
different regions of Tiirkiye?

HO for this question is stated as “There is no statistically significant difference
between the effects of the independent variables of smart grid transformation
success with respect to regions of Tiirkiye”, whereas H1 is stated as “There is
a statistically significant difference between the effects of the independent
variables of smart grid transformation success with respect to regions of
Tiirkiye”.

RQ-4) Is there a statistically significant difference between the time periods
required to complete the independent variables of the smart grid
transformation?

HO for this question is stated as “There is no statistically significant difference
between the time periods required to complete the independent variables of the
smart grid transformation”, whereas H1 is stated as “There is a statistically
significant difference between the time periods required to complete the
independent variables of the smart grid transformation”.

RQ-5) Is there a statistically significant difference between the time periods
required to complete the independent variables of the smart grid transformation
with respect to regions of Tiirkiye?

HO for this question is stated as “There is a statistically significant difference
between the time periods required to complete the independent variables of the

54



smart grid transformation with respect to regions of Tiirkiye”, whereas H1 is
stated as “There is a statistically significant difference between the time periods
required to complete the independent variables of the smart grid transformation
with respect to regions of Tiirkiye”.

7.1. Establishing Survey Questions

As the dependent variable’s subcomponents and independent variables of smart grid
transformation success were determined and then validated by Delphi Analysis with
experts, the survey questions are ready to be established on the basis of the dependent
variable’s subcomponents, independent variables of smart grid transformation success
and the hypothesis statements. The survey was prepared on Google Forms. Survey
questions are given in Appendix C.

7.2. Sample Size Calculation

In the literature there exist many works on determining the correct sample size for
survey studies. Different studies require different methods for sample size calculation.
The sample size can be determined by the level of accuracy required or confidence
interval at a desired confidence level (Cochran, 1977). According to Liang and Shen
if the allowable error is small, the sample size should be bigger. Conversely, if the
allowable error is large, a smaller sample size will be sufficient (Liang & Shen, 2012).

After a broad literature review, we saw that a confidence level of 0.95 and confidence
interval of 0.05 are the most frequently used in all disciplines for sample size
calculation. Accordingly, we chose 0.95 for the confidence level, and we chose the
confidence interval as 0.05. As Smart Grid is a newly emerging subject, it is not easy
to calculate the total population, therefore we took the population size as unlimited.
Taking 0.95 as the confidence level and 0.05 as the confidence interval, we obtained
385 as the required sample size. Accordingly, our target is to reach at least 385
respondents from the Turkish electricity sector in this study. The sample size formula
and its calculation are given below.

n=(z"*p(l-p) /&
n = (1.96% * 0.50 (1-0.50)/ 0.052

n: Sample size
z: Z-score is a value that determines how far a measured value is from the population
value. Z-scores can be determined from the confidence level using Z-score tables. The
Z- score for a 95% confidence level is 1.96.
p: The population proportion is the percentage of the population that has a specific
characteristic. This proportion is usually determined from previous studies or research,
although, when unsure, using 50% works as an estimate. That is, 50% of the population
falls below a specific point and 50% falls above a specific point.
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&: Confidence interval (margin of error) is how much we can expect our results to
differ from the population of interest. Measured as a percentage, a smaller margin of
error increases the chance that results will be close to that of the population. Both 5%
and 10% are commonly used margins of error. However, lower margin of errors will
increase sample sizes.
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CHAPTER 8

VALIDITY AND RELIABILITY ANALYSES OF THE SURVEY

After the survey questions for the dependent variable’s subcomponents, independent
variables and hypothesis statements are established, validating the survey is another
critical step. In the literature there are different validation techniques for surveys.
Among these are construct validity, content validity, internal consistency (reliability),
and external validity. Below we discuss how each form of validity has been established
for our survey.

8.1. Construct Validity

Construct validity tests if a survey accurately assesses what it is trying to assess. In our
study, the research construction was guided by a comprehensive literature review and
the data collection process was supervised by experts in the electricity sector to provide
construct validity. Moreover, Delphi analysis was performed with 17 experts to
examine, add or remove dependent or independent variables to ensure construct
validity.

8.2. Content Validity

We check for content validity to understand if the survey questions cover items related
to smart grid transformation success. Also with content validity, unrelated questions
would be excluded. To establish content validity, inputs from power system experts
were collected for each survey question.

To analyze the content validity of the survey statements, we used the Think-Aloud
method. The Think-Aloud method asks potential survey respondents to read through a
survey and discuss out loud how they interpret the questions and how they would arrive
at their responses. This approach can help identify questions that are confusing or
misleading to respondents, questions that take too much time and effort to answer and
questions that don’t seem to be collecting the information originally intended to be
captured (Becho, 2019).

To perform the Think-Aloud content validity test, we gave our smart grid
transformation survey questions to 23 experts from the Turkish electricity sector, who
are from academia, and electricity distribution and/or transmission institutions. All
these experts are knowledgeable on the smart grid and its applications. They read the
survey questions aloud and shared their opinions on whether the intended survey
content was achieved or not. The opinions of each expert for all parts of our survey
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were similar and they got the same view and understanding from the questions. The
experts also mentioned that the survey questions are basic, clear and to-the-point
questions to reach the target data from the survey respondents.

Some views and opinions of the Think-Aloud content validity participants are given
below. Participants expressed their opinions in Turkish and then these were translated
into English.

Expert 1: “In parallel with the increase in renewable energy and energy storage
systems, it is important to quickly implement smart grid studies together with
legislative regulations to operate the grid in a more sustainable and reliable manner
with all its dynamics. This is clearly given and reflected in the survey questions.”

Expert 2: “When it comes to the smart grid in Tiirkiye, only smart meters and
technological developments at the point of consumption such as kwh and pricing for
consumers' consumption are mentioned. However, unless there are transmission and
distribution systems that can be operated properly, having a smart meter at the point
of consumption will not be of much use in an environment where energy continuity
cannot be provided to the consumers. These survey questions prevent against this
confusion and misunderstanding.”

Expert 3: “It is obvious that the relevant survey structure and resulting analyses have
the potential to provide insight and guidance regarding the future of electricity network
in Tirkiye. It is important to share the study results with institutions/organizations in
the electricity/energy sector and then with the public. Thus, we can benefit from this
guidance to direct our current work. We would like to thank everyone who
contributed.”

Expert 4: “The electrical network generally consists of many different subcomponents.
It is a dynamic system. This diversity is well reflected, and all dimensions are covered
in the survey statements.”

Expert 5: “It was a good study; the questions are logical, and the requirements are well
expressed. These kinds of studies need to be increased and supported.”

Expert 6: “The concept of Smart Grid is a very broad concept. Small-scale IoT-
supported projects are being tried in the public sector, but those working in the
transmission and distribution departments need to be more specifically informed about
this issue. Cyber security systems began to be partially used in TEIAS's download
centers. However, cyber security in energy covers a wide range of areas, from GSM
lines sending data from the field via APNs, to the security of data centers where data
is stored, to isolating SCADA centers from wide area networks. On the distribution
side, smart meter specifications have been prepared within TEDAS and are planned to
be implemented within 2 years. Currently, lighting subscribers come to the TEDAS
data center with the infrastructure established with the remote reading system (OSOS)
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and a headend software is displayed. Data of lighting subscribers (approximately 260
thousand meters) located throughout Tiirkiye can be monitored live every half hour. It
took approximately 6 years to install the required topology and software. We estimate
that it will take approximately 10 years to implement the national smart meter
installation for all customers. All these important items are included in the survey
content.”

All participants had the common opinion that the survey covers all related questions
about smart grid transformation success in Tiirkiye. They had a common
understanding of the questions, stated that questions do not take too much time and
effort to answer and are able to collect the information initially intended to be captured.

8.3. Internal Consistency (Reliability) of the Survey

After the survey questions for the dependent variable’s subcomponents and
independent variables were established and content validity check was performed with
23 experts, we sent the survey questions to 53 respondents and calculated Cronbach’s
Alpha values for the variables with the Minitab-18 Program. If the Cronbach Alpha
values are higher than 0.7, the reliability of the survey is established.

The responses of the 53 respondents were analyzed with Minitab-18. Cronbach’s
Alpha for the dependent variable’s subcomponents is 0.8981 and for the independent
variables it is 0.9026. These are high scores; hence the reliability of the survey is
established. We realized that there is no item whose removal increases the Cronbach’s
Alpha value. Cronbach’s Alpha values calculated for each omitted item in the
subcomponents of the dependent variable are shown in Table 8 and those calculated
for each omitted item in the independent variables are shown in Table 9.
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Table 8: Cronbach’s Alpha for Subcomponents of the Dependent Variable

Cronbach’s
Omitted Variable Mean | StDev Alpha

Adaptability 4.509 | 0.576 0.8952
Availability 4.717 | 0.455 0.8983
Reliability 4.509 | 0.724 0.8963
Response Time 4.585 | 0.602 0.8938
Assurance 4321 | 0.850 0.8937
Empathy 4.170 | 0.753 0.8980
Self Healing of the Grid 4321 | 0.754 0.8940
Electricity Interruption Duration 4.547 | 0.667 0.8953
Ease of Understanding 4.208 | 0.717 0.8943
Personalization 4.340 | 0.758 0.8913
Relevance 4113 | 0.751 0.8935
Security 4.830 | 0.509 0.8970
Nature of Use 3.811 | 0.878 0.8937
Load Profile/Load Pattern 3.943 | 0.770 0.8906
Number of Load Shiftings 4.094 | 0.883 0.8903
Shifted Electricity Usage in Kwh 4.151 | 0.864 0.8919
Accepted or demanded load shifthing repeats 3.962 | 0.784 0.8919
Accepted or demanded repeats of shifted electricity usage 4.132 | 0.810 0.8927
in off-peak times
Cost Savings 4717 | 0.533 0.8930
Expanded Distribution Energy Resources 4.547 | 0.667 0.8954
Incremental additional electricity sales in off peak times 4.000 | 0.855 0.8907
Time Savings 4.038 | 0.854 0.8907
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Table 9: Cronbach’s Alpha for Independent Variables

Cronbach’s
Omitted Variable Mean | StDev Alpha
Remote Controlling 4321 | 0.673 0.8983
Smart Metering 4.472 | 0.696 0.8979
Consumer Participation 4.075 | 0.829 0.8987
Integration of Renewables 4.340 | 0.898 0.9002
Data Management Support 4340 | 0.783 0.8951
Distributed Energy Transition | 4.283 | 0.885 0.8937
Electrical Vehicle Charging 4.132 | 0.962 0.9001
Smart Appliance Usage 4.377 | 0.686 0.8969
Aggregator Support 3.943 | 0.864 0.9014
Regulatory Framework 4.509 | 0.697 0.8958
Incentives 4.377 | 0.657 0.9004
Interoperability (IOP) 4.528 | 0.608 0.8964
Institutional Change 4321 | 0.613 0.8965
Organizational Change 3.887 | 0.800 0.8966
Dynamic Pricing 4.415 | 0.692 0.8984
Communication Support 4434 | 0.747 0.8990
Al Support 4.019 | 0.866 0.8993
IoT Support 4.377 1 0.790 0.8951
Political Support 4.396 | 0.768 0.9009
Electric Storage 4283 | 0.690 0.8985

8.4. External Validity

External validity describes how effectively the findings of a research may be
generalized for different people, places or times. The majority of scientific studies aim
for results that extend beyond just the individuals who took part in the research. To
decrease the risk of not achieving external validity in this study, we systematically
determined the sample size. Sample size determination is the mathematical estimation
of the number of population units to be included in the study. This must be sufficient
to represent the population. The determination should be optimum and must be
obtained by a scientific method. We obtained a sample size of 385, corresponding to a
confidence level of 95% and margin of error of 5% when there is a large (infinite)
population, and included more than 385 participants in our survey to achieve external
validity.
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CHAPTER 9

DATA COLLECTION

To provide the accuracy and reliability of our survey results and study, our target was
to reach at least 385 respondents from the Turkish electricity sector. Our survey was
constructed and shared on Google Forms.

Prior to sending the survey to the respondents, the survey was sent to the Middle East
Technical University Ethics Council. The ethics council reviewed and approved our
survey. The Middle East Technical University Ethics Council Approval is given in
Appendix H.

We sent and shared the survey to the respondents via e-mail. We contacted electricity
distribution system operator companies, public electricity distribution system
operators, public transmission system operators, electricity market regulators and loT
smart grid device manufacturers in different regions of Tiirkiye.

Data collection and survey took 6 months to be completed. In 6 months, we reached
2362 people from the Turkish electricity sector. 535 of them accepted to fill out our
survey.

In the survey, 27 respondents declared that they do not have any information and idea
about smart grids and another 34 survey respondents filled the survey incompletely,
randomly and/or erroneously. Therefore, a total of 61 survey responses were improper.
We removed these 61 responses from the survey and finally had 474 complete
responses to analyze.

9.1. Data Groups

To process the data obtained from the survey we formed four data groups. To form the
data groups, we consulted experts from the energy sector. The experts mentioned that
the structure of the Turkish grid and its needs are significantly different in the west
from the east. The needs for the eastern regions of Tiirkiye are commonly related with
loss of electricity and illegal usage of electricity. In the western regions there is no
significant problem about illegal usage of electricity. In the western regions more high-
technology projects such as artificial intelligence usage, demand response and
communication support can be implemented. For the central regions of Tiirkiye they
mentioned that the most important problems are about the infrastructure of the grid.
Voltage fluctuations and voltage drops are prevalent problems in central regions of
63



Tiirkiye. Therefore, the energy experts suggested us to divide Tiirkiye into 3 groups as
western provinces, central provinces and eastern provinces to get reliable results.
Accordingly, Data Group-1, Data Group-2 and Data Group-3 are classified according
to the provinces of Tiirkiye. Data Group-1 consists of 25 western provinces, Data
Group-2 consists of 30 central provinces and Data Group-3 consists of 26 eastern
provinces of Tiirkiye. Data Group-4 consists of the Electricity Distribution System
Operators, Electricity Transmission System Operators, Electricity Generation Bodies
& Companies, Electricity Regulation & Market Operation Institutions, and Internet of
Things (IoT) Manufacturers. The provinces included in each data group are listed
below and shown in Figure 7. The survey questions were asked to the respondents
according to the province they work in.

DATA COLLECTION
STRUCTURE for SURVEY
/ Electricity Institutions
REGIONS OF TURKEY of Turkey

|

DATA DATA DATA ‘ G::I,L
GROUP1 || GROUP2 | = GROUP3 | ‘

Figure 6: Data Collection Structure for the Smart Grid Survey

DATA GROUP-1

DATA GROUP-2 DATA GROUP-3

Qg
!

Figure 7: Tiirkiye Map for Data Groups
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DATA GROUP-1 (25 Provinces of Tiirkiye): Istanbul European Side, Istanbul
Anatolian Side, Izmir, Manisa, Bursa, Balikesir, Canakkale, Yalova, Antalya, Isparta,
Burdur, Aydin, Denizli, Mugla, Kocaeli, Sakarya, Diizce, Bolu, Afyonkarahisar,
Bilecik, Eskigehir, Kiitahya, Usak, Tekirdag, Edirne and Kirklareli.

DATA GROUP-2 (30 Provinces of Tiirkiye): Ankara, Bartin, Cankiri, Karabiik,
Kastamonu, Kirikkale, Zonguldak, Adana, Osmaniye, Gaziantep, Mersin, Kilis,
Hatay, Samsun, Amasya, Corum, Ordu, Sinop, Konya, Aksaray, Nigde, Nevsehir,
Karaman, Kirsehir, Sivas, Tokat, Yozgat, Kayseri, Kahramanmaras and Adiyaman.

DATA GROUP-3 (26 Provinces of Tiirkiye): Sanlurfa, Diyarbakir, Mardin,
Batman, Siirt, Sirnak, Artvin, Giresun, Gilimiishane, Trabzon, Rize, Erzurum, Agrni,
Ardahan, Bayburt, Igdir, Kars, Erzincan, Elazig, Malatya, Bing6l, Tunceli, Van, Bitlis,
Mus and Hakkari.

DATA GROUP-4: Electricity Distribution System Operators, Electricity
Transmission System Operators, Electricity Generation Bodies and Companies,
Electricity Regulation and Market Operation Institutions, Internet of Things (IoT)
Manufacturers.

9.2. Demographic Properties of Data Groups

We obtained some demographic properties of the survey respondents. These
demographic properties are their education level, work experience and smart grid
knowledge. Below we provide the demographic properties of all respondents. The
demographic properties for each data group are given separately in Appendix D.

9.2.1. Demographic Properties of All Respondents

As the highest academic degree obtained, 1.12 % of all respondents had a high school
diploma, 64.11% had a bachelor’s degree, 30.84% had a master’s degree and 3.93%
had a PhD, as shown in Figure 8.
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Education Level of All Respondents
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Figure 8: Education Levels of Survey Respondents

2.80% of all respondents had less than 1 year work experience in the electricity sector,
16.26% of them had 1 to 5 years of experience, 24.11% of them had 5 to 10 years of
experience, 37.76% of them had 10 to 20 years of experience and 19.07% of them had
more than 20 years of experience, as shown in Figure 9.

Electricity Sector Experience of All Respondents
40.00% 37.76%
35.00%
30.00%
25.00%

20,0006 . 19.07%
15.00%
10.00% I I
5.00% 2.80%
0.00% -

Less than 1 1-S years S5-10 years  10-20 years More than 20
year years

24.11%

Figure 9: Electricity Sector Experience of Survey Respondents
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94.95% of all respondents had knowledge about the smart grid and 5.05% of them had
no idea about it.

9.3. Statistical Tools to Analyze Survey Scores

After getting the scores for the subcomponents of the dependent variable and the
independent variables from the survey results, we analyzed the scores using
appropriate statistical analysis tools. Below we describe the utilized analysis
techniques.

9.3.1. Correlation Analysis

Correlation analysis deals with relationships among variables. The correlation
coefficient is a measure of association between two variables. Values of the correlation
coefficient are always between -1 and +1. A correlation coefficient of +1 indicates that
two variables are perfectly related in a positive sense, while a correlation coefficient
of -1 indicates that two variables are perfectly related in a negative sense and a
correlation coefficient of O indicates that there is no relationship between the two
variables. Correlation analysis allows the study of only two variables.

9.3.2. ANOVA Analysis

ANOVA is used to compare three or more groups of continuous data when the
variances are equal, and the data are independent and follow a normal distribution. It
helps determine if there are statistically significant differences between the groups, but
it does not specify which specific groups differ from one another. In the ANOVA
analysis, an alpha value is determined for hypothesis testing. If the p-value is less than
the alpha value, then H1 (alternate hypothesis) is accepted. This means that there is a
statistically significant difference between the groups. If the p-value is greater than the
alpha value, then HO (null hypothesis) is accepted. This means there is no statistically
significant difference between the groups.

Before applying ANOVA analysis on the data, all ANOVA assumptions were
checked. For the homogeneity of the variances, the variances were calculated and the
variation within each group being compared was similar for every group. For the
independence of the data, the data were collected using statistically valid non-
probability sampling method that uses criteria of expert knowledge of the individuals
and there were no hidden relationships among observations. For normal distribution,
the normality test was applied, and p-values were greater than 0.05. The data was
normally distributed.
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CHAPTER 10

DATA ANALYSIS

Our purpose in the data analysis is to find answers to the below research questions.

RQ-1) Do the independent variables have positive correlation with smart grid
transformation success?

RQ-2) Is there a statistically significant difference between the effects of independent
variables of smart grid transformation success?

RQ-3) Is there a statistically significant difference between the effects of independent
variables of smart grid transformation success with respect to different regions of
Tiirkiye?

RQ-4) Is there a statistically significant difference between the time periods required
to complete the independent variables of smart grid transformation success?

RQ-5) Is there a statistically significant difference between the time periods required
to complete the independent variables of the smart grid transformation success with
respect to regions of Tiirkiye?

Correlation analysis was applied to test the hypotheses created for the first research
question. To quantify smart grid transformation success, which is the dependent
variable of this study, responses given to subcomponents of the dependent variable
were used.

