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ABSTRACT

THE ROLE OF LICENSE-EXEMPT EXCESS ELECTRICITY GENERATION IN
TURKIYE’S ECONOMIC GROWTH

YILMAZ, Elif Dilek
M.S., The Department of Economics
Supervisor: Assoc. Prof. Dr. Pimar DERIN GURE

July 2024, 81 pages

Tiirkiye, with ample sunlight, wind and hydroelectric resources, and well-suited for
the development of renewable energy projects due to its geographic and climate
characteristics, aims to enhance its installed capacity by increasing the proportion of
electricity generated from renewable resources. The unique model of license-exempt
electricity generation, primarily employed by renewable power plants, presents
investors with the opportunity to generate electricity for their self-consumption needs
without obtaining a generation license and to sell excess electricity to the authorized
supply company, subject to certain constraints. This study explores the relationship
between license-exempt excess electricity generation and economic growth. Utilizing
data from 81 cities in Tiirkiye over the period 2015-2021, we employ the System
GMM method to estimate the empirical model. The findings reveal a statistically
significant positive impact of license-exempt excess electricity generation on

economic growth.

Keywords: License-exempt electricity generation, energy, growth, system GMM



0z

LISANSSIZ IHTIYAC FAZLASI ELEKTRIK URETIMININ TURKIYE’NIN
EKONOMIK BUYUMESINE ETKISI

YILMAZ, Elif Dilek
Yiiksek Lisans, Tktisat Bolimii

Tez Yéneticisi: Dog. Dr. Pinar DERIN GURE

Temmuz 2024, 81 sayfa

Cografi konumu ve iklim o6zellikleri sayesinde giines, riizgar ve hidroelektrik gibi
yenilenebilir enerji kaynaklar1 bakimindan avantajli bir durumda olan Tiirkiye,
yenilenebilir kaynaklardan iiretilen elektrigin paymi artirarak kurulu giicilini
artirmay1 hedeflemektedir. Cogunlukla yenilenebilir enerji santralleri i¢in kullanilan
lisanssiz elektrik {liretim modeli, yatirimcilara tiretim lisanst almadan 6z tiiketim
ithtiyaclarin1 karsilamak icin elektrik iiretme ve irettikleri ihtiyac fazlasi elektrigi
belirli kisitlamalara tabi olarak gorevli tedarik sirketine satma imkani tanimaktadir.
Bu calismada, lisanssiz ihtiya¢c fazlasi elektrik iiretimi ile ekonomik biiylime
arasindaki iliski, Turkiye’deki 81 ilin 2015-2021 yillar1 arasindaki verileri esas
alinarak sistem GMM yontemiyle analiz edilmistir. Analiz, lisanssiz ihtiyag fazlasi
elektrik tiretiminin ekonomik biiylime iizerinde istatistiksel olarak anlamli pozitif bir

etkisi oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Lisanssiz elektrik iiretimi, enerji, bitylime, sistem GMM
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CHAPTER 1

INTRODUCTION

The global shift towards sustainable energy has placed renewable energy at the
center of discussions on economic growth and environmental sustainability. As the
early installed renewable power plants have matured and reached the end of their
operational lifespans, there has been an increasing examination of the benefits and
drawbacks associated with these technologies. Solar and wind energy are widely
regarded as natural and inexhaustible sources that significantly reduce carbon

dioxide emissions unlike fossil fuels.

Solar energy offers numerous benefits: it is a sustainable alternative to fossil fuels,
has a low environmental impact, and can be harnessed by any country. However, it
also presents certain drawbacks. Solar energy production is limited to daylight hours,
requires substantial land areas, and some solar technologies depend on rare materials.
The metals used in solar panels pose negative impacts on both the environment and
human health. In addition, the challenges associated with recycling solar panels at
the end of their lifespan and the hazardous chemicals they contain pose significant

environmental risks.

Tiirkiye has adopted a cautious approach in shifting from exhaustible fossil fuels to
renewable energy sources. Historically, energy policies were designed to ensure a
timely, reliable, and adequate energy supply to back the anticipated economic and
social development. This approach aimed to rapidly activate domestic resources and
enhance investments in the energy sector through state and private sector
collaboration. Consequently, Tiirkiye has prioritized diversifying its energy sources
to meet its needs, striving to fully utilize domestic resources such as lignite and hard
coal. However, the pressure regarding climate crisis and the harmful effects of non-

renewable energy resources leave countries no choice but shift from fossil energy

1



sources to clean energy sources. Concerns over energy security brought on by the
war between Russia and Ukraine have prompted countries to rely less on imported
fossil fuels, whose prices have skyrocketed, and more on renewable energy sources
like solar and wind according to IEA (2022). In the face of these crises, Tiirkiye’s
energy sector has to quickly adapt to fulfill market demands. While 2023 marked the
100™ anniversary of the Republic of Tiirkiye, renewable energy sources and their
influence on Tirkiye’s economic growth became more important than ever.
Moreover, Tiirkiye’s ratification of the Paris Agreement and its 2053 Net Zero goal
underscore its commitment to reducing carbon emissions and transitioning to
renewable energy sources. In this respect, it is among the priorities of the
government to increase the share of renewable energy sources in electricity
generation. The Tirkiye National Energy Plan 2022 outlines a strategic focus on
enhancing the share of intermittent renewable energy sources, specifically wind and
solar, in the overall electricity generation mix. This initiative is designed to capitalize
on Tirkiye’s existing flexibility opportunities and vast renewable energy potential.
In alignment with these objectives, the plan sets forth ambitious targets for 2035,
anticipating a substantial increase in installed capacities. The wind power sector is
projected to reach 29.6 GW, comprising 24.6 GW onshore and 5 GW offshore.
Simultaneously, solar power is expected to contribute significantly, reaching an
installed capacity of 52.9 GW. Furthermore, the plan underscores the commitment to
diversifying the renewable energy portfolio by increasing installed capacities in
hydroelectric power plants to 35.1 GW and in geothermal and biomass power plants
to 5.1 GW, reflecting Tiirkiye’s comprehensive approach towards sustainable and

resilient energy infrastructure.