For the dependent variable, 22 subcomponents were determined, and questions were
asked to the respondents to rate the importance of these 22 subcomponents in the
survey. These 22 subcomponents of the dependent variables were classified into 6
main categories including system quality, service quality, information quality, use,
user satisfaction and net benefits. In the survey, the weights of these 6 main categories
were also asked to the respondents. Each respondent rated the importance of each
subcomponent of the dependent variable and rated the weights of the categories of
subcomponents. The weights of the categories are given in Table 10.
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Table 10: Simple & Weighted Average Coefficients of Subcomponents of DV

zZ > L > 5 > s 2
- = =]

55| £5| Ef| 3| 53| 3%

2 = 5= =] - =i Z g

e ©n o £o = =2
WEIGHTS = @ TOTAL
DG-1(numeric) 4.41 4.43 4.53 4.06 4.00 4.26 25.69
DG-1 weighted
average(%) 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59%
DG-1 simple
average(%) 16.67% | 16.67% | 16.67% | 16.67% | 16.67% | 16.67%
DG-2(numeric) 4.53 4.47 4.46 4.04 3.89 4.42 25.81
DG-2 weighted
average(%) 17.55% | 17.33% | 17.28% | 15.66% | 15.07% | 17.12%
DG-2 simple
average(%) 16.67% | 16.67% | 16.67% | 16.67% | 16.67% | 16.67%
DG-3
(numeric) 4.68 4.62 4.67 4.21 4.11 4.42 26.71
DG-3 weighted
average(%) 17.53% | 17.30% | 17.47% | 15.77% | 15.37% | 16.56%
DG-3 simple
average(%) 16.67% | 16.67% | 16.67% | 16.67% | 16.67% | 16.67%
DG-4(numeric) 4.43 4.49 4.45 4.07 4.02 4.46 25.93
DG-4 weighted
average(%) 17.08% | 17.33% | 17.17% | 15.70% | 15.49% | 17.22%
DG-4 simple
average(%) 16.67% | 16.67% | 16.67% | 16.67% | 16.67% | 16.67%

To quantify smart grid transformation success there are two options for calculation.
One is calculating the simple average of the subcomponents, while the second is
calculating the weighted average with respect to categories. To select the proper one,
we decided to make sample calculations for both and compare the results.
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Table 11: Simple Average vs Weighted Average Comparison

Weighted Average Coefficients Results
g0
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1 | 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% | 4.14 413 | 0.01

2 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 4.09 4.09 0.00

3 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 4.36 4.37 -0.01

4 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 4.27 4.25 0.02

5 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 4.91 4.91 0.00

6 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 4.59 4.55 0.04

7 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 4.14 4.10 0.04

8 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 4.45 4.45 0.01

9 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 4.32 4.27 0.05

10 | 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 4.73 4.75 -0.02

11 | 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 4.55 4.51 0.03

12 | 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 4.14 4.13 0.01

13 | 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 4.09 4.09 0.00

14 | 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 3.45 3.39 0.07

15 | 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 3.59 3.51 0.08

16 | 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 4.18 4.17 0.01

17 | 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 4.00 3.98 0.02

18 | 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 4.45 4.45 0.00

19 | 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 3.36 3.34 0.02

20 | 17.17% | 17.25% | 17.62% | 15.81% | 15.57% | 16.59% 4.59 4.58 0.01

We applied both calculation methods to the responses of 95 respondents. We saw that
the results do not differ much with differences varying between 0.01 and 0.08. The
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results for both simple average and weighted average were found to be quite similar.
Hence, we decided to apply the simple average.

After calculating the success points for all 474 responses, we applied correlation
analysis to all four data groups by using the Minitab-18 Statistical Program to find an
answer to the first research question. All correlation analyses results are given below,
and the related graphs are given in Appendix E.

For DATA GROUP-1:

Correlation: Remote Controlling; Smart Grid Transformation Success

Pearson correlation  0.066 *Lowest of DG-1
P-value 0.528

Correlation: Smart Metering; Smart Grid Transformation Success
Pearson correlation  0.252
P-value 0.014

Correlation: Consumer Participation; Smart Grid Transformation Success
Pearson correlation  0.358
P-value 0.000

Correlation: Integration of Renewables; Smart Grid Transformation Success
Pearson correlation  0.145
P-value 0.161

Correlation: Data Management Support; Smart Grid Transformation Success
Pearson correlation  0.339
P-value 0.001

Correlation: Distributed Energy Transition; Smart Grid Transformation Success
Pearson correlation  0.164
P-value 0.112

Correlation: Electric Vehicle Charging; Smart Grid Transformation Success
Pearson correlation  0.186
P-value 0.071

Correlation: Smart Appliance Usage; Smart Grid Transformation Success
Pearson correlation  0.373
P-value 0.000
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Correlation: Aggregator Support; Smart Grid Transformation Success
Pearson correlation  0.386
P-value 0.000

Correlation: Regulatory Framework; Smart Grid Transformation Success
Pearson correlation  0.217
P-value 0.035

Correlation: Incentives; Smart Grid Transformation Success
Pearson correlation  0.320
P-value 0.002

Correlation: Interoperability (IOP); Smart Grid Transformation Success
Pearson correlation  0.292
P-value 0.004

Correlation: Institutional Change; Smart Grid Transformation Success
Pearson correlation  0.304
P-value 0.003

Correlation: Organizational Change; Smart Grid Transformation Success
Pearson correlation  0.370
P-value 0.000

Correlation: Dynamic Pricing; Smart Grid Transformation Success
Pearson correlation  0.451
P-value 0.000

Correlation: Communication Support; Smart Grid Transformation Success
Pearson correlation  0.455 *Highest of DG-1
P-value 0.000

Correlation: Al (Artificial Intelligence) Support; Smart Grid Transformation Success
Pearson correlation  0.401
P-value 0.000

Correlation: IoT (Internet of Things) Support; Smart Grid Transformation Success
Pearson correlation  0.328
P-value 0.001

Correlation: Political Support; Smart Grid Transformation Success
Pearson correlation  0.286
P-value 0.005
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Correlation: Electric Storage; Smart Grid Transformation Success
Pearson correlation  0.373
P-value 0.000

For DATA GROUP-2:

Correlation: Remote Controlling; Smart Grid Transformation Success
Pearson correlation  0.374
P-value 0.001

Correlation: Smart Metering; Smart Grid Transformation Success
Pearson correlation  0.411
P-value 0.000

Correlation: Consumer Participation; Smart Grid Transformation Success
Pearson correlation  0.348
P-value 0.003

Correlation: Integration of Renewables; Smart Grid Transformation Success
Pearson correlation  0.558
P-value 0.000

Correlation: Data Management Support; Smart Grid Transformation Success
Pearson correlation  0.631 *Highest of DG-2
P-value 0.001

Correlation: Distributed Energy Transition; Smart Grid Transformation Success
Pearson correlation  0.521
P-value 0.000

Correlation: Electric Vehicle Charging; Smart Grid Transformation Success
Pearson correlation  0.396
P-value 0.001

Correlation: Smart Appliance Usage; Smart Grid Transformation Success
Pearson correlation  0.436
P-value 0.000

Correlation: Aggregator Support; Smart Grid Transformation Success
Pearson correlation  0.497
P-value 0.000
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Correlation: Regulatory Framework; Smart Grid Transformation Success
Pearson correlation  0.541
P-value 0.000

Correlation: Incentives; Smart Grid Transformation Success
Pearson correlation  0.325
P-value 0.005

Correlation: Interoperability (IOP); Smart Grid Transformation Success
Pearson correlation  0.439
P-value 0.000

Correlation: Institutional Change; Smart Grid Transformation Success
Pearson correlation  0.499
P-value 0.000

Correlation: Organizational Change; Smart Grid Transformation Success
Pearson correlation  0.494
P-value 0.000

Correlation: Dynamic Pricing; Smart Grid Transformation Success
Pearson correlation  0.624
P-value 0.000

Correlation: Communication Support; Smart Grid Transformation Success
Pearson correlation  0.522
P-value 0.000

Correlation: Al Support; Smart Grid Transformation Success
Pearson correlation  0.444
P-value 0,000

Correlation: IoT (Internet of Things) Support; Smart Grid Transformation Success
Pearson correlation  0.598
P-value 0.001

Correlation: Political Support; Smart Grid Transformation Success
Pearson correlation  0.212 *Lowest of DG-2
P-value 0.074

Correlation: Electric Storage; Smart Grid Transformation Success
Pearson correlation  0.351
P-value 0.003
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For DATA GROUP-3:

Correlation: Remote Controlling; Smart Grid Transformation Success
Pearson correlation  0.034 * Lowest of DG-3
P-value 0.788

Correlation: Smart Metering; Smart Grid Transformation Success
Pearson correlation  0.405
P-value 0.001

Correlation: Consumer Participation; Smart Grid Transformation Success
Pearson correlation  0.451
P-value 0.000

Correlation: Integration of Renewables; Smart Grid Transformation Success
Pearson correlation  0.106
P-value 0.399

Correlation: Data Management Support; Smart Grid Transformation Success
Pearson correlation  0.310
P-value 0.011

Correlation: Distributed Energy Transition; Smart Grid Transformation Success
Pearson correlation  0.280
P-value 0.023

Correlation: Electric Vehicle Charging; Smart Grid Transformation Success
Pearson correlation  0.301
P-value 0.014

Correlation: Smart Appliance Usage; Smart Grid Transformation Success
Pearson correlation  0.442
P-value 0.000

Correlation: Aggregator Support; Smart Grid Transformation Success
Pearson correlation  0.493 *Highest of DG-3
P-value 0.000

Correlation: Regulatory Framework; Smart Grid Transformation Success
Pearson correlation  0.435
P-value 0.035
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Correlation: Incentives; Smart Grid Transformation Success
Pearson correlation  0.408
P-value 0.001

Correlation: Interoperability (IOP); Smart Grid Transformation Success
Pearson correlation  0.331
P-value 0.007

Correlation: Institutional Change; Smart Grid Transformation Success
Pearson correlation  0.236
P-value 0.057

Correlation: Organizational Change; Smart Grid Transformation Success
Pearson correlation  0.244
P-value 0.048

Correlation: Dynamic Pricing; Smart Grid Transformation Success
Pearson correlation  0.407
P-value 0.001

Correlation: Communication Support; Smart Grid Transformation Success
Pearson correlation  0.377
P-value 0.002

Correlation: Al Support; Smart Grid Transformation Success
Pearson correlation  0.394
P-value 0.001

Correlation: IoT Support; Smart Grid Transformation Success
Pearson correlation  0.473
P-value 0.000

Correlation: Political Support; Smart Grid Transformation Success
Pearson correlation  0.236
P-value 0.057

Correlation: Electric Storage; Smart Grid Transformation Success
Pearson correlation  0.196
P-value 0.115
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For DATA GROUP-4:

Correlation: Remote Controlling; Smart Grid Transformation Success
Pearson correlation  0.273
P-value 0.000

Correlation: Smart Metering; Smart Grid Transformation Success
Pearson correlation  0.372
P-value 0.000

Correlation: Consumer Participation; Smart Grid Transformation Success
Pearson correlation  0.373
P-value 0.000

Correlation: Integration of Renewables; Smart Grid Transformation Success
Pearson correlation  0.328
P-value 0.000

Correlation: Data Management Support; Smart Grid Transformation Success
Pearson correlation  0.379
P-value 0.000

Correlation: Distributed Energy Transition; Smart Grid Transformation Success
Pearson correlation  0.335
P-value 0.000

Correlation: Electric Vehicle Charging; Smart Grid Transformation Success
Pearson correlation  0.283
P-value 0.000

Correlation: Smart Appliance Usage; Smart Grid Transformation Success
Pearson correlation  0.388
P-value 0.000

Correlation: Aggregator Support; Smart Grid Transformation Success
Pearson correlation  0.372
P-value 0.000

Correlation: Regulatory Framework; Smart Grid Transformation Success
Pearson correlation  0.338
P-value 0.000
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Correlation: Incentives; Smart Grid Transformation Success
Pearson correlation  0.346
P-value 0.000

Correlation: Interoperability (IOP); Smart Grid Transformation Success
Pearson correlation  0.417
P-value 0.000

Correlation: Institutional Change; Smart Grid Transformation Success
Pearson correlation  0.299
P-value 0.000

Correlation: Organizational Change; Smart Grid Transformation Success
Pearson correlation  0.371
P-value 0.000

Correlation: Dynamic Pricing; Smart Grid Transformation Success
Pearson correlation  0.478 *Highest of DG-4
P-value 0.000

Correlation: Communication Support; Smart Grid Transformation Success
Pearson correlation  0.446
P-value 0.000

Correlation: Al (Artificial Intelligence) Support; Smart Grid Transformation Success
Pearson correlation  0.403
P-value 0.000

Correlation: IoT (Internet of Things) Support; Smart Grid Transformation Success
Pearson correlation  0.404
P-value 0.000

Correlation: Political Support; Smart Grid Transformation Success
Pearson correlation  0.235 * Lowest of DG-4
P-value 0.000

Correlation: Electric Storage; Smart Grid Transformation Success
Pearson correlation  0.244
P-value 0.000

In the correlation analyses all Pearson’s correlation coefficients were found to be

positive, with values varying between 0.034 and 0.631. Hence all independent

variables are positively correlated with the smart grid transformation success of

Tiirkiye in each data group. This proves all H1 alternate hypotheses for the first
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research question. Therefore, all the 20 independent variables should remain in the
independent variables list in the smart grid transformation success models of Tiirkiye.

For RQ-2, we had twenty independent variables, and we aimed to check for the
existence of statistically significant differences between the effects of these variables
on smart grid transformation success. For this question, we applied ANOVA analysis
using the one-way ANOVA method of the Minitab-18 statistical program. One-way
ANOVA analysis results are given in Appendix G.

In the one-way ANOVA analysis, we got a p-value of 0 and f-value of 35.23. As the
p-value is less than the alpha value (0.05) and the f-value is quite high, the null
hypothesis was rejected, and the alternate hypothesis accepted. It was shown that there
is a statistically significant difference between the effects of independent variables on
smart grid transformation success.

To answer our third research question, “Is there a statistically significant difference
between the effects of independent variables of smart grid transformation success with
respect to regions of Tiirkiye?”, we applied ANOVA analysis to each independent
variable using the one-way ANOVA module. Importance of each independent variable
related responses of the survey were classified according to regions of Tiirkiye.

In the one-way ANOVA analysis for RQ-3, all p-values are greater than the alpha
value (0.05), except for consumer participation’s p-value. For consumer participation,
the p-value is 0.033 and f-value is 3.46. This p-value is less than the alpha value (0.05)
and the f-value is high, therefore for the effect of consumer participation on smart grid
transformation success there is a statistically significant difference among the regions
of Tiirkiye. The effect of “consumer participation” on smart grid transformation
success in eastern regions of Tiirkiye is significantly different and more important than
the western and central regions of Tiirkiye.

For the effect of the other nineteen independent variables on smart grid transformation
success, there is not a statistically significant difference among the regions of Tiirkiye.
For RQ-3, one-way ANOVA analysis results of each independent variable are given
in Appendix G.

Respondents from DATA GROUP-1 (Western Provinces of Tiirkiye) perceive
“Remote Controlling” and “Smart Metering” as the most effective independent
variables on the success of smart grid transformation, and “Aggregator Support” as the
least effective.

Respondents from DATA GROUP-2 (Central Provinces of Tiirkiye) perceive “Remote
Controlling” and “Smart Metering” as the most effective independent variables on the
success of smart grid transformation, and “Aggregator Support” as the least effective.
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Respondents from DATA GROUP-3 (Eastern Provinces of Tiirkiye) also perceive
“Remote Controlling” and “Smart Metering” as the most effective independent
variables on the success of smart grid transformation, and “Aggregator Support” as the
least effective.

For the western, central and eastern provinces of Tiirkiye, the most effective
independent variables are same, which are “Remote Controlling” and “Smart
Metering”. In addition to this, for all three parts of Tiirkiye, the least effective
independent variable is also the same, which is “Aggregator Support”.

To answer RQ-4, “Is there a statistically significant difference between the time
periods required to complete the independent variables of the smart grid
transformation success?”, we searched for the existence of statistically significant
differences between the time periods required to complete the twenty independent
variables of smart grid transformation success. For this, once again we applied
ANOVA analysis to the survey responses using the one-way ANOVA module of
Minitab-18. One-way ANOVA analysis results are given in Appendix G.

In the one-way ANOVA analysis, we got a p-value of 0 and f-value of 25.85. As the
p-value is less than the alpha value (0.05) and f-value is quite high, the null hypothesis
was rejected, and alternate hypothesis accepted. It was shown that there is a
statistically significant difference between the time periods required to complete the
independent variables of smart grid transformation success.

To answer RQ-5, “Is there a statistically significant difference between the time
periods required to complete the independent variables of the smart grid
transformation success with respect to regions of Tiirkiye?”, we applied ANOVA
analysis using the one-way ANOV A module to each independent variable with respect
to regions. Survey responses for the time periods of each independent variable were
categorized according to regions of Tiirkiye.

In the one-way ANOVA analysis, all p-values were greater than the alpha value (0.05),
except for “smart metering”s p-value. For smart metering the p-value is 0.017 and f-
value is 4.17. As the “smart metering” p-value is less than the alpha value (0.05) and
the f-value is high, for the time period required for smart metering there is a statistically
significant difference among the regions of Tiirkiye.

For the time period required for the other nineteen independent variables of smart grid
transformation success, there is not a statistically significant difference among the
regions of Tiirkiye. The one-way ANOVA analysis results for each independent
variable are given in Appendix G.

Respondents from DATA GROUP-1 (Western Provinces of Tiirkiye) evaluate that the
shortest required time is for “Integration of Renewables”, which is at least 5.1 years,
and the longest required time is for “Smart Appliance Usage”, which is at least 9 years.
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Respondents from DATA GROUP-2 (Central Provinces of Tiirkiye) evaluate that the
shortest required time is for “Data Management Support”, which is at least 5.76 years,
and the longest required time is for “Smart Appliance Usage”, which is at least 9.37
years.

Respondents from DATA GROUP-3 (Eastern Provinces of Tiirkiye) evaluate that the
shortest required time is for “Smart Metering”, which is at least 5.26 years and the
longest required time is for “Smart Appliance Usage”, which is at least 8.92 years.
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CHAPTER 11

CONCLUSION

In this study, we performed the first systematic study to determine the critical
parameters for the successful transformation from the traditional grid to a smart grid
in Tiirkiye. The dependent variable’s subcomponents and independent variables of
Turkish smart grid transformation success were determined and clarified through a
comprehensive literature review and by applying DeLone & Mc Lean’s information
systems success model, with a 3-round Delphi Analysis and taking experts’ views.
These parameters and the prepared survey study were validated using the Think-Aloud
method and Cronbach Alpha Tests and a broad survey was conducted with the
participation of 474 participants from the electricity sector.

Below we summarize the main results of the study, the proposed smart grid
transformation success model, additional results obtained from the survey, the major
contributions of the study and future work in the field.

11.1. The Main Results

There are five main results of this study. These five results are listed below, and they
can guide and form the basis for future research on smart grid studies of Tiirkiye.

All independent variables have positive correlation on the smart grid transformation
success of Tiirkiye.

There is a statistically significant difference between the effects of independent
variables of smart grid transformation success.

For the effect of “consumer participation” on smart grid transformation success, there
is a statistically significant difference among the regions of Tiirkiye. The effect of
“consumer participation” on the smart grid transformation success in eastern regions
of Tiirkiye is significantly different and more important than the western and central
regions of Tiirkiye. For the effect of the other nineteen independent variables on smart
grid transformation success, there is not a statistically significant difference among the
regions of Tiirkiye.

There is a statistically significant difference between the time periods required to
complete the independent variables of smart grid transformation.

For the time period required for “smart metering”, there is a statistically significant
difference among the regions of Tiirkiye. For the time period required for the other
83



nineteen independent variables of the smart grid transformation, there is not a

statistically significant difference among the regions of Tiirkiye.

11.2. The Final Model

Based on the results of our study, we formed a smart grid transformation success model
of Tiirkiye as shown in Figure 10. In this model, the Turkish smart grid transformation

success has twenty-two subcomponents and twenty independent variables affecting
this success. The region and required time are two important dimensions of this model.

Correlations between the success and the independent variables change with respect

to regions of Tiirkiye.
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Figure 10
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11.3. Additional Results

In addition to the main results, the below findings were also obtained from this
research. The comparisons below assess the impact of individual success factors on
the smart grid transformation success in Tiirkiye using the results of statistical
analyses.

For Data Group-1 (Western Provinces of Tiirkiye), the independent variable with the
highest correlation with smart grid transformation success is “Communication
Support”, whereas the least correlated one is “Remote Controlling”. Pearson
correlation for “Communication Support” is 0.455, where Pearson correlation for
“Remote Controlling” is 0.066.

For Data Group-2 (Central Provinces of Tiirkiye), the independent variable with the
highest correlation with smart grid transformation success is “Data Management”,
whereas least correlated one is “Political Support”. Pearson correlation for “Data
Management” is 0.631 and Pearson correlation for “Political Support” is 0.212.

For Data Group-3 (Eastern Provinces of Tiirkiye), the independent variable with the
highest correlation with smart grid transformation success is “Aggregator Support”,
whereas the least correlated one is “Remote Controlling”. Pearson correlation for
“Aggregator Support” is 0.493 and Pearson correlation for “Remote Controlling” is
0.034.

For Data Group-4 (Institutions of Tiirkiye), the independent variable with the highest
correlation with smart grid transformation success is “Dynamic Pricing”, whereas the
least correlated one is “Political Support”. Pearson correlation for “Dynamic Pricing”
is 0.478 and Pearson correlation for “Political Support” is 0.235.

Respondents from both central provinces of Tiirkiye and institutions evaluate that
“Political Support” is the least correlated independent variable with smart grid
transformation success.

Respondents from both the western and eastern provinces of Tiirkiye evaluate that
“Remote Controlling” is the least correlated independent variable with smart grid
transformation success.

“Data Management Support”, “Smart Appliance Usage”, “Aggregator Support”,
“Incentives”, “Dynamic Pricing”, “Communication Support”, “Artificial Intelligence
Support” and “Internet of Things Support” have high Pearson correlation scores in all

four data groups. These Pearson correlations vary between 0.310 and 0.631.

“Political Support” has low Pearson correlation scores in all four data groups. These
Pearson correlations vary between 0.212 and 0.286. This is an unexpected result.
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“Integration of Renewables” has low Pearson correlation scores for the western and
eastern provinces of Tiirkiye, 0.145 and 0.106 respectively. On the other hand, the
Pearson correlation is 0.558 in central provinces.

All respondents from all data groups have the common opinion that “Smart Appliance
Usage” will take the longest time in smart grid transformation in Tiirkiye. This
duration will not be less than 9 years.

The times required for “Data Management Support”, “Smart Appliance Usage”,
“Aggregator Support”, “Incentives”, “Dynamic Pricing”, “Communication Support”,
“Artificial Intelligence Support” and “Internet of Things Support” have high Pearson
correlation scores in all four data groups. Respondents evaluate that these eight
independent variables will take at least 5 years to complete. Durations for these

independent variables vary between 5.34 and 9.37 years.

In the survey respondents also shared their views on smart grid transformation success
in Tiirkiye. All the respondents’ views are given in Appendix F.

For Data Group-1 (Western Provinces of Tiirkiye), the views of the respondents are
mainly about:

Renewable energy integration

Smart grid integration of smart devices

Smart appliance usage

Importance of experienced technical staff about the smart grid
Necessity of smart grid legislations

Requirement of special institutions for smart grid transformation

For Data Group-2 (Central Provinces of Tiirkiye), the views of the respondents are
mainly about:

Availability and continuity of electricity

Necessity of smart grid legislations

Necessity of smart and connected of electricity automation systems
Integrated single smart grid infrastructure for all of Tiirkiye

For Data Group-3 (Eastern Provinces of Tiirkiye), the views of the respondents are
mainly about:

Necessity of smart grid related lectures at universities

Integrated single smart grid infrastructure for all of Tiirkiye

Integration problems of different smart devices and platforms for the smart grid
Common protocol and common communication technologies requirement
Necessity of smart grid legislations
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e Importance of experienced technical staff about the smart grid and its
inadequacy

For Data Group-4 (Institutions of Tiirkiye), the views of the respondents are mainly
about:

Smart appliance usage at homes

Importance of back-up systems for the smart grid

Reliability and cybersecurity of the smart grid

Common protocol and common communication technologies requirement
Necessity of smart grid legislations

Integration of renewables to the smart grid

11.4. Contributions of The Study

The primary and additional findings of this study share the same objective: to evaluate
the success of smart grid transformation in Tiirkiye and the factors that influence it,
with unique contributions to the literature.

The contributions of the main findings provide a strong foundation for future research
aimed at assessing the existence and strength of the statistical relationships between
smart grid transformation success and the influencing factors. This study is among the
few that analyze the issue quantitatively and from multiple dimensions. Additionally,
the contributions of the supplementary results lay a solid groundwork for future
discussions regarding the perspectives of different data groups related to the regions
of Tiirkiye and their impact on smart grid transformation success for the first time.
Using this study as a reference, researchers and Turkish electricity grid stakeholders
can thoroughly evaluate and improve various aspects of smart grid systems in their
future projects, ensuring that these initiatives effectively achieve their objectives and
provide substantial benefits to consumers and society. The subcomponents of smart
grid transformation success and the independent variables identified in this study will
serve as valuable insights for further research in the field.

11.5. Limitations and Future Research

The study does have some limitations, as the main and supplementary findings from
the survey are not universally applicable; they are based on data collected from
stakeholders in Turkish institutions and experts. However, since the subcomponents
of the variables and the independent variables were identified through a global
analysis, researchers from other countries or regions can utilize our study and compare
their findings with those from Tiirkiye.

Alternatively, researchers may choose to use our dataset, which is well-organized and
free from errors, containing a sufficient number of quantitative evaluations. Interested

87



researchers can conduct different statistical analyses on our dataset to explore the
dynamics of smart grid transformation success in Tiirkiye from various perspectives.

Another option is to replicate our study with the same sample group using the same

methodology after a reasonable interval, allowing for an analysis of trends and changes
in the opinions of Turkish electricity stakeholders over time.
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APPENDICES

APPENDIX A: Independent Variables from Reviewed Studies

Table 12: Independent Variables from Reviewed Studies

Independent Variables from

Year Authors Reference Study Title
Study
Solutions for Summer Electric
Power Shortages: Demand
2008 J. Han, M.A. Consumer Participation, Dynamic | Response and its applications in
Piette Pricing, Regulatory Framework Air Conditioning and
Refrigerating Systems
Survey of Regulatory and
Smart Meter Installation, Technological Developments
2008 | J. Vasconcelos | Regulatory Framework, Incentives, | Concerning Smart Metering in the
Renewable Sources Integration European Union Electricity
Market
DMLH. AREEH Consumer Participation, Dynamic | A summary of demand response
2008 | E.F. El- . . D ; Ny
Pricing, Incentives, Reliability in electricity markets
Saadany
J. Torriti, Smart Meter Installation, Demand response experience in
2009 | M.G. Hassan, | Regulatory Framework, Incentives, | Europe: Policies, programmes
M. Leach Renewable Sources Integration and implementation
C. Batlle Incentives, IT support, Smart Electricity demand response tools:
2009 ’ o Meter Installation, Communication | current status and outstanding
P. Rodilla :
Support issue
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Mohagheghi, Aggregator Support, Incentives, Demand Response Architecture:
2010 | J. Stoupis, Distributed Energy Transition, Integration into the Distribution
H. Renewable Sources Integration Management System
Kazemzadeh
North Smart Appliances Usage,
Amerilcan Interop °r ability, Smart Meter Reliability Considerations from
2010 | Electric Installation, Distributed Energy Integration of Smart Grid
Reliability Transition, Renewable Sources
Corporation Integration
B. Adebisi, A. | Communication Support,
Treytl? . Inj[ egration of Renewable.s,A IP-Centric High-Rate Narrowband
2011 | A. Haidine, Distributed Energy Transition, PLC for Smart Grid Applications
A. Portnoy, R. | Load Management, Demand pp
Shan, D. Lund | Response
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Table 12: Independent Variables from Reviewed Studies (Continued)

Year Author Independent Variables from study Referfrni:leeStudy
Demand Side Management, Dynamic | Demand Side
Pricing, Integration of Renewables, Management: Demand
P. Palensky, ... .
2011 . Consumer Participation, Data Response, Intelligent
D. Dietrich
Management Support, Energy Systems and
Communication Support Smart Loads
Clean Energy Grid-
2011 L.Peng, Climate Change Risks, Energy Connected
G. Yan Shortage Technology Based on
Smart Grid
V.S.KM.
Balijepalli, v - Review of Demand
2011 | V. Pradhan, gzgrsumgaizriggfamn’ Distzigged Response under Smart
S.A. Khaparde, gy ? Grid Paradigm
R.M. Shereef

G. Xiong, C. Chen,
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Smart (in-home)
power scheduling for
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concepts worldwide
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F. Yang .
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2011 | R.J. Pierce Support, Dynamic Pricing Critique of FERC
Order 745
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Table 12: Independent Variables from Reviewed Studies (Continued)

Reference Study

Year Author Independent Variables from study Title
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W. Wang, Framework, Distrubuted Energy imﬁgigii?ﬁ
2011 | Y. Xu, Resources, Renewable Energy architectures in
M.Khanna Resources, Customer Participation, smart orid
Communication Support &
C . Demand response
Consumer participation, Dynamic in clectrical ener
2011 P. Faria, Pricing, Distributed Energy supply: An o timg;,l
Z. Vale Transition, Renewable Sources re:lpti}rlr'l . riclzn
Integration, Load Shifting approachp &
Dynamic Pricing, Renewable Ready or not, here
2012 S. Bl Sources Integration, Political comes the smart

A. Fernandez
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grid!
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Experimental
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2012 | Z. Chen, . .
Smart Metering Architecture,
T. Guo,
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’ & Algorithms,
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Microgrid Testbed
X.Li, Securing Smart
X. Liang, . . Grid: Cyber
2012 | R. Lu, lS)fici/l{:clty, Communication Support, Attacks,
X.S. Shen, y Countermeasures
X. Lin, H. Zhu and Challenges
2012 wsN.H. Malik, Renewable Sources Integration Saudi Arabia
F. Othman, through
E.A. Al-Ammar Smart Grid
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Table 12: Independent Variables from Reviewed Studies (Continued)

Year Author Independent Variables from study Referfrni:;aeStudy
Integration of Renewables, Information
Systgms, Demand Resp onse, Demand Response in
Distributed Energy Transition, .
J. Struker, . . . Smart Grids: Research
2012 . Electrical Vehicle Integration, Smart ..
C. Dinther . Y Opportunities for the
Metering, Communication Support, IS Discinline
Data Management Support, Aggregator P
Support
C. Kin Data management Support, Smart Software
2012 ] .S tra & Meter Installation, Interoperability, IT Infrastructure and the
’ PP support Smart Grid
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2013 . S . and building
Zeiler, G. Boxem, Customer Participation, Dynamic erformance
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implications
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Europe
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P.J. Steadman, H.B. Data Management Support, Regulatory the BFItlSh housing
2013 | Bruhns, A.J. Framework. Political Support stock: Energy demand
Summerfield, i PP and the Homes Energy
R. Lowe Efficiency Database
X. He, N. Keyaerts, How to engage
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Energy Transition
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System
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Table 12: Independent Variables from Reviewed Studies (Continued)

Reference Study

Year Author Independent Variables from study Title
Communication Support, Electrical
. . Demand response
. Vehicle Integration, Smart Meters .
2013 | P. Siano . . .. and smart grids—A
Installation, Dynamic Pricing, surve
Consumer Participation, Security Y
Cyber security in the
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Y. Zheng InsIt)fI:lla t’ion Y Directions for the IS
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ﬁ’ iﬁ:loelzl,i Smart Appliances Usage, Dynamic Smart appliances for
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2014 | M. El-hawary Sources Integration, Smart Appliances | State-of-the-art and
Usage, Electrical Vehicle Usage Future Trends
F. Mwasilu Electric vehicles and
J.J. Justo, Electrical Vehicle Integration, is:tl:g cgtﬁ)(il A review
2014 | E. Kim, Renewable Sources Integration, Smart on vehicle .to rid and
T.D. Do, Meters Installation g
J. Jung renewable energy
’ sources integration
Distributed Energy Transition, Demand side
L Gelazanskas Renewable Sources Integration, management in smart
2014 K AA. Gama ’e Communication Support, Electrical grid: A review and
e & Vehicle Integration, Smart Meters proposals for future
Installation direction
Smart Metering, Demand Side Smart meterine and
. Management, Electrical Vehicle Sring
2014 | C.S. Kudarihal . . Demand Side
Integration, Integration of Renewables, .
Do . Integration
Commnunication Support, Security
Communication
M. Kuzlu, M. o network requirements
. Communication Support, Smart . .
2014 | Pipattanasomporn, Moeterin for major smart grid
S. Rahman & applications in HAN,
NAN and WAN
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Table 12: Independent Variables from Reviewed Studies (Continued)

Independent Variables from

Year Author Reference Study Title
study
Assessment of
D. Bian, Communication Technology
2014 M. Kuzlu, M. Communication Support, Data Alternatives for a Home
Pipattanasomporn, | Management Support Energy Management
S. Rahman System in Premises Area
Network
Modeling consumer
Aggregator Support, Electric flexibility of an aggregator
A. Roos, . L2
Storage, Integration of participating in the
2014 | S. Ottesen,
. Renewables, Regulatory wholesale power market and
T.F. Bolkesjo - .
Framework the regulation capacity
market
S. Jain, M. Smart Metering, Interoperability, Smart metering worldwide
2014 Pradish, A. Regulatory Framework, Internet of | deployment scenarios and
Paventhan, N. Things Support, Communication IoT based approach for
Pahuja, R. Sutaria | Support, Demand Response India
Demand Side Management, z:s;/l:vngitd;ﬁ?ﬁijde
2015 | M. Behrangrad Integration of Renewables, get .
models in the electricity
Regulatory Framework
market
Integration of Renewables, Review of energy system
P.D. Lund, J. . e
Lindgren, J Demand Side Management, flexibility measures to
2015 . s Electrical Vehicle Integration, enable high levels of
Mikkola, . . .
. Salpakari Electric Storage, Demand Side variable renewable
) Flexibility electricity
Customer Participation,
J. Ma, Renewable Sources Integration, Demand response
2015 | A. Elkasrawy, D. | Demand Response, Load Shifting, | . P!
. A literature review
Yu Aggregation, Dynamic Pricing,
Cost Savings
. Communication Support, Routing in Neighborhood .
D.F. Ramirez, . Area Networks: A Survey in
2015 Integration of Renewables, Smart
S. Cespedes . . the Context of AMI
Metering, Security .
Communications
Consumer participation, Dynamic | Analysis of Demand-
2015 | G. Ryckebusch Pricing, Distributed Energy Response Participation

Transition, Renewable Sources
Integration

Strategies for Congestion
Management

128




Table 12: Independent Variables from Reviewed Studies (Continued)

Reference Study

Year Author Independent Variables from study Title
L .. . Review of real-time
Q. Wang, C. Distributed Energy Transition, Integration electricity markets
. of Renewables, Demand Response, . .
Zhang, Y. Ding, e . . for integrating
2015 . Dynamic Pricing, Electrical Vehicle o
G. Xydis, J. Wang, . Distributed Energy
Integration, Aggregator Support,
J. Ostergaard P Resources and
Consumer Participation
Demand Response
Renewable Energy
Integration of Renewables, and the Smart Grid:
Communication Support, Distributed Architecture
Energy Transition, Electrical Vehicle Modelling,
2015 1 Q. Wang Integration, Remote Controlling, Communication
Distributed Energy Transition, Data Technologies and
Management Support Electric Vehicles
Integration
A demand response
modeling for
residential
S S. Reka Consumer participation, Al Support, consumers in smart
2016 | «, - 2 Demand Response, Load Shifting, Smart grid environment
V. Ramesh . .
Metering using game
theory based energy
scheduling
algorithm
Demand Response, Customer
P. Zancanella, Participation, Aggregator Support, Data Demand Response
2016 | P. Bertoldi, Management Support, Political Support, status in EU
K. Benigna Distributed Energy Transition, Regulatory | Member States
Framework, Integration of Renewables
IS'acE:)rlca)ll(l’uS.G Communication Support, Electric Storage, | A survey on the
EIr0giU, 1. Data Management Support, Smart critical issues in
2016 | Fulli, M. . . .
. Metering, Return of Investment Duration, smart grid
Yesilbudak, . .
. Demand Side Management technologies
C.F. Covrig
. o -, Managing electric
C. Eid, Distributed Energy Transition, Demand oo
. . flexibility from
P. Codani, Side Management, Demand Response, Distributed
2016 | Y. Perez, Smart Metering, Electrical Vehicle .
. . . EnergyResources: A
J. Renesest, Integration, Electric Storage, Aggregator review of incentives
R. Hakvoort Support, Dynamic Pricing

for market design
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Table 12: Independent Variables from Reviewed Studies (Continued)

Independent Variables from

Year Author study Reference Study Title
Il\\?. i IEIA(;ZSF(‘:::I” Role of smart grid in
2016 | N.A. Rahim, J. Integration of Renewable Sources renewgble energy: An
Selvaraj, overview
A K. Pandey
Application of Demand
Side Management
2016 D.Javg.r, Demand Side Mfmagement, Techniq}les in
A. Janjic Customer Participation Successive
Optimization
Procedures
S. Alam, M.F. Sohail, Cognitive. radio based
2017 | S.A. Ghauri, Communication Support EI:I?]I;[HS:;SE‘ tion
L.M. Qureshi, N. Aqdas
Network
Demand-side
N. Boogen, mgr.la}ger.nent by electric
2017 | S. Datta, Demand Side Management ut111tles. n SWl.tzerland:
M. Filippini Anglyzmg its impact on
residential electricity
demand
Aggregator Support, Distributed
Energy Transition, Demand
S. Burger, Response, Regulatory Framework, .
2017 J.P. Chaves-Avila, Political Support, Communication aAg;erZIgilvt‘;?sfitr}lle value of
C. Batlle, Support, Electrical Vehicle loctricit ¢
I.J. Perez-Arriaga Integration, Electric Storage, clectrieity systems
Consumer Participation, Smart
Metering
Aggregator Support, Consumer
Participation, Dynamic Pricing,
A M. Carreiro, Demand Response, Integration of Energy management
2017 | H.M. Jorge, Renewables, Distributed Energy systems aggregators: A
C.H. Antunes Transition, Smart Appliances literature survey
Usage, Communication Support,
Internet of Things Support
Big Data management
2017 H. Daki, A.E. Hannani, Data Management Support in smart grid: concepts,

A. Aqqal, A. Dahbi

requirements, and
implementation
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Table 12: Independent Variables from Reviewed Studies (Continued)

Reference Study

Year Author Independent Variables from study Title
When social practices
R. Smale, Smart Appliances Usage, Energy Storage glleet.;?tart gr%is.
2017 | B. Vliet, Capacities, Renewable Sources CxIbIITY, S
. . management and
G. Spaargaren Integration, Smart Meters Installation . .
domestic consumption
in The Netherlands
Data Distribution
Service (DDS) based
2017 B. AL- Madani, Data Management, Communication implementation of
H. Ali Support Smart grid devices
using ANSI C12.19
standard
H. Lund, P.A.
2017 g?téi)f I?é?}; & Renewable Sources Integration Srr:ll;l;t :ﬁgrrgg; sa;ls(‘iems
B.V. Mathiesen
The Social Dynamics
of Smart Grids: on
2017 | 7 Naus Consumer Participation, Smart Metering, | Households,

’ Internet of Things Support Information flows &
Sustainable energy
transitions

Distributed Energy Transition, Distributed
2017 | C. Li Cybersecurity, Commun.icatigll. Support, Optimisation of
’ Smart Metering, Dynamic Pricing, Energy Management
Demand Side Management in Smart Grids
Smart Meter Installation, Regulatory 2025 California
P. Alstone, . Demand Response
Framework, Incentives, Renewable .
J. Potter, Sources Integration, Political Support Potential Study —
2017 | M.A. Piette, L. L ? Charting California’s
Consumer Participation, Distributed
M.A. Berger, L . Demand Response
Energy Transition, Remote Controlling, e
L.N. Dunn Internet of Things Support Future: Final Report
on Phase 2 Results
On Fostering Smart
C. Brandauer, Grid Systems
F. P. Andren, Distributed Energy Transition, Development and
2018 | T.I. Strasser, Communication Support, Cybersecurity, Validation with a
J.G. Resch, Demand Response Model-Based
B. Schuiki Engineering and

Support Framework
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Table 12: Independent Variables from Reviewed Studies (Continued)

Independent Variables from

Reference Study

Year Author study Title
Political Support, Regulatory
Fra‘?‘e.“’o?k’ Consumer Challenges and
Participation, Renewables .
. . issues of smart
Integration, Electric Storage, Data .
R. Kappagantu, grid
2018 b Management Support, : L
S.A. Daniel . implementation:
Communication Support, Smart .
. L A case of Indian
Metering, Dynamic Pricing, scenario
Electrical Vehicle Integration,
Internet of Things Support
A system
I. Lampropoulos, Aggregator Support, Demand Side | perspective to the
M.Broek, Management, Integration of deployment of
2018 | E. Hoofd, Renewables, Regulatory flexibility through
K. Hommes, Framework, aggregator
W. Sark Consumer Participation companies in the
Netherlands
Smart grids
A.O. Otuoze, . security
2018 | M.W. Mustafa, iﬁ;rf;c;; tlgl,i Dea;t(a:lel\gzne%inent, challenges:
R.M. Larik & PP Classification by
sources of threats
Orchestrating
- .. households as
T.M. Skjelsvold, Distributed Energy Transmqn, collectives of
Renewable Sources Integration, s
W. Throndsen, Political Support. Reeulato participation in
2018 | M. Ryghaug, pport, Begulatory the distributed
o e Framework, Consumer .
LF. Fjells, Participation, Distributed Ener: energy transition:
G.H. Koksvik P ’ 24 New empirical
Transition
and conceptual
insights
L. Soder, P.D. Lund,
H. Koduvere, Review of
T.F. Bolkesjo, Demand Side Management, dem.ar.lq side
2018 | G.H. Rossebg, E. . flexibility
Integration of Renewables L
Rosenlund-Soysal, potential in
K. Skytte, J. Katz, Northern Europe
D. Blumberga
X. Yan, Deﬁ}and Respon'se, Dynamic A review on
Pricing, Integration of Renewables, . .
Y. Ozturk, - price-driven
2018 Smart Metering, Data Management . .
Z- Hy, Support, Incentives, Consumer residential
Y. Song pport, i demand response