Various efforts have been made in the past in Tiirkiye to transform energy systems to
renewable energy, one of them being license-exempt electricity model which paves
the way for electricity generation for self-consumption through renewable sources.
Under the Electricity Market Law and the supplementary legislation enacted
thereunder, in particular, the Licensing Regulation, EMRA is responsible for
regulating the licensing regime and activities related to the electricity market. In
Turkish electricity market, individuals who want to generate electricity from a power

plant project must incorporate a company and apply for an EMRA generation
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license. However, with the license-exempt generation model introduced by EMRA in
2010, it became possible for real and legal persons to develop and operate power
plants, which meet the certain criteria set out in the License-Exempt Regulation,

without a need to obtain a generation license from EMRA.

With the license-exempt generation model, the following targets were aimed to be
achieved by the EMRA under the License-Exempt Regulation:
e The consumers should be able to meet their electricity needs from the
generation facility which is the closest to their consumption facility.
e The small-scale generation facilities should contribute to Tiirkiye’s economy
while ensuring supply security.
e The transmission and distribution costs and losses should decrease with the

distributed generation model.

License-exempt generation, mostly based on renewable sources, has an extensive
implementation in Tiirkiye since 2015. According to the information provided by
EMRA (EMRA January 2024 Report), Tirkiye has a license-exempt installed
capacity of 10.865,39 MW in total as of January 2024 and most of the license-
exempt installed capacity comes from renewable sources as indicated in the Figure

[1].

Biomass  Wind {ydraulic
Natural Gas - 0,82%  0,90% 0,16%

4,53%

Figure 1. The percentages of installed capacities of the license-exempt facilities
based on the types of resources
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The implementation of the license-exempt electricity generation model marked a
pivotal legal milestone in the Tiirkiye’s electricity market. In a strategic move to
incentivize consumers, a purchase guarantee was instituted, allowing them to sell any
surplus energy from their self-generated electricity, exceeding their personal
consumption, under YEKDEM (Renewable Energy Support Mechanism) at a
determined price. This measure aimed to encourage consumers to actively participate
in electricity generation. The distribution of license-exempt excess electricity,
categorized by resource types and purchased by authorized supply companies, is
detailed in Figure [2] below, as reported in the EMRA January 2024 Report.
Furthermore, the figures displaying the provincial distribution of excess license-
exempt electricity purchased by the authorized supply company since 2015 are

provided in Appendix-1 of this thesis.

Wind Binmanss
2.24% 1.39%  Hydraulic

0,40%

Figure 2. Percentages of the license-exempt excess electricity which were purchased
by the authorized supply company based on the types of resources

On 11 August 2022, Amending Regulation and EMRA Board Decision No. 11098
entered into force and the sale of excess electricity became subject to major
limitations imposed by EMRA. Prior to this date, the authorized supply company in
the corresponding distribution region would purchase the entire surplus electricity for

the initial 10 years of the power plant’s operation, as stipulated by the purchase



guarantee under the Renewable Energy Law and Presidential Decision No. 1044.
The Amending Regulation introduced significant changes, imposing constraints on
the sale of surplus electricity, a move that has faced considerable criticism from
consumers and investors. The retroactive abolition of the purchase guarantee, as
mandated by the Amending Regulation, has impacted consumers who relied on this
guarantee to establish their license-exempt power plants through means such as bank

loans or business models such as ESCO (Energy Service Company).

A country’s development and the potential for economic expansion can be negatively
impacted by a country’s limited energy supply and an uncertain political climate. In
this situation, supply sustainability is a key consideration (Samawi et al. (2017)). The
fact that the purchase guarantee encouraged the consumers to establish their own
power plants in the past and the potential deterring impact the Amending Regulation
might have on Tirkiye’s economic growth motivated us to conduct this study.

The main research objective of this study is to understand the impact of license-
exempt excess electricity generation on Tiirkiye’s economic growth. In this regard,
our hypothesis is that license-exempt excess electricity generation has a positive and
significant impact on Tiirkiye’s economic growth. For testing this hypothesis, we use
a data set which includes 567 observations from 81 cities in period 2015-2021 and
conduct a two-step System Generalized Method of Moments analysis. This research
seeks to bridge multiple gaps in the current body of literature. Firstly, it uniquely
focuses on the impact of license-exempt excess electricity generation on economic
growth, a relatively unexplored area. Secondly, it uses province-level panel data,
providing a more granular analysis compared to the commonly used country-level
data. Finally, it utilizes the System Generalized Method of Moments (GMM) which
addresses endogeneity issues, offering more robust conclusions.

The thesis’ remaining sections are structured as follows: After this introduction,
Chapter 2 presents a review of the literature. Chapter 3 provides the legal
background of license-exempt electricity generation and sale of license-exempt

excess electricity. Information on the data, model and descriptive statistics is detailed



in Chapter 4. Chapter 5 explains the methodology. Results are presented in Chapter
6; Chapter 7 offers a summary of the key findings and recommendations.