Participation, Political Support
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Table 12: Independent Variables from Reviewed Studies (Continued)

Reference Study

Year Author Independent Variables from study Title
L.A. Arias, Dynamic Pricing, Smart Meter A Review and
2018 E. Rivas, Installation, Smart Appliances Usage, | Analysis of Trends
F. Santamaria, Distributed Energy Transition, Related to Demand
V. Hernandez Renewable Sources Integration Response
Integration of Renewables, stilear;a(t}ii)lr? of
2018 | A. Shahid Communication Support, Distributed &
. Renewable Energy
Energy Transition
Systems
Communication Support, Smart
Z. Soufiane, Metering, Distributed Energy New o
2018 | E. Abdeslam Resourses, Demand Response, Smart Communication
B. Slimane ’ Appliance Usage, Electrical Vehicle Architecture Model
i Inregration, Regulatory Framework, for Smart Grid
Interoperability
Aggregator Suppor.t, Demand Electricity
Response, Integration of Renewables, .
BEUC The European . Aggregators:
Demand Side Management, .
2018 | Consumer L Starting off on the
o Consumer Participation, Regulatory . .
Organisation . Right Foot with
Framework, Smart Metering, Consumers
Electrical Vehicle Integration 4
Peak Shaving and
Y. Wang, Valley Filling
L. Liu, Integration of Renewables, Demand potential of Energy
2019
R. Wennersten, Response Management
Q. Sun System in High Rise
Residential Building
Reinforcement
JR. Vazauez-Cantel Renewable Sources Integration, learning for demand
2019 Z Na d > | Electrical Vehicle Integration, Al response: A review
- ey Support, Dynamic Pricing of algorithms and
modeling techniques
D. Baldissin, ﬁ;%r;blzz?j
G. Himeno, H. Communication Support, Distributed . &
. . Simulation
2019 | Kagan, G. Travassos, | Energy Transition, Cost Savings,
. . Approach for Smart
R. Padilha, M. Integration of Renewables . I
- Grid Reliability
Pelegrini, D. Duarte .
Analysis
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Table 12: Independent Variables from Reviewed Studies (Continued)

Year Author Independent Variables from Reference Study Title
study
Smart Metering, Communication
Support, Data Management
Support, Electrical Vehicle A survey on smart erid
2019 | G. Dileep Integration, Distributed Energy technolg] ies and a & lications
Transition, Demand Response, g pp
Regulatory Framework, Customer
Participation, Aggregator Support
Distributed Energy Integration,
Communication Support, Smart
Metering, Electrical Vehicle
Integration, Data Management
Support, Integration of Tiirkiye Smart Grid 2023
2019 | ELDER Renewables, Electric Storage, Vision and Strategy Roadmap
Regulatory Framework, Summary Report
Organizational Change, Institunal
Change, Incentives, Al Support,
Interoperability, Internet of Things
Support
T. Serrenho, Smart Applla.nces Usage,
. Communication Support, Smart . "
P. Bertoldi, . Smart home and appliances:
2019 Metering, Demand Response,
European State of the art
. Regulatory Framework, Internet of
Commission :
Things Support
Aggregator Support, Data
F. Fumiatti, Manfagement Support, Electrical
V. Giordano Vehicle Integration, Customer Assessment and roadmap for
P ' > | Participation, Smart Metering, the digital transformation of
2019 ) Integration of Renewables, the energy sector towards an
Mandatova, . R
European Regulatory Framework, Data innovative internal energy
Comﬁlission Management Support, Dynamic market
Pricing, Inter of Things Support, Al
Support
C. Alaton, F. Interoperability, Smart Meter . .
Tounquet, . Benchmarking smart metering
2019 Installation, Renewable Sources .
European . deployment in the EU-28
.. Integration
Commission
Interoperability, Demand
L. Daniele, Response, Consumer Participation, Study on ensurin
W. Strabbing, | Smart Metering, Smart Appliaces Sudy Suring .
2019 N interoperability for enabling
B. Roelofsen, | Usage, Communication Support, Demand Side Flexibilit
A. Aalberts, Integration of Renewables, Electric y
Storage, Remote Controlling
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Table 12: Independent Variables from Reviewed Studies (Continued)

Year Author Independent Variables from Referen-ce Study
study Title
Internet of Things Support, .
K. Kimani, Cybersecurity, Interoperability, Cyber security
. challenges for IoT-
2019 | V. Oduol, Communication Support, Self .
. . based smart grid
K. Langat Healing, Smart Metering, Smart
. networks
Appliances Usage
Z. Ma, L. Friedrichsen, Universities' Implicit
Demand Response, Consumer
2019 | M. Thomsen, B.N. Participation. Ageregator SUpDOLL Demand Response
Jorgensen P - ABEICE PP Participation
R.S. Martin-Loeches, J . Enabling Smart Grid
Smart Metering, Integration of Fetaures by
F. Iov, = .
Renewables, Communication Enhanced Utilization
2019 | D.V. Pombo, M.S.
Support, Data Management of Actual
Kemal, .
Support Advanced Metering
R.L. Olsen
Infrastructure
The future relevance
A. Ortner, G. Renewable Integration, Bl elec.tr1c1ty .
2019 Totschni Distributed Energy Transition W "8 markets in
& &y Europe - A 2030 case
study
J. Sakhnini, H. Internet of Things Support, Security aspects of
2019 Karimipour, A. Cyberseucrity, Smart Metering, Internet of Things
Dehghantanha, R. Communication Support, aided smart grids: A
Parizi, G. Srivastava Artificial Intelligence Support bibliometric survey
Communication Support, A delay-adaptive
. control scheme for
Z. Wang, Regulatory Framework, Electrical . .
2019 . . o enhancing smart grid
J. Wang Vehicle Integration, Distributed .
. stability and
Energy Resources Integration .
resilience
O.M. Babatunde, Integration of Renewables, Power svstem
2020 | J.L. Munda, Electric Storage, Electrical ﬂexibiliz, - A review
Y. Hamam Vehicle Intagration y:
L. Das, S. Munikoti, Renewable Sources Integration, i\g:iallis;lecl:lé'gl\s/[nel?}i gzld
2020 | B. Natarajan, B. Dynamic Pricing, Self Healing of ) ?
. . challenges and
Srinivasan the grid .
opportunities
e o s S| oy o
2020 M.Z. Gunduz, Cmeunicat}i/(,)n Su port Y, smart grid: Threats
R. Das pport, and potential

Distributed Energy Transition,
Political Support, Incentives

solutions
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Table 12: Independent Variables from Reviewed Studies (Continued)

Year

Author

Independent Variables from

Reference Study

study Title
Challenges of
S. Impram, Integration of Renewables, Demand renewable energy
2020 | S.V. Nese, Side Manacement penetration on power
B. Oral & system flexibility: A
survey
Rehablhty, S.e curity, Recent advancement
Communication Support, Self in smart erid
O. M. Butt, Healing, Consumer Participation, technol & . Futur
2020 | M. Zulqarnain, Internet of Things Support, er((:)s Zc(;sg}i/r'l tﬁleu ¢
T.M. Butt Electrical Vehicle Integration, Data Prosp
electrical power
Management Support, Cloud
. network
Computing Support
A. Immonen, Consumer Participation, Internet of | Consumer viewpoint
2020 | J. Kiljandera, Things Support, Renewable Sources | on a new kind of
M. Aro Integration energy market
Distributed Energy Transition, Distributed energy
. Aggregator Support, Regulatory resource aggregation
M. Obi, = .
Framework, Communication using customer-owned
2020 | T. Slay, . . .
R Bass Support, Integration of Renewables, | equipment: A review
’ Electric Storage, Demand Side of literature and
Management standards
G. Schweiger, L.V.
Eckerstorfer, I. Consumer Participation, Aggregator .
Haffner, A. . ] Active consumer
. Support, Electrical Vehicle s
2020 | Fleischhacker, J. Radl, ; participation in smart
. Integration, Data Management
B. Glock, M. Wastian, Support energy systems
M. RoBler, G. Lettner, PP
N. Popper, K. Corcoran
D. Azuatalam Reinforcement
; o Renewable Sources Integration, AI | learning for whole-
2020 | W. Lee, F. Jijs, 1
. support building HVAC
A. Liebman
control and demand
Variable renewable
. .\ energy technologies in
S.M. Sirin, Distributed Energy Transition, the Turkish electricity
2020 . Renewable Sources Integration, .
B.N. Yilmaz . . . market: Quantile
Electrical Vehicle Integration, . .
regression analysis of
the merit-order effect
Aggregator Support, Demand The role of
J. Stede, . .
Response, Integration of aggregators n
K. Amold, Renewables, Demand Response facilitating industrial
2020 | C. Dufter, ’ POTISe, g

G. Holtz, S. Roon,
J. Richstein

Demand Side Management,
Consumer Participation

demand response:
Evidence from
Germany
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Table 12: Independent Variables from Reviewed Studies (Continued)

Independent Variables from

Year Author Reference Study Title
study
Customer Participation, Demand response and
Renewable Sources Integration, smart technology in theory
2020 | S.J. Darby Demand Response, Load Shifting, and practice: Customer
Aggregation, Dynamic Pricing, experiences and system
Communication Support actors
On microgrids and
Y. Wang, resilience: A
2020 | A.O. Rousis, ggilatrlz)/ll%rrllagement Support, Remote comprehensive review on
G. Strbac & modeling and operational
strategies
M.Z. Degefa, Demand Response, Distributed Comprehgnswe
e . classifications and
2021 | L.B. Sperstad, Energy Transition, Integration of L
characterizations of power
H. Saale Renewables o
system flexibility resources
O.S. Neffati, S.
Sengan,
K.D. Thangavelu, | Renewable Sources Integration, Migrating from traditional
2021 S.D. Kumar, R. Infrastructure, Cyber Security, grid to smart grid in smart
Setiawan, M. Privacy, Community Education, cities promoted in
Elangovan, D. Smart Meters Installation developing country
Mani, P.
Velayutham
Smart grids and
F. Rohde, Institutional Change, Organizational mnstitutt onal change.:
2021 . Emerging contestations
S. Hielscher Change S
between organisations over
smart energy transitions
Integration of Renewables, Demand | Flexibility metrics for
2021 L. Saarinen, K. Side Management, Electric Storage, | analysis of power system
Tokimatsu Data Management Support, transition - A case
Regulatory Framework study of Japan and Sweden
A secure and privacy
D.Sadhukhan, preserving lightweight
2021 S. Ray, Communication Support, authentication scheme for
M.S. Obaidat, Cyber Security smart-grid communication
M. Dasgupta using elliptic curve
cryptography
. Conservative power theory
Y. Ding, and its applications in
2021 | M. Mao, Electricity Reliability pp o .
modern smart grid: Review
L.Chang

and prospect
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Table 12: Independent Variables from Reviewed Studies (Continued)

Year Author Independent Variables from study Reference Study Title
A distributed
S Saxena communication
) i Communication Support, Internet of framework for smart
2021 | H.E.Z. Farag, . . .
N. El-Taweel Things Support Grid control applications
' based on data distribution
service
D. Fan,
Y. Ren, Q. Restoration of smart
2021 Feng, Communication Support, grids: Current status,
Y. Liu, Reliability challenges and
Z. Wang, opportunities
J. Lin
Securing
communications between
2021 T. Chen, X. Communication Support, Security, smart grids and real users
Yin, G. Wang | Privacy Support providing a methodology
based on user
authentication
IF Fjellaiges Smart Meters Installation, Smart R ® 25Peciy O.f ﬂex1ble
Silvast, . . gy household electricity
2021 Appliances Usage, Dynamic Pricing, L
T.M. o consumption in future
. Consumer Participation
Skjelsvold smart energy systems
Aggrg gator Support, Incepgves, Business strategies for
. Distributed Energy Transition, o
M. Kubli, . flexibility aggregators to
2021 . Renewable Sources Integration, Load =T
P. Canzi i steer clear of being “too
Shifting, Regulatory Framework, .
N small to bid
Consumer Participation
Smart energy prosumers
in Norway: Critical
2021 M.Korsnes, Consumer Participation, Aggregator reflections on
W. Throndsen | Support, Climate Change Risk implications for
participation and
everyday life
Electric Storage, Renewables
Integr.agon, Distributed Energy Aggregator’s business
Transition, Demand Response, . . .
O. Okur, P. models in residential and
.. Aggregator Support, Customer . ) .
2021 | Heijnen, Z. Participation Interoperability. Dynamic service sectors: A review
Lukszo p p Y, Y of operational and

Pricing, Regulatory Framework,
Electrical Vehicle Integration, Internet
of Things Support

financial aspects

138




Table 12: Independent Variables from Reviewed Studies (Continued)

Year

Author

Independent Variables from study

Reference Study
Title

2021

British Standards
Institution

Smart Meter Installation, Consumer
Participation, Remote Controlling,
Internet of Things Support,
Regulatory Framework, Smart
Appliances Usage, Interoperability

British Standards
Institution PAS-
1878

2021

British Standards
Institution

Consumer Participation, Remote
Controlling, Regulatory Framework,
Smart Appliances Usage,
Interoperability

British Standards
Institution PAS-
1879

M. Papadimitrakis, N.
Giamarelos, M.

Data Management Support, Demand

Metaheuristic search
in smart grid: A
review with
emphasis on

2021 Iit(fliri?/z;’oii Zois, Side Management, Electric Storage Is)ﬁigglrlllgl;lg and
Alexandridis power flow
optimization
applications
A novel peak load

2021

M.Rana, M.F. Romlie,
M.F. Abdullah, M.
Uddin, R. Sarkar

Load Shifting, Load Shaving, Data
Management Support, Cost Savings,
Electrical Vehicle Integration

shaving algorithm
for isolated

microgrid
The regulatory
2021 T. Schittekatte, V. Regulatory Framework, Demand framework for
Deschamps, L. Meeus Response, Aggregator Support independent
aggregators
s Demand side
Load Shifting, Demand Response,
Demand Side Management, Smart management
through load

2021

S. Sharda, M. Singh, K.
Sharma

Appaliances Usage, Smart Metering,
Cost Saving, Remote Controlling,
Integration of Renewables, Load
Profiles, Consumer Participation

shifting in IoT based
HEMS: Overview,
challenges and

opportunities
Characterizing
Remote Controlling, Data lil::fii ﬂse:vlkllll ity of
E. Azizi, R. Management, Elecrical Vehicle elec tricgvehicles and
2022 | Ahmadiahangar, Integration, Smart Appliances Usage,

A. Rosin, S. Bolouki

Demand Response, Aggregator
Support, Electric Storage

shiftable appliances
on single building
level and aggregated
level

2022

T. Freire-Barcelo, F.
Martin-Martinez, A.
Sanchez-Miralles

Aggregator Support, Demand
Response, Distributed Energy
Transition, Integration of
Renewables, Interoperability

A literature review
of Explicit Demand
Flexibility providing
energy services
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Table 12: Independent Variables from Reviewed Studies (Continued)

Year Author Independent Variables from study Reference Study Title
M.A. Judge, A. | Demand Response, Integration of gr‘l/elr;;e::uzfif)?art grid
2022 Khan, A. Renewables, Distributed Energy Frfmeworks im. act
Manzoor, H.A. Transtion, Load Shifting, Smart » IMpact,
. performance and
Khattak Metering
challenges
Aggregator Support, Regulatory
Framework, Distributed Energy The key role of
S Kerscher. P Transition, Integration of Renewables, | aggregators in the energy
2022 Arbole a S Electrical Vehicle Integration, transition under the latest
Y Demand Response, Communication European regulatory
Support, Data Management Support, framework
Consumer Participation, Privacy
S. Mohanty, S. .
Panda, S. Parida, | Electrical Vehicle Integration, ]o)fe :f:;(riizlszhﬁ?gs%ﬁmem
P.R. Rout, B.K. | Demand Response, Demand Side smart SHIA survey on
2022 | Sahu, M. Bajaj, | Management, Consumer Participation, Strate gies (‘:hallen eZ
H.M. Zawbaa, Dynamic Pricing, Smart Metering, £les, £eS,
I modeling and
N.M. Kumar, S. | Communication Support - .
Kamel optimization
Prosumer in smart grids
- . based on intelligent edge
2022 | S.B. Slama é;ﬁlcliliimgl};ge;:te Support, Cloud computing: A review on
puting Supp Artificial Intelligence
Scheduling Techniques
. An information security
Akkad, Wills & Internt of Thlngs Support, model for an IoT-enabled
2022 Cybersecurity, Data Management .
Rezazadeh Support Smart Grid in
pp the Saudi energy sector
Saturated load forecasting
2022 {RN F\:frﬁ’ Y. Xue, Load Management, Political Support, | based on clustering and
M' Xiaog ’ Data Management logistic
’ iterative regression
;’If}?;ia’ i K Demand Response, Integration of
Rout B}i,( 'Sa}'m Renewables, Distributed Energy Residential Demand Side
2022 | MB ,Be.l'a.' > | Transtion, Load Shifting, Management model,
H M Ja), Communication Support, Electric optimization and future
Z;'iwt;aa S Storage, Internet of Things Support, perspective: A review
Kamel > Smart Metering
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Table 12: Independent Variables from Reviewed Studies (Continued)

Reference Study

Year Author Independent Variables from study Title
Aggregator Support, Integration of Aggregated derr}ar.l(.i- .
: side energy flexibility:
Renewables, Smart Appliances .
F. Plaum, R. . A comprehensive
. Usage, Demand Response, Electric .
2022 | Ahmadiahangar, . . review on
. . Storage, Electrical Vehicle o
A. Rosin, J. Kilter . L characterization,
Integration, Distributed Energy .
.. forecasting and
Transition
market prospects
D.K. Sharma, G.K. A review on smart
2022 Rapaka, A.P. Communication Support, Smart grid
Pasupulla, S. Jaiswal, Metering, Data Management telecommunication
K. Abadar, H. Kaur, system
Distributed energy
resource participation
in electricity markets:
J. Stekli, L. Bai, U. Distributed Energy Transition, A review of
2022 | Cali, U. Halden, M.F., | Aggregator Support, Communication | approaches, modeling
Dynge Support and enabling
information and
communication
technologies
Electric Storage, Demand Response,
Internet of Things Support,
UK Department for Regulatory Framework, Electric Delivering a smart and
2022 | Business, Energy & Vhicle Integration, Cybersecurity, secure electricity
Industrial Strategy Demand Side Response, Instituonal system
Change, Organizational Change,
Dynamic Response
. . Review on
Cost Savings, Demand Side L
S. Akkara, 1. . optimization
2023 Management, Smart Metering, .
Selvakumar . techniques used for
Communication Support .
smart grid
Internet of Things Support,
Communication Support, Data An IOT based smart
Management Support, Artificial grid system for
2023 | M.A. Alomar Intelligence Support, Self Healing of | advanced cooperative
the Grid, Remote Controlling, transmission and
Electrical Vehicle Integration, communication
Cybersecurity, Smart Metering
2D2PS: A demand-
Y. Chang, Data Management Support, driven privacy-
2023 | J.Li, Cybersecurity, Al Support, Data preserving scheme for
W. Li Privacy anonymous data

sharing in smart grids
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Table 12: Independent Variables from Reviewed Studies (Continued)

Independent Variables from

Year Author Reference Study Title
study
Soft computing based
T Chen Security, Communication Support, smart grid fault detection
2023 LT Data Management Support, Al using computerised data
C.Liu L
Support analysis with fuzzy
machine learning model
S. Jebri, (S:m];igyl\c/lce:zrtmg, Privacy, Reliable low-cost data
2023 | A.B. Amor, Y .’ . transmission in smart grid
L1 Cost Savings, Internet of Things
S. Zidi system
Support
M. Rana, M. Uddin, Applications of energy
R. Sarkar S.T. Meraj, | Electric Storage, Renewables storage systems in power
2023 | G.M. Shafiullah, Integration, Distributed Energy grids with and without
S.M. Muyeen, A. Transition renewable energy
Islam, T. Jamal integration
K. Abdulsalam, J. Cybersecurity, Regulatory " overVin gpd .
.. 4 multicriteria analysis of
Adebisi, Framework, Electric Storage, Power ..
2023 ol . communication
M. Emezirinwune, Systems, Communication .
. technologies for smart
O. Babatunde Technologies . 5.
grid applications
M. Fotopoulou, D. Artificial Intelligence Support, Assessment of smart grid
2023 | Rakopoulos, S. Integration of Renewables, operation under
Petridis, P. Drosatos | Interoperability emergency situations
J.P. Leon, C.L.D. Exploring the potential,
limitations and future
Santos, A.M. .. L .
Communication Support, Smart directions of wireless
2023 | Mezher, J.C. Barrera, . . .
Metering technologies in smart grid
J. Meng, E.C. .
networks: A comparative
Guerra .
analysis
Key communication
technologies,
0. Qays, I. Ahmad, Cybersecurity, Interoperability, applications, protocols
2023 | A. Abu-Siada, L. Internet of Things Support, and future

Hossain, F. Yasmin

Communication Support

guides for IoT-assisted
smart grid systems: A
review
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Table 12: Independent Variables from Reviewed Studies (Continued)

Reference Study

Year Author Independent Variables from study Title
IoT-based
Z. Ullah, A.U. monitoring and
Rehman, S. Wang, Renewables Integration, Electric control of

H.M. Hassanien, P.

Vehicles, Artifical Intelligence, Load

substations and

2023 Luo, M.R. Management, Data Management, smart grids with
Elkadeem &M.A. IOT applications renewables and
Abido electric vehicles
integration
Cybersecurity, Data Management, An efficient
L. Zhu, . . . .
F. Jian Data Security, Communication identity-based
2023 | - & Support, Dynamic Pricing, Load signature protocol
M.Luo, . )
Q. Li Management, Smart Metering, Smart | over lattices for the

Appliances

smart grid

2023

T. Kataray, B. Nitesh,
B. Yarram, S. Sinha,
E. Cuce, S. Shaik, P.
Vigneshwaran, A.
Roy

Renewable Integration, Electricity
Storage, Demand Side Management,
Communication Support, Security,
Regulatory Framework, Reliability,
Self Healing, Load Shifting, Smart
Metering, Cybersecurity, Cost
Savings

Integration of smart
grid with
renewable energy
sources:
Opportunities and
challenges A
comprehensive
review

2023

H. Lin, W. Wang, Y.
Zou, H. Chen

Artifical Intelligence Support,
Electrical Vehicle Integration, Data
Management, Demand Management,
Electric Storage, Distributed Energy
Transition

An evaluation
model for smart
grids in support of
smart cities based
on the Hierarchy of
Needs Theory

2023

K. Liu, C. Wang, X.
Zhou

Data Management, Cybersecurity,
Smart Metering, Privacy

Decentralizing
access control
system for data
sharing in smart
grid

2023

A. Zahoor, K.
Mahmood, S.
Shamshad, M. A.
Saleem, M.F. Ayub,
M. Conti, A.K. Das

Internet of Things Support,
Cybersecurit, Smart Metering

An access control
scheme in IoT-
enabled Smart-Grid
systems using
blockchain and
PUF

2023

H.M.S. Badar, K.
Mahmood, W. Akram,
Z. Ghaffar, M. Umar,
A K. Das

IOT Support, Cybersecurity

Secure
authentication
protocol for home
area network in
smart

grid-based smart
cities
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Table 12: Independent Variables from Reviewed Studies (Continued)

Independent Variables from

Year Author study Reference Study Title
Renewables Integration,
F. Norouzi, T. | Distributed Energy Resources, Diagnosis of the
Hoppe, L.M. Cybersecurity, Electric Storage, im Elgementa tion of smart erid
2023 | Kamp, C. Electrical Vehicles, Smart innIz)vation in The Ne therlgan ds
Manktelow, P. | Metering, Demand Side and corrective actions
Bauer Management, Political Support,
Customer Participation
K.A. Khan, Integration of Renewables, Smart grid infrastructure and
2023 M. Quamar, F. | Communication Support, Smart renewable energy
H. Al- Metering, Data Management deployment: A conceptual
Qahtani, Support review of Saudi Arabia
11\\/[1.1ran zeb. Y Enhancing cybersecurity in
Wang gS it smart grids: Deep black box
2024 | Igbal, A. Cybersecurity, Privacy adgepria] aFtacks and
Naveed. M quantum voting ensemble
Ahme d’ M ’ models for blockchain
Alenezi’ ’ privacy-preserving storage
C.P. Ohanu Renewables Integration, A comprehensive review of
2024 | S ’ A' Rufai ’ Distributed Energy Resources, recent developments in smart
U' C. Olucfli Electrical Vehicle Integration, grid through renewable
o Smart Metering, Electric Storage energy resources integration
Renewables Integration, Research on low-carbon
Distributed Energy Resources, IoT | development path of new
2024 | H. Zheng Support, Data Management energy industry under the
Support, Political Support background of smart grid
Smart grids and renewable
. Renewables Integration, Electric energy systems: Perspectives
2024 | M.Khalid Storage, [oT support and grid integration
challenges
Security, Smart Metering, Data S;:}:E?Cl.ng smart grid
2024 Y. Duan, Y. Management, Integration of A novtgi.a roach for efficient
Zhang Renewables, Distributed Energy PP

Transition, Al support

attack detection using
SMART framework
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Table 12: Independent Variables from Reviewed Studies (Continued)

Year

Author

Independent Variables from

Reference Study Title

study
V.Bolgouras, Security, Smart Metering, [oT RETINA: Distributed and
T. Ioannidis, I. | support, Electric Storage, secure trust management for
2024 | Politis, A. Distributed Energy Transition, smart grid
Zarras, C. Integration of Renewables, applications and energy
Xenakis Dynamic Pricing trading
ﬁ;)Achinski M Developing an Intelligent
Biczkowsk7 L] Decision Support System for
2024 Chueiri. E > | Communication Support large-scale smart grid
Jamhou’r ’ communication network
planning
Integration of Renewables, iiﬁzwgrtr)ll:nﬁzrsggqa t orid
Artificial Intelligence Support, anas mart &
2024 | Z. Yang . v with cloud security
Cyber Security, Internet of Things N .
Support analysis using multi agent
pp machine learning model
Smart Metering, Integration of Smart meter data analytics
S. Mitra, B. Renewables, Data Management applications for secure,
2024 | Chakraborty, P. | Support, Security, Dynamic reliable and robust grid
Mitra Pricing, Consumer Participation, | system: Survey and future
Internet of Things Support directions
Communuciation Support, Data
Management, Security, Unleashing the potential of
M.H. Alsharif, | Distributed Energy Transition, sixth enefationp (6G)
A. Jahid, R. Integration of Renewables, X g .
2024 . wireless networks in smart
Kannadasan, Electric Storage, Consumer ener rid manacement: A
M. Kim Participation, Internet of Things comgzelglensive re%/ e ’
Support, Artificial Intelligence P W
Support
S. Balavignesh, Data Management, Internet of An er}hanced optimization
C. Kumar, R. . R algorithm for optimizing
2024 L Things Support, Dynamic Pricing, .
Sripriya, T. Smart Meterin energy management in smart
Senjyu & grids for home appliances
Artificial Intelligence Support,
7 Allal. HN Integration of Renewables, Leveraging the power of
N.oura ’O o Internet of Things Support, machine learning and data
2024 Salmail K Distributed Energy Transition, balancing techniques to
Chahine,: ’ Communication Support, Electric | evaluate stability in smart

Storage, Data Management
Support

grids
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Table 12: Independent Variables from Reviewed Studies (Continued)

Independent Variables from

Year Author study Reference Study Title
J. Powell, A. Cybersecurity, Integration of S
McCafferty- Renewables, Internet of Things Smart grlds.AA
. comprehensive survey of
2024 | Leroux, Support, Electric Storage, .
. A . challenges, industry
W. Hilal, Artificial Intelligence Support, .2
S. A. Gadsden Interoperability applications and future trends
D. Lee Impacts of battery energy
2024 | Y. Chiang, Electric Storage storage sy.stem on power grid
Y. Chen. H. Tsai smartness: Case study of
) . Taiwan Power Company
M. Mussi, L. A Reinforcement Learning
2024 Pellegrin, O.F. Artificial Intelligence Support, | controller optimizing costs
Pindaro, M. Customer Participation and battery State of Health in

Restelli, F. Trovo

smart grids

Electric Storage, Integration of

Energy storage system
coordinated with phase-
shifting transformer and

2024 | A. Baghgll Renewables dynamic rating equipment for
optimal operation of wind-
rich smart power networks

B. Wang, S. Game Theory in Smart Grids:

2024 | Evergreen, J. Integration of Renewables Strategic decision-making for

Forest renewable energy integration
A. Baz, J. o .
Logeshwaran, Y Artificial Intelligence Support, | Deep fuzzy nets approach for

2024 [ Smart Metering, Internet of energy efficiency

Natarajan, S. K.
Patel

Things Support

optimization in smart grids

2024

C. N. Priyanka, N.
Ramachandran

Cybersecurity

An Efficient Neighbor Nodes
Trust Tagging Model for
Optimized Route Detection
in Smart Grids with Secure
Data Transmission

2024

S.M.S.
Mohammadabadi,

Moghaddam, M.
Orangian, S.
Nejadshamsi

M. Entezami, A K.

Artificial Intelligence Support,
Communication Support

Generative Artificial
Intelligence for Distributed
Learning to Enhance Smart
Grid Communication
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Table 12: Independent Variables from Reviewed Studies (Continued)

Year Author Independent Variables Reference Study Title
from study
. Integration of Renewables, Probabilistic modeling of .
Z. Liao, J. Kally, 2 . renewable energy sources in
2024 Artificial Intelligence . .
S. Ru, smart grids: A stochastic
Support L2 .
optimization perspective
Z Zhao, N, e formane: A stochasti
2024 | Holland, J. Integration of Renewables P ’
approach to renewable energy
Nelson . .
integration
N. Rodriguez- Integration of Renewables, ; o
Perez, J. . . Measuring the digitalisation of
Smart Metering, Distributed o o TR .
2024 | Matanza, G. o electricity distribution systems in
Energy Transition, Remote .
Lopez, R. Controllin Europe: Towards the smart grid
Cossent, J. Pablo £
O. Munoz, A. Artificial Intelligence Development of an [oT smart .
Ruelas, P. F. . energy meter with power quality
2024 Support, Smart Metering, .
Rosales- Internet of Thines Support features for a smart grid
Escobedo £8 SUpp architecture
Data Management Support, . . .
2024 | H. Taherdoost Artificial Intelligence A Tt Vg Of.blg data
innovations in smart grids
Support
Q. Hassan, C. Enhancing smart grid integrated
Hsu, K. Mounich, | Integration of Renewables, renewable distributed generation
2024 | S. Algburi, M. Smart Metering, Distributed | capacities: Implications for
Jaszczur, A.A. Energy Transition sustainable energy
Telba transformation
. Integration of Renewables, An analysis of barriers to the
L. Nazir, A. = . . .
2024 . Political Support, Regulatory | implementation of smart grid
Sharifi . .
Framework technology in Pakistan
AR. Al-Alj, R. Internet of Things Support, Role of ToT technologies in big
Data Management Support,
Gupta, L. Lo data management systems: A
2024 Communication Support, . .
Zualkernan, S.K. . . review and Smart Grid case
Das Smart Metering, Electrical stud
’ Vehicle Integration Y
P. Boopathy, M. |\ i cial Intelligence o
Liyanage, N. Deep learning for intelligent
Support, Data Management
2024 | Deepa, M. . demand response and smart
. Support, Internet of Things . .
Velavali, S. Support grids: A comprehensive survey
Reddy PP
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Table 12: Independent Variables from Reviewed Studies (Continued)

Year

Author

Independent Variables from

study

Reference Study
Title

2024

Z. Wang, F. Zhang, A.
Zhang, J. Chang

Data Management Support

LFTDA: A
lightweight and
fault-tolerant data
aggregation
scheme with
privacy-enhanced
property in fog-
assisted smart grid

2024

J. Zhao, S. Zeng, P. Luo,
B. Zhao, Z. Chen, X. Du,
Z. Wang

Internet of Things Support,

Communication Support, Cyber

Security

A lightweight multi
sensor concurrent
identity
authentication
protocol for smart
grids

Unleashing the
R. Yuan. S. A benefits of smart
Pourmousavi, Data Management Support, Smart grids by :
2024 . overcoming the
W. L. Soong, Metering
A. J. Black challenges
o associated with
low-resolution data
Hybrid
V. Verma, Integration of Renewables, ?rﬁzn;;?gfg ffor
2024 | V. Sorathiya, G. Sonowal, | Distributed Energy Transition, g

M. S. Reddy

Electric Storage

renewable energy
systems into smart
grids

2024

M. Wadi, A. Shobole, W.
Elmasry, [. Kucuk

Artificial Intelligence Support,

Integration of Renewables,
Electrical Vehicle Integration,
Cyber Security

Load frequency
control in smart
grids: A review of
recent
developments
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APPENDIX B: Delphi Analysis Results

Table 13: Round 1 Delphi Analysis Results for Subcomponents of the Dependent

Variable
1.ROUND
Subcomponents | & 5 |5 |6 |8 = |8 | & R 5
of Dependent S |9 |3 |3 |oc o |2 |82 23
Variable E: S |5 | |2 |2 |g |32 &
ADAPTABILITY 17 100% | 0O 0% 0 0% | 17 100% | CONSENSUS
2z AVAILABILITY 14 82% 2 [ 12% | 1 6% | 16 88% | CONSENSUS
E g' o | RELIABILITY 15 88% 1 6% 1 6% 16 94% | CONSENSUS
>3 RESPONSE TIME 15 88% 1 6% 1 6% | 16 94% | CONSENSUS
USABILITY 12 71% 4 [ 24% | 1 6% | 16 75% | CONSENSUS
ASSURANCE 16 94% 1 6% 0 0% | 17 94% | CONSENSUS
. EMPHATY 12 71% 4 | 24% | 1 6% | 16 75% | CONSENSUS
O E SELF HEALING OF
= g' < | THEGRID 12 71% 2 | 12% | 3 |18% | 14 86% | CONSENSUS
83 ELECTRICITY
INTERRUPTION
DURATION 14 82% 2 | 12% | 1 6% | 16 88% | CONSENSUS
z COMPLETENESS 13 76% 2 [ 12% | 2 | 12% | 15 87% | CONSENSUS
2 > EASE OF
=5 = | UNDERSTANDING 12 71% | 4 | 24% | 1 6% | 16 75% | CONSENSUS
2 S = [ PERSONALIZATION 16 94% 0 0% 1 6% | 16 100% | CONSENSUS
o RELEVANCE 12 71% 3 [18% | 2 [ 12% | 15 80% | CONSENSUS
= SECURITY 16 94% 0 0% 1 6% | 16 100% | CONSENSUS
**NON-
**NATURE OF USE 10 59% 4 | 24% | 3 | 18% | 14 71% | CONSENSUS
LOAD PROFILE
W | /LOADPATTERN 14 82% 2 | 12% | 1 6% | 16 88% | CONSENSUS
2 I | NUMBER OF LOAD
SHIFTINGS 16 94% 0 0% 1 6% | 16 100% | CONSENSUS
SHIFTED
ELECTRICITY USAGE
IN KWH 16 94% 0 0% 1 6% | 16 100% | CONSENSUS
ACCEPTED OR
DEMANDED
LOAD SHIFTING
5 REPEATS 15 88% 0 0% 2 | 12% | 15 100% | CONSENSUS
e 5 ACCEPTED OR
% & @ | DEMANDED
2 2 REPEATS OF
< SHIFTED
ELECTRICITY USAGE
IN OFF-PEAK TIMES 15 88% 0 0% 2 | 12% | 15 100% | CONSENSUS
USER SURVEYS 12 71% 2 | 12% | 3 | 18% | 14 86% | CONSENSUS
COST SAVINGS 16 94% 1 6% 0 0% | 17 94% | CONSENSUS
EXPANDED
2 DISTRIBUTION OF
o ENERGY RESOURCES 13 76% 4 | 24% | o 0% | 17 76% | CONSENSUS
& S | INCREMENTAL
2 ADDITIONAL
= ELECTRICITY SALES
IN OFF PEAK TIMES. 14 82% 1 6% 2 | 12% | 15 93% | CONSENSUS
TIME SAVINGS 14 82% 0 0% 3 | 18% | 14 100% | CONSENSUS
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Table 14: Round 2 Delphi Analysis Results for Subcomponents of the Dependent

Variable
2.ROUND
Subcomponents = 5 5 5 E g 3 £ E 3 =
of Dependent o S o g 3 o z 9£3 ﬁ
Variable E: $ £ X Z g Q £33z e«
ADAPTABILITY 16 | 100% | O 0% | 0 0% | 16 | 100% | CONSENSUS
2z AVAILABILITY 14 | 88% 1 6% 1 6% | 15 93% | CONSENSUS
S 3@ | RELABILITY 15 | 94% 1 6% | 0 0% | 16 94% | CONSENSUS
© S = [ RESPONSE TIME 16 | 100% | 0 0% | o 0% | 16 | 100% | CONSENSUS
(%] O **NON-
*+USABILITY 9 56% 5 [ 31% | 2 | 13% | 14 64% | CONSENSUS
ASSURANCE 16 | 100% | 0 0% | o 0% | 16 | 100% | CONSENSUS
EMPHATY 14 | 88% 2 | 13% | o 0% | 16 88% | CONSENSUS
G E SELF HEALING OF
= 2 ¥ | THEGRID 10 | 63% 3 | 19% | 3 | 19% | 13 77% | CONSENSUS
3 ELECTRICITY
INTERRUPTION
DURATION 14 | 88% 1 6% 1 6% | 15 93% | CONSENSUS
= COMPLETENESS 11 | 69% 2 | 13% | 3 | 19% | 13 85% | CONSENSUS
g > EASE OF
< S 5 [ UNDERSTANDING 13 | 81% 2 | 13% | 1 6% | 15 87% | CONSENSUS
Z S — | PERSONALIZATION 15 | 94% 1 6% | O 0% | 16 94% | CONSENSUS
Qa RELEVANCE 12 | 75% 2 | 13% | 2 | 13% | 14 86% | CONSENSUS
= SECURITY 16 | 100% | 0 0% | o 0% | 16 | 100% | CONSENSUS
NATURE OF USE 12 | 75% 1 6% 3 | 19% | 13 92% | CONSENSUS
LOAD PROFILE /LOAD
W | PATTERN 14 | 93% 1 7% | 0 0% | 15 93% | CONSENSUS
% < | NUMBER OF LOAD
SHIFTINGS 16 | 100% | © 0% | 0 | 0% | 16 | 100% | CONSENSUS
SHIFTED ELECTRICITY
USAGE IN KWH 16 | 100% | 0 0% | o 0% | 16 | 100% | CONSENSUS
ACCEPTED OR
DEMANDED
LOAD SHIFTING
= REPEATS 14 | 88% 0 0% 2 | 13% | 14 | 100% | CONSENSUS
2 ACCEPTED OR
% O — | DEMANDED REPEATS
QX2 | oF
E SHIFTED ELECTRICITY
b USAGE IN OFF-PEAK
TIMES 13 | 87% 0 0% 2 | 13% | 13 | 100% | CONSENSUS
**NON-
**USER SURVEYS 9 56% 4 | 25% | 3 | 19% | 13 69% | CONSENSUS
COST SAVINGS 16 | 100% | © 0% | o 0% | 16 | 100% | CONSENSUS
" EXPANDED
2 DISTRIBUTION OF
i | ENERGYRESOURCES | 15 | 94% 1 6% | 0 0% | 16 94% | CONSENSUS
E S | INCREMENTAL
= ADDITIONAL
u ELECTRICITY SALES
IN OFF PEAK TIMES. 13 | 81% 1 6% 2 | 13% | 14 93% | CONSENSUS
TIME SAVINGS 16 | 100% | 0 0% | 0 0% | 16 | 100% | CONSENSUS
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Table 15: Round 1 Delphi Analysis Results for Independent Variables