CHAPTER 2

LITERATURE REVIEW

License-exempt electricity generation is widely used for self-consumption purposes
in Tirkiye. The owners of the license-exempt electricity generation facilities are
allowed to sell the excess electricity amount exceeding the minimum self-
consumption subject to conditions explained in Chapter 3 of this thesis. We study the
impact of the excess electricity generated by license-exempt electricity generation
facilities and sold to the authorized supply companies on Tiirkiye’s economic
growth. For this purpose, related previous studies are reviewed in this Chapter. This
thesis categorizes the literature into three main sections: studies focusing on the
license-exempt electricity generation, those analysing the production of renewable
energy and its effects on economic growth, and research specifically focusing on

how renewable energy consumption has an impact on economic growth.

2.1. License-Exempt Electricity Generation

In the literature, license-exempt electricity generation is often analyzed in the context
of distributed/decentralized generation. License-exempt energy generation is the
decentralized production of electricity, enabling persons to produce their own
electricity without the requirement of obtaining a formal license or permission from a
regulatory authority. Distributed generation is the production of energy at or in close
proximity to the location where it is used, in contrast to centralized power facilities
situated at a considerable distance from end users. Distributed generation systems are
often of a lower magnitude and can be situated on roofs, within residential
properties, or in close proximity to the end-users. Typical instances of distributed
generation technologies encompass solar panels, wind turbines and micro-turbines.

Distributed generation systems are commonly interconnected with the electrical grid,



enabling them to either provide power to the local demand or surplus electricity back
to the grid. In Tirkiye, persons who generate renewable electricity from small-scale
power generators are mostly excluded from these licensing obligations. License-
exempt electricity generation is also considered as a form of decentralized electricity
generation in the sense that it involves smaller, distributed sources of power
generated closer to where it is consumed, reducing the need for long-distance
transmission lines and large centralized power plants. License-exempt generation in
Tirkiye contributes to decentralization by allowing individual households,

businesses, or communities to generate their own electricity.

The existing academic research on the correlation between license-exempt electricity
generation/distributed electricity generation and economic growth seems to be
limited. While numerous studies have explored distributed generation, renewable
energy, grid integration, and economic growth, there is a significant lack of research
that particularly investigates the impact of excess license-exempt electricity

generation on economic development.

The absence of research in this area is noteworthy, given the substantial changes
occurring in the worldwide energy sector towards clean and renewable sources of
energy and importance of the decentralized generation. This thesis aims to
thoroughly analyze the relation between license-exempt excess electricity generation
and economic growth, to address the existing gap.

Being one of few studies which analyze decentralized electricity generation within
an economic context, Klagge & Brocke (2012) analyze two instances of pioneering
areas in Germany characterized by the dynamic growth of decentralized electricity
generation from renewable sources and conclude that decentralized electricity
generation from renewable sources has the potential to have a crucial role in
fostering local economic development, both in rural areas and their corresponding
urban centers. Heinbach et al. (2014) presents a comprehensive examination of the
scope and dispersion of value-added and employment impacts resulting from
renewable energy at the local level. The results underscore that the adoption of

renewable energy holds substantial promise in generating both value added and
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employment across Germany’s renewable energy sector, including regions
traditionally devoid of manufacturing industries. Recognizing and understanding
these effects can serve as a valuable input for local decision-making, fostering
acceptance, and motivating efforts to advance decentralized renewable energy

generation.

The existing research also focuses on the importance and benefits of distributed
electricity generation in promotion of the renewable energy and barriers preventing

the development of the distributed electricity generation.

Allan et al. (2015) emphasizes that technical developments, regulatory difficulties,
and emissions reduction initiatives have changed the power supply structure and
transmission and distribution networks. The development of renewable power
production technologies, competition in the electricity market, worries over aging
infrastructure, and capacity limits have increased interest in distributed electricity
generation. Distributed generation includes a wide range of small-scale, low carbon
or efficient technologies closer to the end user than traditional generation. Such
technologies may reduce transmission and distribution costs and eliminate the need
for infrastructure and capacity increases. Wang & Zhong (2009) examines the
conditions of distributed generation in China and its suitability in tackling specific
obstacles in the nation’s energy sector. The study emphasizes that rapid economic
growth in China resulted in a substantial increase in electricity demand and
distributed electricity generation can alleviate energy shortages in China. Sharma &
Bartels (1997) analyzes the expansion in decentralized power generation in Australia
and identifies geography and customer activities as the driving forces behind this

expansion.

In the literature, there are various barriers identified as preventing the development
of the distributed electricity generation. (Garlet et al.,, 2019) categorizes these
barriers as (i) technical (quality of the systems, lack of understanding the advance
technologies, architectural structure), (ii) economic (cost of systems, long investment
return periods, lack of attractive financing) (iii) social (consumer culture, inadequate

understanding of technology), (iv) managerial (inadequate or disregarded post-
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purchase support offered by firms implementing systems and unsuccessful marketing
strategies and adverse public perception)and (v) political (instability in the politics,
overabundance of bureaucratic processes, insufficient implementation of the
incentives, insufficiently established guidelines for the execution, inadequacy in

energy compensation mechanisms.)

DTI Report (2007) provides that while there are exemptions in the United Kingdom
for distributed generation facilities with a net capacity below a certain threshold, the
licensing requirements for generating and supplying energy to the network create
challenges for small electricity generators. Although restrictions ensure the stability

and safety of the grid, they impose higher costs on smaller generators.

According to the US EPA, distributed generation can contribute to ensuring the
provision of clean and dependable power to more customers while simultaneously
diminishing power losses along transmission and distribution lines, when linked to

the lower voltage distribution lines of the electric utility.

2.2. Renewable Energy Generation and Growth Relationship

Most of excess electricity that is not subject to licensing requirements is mostly
generated from renewable energy sources. Although there may be a lack of research
explicitly investigating the correlation between excess license-exempt excess power
generation and economic growth, an analysis of more comprehensive studies on
renewable energy generation and its impact over economic growth yields significant

information.

Renewable energy sources have become increasingly prominent as substitutes for
conventional fossil fuels. Numerous studies have identified a positive correlation
between the generation of renewable energy and economic growth. Bayraktutan et al.
(2011) investigates the correlation between economic growth and the generation of
electricity derived from renewable sources in OECD members spanning the years
1980 to 2007, employing a panel-data method. The findings suggest a two-way

causality between these variables. Increasing electricity production from renewable
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sources is found to promote sustainable development and support continuous long-

term economic growth.

Armeanu et al. (2017) investigate the impact and causal relationship between
renewable energy generation and sustainable economic growth in the European
Union member countries from 2003 to 2014. Utilizing fixed-effects regression
models on panel data, the study confirms a positive correlation between overall
renewable energy use and GDP per capita, as well as between specific types of
renewable energy and economic growth. Moreover, co-integrating regressions
confirm this positive association. The analysis reveals a 1% rise in primary

renewable energy generation leads to a 0.05%-0.06% increase in GDP per capita.

Atems & Hotaling (2018) assesses the how electricity generation impacts economic
growth, utilizing panel data from 174 countries for the period 1980-2012 and
employing the System GMM. The study reveals a positive and statistically
significant relationship between renewable electricity generation and economic

growth.

Singh et al. (2019) examines the link between the generation of renewable energy
and the expansion of the economy, with a focus on the unique impacts on both
advanced and emerging economies. By employing the Fully Modified Ordinary
Least Square regression model to analyze a dataset consisting of 20 nations from
both categories, the analysis covers time between 1995 and 2016. The results reveal
a strong and statistically significant correlation between the generation of renewable
energy and economic growth in both developed and developing countries within the
selected time period. Moreover, findings emphasize that the influence of renewable
energy generation on economic growth is more significant in developing countries as

opposed to developed ones.

Ohler & Fetters (2014) investigate the causal link between economic growth and the
generation of electricity from different type of renewable sources in 20 OECD
members spanning the period from 1990 to 2008. Utilizing a widely employed panel

ECM, the study reveals several key findings such as mutual causality between
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aggregate renewable energy generation and real GDP and biomass, hydroelectric,
and waste electricity generation exert the most significant impact on real GDP in the

long run.

There are also various studies which examine the relationship between renewable
electricity generation and growth in context of Tiirkiye. Serifoglu (2021) examine the
long-term relationship between renewable energy generation and economic growth
in Tirkiye for the periods from 2013: Q2 to 2020: Q2, employing Ordinary Least
Square and Dynamic Ordinary Least Square methods. The results obtained from both
methods indicate a positive impact of total renewable energy generation on economic
growth. Furthermore, the findings suggest that energy generation from geothermal

and biomass exhibits the most substantial influence on economic growth.

Korkmaz & Develi (2012) explore the causality between consumption of energy,
energy production, and Gross Domestic Product using annual data from Tirkiye for
the period 1960-2009. The Johansen cointegration test and vector error correction
model were employed for the causality analysis. The empirical findings indicate a
long-term relationship between the variables during the examined period. Similarly,
Erdogan et al. (2018) investigates the relationship between renewable energy
generation and economic growth in Tirkiye for the period between 1998-2015,
employing the Johansen Cointegration test and Vector Error Correction Model. The
findings reveal that economic growth serves as the long-term driver of renewable

energy production, and these two variables are determined to be cointegrated.

Ozbek & Apaydin (2020) take a look at the impact of renewable energy generation
on economic growth during the period 1990-2017. Employing the Autoregressive
Distributed Lag method, the research utilizes data on gross domestic product, capital
stock, employment, and renewable energy generation in Tiirkiye. The findings
indicate that increases in capital stock, employment, and renewable energy

production have a positive effect on economic growth.

While majority of the studies conclude renewable energy generation positively

affects economic growth, Venkatraja (2019) concludes that declining proportion of
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renewable energy in the overall energy composition may have played a role in
fostering faster economic growth within the BRIC region in his study where data
covers time between 1990-2015. This suggests that in BRIC countries, an increase in
the share of renewable energy relative to total energy could potentially have a

negative impact on economic growth.

From the review of existing literature, it is evident that while a substantial number of
studies assert a positive relationship between renewable energy generation and

economic growth, there is no unanimous consensus.

2.3. Renewable Energy Consumption and Growth Relationship

Extensive literature exists that delves into the relationship between renewable energy
consumption and economic growth. According to Apergis & Payne (2010) and
Bhattacharya et al. (2016), the correlation between energy consumption and

economic growth can be classified into four hypotheses:

i. The feedback hypothesis, proposing bidirectional causation between
renewable energy consumption and economic growth. This theory suggests
that every change in energy use will have a consequential impact on
economic development, but with an inverse relationship.

ii.  The growth hypothesis, suggesting a unidirectional causation from renewable
energy consumption to economic growth. The growth hypothesis suggests
that energy serves as a significant input in the growth process and energy
conservation efforts in this scenario will adversely affect economic growth.

iii.  The conservative hypothesis, indicating a unidirectional causation from
economic growth to renewable energy consumption. Given these
circumstances, the implementation of conservation policies will have no
impact on economic development.

iv.  The neutrality hypothesis, suggesting no causal link between renewable
energy consumption and economic growth. It suggests that energy
consumption and economic growth are independent of each other, implying

that changes in one do not have any significant impact on the other.
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Over the past decades, the literature has yielded diverse findings across countries for
each of these hypotheses.

2.3.1. The Literature Supporting the Feedback Hypothesis

A range of studies exploring the relationship between renewable energy consumption

and economic growth support the feedback hypothesis.