1.ROUND
g
sl e | |5 |5 | |8 | &% b
85 |2 |2 (2|2 |2 |82 3
0 Q o o o ©) & - 2
$ |2 |8 |K | % |g |2 |82 &
x
Independent Variables 2
REMOTE CONTROLLING 16 | 94% 1 6% 0 0% | 17 94% | CONSENSUS
100
SMART METERING 17 % 0 0% 0 0% | 17 | 100% | CONSENSUS
CONSUMER PARTICIPATION 15 | 88% 1 6% 1 6% | 16 94% | CONSENSUS
INTEGRATION OF RENEWABLES 16 | 94% 0 0% 1 6% | 16 | 100% | CONSENSUS
100
DATA MANAGEMENT SUPPORT 17 % 0 0% 0 0% | 17 | 100% | CONSENSUS
DISTRIBUTED ENERGY TRANSITION 16 | 94% 0 0% 1 6% | 16 | 100% | CONSENSUS
RETURN OF INVESTMENT DURATION | 11 | 65% 2 | 12% | 4 | 24% | 13 85% | CONSENSUS
ELECTRICAL VEHICLE INTEGRATION 16 | 94% 0 0% 1 6% | 16 | 100% | CONSENSUS
100
SMART APPLIANCE USAGE 17 % 0 0% 0 0% | 17 | 100% | CONSENSUS
AGGREGATOR SUPPORT 12 | 71% 1 6% 4 | 24% | 13 92% | CONSENSUS
100
REGULATORY FRAMEWORK 17 % 0 0% 0 0% | 17 | 100% | CONSENSUS
100
INCENTIVES 17 % 0 0% 0 0% | 17 | 100% | CONSENSUS
INTEROPERABILITY(IOP) 15 | 94% 0 0% 1 6% | 15 | 100% | CONSENSUS
INSTITUTIONAL CHANGE 14 | 8% | 0 0% 2 | 13% | 14 | 100% | CONSENSUS
ORGANIZATIONAL CHANGE 13 | 76% 1 6% 3 | 18% | 14 93% | CONSENSUS
DYNAMIC PRICING 14 | 82% 0 0% 2 | 12% | 14 | 100% | CONSENSUS
COMMUNICATION SUPPORT 16 | 94% 0 0% 1 6% | 16 | 100% | CONSENSUS
Al (ARTIFICIAL INTELLIGENCE)
SUPPORT 14 | 82% | 0 0% 3 | 18% | 14 | 100% | CONSENSUS
10T (INTERNET OF THINGS) 100
SUPPORT 17 % 0 0% 0 0% | 17 | 100% | CONSENSUS
POLITICAL SUPPORT 16 | 94% 0 0% 1 6% | 16 | 100% | CONSENSUS
ELECTRIC STORAGE 15 | 88% 0 0% 2 | 12% | 15 | 100% | CONSENSUS
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Table 16: Round 2 Delphi Analysis Results for Independent Variables

2.ROUND
©
S
= = - — < << b= - =
o o o i i o) a o =
|8 2|52 /2 |2 83| 3
< o o 3 w
% | % | % | % |5 |9 |28 E
Independent Variables 3
REMOTE CONTROLLING 15 | 100% | © 0% 0% 15 | 100% | CONSENSUS
SMART METERING 14 | 93% 0 0% 1 7% 14 | 100% | CONSENSUS
CONSUMER PARTICIPATION 15 | 94% 0 0% 1 6% 15 | 100% | CONSENSUS
INTEGRATION OF RENEWABLES 15 | 94% 1 6% 0 0% 16 94% | CONSENSUS
DATA MANAGEMENT SUPPORT 16 | 100% | © 0% 0 0% 16 | 100% | CONSENSUS
DISTRIBUTED ENERGY TRANSITION 16 | 100% | O 0% 0 0% 16 | 100% | CONSENSUS
RETURN OF INVESTMENT
DURATION 8 50% 2 13% 6 38% | 10 80% | CONSENSUS
ELECTRICAL VEHICLE INTEGRATION 15 | 94% 0 0% 1 6% 15 | 100% | CONSENSUS
SMART APPLIANCE USAGE 16 | 100% | 0 0% 0 0% 16 | 100% | CONSENSUS
AGGREGATOR SUPPORT 12 | 75% 0 0% 4 25% | 12 | 100% | CONSENSUS
REGULATORY FRAMEWORK 16 | 100% | © 0% 0 0% 16 | 100% | CONSENSUS
INCENTIVES 16 | 100% | © 0% 0 0% 16 | 100% | CONSENSUS
INTEROPERABILITY(IOP) 16 | 100% | O 0% 0 0% 16 | 100% | CONSENSUS
INSTITUTIONAL CHANGE 15 | 94% 0 0% 1 6% 15 | 100% | CONSENSUS
ORGANIZATIONAL CHANGE 11 | 69% 1 6% 4 25% | 12 92% | CONSENSUS
DYNAMIC PRICING 16 | 100% | © 0% 0 0% 16 | 100% | CONSENSUS
COMMUNICATION SUPPORT 16 | 100% | © 0% 0 0% 16 | 100% | CONSENSUS
Al (ARTIFICIAL INTELLIGENCE)
SUPPORT 14 | 88% 0 0% 2 13% | 14 | 100% | CONSENSUS
IOT (INTERNET OF THINGS)
SUPPORT 15 | 94% 0 0% 1 6% 15 | 100% | CONSENSUS
POLITICAL SUPPORT 16 | 100% | © 0% 0 0% 16 | 100% | CONSENSUS
ELECTRIC STORAGE 16 | 100% | © 0% 0 0% 16 | 100% | CONSENSUS

152




APPENDIX C: Survey Questions

AKILLI SEBEKE (SMART GRID) ANKETI
Tiirkiye’de elektrik iiretiminde, iletiminde ve dagitiminda akilh elektrik

sebekesi doniisiimiinii etkileyen parametreler

Orta Dogu Teknik Universitesi Enformatik Enstitiisi'nde Dog. Dr. Pelin Angin
danismanliginda Tiirkiye’de akilli elektrik sebeke doniisiimiinii etkileyen parametreler
tizerine bir tez hazirlanmaktadir. Bu ¢alismanin amaci Tiirkiye'de geleneksel elektrik
sebekesinden akilli elektrik sebekesine doniisiimdeki basarinin etkenlerini analiz
etmek ve bu etkenler arasindaki iliskileri ortaya ¢ikarmaktir.

Bu anket yukarida agiklanan konuda veri toplamak ic¢in tasarlanmistir. Anketin
tamamlanmas1 i¢in Ongdriilen siire 10-15 dakikadir. Elektrik sebekesi hakkinda
bilginiz var veya elektrik sebekesi ile ilgili bir kurumda ¢alistiysaniz/calisiyorsaniz bu
anketi doldurabilirsiniz. Arastirmaya katilim tamamen goniilliiliik esasina dayanmakta
olup, sizden herhangi bir kisisel bilgi talep edilmeyecektir. Cevaplariniz tamamen
gizli tutulacak ve yalmizca arastirmaci tarafindan degerlendirilecektir. Arastirma
sonuclart yalnmizca bilimsel aragtirmalar icin kullanilacaktir. Katilim sirasinda
sorulardan veya bagka bir sebepten dolay1 kendinizi rahatsiz hissederseniz, cevaplama
stirecini sonlandirip ayrilmakta 6zgiirsiiniiz. Bu ¢aligmaya katildiginiz i¢in simdiden
tesekkiir ederiz. Katilminiz, Tiirkiye'de akilli elektrik sebekesine doniisiimdeki
basarmin etkenlerinin analiz edilmesinde ve bu etkenler arasindaki iligkilerin ortaya
cikarilmasinda Onemli katki saglayacaktir.

Yukandaki agiklama metnini okudum. Bu caligmaya tamamen goniilli olarak
katiliyorum. Verdigim bilgilerin bilimsel yaymlarda kullanilmasini kabul ediyorum.
Istersem anketi doldurmayi istedigim zaman birakabilecegimi biliyorum.

Onayliyorum.

1) Akill Elektrik Sebekesi (Smart Grid) kavram hakkinda bilginiz var mi/daha
once bu konuyu duydunuz mu? (Akillh Elektrik sebekesi kavramini
duymadiysaniz liitfen ankete devam etmeyiniz, anket sayfasim kapatimz)

o Evet, Akilli Elektrik Sebekesi (Smart Grid) kavramini duydum, konu ile bilgim
var.
o Hayir, Akill Elektrik Sebekesi (Smart Grid) hakkinda higbir bilgim yok.
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2) Elektrik sektorii ya da ilgili bir alanda m calisiyorsunuz veya daha once
calistimz m1?

o Evet

o Hayrr

3) Elektrik sektorii ile ilgili calistigimiz ya da cahsiyor oldugunuz alan
o Elektrik Uretimi

Elektrik letimi

Elektrik Dagitimi

Elektrik Piyasasi Diizenleme

Elektrik Piyasasi Isletme

Universite/Akademi

Elektrik Sebeke Ekipman Uretimi

IoT (Internet of Things) Cihaz {iretimi

Diger:

O O O O O O O O

4) Egitim Diizeyiniz
o Orta Ogretim
o Lisans
o Yiiksek Lisans
o Doktora

5) Toplam calisma/tecriibe siireniz
o 1 yildan az

1-5 yil

5-10 y1l

10 -20 y1l

20 yildan fazla

O O O O

Tiirkiye’de Akilh Elektrik Sebekesi (Smart Grid) doniisiimiinde yer alan
asagidaki Kkonularin onemini 1(Bir) ile 5(Bes) arasinda puan vererek
derecelendiriniz.

1-Kesinlikle Onemsiz 2- Onemsiz 3-Kismen Onemli 4-Onemli
5-Kesinlikle Onemli

1) Adaptability (Akilli sebeke sistemlerinin zaman ic¢inde olusacak farkli
gereksinimleri karsilayabilmesi)

L1 ]2]3]4]5]

154



2) Availability (Akill1 sebeke doniisiimii ile birlikte sunulacak hizmetlerin siirekli ve
kesintisiz olmasi)

l1[2[3[4]5]

3) Reliability (Akilli sebeke doniisiimii ile birlikte sunulacak hizmetlerin geleneksel
sebekelere gore daha giivenilir olmasi)

[1]2]3]4fs]

4) Response time (Akilli sebekede ariza, fiyat degisikligi, kullanim miktar1 gibi
olaylara kars1 tepki siiresinin klasik sebekelere gore daha hizli olmasi)

|1 ]2]3]4]|5]

5) Assurance (Akilli sebekenin klasik sebekeye gore daha fazla giiven vermesi)

l1]2]3]4]5]|

6) Empathy (Akill1 sebeke hizmetlerinin servis kalitesi i¢in kullanici bakis agisiyla
tasarlanmasi)

l1]2]3]4]5]

7) Self healing of the grid (Akilli sebekenin ariza durumunda kendi kendini onarmasi
/arizay1 giderebilmesi)

l1]2]3]4]5]|

8) Electricity interruption duration (Akilli sebekelerde geleneksel sebekelere gore
elektrik kesintilerinin ¢ok daha az olmasi, hatta hi¢ olmamasi)

l1[2[3[4]5]

9) Ease of understanding (Akilli sebeke doniistimii ile abonelere/kullanicilara
sunulacak verilerin/bilgilerin kolayca anlasilir olmasi)

l1[2[3[4]5]

10) Personalization (Akilli sebekenin abonelere/ tiiketicilere verilen hizmeti
kigisellestirebilme (aboneye 6zel elektrik kullanim tarifesi vb..) imkani sunmasi)

l1]2]3]4]5|
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11) Relevance (Akilli sebeke doniisiimii sonucu aboneye/kullaniciya saglanan
bilgilerin kullanicinin talepleri ile ilgili olmasi)

L1 [2[3[4]5]

12) Security (Akill elektrik sebekesinin siber giivenligi)

[1]2]3]4]s]

13) Nature of use (Akilli sebeke doniisiimii ile getirilen imkanlarm bir¢ok farkli alanda
da kullanilabilmesi)

l1]2]3]4]5]

14) Load profile/load pattern (Akilli sebeke dontigimii ile birlikte her
abonenin/kullanicinin elektrik kullanim profilinin/patterninin ¢ikarilmast)

l1]2]3]4]5]

15) Number of load shiftings (Akilli sebekenin, elektrik talebinin pik oldugu
zamanlarda elektrik tiiketiminin bir ¢ok defa 6telenebilmesine imkan saglamasi)

L1 ]2]3]4]5]

16) Shifted electricity usage in Kwh (Akilli sebekenin abonenin/kullanicinin
oteleyerek kullandigi elektrik enerjisini (Kwh) 6l¢iimleyebilmesi)

l1]2]3]4]5]

17) Accepted or demanded load shifting repeats (Abonenin kabul/talep ettigi 6telenmis
elektrik enerjisi kullaniminin miigteri memnuniyetinde degerlendirilmesi)

L1 [2[3[4]5]

18) Accepted or demanded repeats of shifted electricity usage in off-peak times (Akill
sebekenin elektrik abonelerine/kullanicilarina pik olmayan donemde tiikettikleri
elektrigin hem maddi hem de gevresel faydasini/katkisini gostermesi)

l1[2[3[4]5]

19) Cost savings (Akilli sebekenin elektrik iiretim, isletim ve hizmet maliyetlerini
diigiirmesi)

L1 ]2]3]4]5]
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20) Expanded distribution energy resources (Akilli sebekenin dagitik enerji
kaynaklarinin (giines, riizgar, vb.) yayginlagsmasina imkan saglamasi)

l1[2[3[4]5]

21) Incremantal additonal electricity sales in off peak times (Akilli sebekenin pik
olmayan zamanlarda elektrik satisinin artmasini saglamasi)

[1]2]3]4fs]

22) Time savings (Akill1 sebekenin elektrik sebekesinin igletilmesinde harcanan
operasyonel siireleri azaltmasi)

l1]2]3]4]5|

Tiirkiye’de Akillh Elektrik Sebekesi (Smart Grid) doniisiimiindeki basarmin
yiikselmesinde asagidaki maddelerin etkisini 1(Bir) ile 5(Bes) arasinda puan
vererek degerlendiriniz.

1-Etkisizdir 2- Cok Az Etkilidir 3-Kismen Etkilidir 4-Etkilidir 5-Cok
Etkilidir

1) Remote controlling (Uzaktan kontrol tekniklerinin kullanimi)

l1]2]3]4]5]|

2) Smart metering (Akill1 Sayaglarin kullanimi ve yayginlagmasi)

l1[2[3[4]5]

3) Consumer participation (Elektrik abonelerinin/tiiketicilerinin talep tarafi
yonetimine aktif katilimi)

l1[2[3[4]5]

4) Integration of renewables (Yenilenebilir enerji kaynaklarinin (giines, riizgar vb.)
elektrik sebekesine entegrasyonu)

l1]2]3]4]5|
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5) Data management support (Veri yonetimi ve analizi mekanizmalarinin kurulmast)

L1 [2[3[4]5]

6) Distributed energy transition infrastructure (Dagitik enerjiye gegis icin gerekli alt
yapinin kurulmasi)

[1]2]3]4]s]

7) Electrical vehicle charging integration (Elektrikli ara¢ sarj alt yapisininin akill
sebekeye entegre edilmesi)

l1]2]3]4]5]

8) Smart appliance usage (Elektrik sebekesiyle konugabilen akilli ev cihazlarmin
kullanimi1 ve yayginlasmasi)

l1[2[3[4]5]

9)Aggregator support (Elektrik aboneleri/tiiketicileri ile elektrik tedarikgileri arasinda
arabulucuk yapacak yapinin kurulmasi)

l1]2]3]4]5]

10) Regulatory framework (Akilli sebeke i¢in gerekli mevzuatlarin ve yasalarin
olusturulmast)

l1]2]3]4]5]

11) Incentives (Finansal tesvik mekanizmalarinin olusturulmasi)

L1 [2[3[4]5]

12) Interoperability (IOP) (Akilli sebekenin diger sistemlerle birlikte ve uyumlu
caligabilir olmasi)

L1 ]2]3]4]5]

13) Institutional change (Akilli sebeke doniisiimii icin sorumlu kurum yada enstitiilerin
kurulmast)

l1]2]3]4]5]
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14) Organizational change (Akilli sebeke doniisimii i¢in mevcut yapilarda
organizyonel degisikliklerin yapilmasi)

l1[2[3[4]5]

15) Dynamic pricing (Dinamik fiyatlandirma sisteminin kurulmasi)

[1]2]3]4fs]

16) Communication support (Hizli, giivenilir ve ¢ift tarafli iletisim alt yapilari)

l1]2]3]4]5|

17) Al (Atrtificial Intelligence) support (Akilli sebeke uygulamalarinda yapay zeka
kullanimi)

l1[2[3[4]5]

18) IoT (Internet of Things) support (Akilli sebeke alt yapisinda kullanicak cihaz ve
ekipmanlarin loT (internete baglanabilen) cihazi olmasi)

l1]2]3]4]5|

19) Political support (Siyasi otoritenin destegi)

l1]2]3]4]5]|

20) Electric storage (Dagitik ve yenilenebilir kaynaklardan elde edilen elektrik
enerjisinin depolanmast)

l1[2[3[4]5]

Tiirkiye’de Akillh Elektrik Sebekesi (Smart Grid) doniisiimiinde asagidaki
maddelerin tamamlanmasi icin ne kadar siire gereklidir?

D1-3yil 2)4-6yil 3)7-10yil 4) 11-15y1l  5) 15 yildan fazla

1) Remote controlling (Uzaktan kontrol tekniklerinin kullanimi)

l1[2[3[4]5]
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2) Smart metering (Akilli sayaglarin kullanimi ve yayginlagmast)

L1 [2[3[4]5]

3) Consumer participation (Elektrik abonelerinin/tiiketicilerinin talep tarafi
yonetimine aktif katilim1)

[1]2]3]4]s]

4) Integration of renewables (Yenilenebilir enerji kaynaklarinin (giines, riizgar vb.)
elektrik sebekesine entegrasyonu)

l1]2]3]4]5]

5) Data management support (Veri yonetimi ve analizi mekanizmalarinin kurulmast)

l1[2[3[4]5]

6) Distributed energy transition infrastructure (Dagitik enerjiye gegis icin gerekli alt
yapinin kurulmasi)

l1]2]3]4]5]

7) Electrical vehicle charging integration (Elektrikli ara¢ sarj alt yapisininin akilli
sebekeye entegre edilmesi)

L1 [2[3[4]5]

8) Smart appliance usage (Elektrik sebekesiyle konusabilen akilli ev cihazlarmin
kullanimi1 ve yayginlasmasi)

l1[2[3[4]5]

9) Aggregator support (Elektrik aboneleri/tiiketicileri ile elektrik tedarikgileri arasinda
arabulucuk yapacak yapinin kurulmasi)

L1 ]2]3]4]5]

10) Regulatory framework (Akilli sebeke igin gerekli mevzuatlarim ve yasalarin
olusturulmasi)

l1]2]3]4]5]

11) Incentives (Finansal tesvik mekanizmalarinin olusturulmasi)
(1 [2]3]4]5]|
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12) Interoperability (IOP) (Akilli1 sebekenin diger sistemlerle birlikte ve uyumlu
calisabilir olmasi)

l1[2[3[4]5]

13) Institutional change (Akilli sebeke doniisiimii icin sorumlu kurum yada enstitiilerin
kurulmasi)

[1]2]3]4s]

14) Organizational change (Akilli sebeke doniisiimii i¢in mevcut yapilarda
organizyonel degisikliklerin yapilmasi)

l1]2]3]4]5|

15) Dynamic pricing (Dinamik fiyatlandirma sisteminin kurulmast)

l1[2[3[4]5]

16) Communicaiton support (Hizli, giivenilir ve ¢ift tarafli iletisim alt yapilari)

l1]2]3]4]5]|

17) Al (Atrtificial Intelligence) support (Akilli sebeke uygulamalarinda yapay zeka
kullanimi)

l1[2[3[4]5]

18) IoT (Internet of Things) support (Akilli sebeke alt yapisinda kullanicak cihaz ve
ekipmanlarin [oT (internete baglanabilen) cihazi olmasi)

l1[2[3[4]5]

19) Political support (Siyasi otoritenin destegi)

l1]2]3]4]5|

20) Electric storage (Dagitik ve yenilenebilir kaynaklardan elde edilen elektrik
enerjisinin depolanmast)

l1]2]3]4]5]|
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Tiirkiye’de Akilh Elektrik Sebekesi (Smart Grid) doniisiimiiniin basarih
olmasinda asagidaki konular ne agirhkta 6nemlidir? 1 (Bir) ile 5 (Bes) arasinda
puan vererek degerlendiriniz.

1-Onemsiz  2-Az Onemli 3-Kismen Onemli 4-Onemli 5-Cok Onemli

1) Akilli sebeke doniigiimiiniin farkli gereksinimleri karsilayabilmesi, ulagilabilir ve
giivenilir olmasi, hizli reaksiyon verebilmesi

l1]2]3]4]5]

2) Akilli sebekenin giiven vermesi, kullanici bakisiyla tasarlanmasi, kendi kendini
onarmasi ve kesintilerin olmamasi

L1 [2[3[4]5]

3) Akilli sebekenin sagladigi bilgilerin kolayca anlasilmasi, kisisellestirilebilmesi,
talep edilen ilgili bilgileri saglamasi ve siber giivenli olmasi

l1]2]3]4]5]

4) Akilli sebekenin sagladigi imkanlarin farkli alanlarda kullanilmasi, her abonenin
elektrik tiiketim profilini ¢ikarmasi, elektrik tiiketiminde Gtelenme imkani vermesi ve
Otelenen miktar1 dlglimlemesi

l1]2]3]4]5]

5) Akilli sebekenin 6telenerek kullanilan elektrigin maddi katkisini raporlamast

L1 [2[3[4]5]

6) Akill sebekenin maliyetleri diisiirmesi, zamandan kazang saglamasi, yenilenebilir
enetjinin yayginlagmasini ve pik olmayan zamanlarda elektrik satiginin artmasini
saglamast

l1[2[3[4]5]

Eklemek istediginiz goriis ve diisiinceleriniz varsa bu boliime yazabilirsiniz
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APPENDIX D: Demographic Properties of Each Data Group

Demographic Properties of Data Group-1

Data Group-1 is for 25 western provinces of Tiirkiye. 0.90% of the respondents in this
group have a high school diploma, 72.07% of them have a bachelor’s degree, 25.23%
of them have a master’s degree and 1.80% of them have a doctorate.