Apergis & Payne (2010), explores the causal relationship between renewable energy
consumption and economic growth across 13 Eurasian countries from 1992 to 2007
using a multivariate panel data approach. The heterogeneous panel co-integration test
shows a long-run equilibrium relationship among real GDP, renewable energy
consumption, real gross fixed capital formation, and the labour force. Error
correction models reveal bidirectional causality between renewable energy
consumption and economic growth in both the short and long run, supporting the

feedback hypothesis of their interdependent relationship.

Destek & Aslan (2017) assesses the impact of renewable and non-renewable energy
consumption on economic growth across 17 emerging economies from 1980 to 2012.
Utilizing annual data, a bootstrap panel causality approach is employed to account
for cross-section dependency and country-specific heterogeneity. Results indicate

that, feedback hypothesis is confirmed only for Greece and South Korea.

Shakouri & Khoshnevis Yazdi (2017), covering 1971-2015 in South Africa,
investigates the links among economic growth, renewable energy consumption,
energy consumption, capital fixed formation, and trade openness using the auto-
regressive distributed lag bound testing approach. Results indicate co-integration
among the variables, implying a long-term relationship. Granger causality testing
reveals bidirectional causality between renewable energy consumption and trade

openness impacting economic growth, supporting the feedback hypothesis.

2.3.2. The Literature Supporting the Growth Hypothesis

The second group of the studies which investigate the relationship between

renewable energy consumption and economic growth support the growth hypothesis.
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Inglesi-Lotz (2016) supports the growth hypothesis, as the study, which utilizes
annual data from 34 OECD countries from 1990 until 2010 and employs fixed-
effects model, shows that renewable energy consumption or its proportion in the
overall energy composition on economic growth is both positive and statistically

significant.

Aslan (2016) explores the causal relationships among economic growth, biomass
energy consumption, employment, and capital in the United States from 1961 to
2011. Employing the Autoregressive Distributed Lag bounds testing approach for
cointegration, the analysis estimates long and short-term relationships among these
variables. The results reveal that biomass energy consumption has a positive
influence on economic growth in the long run and short run for the U.S.
Furthermore, the Granger causality outcomes demonstrate a unidirectional causation

from biomass energy consumption to real GDP, supporting the growth hypothesis.

Al-Mulali et al. (2013) analyzed the long-term relationship between renewable
energy consumption and GDP growth in various income-level countries. Their
findings showed that 79% of the countries had a positive bidirectional relationship,
supporting the feedback hypothesis. In contrast, 19% showed no significant long-
term connection, supporting the neutrality hypothesis. Additionally, 2% exhibited a
unidirectional relationship from GDP growth to renewable energy consumption,
confirming the conservation hypothesis. Overall, the results supported the growth
hypothesis for the relationship between renewable energy consumption and GDP

growth.
2.3.3. The Literature Supporting the Conservative Hypothesis

Furuoka (2017), used both homogeneous and heterogeneous panel methods to
investigate the link between renewable and non-renewable electricity consumption
and economic development in Estonia, Latvia, and Lithuania from 1992 to 2011. The
results showed a unidirectional causality from economic development to renewable

electricity consumption, supporting the conservation hypothesis.

Cho et al. (2015) examines and contrasts the long-term causal relationship between

renewable energy consumption and economic growth in developed and less-
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developed countries. Using data from 1990 to 2010 for 31 OECD (developed) and 49
non-OECD (less-developed) countries, a multivariate panel vector error correction
model was applied. The results indicate that the conservation hypothesis holds true
for developed countries, suggesting that renewable energy has not significantly
contributed to their economic growth. In contrast, the feedback hypothesis is
supported for less-developed countries, indicating that renewable energy plays a
crucial role as a production input, and economic growth leads to increased renewable

energy consumption.

Besel et al. (2016) explored the connection between energy consumption and
economic growth in the G8 countries from 1989 to 2015, employing the Dumitrescu
and Hurlin Granger Causality method. The findings supported conservation

hypothesis in G8 countries throughout the studied period.

Chen et al. (2018) investigated the causal link between energy consumption and
economic growth across twenty-nine Chinese provinces through panel Granger
causality analysis. Their results indicated bidirectional causality in 16 provinces,
unidirectional causality in 11 provinces, and no causality in 2 provinces. However,
applying critical bootstrap values led to the conclusion that the conservation

hypothesis holds true for China.

2.3.4. The Literature Supporting the Neutrality Hypothesis

Payne (2009), by using US annual data spanning from 1949 to 2006, assesses the
causal relationship between renewable and non-renewable energy consumption and
real GDP. Conducting Toda-Yamamoto causality tests, the findings indicate a lack of
Granger-causality between both renewable and non-renewable energy consumption
and real GDP. This supports the neutrality hypothesis, suggesting that neither
renewable nor non-renewable energy consumption significantly influences the

direction of causation with real GDP.

Menegaki (2011), examines the link beteen economic growth and renewable energy

in 27 European countries from 1997 to 2007. Utilizing a random effect model and
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incorporating final energy consumption, greenhouse gas emissions, and employment
as additional variables, the findings do not support a direct causal relationship
between renewable energy consumption and GDP. The cointegration factor suggests
a weak or non-existent link between economic growth and renewable energy

consumption in Europe, supporting the neutrality hypothesis.

Tugcu et al. (2012) investigates causal relationship between the renewable energy
consumption and real GDP in G-7 countries from 1980-2009, employing Hatemi-J
causality tests. The results support neutrality hypothesis for France, Italy, Canada
and U.S.A and feedback hypothesis for England and Japan.

2.4. Research Gap

This thesis contributes to the existing literature in several ways. Firstly, it diverges
from much of the current research, which focus on the causal relationship between
the economic growth and renewable energy generation/consumption, by specifically
examining the impact of license-exempt excess electricity generation on economic
growth. Recognizing that license-exempt electricity generation increases in Tiirkiye
day by day, the study addresses the necessity of investigating the broader
implications of this type of electricity generation on growth. Secondly, the study uses
province level panel data contrary to most of the existing studies utilizing country-
level data. Lastly, the study departs from previous methodologies that primarily
employ Granger causality and/or cointegration tests. Instead, it utilizes the System
Generalized Method of Moments (GMM) to estimate the effect of excess license-
exempt electricity generation on growth. This approach is deemed appropriate for
addressing endogeneity issues arising from the joint determination of electricity

generation and various other regressors in the model.
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CHAPTER 3

LEGAL BACKGROUND

3.1. A Brief History of Electricity Generation in Tiirkiye

The structuring of the electricity sector has been an issue that long occupied the
agenda of the countries. Tirkiye has tried different methods to solve the electricity
supply problems that arise as a result of demand increasing day by day. Electricity
generation began in Tirkiye in 1902 with installation of a hydroelectric power plant
in Tarsus, Mersis, marking the start of a sector that experienced significant
advancements during the 20th century. Before 1970, the electricity sector functioned
under concessions and erratic procedures. Established in this pivotal year, the
Turkish Electricity Authority (TEA) unified the nation’s energy generation,
transmission, and distribution into a state monopoly. This change marked the
beginning of centralized governance and strategic management in Tiirkiye’s
electrical power industry. The generation facilities under the ownership of Etibank,
General Directorate of State Hydraulic Works, Iller Bank and municipalities were
transferred to TEA. Additionally, in 1982, the distribution facilities previously
owned by municipalities were also handed to TEA. The electricity generation under
state monopoly underwent a significant transformation in 1984 with the enactment of
Law No. 3096, introducing the Build-Operate-Transfer (BOT) model, which allowed
for the participation of private companies in the sector. The Turkish Constitutional
Court has long recognized electricity generation, transmission, distribution, and
commerce as public services (Constitutional Court Decision, 1994). Subsequently, in
the year 2001, Law No. 4628, which led to the establishment of the Energy Market
Regulatory Authority (EMRA) and the separation of public institutions in the
electricity market based on their functions, was enacted. These significant structural
reforms have aimed to reconfigure the electricity market, rendering it more efficient,

subject to regulation, transparent, and reliable. These efforts and regulations have

18



been implemented to establish a more effective and trustworthy electricity market.
Law No. 4628 aimed to create a competitive electricity market by dissolving
vertically integrated market structures. It paved the way for liberalized energy
production and sales, increasing competition, while regulating transmission and

distribution activities.

In 2018, a notable shift took place in Tiirkiye’s energy generating sector. The
Turkish Electricity Trading and Contracting Company (TETAS), which handles
wholesale electricity sales, has been merged with the Turkish Electricity Generation
and Transmission Corporation (EUAS). As a result, the power sector now consists of
three separate state-owned entities that focus on power generation, transmission, and
distribution. The entities involved in the Turkish electricity sector are the Turkish
Electricity Transmission Corporation (TEIAS), which supervises transmission
operations, the Turkish Electricity Generation Corporation (EUAS), which is
responsible for power generation and wholesale electricity trading, and the Turkish
Electricity Distribution Corporation (TEDAS), which handles distribution activities.
Electricity market activities continue to be performed in this way from this date until

today.
3.2. License-Exempt Electricity Generation

Since 2001, there have been a series of substantive amendments to the legislation and
regulations governing the energy market in Tiirkiye. The majority of these
amendments have been implemented to guarantee a more efficient and extensive
utilization of renewable energy sources. The amendment to the Renewable Energy
Law in 2011 and the subsequent implementation of regulations enabling license-
exempt electricity generation have led to a significant increase in the number of solar
power plants, which constitute a prominent kind of renewable energy in Tirkiye.
Thanks to the implementation of initiatives like YEKDEM and YEKA, Tiirkiye has
started to put itself into a position of prominence among nations actively engaged in

the generation of electricity derived from renewable energy sources.

In Tirkiye, legislation pertaining to electricity generation, transmission, and

distribution were established through the Electricity Market Law, while the
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regulatory framework for electricity generation from renewable energy sources was
introduced by Renewable Energy Law. Renewable Energy Law aims to promote the
widespread utilization of renewable energy resources for the purpose of electricity
generation, with the objective of ensuring the secure, economic, and sustainable
integration of these resources into the national economy. In this respect, the
provisions concerning license-exempt electricity generation were incorporated in
Article 14 of Electricity Market Law and Article 6/A of Renewable Energy Law.
Subsequently, in alignment with these regulations, the License-Exempt Regulation
was implemented. Accordingly, two distinct methods have been envisaged for
electricity generation, namely licensed and license-exempt. Under Electricity Market
Law, a generation license must be obtained by any legal entity wishing to engage in
electricity generation activities. However, certain types of power plants are not
required to establish a company and obtain license from EMRA for electricity

generation.

3.2.1. The Exemption Categories under License-Exempt Regulation

The license-exempt electricity generation, a unique mode of generation in the
electricity market, is a result of a self-consumption-oriented approach. For this
reason, there are a limited number of exemption categories listed in the License-

Exempt Regulation. These exemption categories are indicated in Table [1].