Education Level of Data Group-1

80.00% 72.07%
70.00%
60.00%
50.00%

40.00%
30.00% 25.23%

20.00%
10.00% 0.90% 1.80%
0.00%

High School Bachelor Master Degree PhD
Degree (Doctorate)

Figure 11: Education Level of Data Group-1

In Data Group-1, 4.50% of the respondents have less than 1 year of work experience
in the electricity sector, 21.62 % of them have 1 to 5 years of work experience, 25.23%
of them have 5 to 10 years of work experience, 37.84% of them have 10 to 20 years of
work experience and 10.81% of them have more than 20 years of work experience.
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Electricity Sector Experience of Data Group-1
40.00% 37.84%

35.00%

30.00%
25.23%

25.00% 21.62%
20.00%

15.00%
10.81%

10.00%
4.50%
5.00%

0.00% .

Less than 1 1-5Syears 5-10 years 10-20 years More than 20
year years

Figure 12: Electricity Sector Experience of Data Group-1

In Data Group-1, 91.89 % of the respondents have knowledge about the smart grid and
8.11% of them have no idea about the smart grid.

Smart Grid Knowledge of Data Group-1

100.00% 91.89%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%

20.00%
10.00% 8.11%

0.00% L1

I Know Smart Grid I have no idea about smart
grid

Figure 13: Smart Grid Knowledge of Data Group-1
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Demographic Properties of Data Group-2

Data Group-2 is for the 30 central provinces of Tiirkiye. 1.20% of the respondents in
this group have high a school diploma, 65.06% of them have a bachelor’s degree,
32.53% of them have a master’s degree and 1.20 % of them have a doctorate.

70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

Education Level of Data Group-2

1.20%

High School

65.06%
32.53%
1.20%
Bachelor's  Master Degree PhD
Degree (Doctorate)

Figure 14: Education Level of Data Group-2

In Data Group-2, 1.20% of the respondents have less than 1 year of work experience
in the electricity sector, 27.71% of them have 1 to 5 years of work experience, 31.33%
of them have 5 to 10 years of work experience, 32.53% of them have 10 to 20 years of
work experience and 7.23% of them have more than 20 years of work experience.
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Electricity Sector Experience of Data Group-2

35.00% o
31.33% 32.53%

30.00% 27.711%
25.00%
20.00%
15.00%
10.00% 723%

5.00%

1.20%
0.00% —
Less than 1 1-S years 5-10 years 10-20 years More than 20
year years

Figure 15: Electricity Sector Experience of Data Group-2

In Data Group-2, 96.39% of the respondents have knowledge about the smart grid and
3.61% of them have no idea about the smart grid.

Smart Grid Knowledge of Data Group-2
120.00%
100.00% 96.39%
80.00%
60.00%
40.00%

20.00%
3.61%

0.00%
I Know Smart Grid I have no idea about smart

grid

Figure 16: Smart Grid Knowledge of Data Group-2
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Demographic Properties of Data Group-3

Data Group-3 is for the 30 eastern provinces of Tiirkiye. In this group, 1.37% of the
respondents have a high school diploma, 69.86% of them have a bachelor’s degree,
28.77% of them have a master’s degree and none of them has a doctorate.

Education Level of Data Group-3

80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%

69.86%

28.77%

1.37% 0.00%

High School Bachelor's Master Degree PhD
Degree (Doctorate)

Figure 17: Education Level of Data Group-3

In Data Group-3, 6.85% of the respondents have less than 1 year of work experience
in the electricity sector, 31.51% of them have 1 to 5 years of work experience, 21.92%
of them have 5 to 10 years of work experience, 30.14% of them have 10 to 20 years of
work experience and 9.59% of them have more than 20 years of work experience.

Electricity Sector Experience of Data Group-3

35.00% T
=S 30.14%

30.00%
25.00% 21.92%
20.00%
15.00%
9.59%

10.00% ¢ geor

5.00% .

0.00%

Less than1  1-Syears 5-10 years 10-20 years More than 20
year years

Figure 18: Electricity Sector Experience of Data Group-3
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In Data Group-3, 97.26% of the respondents have knowledge about the smart grid and
2.74% of them have no idea about the smart grid.

120.00%

100.00%

80.00%

60.00%

40.00%

20.00%

0.00%

Smart Grid Knowledge of Data Group-3

97.26%

2.74%

I Know Smart Grid I have no idea about smart
grid

Figure 19: Smart Grid Knowledge of Data Group-3

Demographic Properties of Data Group-4

Data Group-4 is for electricity entities of Tiirkiye. In this group, 1.12% of the
respondents have high a school diploma, 58.96% of them have a bachelor’s degree,
33.21% of them have a master’s degree and 6.72% of them have a doctorate.

70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

Education Level of Data Group-4

58.96%
33.21%
6.72%
1.12% -
High School Bachelor's Master Degree PhD
Degree (Doctorate)

Figure 20: Education Level of Data Group-4

168



In Data Group-4, 1.49% of the respondents have less than 1 year of work experience
in the electricity sector, 6.34% of them have 1 to 5 years of work experience, 22.01%
of them have 5 to 10 years of work experience, 41.42% of them have 10 to 20 years of
work experience and 28.73% of them have more than 20 years of work experience.

Electricity Sector Experience of Data Group-4

45.00% 41.42%
40.00%
35.00%
30.00%
25.00% 22.01%
20.00%
15.00%
10.00% 6.34%

5.00% 1.49% -

0.00% m—

Less than 1 1-Syears 5-10years  10-20 years More than 20
year years

28.73%

Figure 21: Electricity Sector Experience of Data Group-4

In Data Group-4, 95.15% of the respondents have knowledge about the smart grid and
4.85% of them have no idea about the smart grid.

Smart Grid Knowledge of Data Group-4
100.00% 95.15%

90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%

20.00%
10.00% 4.85%

0.00% |

I Know Smart Grid I have no idea about smart
grid

Figure 22: Smart Grid Knowledge of Data Group-4
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APPENDIX E: Correlation Analysis

Data Group-1 Pearson Correlations
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Figure 23: Data Group-1 Pearson Correlations
Data Group-2 Pearson Correlations
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Figure 24: Data Group-2 Pearson Correlations
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Figure 25: Data Group-3 Pearson Correlations

Data Group-4 Pearson Correlations

Figure 26: Data Group-4 Pearson Correlations
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APPENDIX F: Expert Views

Data Group-1 (Western Provinces of Tiirkiye) Expert Views:

Expert 1: “Smart grids play an important role in the energy sector today by increasing
energy efficiency and security. In the future, they can improve the quality of life with
more renewable energy integration and integration with smart devices.”

Expert 2: “I think that the progress of smart grid transformation in Tiirkiye within the
foreseeable time depends on a handful of people who do their job with passion and do
not give up. I hope their numbers will increase. Smart grid transformation continues
as an element that makes human life easier.”

Expert 3: “The needs and demands of current consumers will change day by day. When
examining this, it will not be healthy considering that even the houses are now
exceeding the installed power. For this reason, instead of wasting time here, it would
be better to allocate the same time to efficiency, especially in the smart grid. For
example, ensuring that street lighting turns on after a certain time in the evening with
sensors or other stimulating inventories.”

Expert 4: “I think that regulations should be clear, clear and compelling for the
efficient and effective use of smart grids. Otherwise, companies are moving towards
establishing systems that will ensure regulation and with the most cost-effective
solution, ignoring performance and cyber security. Especially if the penal terms of the
regulations and obligations are above the investment to be made, companies will not
mind the risk of fines. Apart from all these, training human resources and specializing
in this subject is the key to success.”

Expert 5: “In creating smart grid, it is of great importance to benefit from the
knowledge and experience of technical personnel who provide fault analysis and
elimination within the existing system. Although I have a 4-year undergraduate
education and 3 years of field experience in the distribution sector, we can detect most
unpredictable and unexpected faults and shorten the fault detection time, thanks to the
perspective of the technical staff who have been serving in the sector for 13 years, to
the fault and the network. Some malfunctions are predictable and undetectable. There
may be situations where the electricity grid does not act according to the book and is
considered impossible. At these points, faults found thanks to the previous experiences
of the technical staff can be surprising and beyond the known.”

Expert 6: “I have been working as an operator in a distribution company for 14 years.
It will be beneficial for us, especially as people who operate smart grids, but
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unfortunately, smart grid investments cannot be made while distribution companies
cannot make the necessary investments in parallel with the development of the country,
especially on the distribution side. I don't think it can be done easily. If call letters are
given to 20-30 MVA solar power plants for the sake of financial income in regions
where there is no consumption even according to the unlicensed regulation, it seems
a bit fanciful that we are talking about smart networks.”

Expert 7: “It is necessary to establish an institution that will coordinate the
production, transmission and distribution sectors, as well as communication and
public authority. Necessary regulations and communiqués should be created in a
comprehensible manner and built on the existing system. It should be explained how
the Smart Grid system will change society and how it will contribute to daily life. The
short, medium and long-term goals should be explained and these goals should be
measured. All stakeholders need to establish a structure that will finance the necessary
infrastructure investments and complete the necessary control mechanisms to prevent
smart grids from being interrupted. The training of technical and administrative staff
who will guide the sector will be important in this regard. It should not be forgotten
that local governments will be an important actor in the integration of Smart Grid
systems. Establishing a savings-oriented tariff system, considering end-user-based
energy usage demands and energy supply security, will increase users' participation
in the system.”

Expert 8: “The first parameter that should be taken into consideration is that there
may be a delay in the smart grid transformation processes because there is a higher
infrastructure need than our country or our citizens can financially meet and that there
may be delays due to financial problems beyond technical problems.”

Expert 9: “Important factors for the transition to smart grids in Tiirkiye in the short-

medium term:

- Renewal and re-establishment of the distribution infrastructure in accordance with
smart grids

- Establishing regulation

- Creation of financial models

- Political authority support

In addition, economic conditions play a very important role in accelerating or slowing

down this process. Since distribution companies are advancing their investment

processes with the tariff structure and are working on an implementation period basis,

S-year plans can be made and these plans depend on financing; a "smart grid"

initiative that does not progress in parallel with the distribution companies will be

inefficient.”

174



Data Group-2 (Central Provinces of Tiirkiye) Expert Views:

Expert 1: “One of the most important factors that the smart grid should affect is
ensuring electricity supply continuity and significantly reducing saidi and saifi
values.”

Expert 2: “It is very important that smart grids can be adapted to the existing
distribution system structure and newly established facilities are revised according
to this smart grid and their reliability.”

Expert 3: “Regulations in smart grid should be designed as a system whole, not textual.
There are 21 distribution companies. It would be more feasible to spend the workforce
on a single system rather than on different systems. All systems, from SCADA to
communication, should be local and work with the same algorithm in all regions. In
addition, since there will be a planning that needs to prioritize investment, it is
important that the areas to be prioritized is clear. In fact, design is the most critical
phenomenon by considering production, transmission and distribution without
separating them.”

Expert 4: “In smart grid systems, the ability of the staff responsible for the relevant
distribution network to monitor the data instantly and retrospectively from the first
breaker to the last consumer meter by connecting to the network via loT Systems will
make a positive contribution to the reliability of the fault times, number of outages and
remote monitoring systems. In addition, the SCADA system should be expanded not
only in Medium Voltage networks but also in Low Voltage networks and the ability to
perform remote control between boxes, especially in city centers, is important in terms
of ensuring energy continuity in the network.”

Expert 5: “Before the smart grid, our existing infrastructure must be completely
improved, our measurement circuits must be closed to intervention and in this period
when the transition to national meters is being discussed, these meters must be
designed fully compatible with the smart grid.”

Data Group-3 (Eastern Provinces of Tiirkiye) Expert Views:

Expert 1: “Teaching this subject as an elective in relevant faculties and departments
of universities can offer a wider range of solutions in smart grid systems, which are at
the idea and design stage and enable them to take shape according to needs.”

Expert 2: “Manual and various industry 4.0 activities are carried out together in the
existing electricity distribution infrastructure. The biggest problem is that digital
systems created at different times for different needs cannot be brought together on a
common basis. For this reason, to create the principle of smart grids in electricity
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distribution networks full-time and under ideal conditions, existing digital systems that
do not speak a common language or cannot be made to speak should be replaced by
structures that can be developed and adapted to Al systems. Since some digital
systems, which are indispensable today, will be insufficient to meet both needs and
new technologies in the very near future, early detection and transformation processes
should be started from these points”.

Expert 3: “Dynamic pricing as a demand response program in smart grid systems does
not currently seem possible in accordance with our country's legislation. However, if
dynamic pricing policies with this and similar structures can be proven to be a more
efficient option in energy supply compared to the forced load shedding option, I believe
that pilot applications can be started as an alternative in the coming periods.”

Expert 4: “We will need a lot of time for the smart grid system to be established.
Because the inventories used in these systems must be robust and usable. In general,
since the economic cost of newly built systems is high, there is a tendency to use cheap
materials. This reduces the efficiency of the new system and we create a system that is
worse than the old system.”

Expert 5: “When Smart Grid is mentioned in Tiirkiye, only smart meters come to mind.
This is not an accurate definition in terms of grid operation. As it is known, energy
reaches the consumption point after the production, transmission and distribution
stages. First of all, while it is necessary to focus on making the production,
transmission and distribution networks smart, traceable, controllable and
controllable, smart networks workshops held under the leadership of meter companies
highlight the perception that only consumption points (Meters) should be smart in
Tiirkiye.”

Expert 6: “In the distribution sector, almost every distribution company has made
significant progress in transforming its network into a smart one, but unfortunately,
regulation cannot keep up with the R&D in distribution companies. However, there
are almost no competent and qualified personnel in the public institutions we are
associated with. This is why I give pessimistic answers to some questions, so to speak.
We frequently use artificial intelligence-supported systems and analyses in our current
processes and produce projects and I believe that in the near future, many manual
processes will be transferred to artificial intelligence and will make us progress very
quickly.”

Expert 7: “The necessary information and its importance must be explained to the
relevant control and management centers for the smart grid.”

Expert 8: “Although we have taken serious steps in the creation of smart grids, we
have not completed the process yet. It seems that this process (smart grids) will create
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phases within itself. With the digitalization of energy (which is not yet completed),
smart grids will have a huge place in the distribution sector.”

Expert 9: “The best way to quickly see all the problems that may arise regarding the
applicability of the smart grid system is to try to implement it in provinces such as
Hakkari.”

Data Group-4 (Institutions of Tiirkiye) Expert Views:

Expert 1: “I think it can be more efficient and faster to design smart grids starting
from users to producers. First, we can start with the electrical appliances we use at
home such as refrigerators, dishwashers, air conditioning systems and electric vehicle
chargers etc.”

Expert 2: “I think that infrastructure improvements are very important to allocate
more capacity in substations to increase renewable energy production. Modernization
of infrastructure, transformers, transmission lines and distribution lines, considering
renewable energy production, will enable smart grids to become widespread more
quickly.”

Expert 3: “4 transformation that requires an end-to-end perspective, starting from
making receiving loads efficient and smart, powered by renewable energy and storage
systems and where demand management is carried out with accurate measurement
and smart algorithms. Like every transformation, there are obstacles to this. Each
stakeholder's expectations and the benefits they see for themselves are different. The
benefit expectations of the user, distributor and manufacturer are different. It is very
difficult to combine all these expectations in a way that satisfies everyone. In fact, it is
almost impossible. I see reducing demand and power to the optimum level and
preventing losses as the most important issue. Highlighting renewable energy sources
is another important element.”

Expert 4: “Smart grids have their own trust issues. If complete cyber security cannot
be ensured, in case of an operational error or external intervention, if there is no
backup manual system, we will be completely blind, deaf and dumb in the electrical
sense. As a matter of fact, it happened in the past and continues to happen on a local
basis.

Instead of full transformation of the network, keeping the old one as a backup system
is safe, since they are managed with manual or electromechanical control systems, the
part affected by cyber-attack or any electromagnetic shock wave is minimal.

Electricity can become as smart as the end consumer wishes. But it gets smarter in the
production and transmission phase, that is, the control leaves the automation systems
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and passes into the hands of artificial intelligence, which makes me uneasy as someone
on the production side. (Like sitting in the back of a motorcycle driven by someone
else).”

Expert 4: “The grid related software programs, applications and systems throughout
the country should be the same in all distribution companies and that they are even
installed by the Electricity Institutions (TEDAS, TEIAS, EUAS..) and provided to the
distribution companies. This makes smart grid more reliable and systematic.”

Expert 5: “The concept of Smart Grid is a very broad concept. Small-scale 10T-
supported projects are being tried in the public sector, but those working in the
transmission and distribution department need to be more specifically informed about
this issue. Cyber security systems began to be partially used in download centers.
However, cyber security in energy covers a wide range of areas, from mobile network
lines to the security of datacenters where data is stored. On the distribution side, smart
meter specifications have been prepared and are planned to be implemented within 2
years.

Currently, lighting subscribers come to the data center with the infrastructure
established with the remote reading system (OSOS) and a headend software is
displayed. Data of lighting subscribers (approximately 260 thousand meters) located
throughout Tiirkiye can be monitored live every half hour. It took approximately 6
years to install the required topology and software. We estimate that it will take
approximately 10 years to implement the national smart meter installation for all
customers. I estimate that efforts to make sense of the data collected in this context
with artificial intelligence and reporting software will take approximately 10 years.
The main thing here is to make the collected data meaningful and use it as good
output.”

Expert 6: “While transforming to smart grid, it is necessary to avoid unnecessary
investments that are not financially feasible. When designing smart grids, it would be
appropriate to focus primarily on the needs of users with high by classifying them
according to the energy levels of users connected to the distribution system. Any
changes to the entire system will prevent the correct use of resources, increase energy
costs and create an overdesigned system. The biggest obstacle in the system
integration of renewable energy is that the distribution and transmission system is
designed for worst-case scenarios. With the introduction of smart grids, more
renewable energy integration into the system can be achieved by dynamically
monitoring the load demand balance and transmission distribution system carrying
capacities. I believe that one of the most important benefits will be this feature. In a
world where the number of electric vehicles is rapidly increasing, the most critical
issue is that electric vehicles contribution to smart grids”.
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Expert 7: “Smart grid infrastructure investments, as in other areas, are directly related
to the country's economic indicators. Smart grid transformation costs will be the most
decisive point. In addition, the high cost of devices compatible with smart grids will
cause usage and migration scenarios to be followed manually. I believe that possible
cyber security risks, in addition to the cost disadvantage, will be an important barrier
for end users in transitioning to smart grid.”

Expert 8: “For smart grid in Tiirkiye, only smart meters and technological
developments at the point of consumption are mentioned. Unless transmission and
distribution systems that cannot be operated properly, having a smart meter at the
point of consumption will not be of much benefit in an environment where energy
continuity cannot be provided to the consumer.

To reduce the malfunctions occurring in the production, transmission and distribution
network, the technologies in the Ring Main Unit systems and the systems that detect
the malfunctions should be developed. Most importantly, for energy continuity, the
establishment of closed ring systems especially in city networks should be given

priority.

In a world where there is no energy that can be transported safely to the point of
consumption, it is not right to talk about a smart electricity grid just because the meter
is smart.”

Expert 9: “In order to prepare the infrastructure for smart grid transformation,
authorities must prepare the legislation and ensure that all services of the companies
in charge are provided online. It is necessary to integrate small solar power plants
under 50 kW, wind generation and in-home vehicle charging station data into smart
systems and simplify their installation.”

Expert 10: “Before integrating renewable energy sources with vehicle charging
stations, there should be restrictions on the sale of electric vehicles.”

Expert 11: “Correct process management, correct legal regulations, carrying out
projects considering long-term solution options and providing strong support from the
management can enable smart grids to be implemented faster.”

Expert 12: “In parallel with the increase in renewable energy and energy storage
systems, it is important to quickly implement smart grid studies together with
legislative regulations in order to operate the grid in a more sustainable and reliable
manner with all its dynamics.”
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APPENDIX G: ANOVA Analysis Results

RQ-2) Is there a statistically significant difference between the effects of independent

variables of smart grid transformation success?