Table 1. The Exemption Categories under License-Exempt Regulation

The Relevant Clause of the The Exemption
License-Exempt Regulation

Article 5(1)(a) Distress groups

Article 5(1)(b) Power plants that are not connected to a transmission or

distribution network

Article 5(1)(c) Power plants utilizing renewable energy sources with a
maximum installed capacity of 1 MW or up to the
installed capacity upper limit decided by the President in
accordance with Article 14 of the Electricity Market Law
(this limit has been raised to 5 MW with Presidential
Decision No. 1044)
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Table 1. (continued)

Article 5(1)(¢)

Power plants utilizing renewable energy sources that measure
both their generation and consumption at the same spot and that
consume all of their power output without putting it into a

transmission or distribution network

Acrticle 5(1)(d)

Cogeneration plants that fall within the MENR -determined

efficiency value category

Acrticle 5(1)(e)

Micro-cogeneration plants

Article 5(1)(f)

Generation facilities created for the disposal of sludge from
municipal treatment plants and solid waste facilities

Article 5(1)(g)

If technically possible and provided that the General Directorate
of State Hydraulic Works grants approval, power plants utilizing
hydraulic resources, built on water and waste water transmission
lines maintained by municipalities by legal entities with more
than half of their capital directly or indirectly owned by the

municipality

Article 5(1)(g)

Power plants utilizing renewable energy sources established and
operated by the General Directorate of State Hydraulic Works or
irrigation associations with the permission of General
Directorate of State Hydraulic Works, the electricity
subscription of which belongs to the General Directorate of State
Hydraulic Works or irrigation associations in order to meet the
electricity needs of agricultural irrigation facilities, the installed
power of which is limited to the contractual power in the
connection agreement of the agricultural irrigation facility or to
the aggregate contractual power in case there is more than one

generation facility.

Avrticle 5(1)(h)

Power plants utilizing renewable energy sources installed in the
same or different measuring point as their consumption
facilities, (i) limited to two times the amount of their contractual
power set out in the relevant connection agreement for
municipalities and their affiliates, industrial facilities and
agricultural irrigation facilities, and (ii) limited to the contractual

power in the relevant connection agreement for other persons
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Table 1. (continued)

Article 5(1)(1)

Power plants utilizing renewable energy resources
installed with the approval of General Directorate of State
Hydraulic Works on immovable properties that are under
the responsibility of irrigation unions in respect of
operation, maintenance, repair and management, and on
other immovable properties owned or in the possession of
General Directorate of State Hydraulic Works or irrigation
unions established in the same or different measuring point
as their consumption facilities, provided that the installed
capacity of the power plant is limited to the contractual

power in the relevant connection agreement

Acrticle 5(1)(i)

If technically possible and provided that the General
Directorate of State Hydraulic Works grants approval,
power plants installed by the legal entities established by
special provincial administrations on the pressure piped
irrigation network and classical canalized network or on
the water resource of the network serving only the purpose
of irrigation operated by the special provincial

administration.

3.2.2. Requirements for Consumption Facilities

License-exempt electricity generation facilities must have at least one electricity

subscription (consumption facility) which fulfills the conditions set out in the

License-Exempt Regulation. This requirement comes from the main aim of the

License-Exempt Regulation, which is to meet self-consumption needs. The

consumption facility connected with the generation facility must be completed by the

generation facility’s commissioning date if there is none at the time of application.

The License-Exempt Regulation outlines specific conditions that consumption

facilities must meet, including:

i.  All consumption facilities associated with the license-exempt generation

facility must consume energy as of the date of commissioning of the relevant

generation facility at the latest.
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Vi.

As per Article 28(1) of the License-Exempt Regulation, electricity generated
by a license-exempt generation facility must be consumed by facilities owned
by the same individual or entity.

Both generation and consumption facilities must be located within the same
distribution region. However, electricity generated in generation facilities
within the scope of Article 5(1)(h) of the License-Exempt Regulation can be
consumed in consumption facilities owned by the same person without the
requirement of being located within the same distribution region.
Furthermore, generation facilities within the distribution license area of an
Organized Industrial Zone can be associated with consumption facilities
owned by the same person outside the Organized Industrial Zone distribution
license area.

Generation facilities under the exemption in Article 5(1)(c) of the License-
Exempt Regulation must not exceed the contractual power limits specified in
connection agreements associated with consumption facilities.

Under specific conditions, it is permitted to establish multiple license-exempt
generation facilities for a single consumption unit, provided that both (i) the
facilities are subject to the same set-off and support mechanisms and (ii) the
cumulative installed capacity of these generation facilities connected to the
same consumption unit remains below the 5 MW threshold, according to
Article 5(4). Notably, an amendment effective from 11 August 2022,
removed the requirement for generation facilities and their associated
consumption facilities to be located within the same distribution area of
Organized Industrial Zones. Consequently, individuals facing challenges in
securing suitable land within an Organized Industrial Zone may now establish
generation facilities outside the Organized Industrial Zone, in line with
Article 28(2) of the License-Exempt Regulation.

There should be no detection of illegal electricity consumption related to the
subscription of the consumption facility associated with the generation
facility. Otherwise, until consumption occurs, the generated energy will be
assumed to be generated and delivered by the relevant supply company to the

system, and no payment will be made by the responsible supply company for
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this energy. The energy provided to the system in this context will be
considered a free contribution to the YEKDEM.

3.2.3. Application Procedure

For connection of the generation facility to the grid, individuals and legal entities
seeking to engage in license-exempt electricity generation are required to submit
their applications to the network operator. The network operator, depending on the
nature of the connection, may be either TEIAS, a distribution company, or an
Organized Industrial Zone distribution license holder. In the event that the facility is
to be connected to the transmission system, the relevant network operator is TEIAS;
conversely, should it be connected to the distribution system, the corresponding
network operator would be the distribution company. As per Article 10 of the
License-Exempt Regulation, applicants must provide the required information and
documentation in their applications. Upon determination that all required information
and documents are provided, a technical evaluation is conducted. The technical
evaluation is conducted with the fundamental criterion of compliance with License-
Exempt Regulation and relevant technical legislation, taking into account the
measurement and protection system of the generation facility, and considering
transmission or distribution network constraints at the connection point. After the
technical evaluation, if there are multiple applications, they are then subjected to a
prioritization evaluation. In the prioritization evaluation conducted by the relevant

network operator, the following criteria are sequentially applied:

a.  The utilization of renewable energy sources in the power plant

b.  The classification of the production facility as a cogeneration plant.

c.  The applicant’s higher consumption volume within the last year, in
comparison to other applications.

d.  The superior contract capacity in the applicant’s connection agreement, as
opposed to other applications.

e. The absence of a prior application from the applicant that received a

favorable connection opinion.