One-way ANOVA: All Independent Variables
Null hypothesis All means are equal
Alternative hypothesis Not all means are equal

Significance level a=0.05

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Factor 19 4305 2.6570 35.23 0.000
Error 9460 6083.8 0.6431

Total 9479 65143

Means
Factor N Mean StDev 95% CI
Remote Controlling 474 4.5190 0.6377 (4.4468;4.5912)
Smart Metering 474 45169 0.7039 (4.4447; 4.5891)
Consumer Participation 474 3.9346 0.8186 (3.8624;4.0068)

Integration of Renewables 474 4.4325 0.7862 (4.3603;4.5047)
Data Management Support 474 4.4072 0.7477 (4.3350; 4.4794)
Distributed Energy Transition 474 4.3713 0.7508 (4.2991; 4.4435)
Electric Vehicle Charging 474 4.2595 0.8290 (4.1873;4.3317)

Smart Appliance Usage 474 3.8629 1.0011 (3.7907;3.9351)
Aggreagator Support 474 3.7004 0.9349 (3.6282;3.7726)
Regulatory Framework 474 4.4409 0.7076 (4.3687;4.5131)
Incentives 474 42426 0.8290 (4.1704; 4.3148)
Interoperability (IOP) 474 4.4198 0.7025 (4.3476;4.4920)
Institutional Change 474 4.1814 0.8153 (4.1092; 4.2536)
Organizational Change 474 4.1814 0.7561 (4.1092; 4.2536)

Dynamic Pricing 474 4.0633 0.8379 (3.9911; 4.1355)
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Communicaiton Support 474 43460 0.7545 (4.2738;4.4182)

Al Support 474 4.1730 0.8171 (4.1008; 4.2452)
IoT Support 474 43523 0.7669 (4.2801; 4.4245)
Political Support 474 42004 0.9423 (4.1282;4.2726)
Electric Storage 474 4.3059 0.8078 (4.2337;4.3781)

Interval Plot of Independent Variables
95% CI for the Mean
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The pooled standard deviation is used to calculate the intervals.

Figure 27: Interval Plot of Independent Variables

RQ-3) Is there a statistically significant difference between the effects of independent
variables of smart grid transformation success with respect to regions of Tiirkiye?

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal

Significance level a=0.05
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One-way ANOVA: Remote Controlling versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 02998 0.1499 0.41 0.662
Error 230 83.5800 0.3634

Total 232 83.8798

Means

Regions N Mean StDev 95% CI
DG-1 95 4.6316 0.6023 (4.5097;4.7534)
DG-2 72 4.6111 0.6179 (4.4711;4.7511)
DG-3 66 4.5455 0.5866 (4.3993;4.6917)

One-way ANOVA: Smart Metering versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 0.185 0.09245 0.17 0.845
Error 230 126.055 0.54807

Total 232 126.240
Means

Regions N Mean StDev 95% CI

DG-1 95 4.5053 0.7127 (4.3556; 4.6549)
DG-2 72 44722 0.7115 (4.3003; 4.6441)
DG-3 66 4.5455 0.8073 (4.3659;4.7250)

One-way ANOVA: Consumer Participation versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 4.665 2.3323 3.46 0.033
Error 230 154.863 0.6733

Total 232 159.528
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Means

Regions N Mean StDev 95% CI
DG-1 95 3.8211 0.7987 (3.6552;3.9869)
DG-2 72 3.792  0.871 (3.601; 3.982)
DG-3 66 4.1212 0.7945 (3.9222;4.3202)

One-way ANOVA: Integration of Renewables versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 0.882 0.4411 0.64 0.527
Error 230 158.122  0.6875

Total 232 159.004

Means

Regions N Mean StDev 95% CI

DG-1 95 4.4105 0.7786 (4.2429;4.5781)
DG-2 72 4.2917 0.8465 (4.0991;4.4842)
DG-3 66 4439 0.879 (4.238;4.640)

One-way ANOVA: Data Management Support versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 1.037 0.5184 1.01 0.366
Error 230 118.045 0.5132

Total 232 119.082

Means

Regions N Mean StDev 95% CI

DG-1 95 4.3684 0.7445 (4.2236;4.5132)
DG-2 72 44167 0.7071 (4.2503;4.5830)
DG-3 66 4.5303 0.6843 (4.3566;4.7041)
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One-way ANOVA: Distributed Energy Transition versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 0.128 0.06379 0.11 0.899
Error 230 137.589 0.59821

Total 232 137.717

Means

Regions N Mean StDev 95% CI
DG-1 95 4.3579 0.8110 (4.2015;4.5142)
DG-2 72 4.3333 0.7316 (4.1537;4.5129)
DG-3 66 4.3939 0.7622 (4.2064; 4.5815)

One-way ANOVA: Electric Vehicle Charging versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 0.374 0.1870 0.26 0.768
Error 230 162.484  0.7065

Total 232 162.858

Means

Regions N Mean StDev 95% CI
DG-1 95 4.3579 0.8241 (4.1880;4.5278)
DG-2 72 4264 0872 (4.069; 4.459)
DG-3 66 4333 0.829 (4.129;4.537)

One-way ANOVA: Smart Appliance Usage versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 4.514 2.257 1.99 0.139
Error 230 260.362 1.132

Total 232 264.876
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Means

Regions N Mean StDev 95% CI
DG-1 95 3.737 1.122 (3.522;3.952)
DG-2 72 3.847 1.057 (3.600;4.094)
DG-3 66 4.076 0.982 (3.818;4.334)

One-way ANOVA: Aggregator Support versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 4.629 2.315 2.26 0.106
Error 230 235.087 1.022

Total 232 239.717

Means

Regions N Mean StDev 95% CI
DG-1 95 3.547 0.976 (3.343;3.752)
DG-2 72 3.556 1.047 (3.321;3.790)
DG-3 66 3.864 1.021 (3.618;4.109)

One-way ANOVA: Regulatory Framework versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 0.667 0.3333 0.60 0.548
Error 230 127.213  0.5531

Total 232 127.880
Means

Regions N Mean StDev 95% CI

DG-1 95 4.4632 0.6967 (4.3128;4.6135)
DG-2 72 43472 0.7720 (4.1745;4.5199)
DG-3 66 43636 0.7773 (4.1833;4.5440)

186



One-way ANOVA: Incentives versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 0.241 0.1203 0.16 0.854
Error 230 174.790  0.7600

Total 232 175.030

Means

Regions N Mean StDev 95% CI
DG-1 95 4.2737 0.7915 (4.0975; 4.4499)
DG-2 72 4.2917 0.8465 (4.0892;4.4941)
DG-3 66 4.2120 1.0000 (4.001; 4.424)

One-way ANOVA: Interoperability versus Regions

Analysis of Variance
Source DF AdjSS AdjMS F-Value P-Value
Regions 2 0.967 0.4836 0.87 0.421
Error 230 128.114 0.5570
Total 232 129.082

Means

Regions N Mean StDev 95% CI
DG-1 95 4.4000 0.7351 (4.2491;4.5509)
DG-2 72 43750 0.8297 (4.2017;4.5483)
DG-3 66 4.5303 0.6615 (4.3493;4.7113)

One-way ANOVA: Institutional Change versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 0.236 0.1179 0.15 0.862
Error 230 182.090 0.7917

Total 232 182.326
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Means

Regions N Mean StDev 95% CI
DG-1 95 4.1789 0.7852 (3.9991; 4.3588)
DG-2 72 4125 0918 (3.918;4.332)
DG-3 66 4.106 0994 (3.890;4.322)

One-way ANOVA: Organizational Change versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 2.763  1.3817 2.31 0.102
Error 230 137.631 0.5984

Total 232 140.395

Means
Regions N Mean StDev 95% CI
DG-1 95 4.1368 0.8070 (3.9805;4.2932)
DG-2 72 4.1806 0.7930 (4.0009;4.3602)
DG-3 66 4.3939 0.6990 (4.2063;4.5816)

One-way ANOVA: Dynamic Pricing versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 0.465 0.2327 0.31 0.736
Error 230 174.496 0.7587

Total 232 174.961

Means

Regions N Mean StDev 95% CI
DG-1 95 3.9368 0.8355 (3.7608;4.1129)
DG-2 72 4.0417 08297 (3.8394;4.2439)
DG-3 66 4.000 0.9610 (3.789;4.211)
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One-way ANOVA: Communication Support versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 3.160 1.5798 2.64 0.074
Error 230 137.682 0.5986

Total 232 140.841

Means

Regions N Mean StDev 95% CI
DG-1 95 4.3895 0.7480 (4.2331;4.5459)
DG-2 72 4.1806 0.8278 (4.0009;4.3602)
DG-3 66 4.4697 0.7487 (4.2821;4.6573)

One-way ANOVA: Al Support versus Regions

Analysis of Variance
Source DF AdjSS AdjMS F-Value P-Value
Regions 2 2366 1.1832 1.80 0.168
Error 230 151.196 0.6574
Total 232 153.562

Means
Regions N Mean StDev 95% CI
DG-1 95 4.1368 0.8330 (3.9729;4.3007)
DG-2 72 42778 0.7732 (4.0895; 4.4660)
DG-3 66 4.3790 0.8180 (4.182;4.5750)

One-way ANOVA: IoT Support versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 0.040 0.02001 0.04 0.962
Error 230 117.428 0.51056
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Total 232 117.468
Means

Regions N Mean StDev 95% CI

DG-1 95 4.4421 0.6952 (4.2977;4.5865)
DG-2 72 4.4583 0.6700 (4.2924;4.6243)
DG-3 66 4.4242 0.7857 (4.2509; 4.5975)

One-way ANOVA: Political Support versus Regions

Analysis of Variance
Source DF AdjSS AdjMS F-Value P-Value

Regions 2 1.212  0.6058 0.55 0.577
Error 230 252711  1.0987
Total 232 253.923

Means

Regions N Mean StDev 95% CI
DG-1 95 4.116 1.030 (3.904;4.328)
DG-2 72 4167 0.949 (3.923;4.410)
DG-3 66 3985 1.170 (3.731;4.239)

One-way ANOVA: Electric Storage versus Regions

Analysis of Variance
Source DF AdjSS AdjMS F-Value P-Value

Regions 2 0.031 0.01552 0.02 0.979
Error 230 166.467 0.72377
Total 232 166.498

Means
Regions N Mean StDev 95% CI
DG-1 95 4.3053 0.7865 (4.1333;4.4772)
DG-2 72 4319 0.853 (4.122;4.517)

DG-3 66 4333 0934 (4.127;4.540)
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RQ-4) Is there a statistically significant difference between the time periods required
to complete the independent variables of the smart grid transformation or not?

One-way ANOVA: All Independent Variables

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal

Significance level a=20.05

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Factor 19 8378  440.97 25.85 0.000
Error 9460 161360 17.06

Total 9479 169738

Means

Factor N Mean StDev 95% CI
Remote Controlling 474 6388 4.174 (6.016; 6.760)
Smart Metering 474 5999 3.569 (5.627;6.371)
Consumer Participation 474 7925 4.198 (7.553;8.297)

Integration of Renewables 474 5.820 3.827 (5.448;6.191)
Data Management Support 474 5.892 3.745 (5.521;6.264)
Distributed Energy Transition 474 8.157 4.392 (7.785; 8.529)
Electrical Vehicle Charging 474 6.807 3.969 (6.435;7.179)

Smart Appliance Usage 474 8.896 4.659 (8.524;9.267)
Aggregator Support 474 7489 4335 (7.118;7.861)
Regulatory Framework 474 5.763 3.860 (5.391;6.135)
Incentives 474 6.118 3.837 (5.746; 6.490)
Interoperability 474 7.826 4.292 (7.454;8.19%)
Institutional Change 474 6322 4.034 (5.950; 6.694)

Organizational Change 474 6.155 3.920 (5.783;6.527)
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Dynamic Pricing 474 6.835 4.106 (6.464;7.207)

Communication Support 474 7.120 4.137 (6.748; 7.492)
Al Support 474 7928 4.363 (7.556;8.300)
IoT Support 474 6.752 4.200 (6.380;7.124)
Political Support 474 5591 4.052 (5.219;5.963)
Electric Storage 474 7.879 4.731 (7.507;8.251)

Interval Plot of Independents Variables.
95% CI for the Mean

Interval
~

I R IR IR Y OIS TR oI S R P T U TS
e\\&.@‘é\. SIS & & &QQ%"% & & S $ .o&"&e TS

e .&é’&é &Gy&@o e &%&% S & \cﬁ\cﬁj“ = @o&%&&o =

O St 8 S e TSP ST PO E
* %‘& < °‘3~°‘& @§§&°@ Q w'& »&‘&.4‘}& %‘)\‘5&& v eﬂsﬁ}é‘
z@ oé& \@0 ‘@% @& &4 (\Vv §§ & :§ Ry R4
Q. QO& 24%&\‘) lo\gbé'ec' %¢$ V’ g,% xo o& 0&
& 7
S 09,\5&‘\ ¥

The pooled standard deviation is used to calculate the intervals.

Figure 28: Interval Plot of Independent Variables for Required Time Period

RQ-5) Is there a statistically significant difference between the time periods required
to complete the independent variables of the smart grid transformation with respect to
regions of Tiirkiye?

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a=0.05
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One-way ANOVA: Remote Controlling versus Regions
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 39.24 19.62 1.14 0.322
Error 230 3960.15 17.22

Total 232 3999.39

Means
Regions N Mean StDev 95% CI
DG-1 95 5974 3.734 (5.135;6.813)
DG-2 72 6.563 4.800 (5.599;7.526)
DG-3 66 5.500 3.949 (4.494; 6.506)

One-way ANOVA: Smart Metering versus Regions
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 1049 52.43 4.17 0.017
Error 230 2889.4 12.56

Total 232 29943

Means

Regions N Mean StDev 95% CI
DG-1 95 6.895 3.696 (6.178;7.611)
DG-2 72 6.125 3.565 (5.302;6.948)
DG-3 66 5.258 3.289 (4.398;6.117)

One-way ANOVA: Consumer Participation versus Regions
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 62.61 31.31 1.69 0.187
Error 230 4256.99 18.51

Total 232 4319.61
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Means
Regions N Mean StDev 95% CI

DG-1 95 8363 4.272 (7.493;9.233)
DG-2 72 8.042 4.109 (7.043;9.041)
DG-3 66 7.114 4.545 (6.070; 8.157)

One-way ANOVA: Integration of Renewables versus Regions
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

Regions 2 34.89 17.44 1.14 0.321
Error 230 3517.06 15.29
Total 232 3551.94

Means
Regions N Mean StDev 95% CI

DG-1 95 5342 3.268 (4.552;6.133)
DG-2 72 6.264 4.028 (5.356;7.172)
DG-3 66 5.697 4.577 (4.749; 6.645)

One-way ANOVA: Data Management Support versus Regions
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

Regions 2 63.24 31.62 2.37 0.095
Error 230 3064.06 13.32
Total 232 3127.30

Means
Regions N Mean StDev 95% CI

DG-1 95 5.100 3.200 (4.362;5.838)
DG-2 72 57764 3.933 (4.916;6.611)
DG-3 66 6364 3.929 (5.478;7.249)
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One-way ANOVA: Distributed Energy Transition versus Regions
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 39.81 19.91 1.04 0.356
Error 230 4416.66 19.20

Total 232 4456.47

Means

Regions N Mean StDev 95% CI
DG-1 95 7.384 4.047 (6.498; 8.270)
DG-2 72 8361 4.494 (7.344;9.379)
DG-3 66 7.682 4.713 (6.619; 8.745)

One-way ANOVA: Electrical Vehicle Charging versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 4.81 2.406 0.17 0.847
Error 230 3327.62 14.468

Total 232 333243

Means

Regions N Mean StDev 95% CI
DG-1 95 6.347 3.374 (5.578;7.116)
DG-2 72 6.688 3.978 (5.804;7.571)
DG-3 66 6.455 4.177 (5.532;7.377)

One-way ANOVA: Smart Appliance Usage versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 832  4.160 0.20 0.822
Error 230 4873.29 21.188
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Total 232 4881.61
Means

Regions N Mean StDev 95% CI

DG-1 95 9.000 4.416 (8.069;9.931)
DG-2 72 9.368 4.930 (8.299;10.437)
DG-3 66 8917 4.496 (7.800;10.033)

One-way ANOVA: Aggregator Support versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 9.62 4.811 0.26 0.774
Error 230 4313.83 18.756

Total 232 432345

Means
Regions N Mean StDev 95% CI
DG-1 95 7.742 3.869 (6.867;8.618)
DG-2 72 8215 4.544 (7.210;9.221)
DG-3 66 7.848 4.708 (6.798; 8.899)

One-way ANOVA: Regulatory Framework versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 2481 12.41 0.74 0477
Error 230 3846.07 16.72

Total 232 3870.88

Means

Regions N Mean StDev 95% CI
DG-1 95 5.511 3399 (4.684; 6.337)
DG-2 72 6.229 4.808 (5.280;7.179)
DG-3 66 6.098 4.148 (5.107;7.090)
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One-way ANOVA: Incentives versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 27.26 13.63 0.84 0.432
Error 230 3719.31 16.17

Total 232 3746.58

Means

Regions N Mean StDev 95% CI
DG-1 95 6.074 3.652 (5.261; 6.887)
DG-2 72 6375 4.264 (5.441;7.309)
DG-3 66 6.909 4.252 (5.934;7.884)

One-way ANOVA: Interoperability versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 2.80 1.401 0.08 0.926
Error 230 4189.91 18.217

Total 232 4192.71

Means

Regions N Mean StDev 95% CI
DG-1 95 7.779 4.327 (6.916; 8.642)
DG-2 72 7.986 3.809 (6.995;8.977)
DG-3 66 7.720 4.641 (6.685;8.755)

One-way ANOVA: Institutional Change versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 51.24 25.62 1.48 0.229
Error 230 3970.71 17.26
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Total 232 4021.95
Means

Regions N Mean StDev 95% CI

DG-1 95 6.026 4.039 (5.186; 6.866)
DG-2 72 6910 4.320 (5.945;7.875)
DG-3 66 7.045 4.137 (6.038; 8.053)

One-way ANOVA: Organizational Change versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 33.04 16.52 0.96 0.383
Error 230 3946.40 17.16

Total 232 3979.44

Means

Regions N Mean StDev 95% CI
DG-1 95 6.042 3.670 (5.205;6.879)
DG-2 72 6.903 4.548 (5.941; 7.865)
DG-3 66 6.174 4.319 (5.170;7.179)

One-way ANOVA: Dynamic Pricing versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 10.36 5.182 0.29 0.750
Error 230 4146.26  18.027

Total 232 4156.62

Means

Regions N Mean StDev 95% CI
DG-1 95 7.042 4.247 (6.184;7.900)
DG-2 72 7472 4.265 (6.486; 8.458)
DG-3 66 6985 4.223 (5.955;8.015)
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One-way ANOVA: Communication Support versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 20.23 10.11 0.58 0.562
Error 230 4021.79 17.49

Total 232 4042.02

Means

Regions N Mean StDev 95% CI
DG-1 95 7.153 3.987 (6.307;7.998)
DG-2 72 7.813 4.241 (6.842;8.783)
DG-3 66 7.212 4387 (6.198; 8.226)

One-way ANOVA: Al Support versus Regions

Analysis of Variance
Source DF AdjSS AdjMS F-Value P-Value
Regions 2 18.57  9.287 0.46 0.629
Error 230 4595.69 19.981
Total 232 4614.26

Means

Regions N Mean StDev 95% CI
DG-1 95 7321 3.712 (6.417;8.225)
DG-2 72 7.993 4937 (6.955;9.031)
DG-3 66 7.652 4915 (6.567;8.736)

One-way ANOVA: IoT Support versus Regions

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value
Regions 2 38.18 19.09 1.08 0.340
Error 230 4054.46 17.63
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Total 232 4092.63
Means

Regions N Mean StDev 95% CI

DG-1 95 6.200 3.789 (5.351;7.049)
DG-2 72 7.125 4392 (6.150; 8.100)
DG-3 66 6.856 4.533 (5.838;7.874)

One-way ANOVA: Political Support versus Regions
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

Regions 2 11.83 5917 0.32 0.727
Error 230 4269.64 18.564
Total 232 4281.47

Means

Regions N Mean StDev 95% CI
DG-1 95 5.589 3.749 (4.718;6.460)
DG-2 72 5.875 4.605 (4.875;6.875)
DG-3 66 6.136 4.711 (5.091;7.181)

One-way ANOVA: Electric Storage versus Regions
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

Regions 2 78.32 39.16 1.65 0.195
Error 230 5464.17 23.76
Total 232 5542.49

Means

Regions N Mean StDev 95% CI
DG-1 95 7.263 4.617 (6.278; 8.248)
DG-2 72 8.646 4.934 (7.514;9.778)
DG-3 66 7.879 5.162 (6.697;9.061)
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APPENDIX H: Ethics Approval of The Survey
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Figure 29: Middle East Technical University Ethics Council Approval
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