The results of the evaluation for applications without deficiencies in terms of

documentation and technical aspects are published on the relevant network
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operator’s website, including explanations related to technical evaluation, within the
working day following the evaluation date. Following the publication of this
evaluation, a call letter for the connection agreement is communicated to the

concerned party by the operator.

The signing period for connection agreements has recently been revised through
amendments to the License-Exempt Regulation, which entered into force on 14 May
2024. Now, those who receive a call letter after this date have one year to sign a
connection agreement. The amendments also address those who received a call letter
before 14 May 2024, dividing them into two categories: (i) If the remaining period
on the call letter is less than 180 days as of 14 May 2024, it will be extended to 180
days, setting the new deadline at 14 November 2024. (ii) If the remaining period
exceeds 180 days, the new deadline is one year from 14 May 2024, making it 14
May 2025.

Additionally, the right to request an extension for the call letter has been revoked.
The amendments also eliminate the requirement to apply for the document required
within the scope of the Environmental Impact Assessment Regulation within 30 days
of receiving the call letter, to obtain project approval for the generation facility
within 90 days, and, if applicable, for the connection line within 150 days. These
processes can now be completed over a longer period, with all necessary permits,
including the document required within the scope of the Environmental Impact
Assessment Regulation and zoning permit, to be obtained within the acceptance

period.

Previously, the document required within the scope of the Environmental Impact
Assessment Regulation was requested during the connection agreement application.
However, the recent amendment removed this requirement, while still necessitating
project approval. This creates a discrepancy with the Environmental Impact
Assessment Regulation, which mandates that project approvals cannot be granted
without the document required within the scope of the Environmental Impact
Assessment Regulation. A revision of the Environmental Impact Assessment

Regulation is anticipated to address this contradiction.
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It is crucial to note that if the relevant individuals or entities submit the following
documents to the relevant network operator within the specified period, complete and
in accordance with the procedures, the network operator is obliged to sign the

connection agreement with them within thirty days:

o Project approval required within the relevant technical regulations for the
construction of the power plant.

o Water usage agreement in hydro-based applications.

Individuals or legal entities establishing a power plant within the scope of the
License-Exempt Regulation, as per Article 18 of the License-Exempt Regulation,
must inform the relevant network operator that the power plant to be connected to
the grid complies with the criteria defined in this License-Exempt Regulation and the
conditions specified in the connection agreement. The readiness of the power plant
for commissioning is documented and signed by the relevant network operator
within fifteen days. This document is submitted to the MENR or the authorized
institution by the MENR to apply for commissioning, and commissioning procedures
are conducted according to the Regulation on the Commissioning of Electricity

Generation and Storage Facilities.

3.2.4. Sale of Excess Generated Electricity

In license-exempt model, the owner of the generation facility is encouraged to utilize
the generated electricity primarily for self-consumption. License-exempt electricity
generators are restricted from selling excess electricity beyond their self-
consumption through bilateral electricity sales agreements or in organized wholesale
electricity markets. Hence, the fundamental principle is that license-exempt

electricity generation is primarily intended for self-consumption purposes.

Yet, Article 6/A of the Renewable Energy Law provides a purchase guarantee for
excess electricity generated in the license-exempt generation facilities falling under
Article 5 of the License-Exempt Regulation. Accordingly, producers engaged in

license-exempt electricity generation activities to meet their consumption needs can
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benefit from the price guarantee for a period of ten years if they feed the excess
electricity they produce into the transmission or distribution system. In this context,
it is mandatory for the electricity supplied to the transmission or distribution system
to be purchased by the authorized supply company. The electricity purchased by the
relevant companies is considered to have been produced within the scope of the
YEKDEM and delivered to the system. In accordance with Presidential Decision No.
1044, the purchase rate for excess electricity is equivalent to the retail one-time
active energy price set by EMRA for the corresponding subscription group.
Settlements, invoicing, and payments occur on a monthly basis. The motive behind
this purchase guarantee was to maximize the use of domestic and renewable energy
sources, facilitating a smoother and more efficient execution of investments in solar
energy. This reflects Tirkiye’s ongoing commitment to harnessing renewable

resources, particularly solar power.

In line with the above guarantee, the entire surplus electricity was purchased by the
authorized supply company in the relevant distribution region during the initial 10
years of operation of the relevant generation facility until 11 August 2022. However,
significant restrictions were imposed on the sale of excess license-exempt electricity
with the Amending Regulation and EMRA Board Resolution No. 11098.
Accordingly, the sale of excess electricity by owners of license-exempt electricity
generation facilities who were entitled to an invitation letter to sign a connection
agreement as a result of an application made after 12 May 2019 are capped at the
annual consumption quantity. Any electricity generated beyond this limit will be
contributed to the YEKDEM free of charge.

In cases where both generation and consumption occur at the same measurement
point, the amount eligible for sale will be determined based on uncompensated raw
consumption values obtained from a unidirectional meter installed next to the
production meter. If the consumption quantity of the current year exceeds the
previous year’s consumption, the energy eligible for sale can be up to the current
year’s consumption amount. Any excess energy will be contributed to YEKDEM
without charge and made available for all electricity consumers. No system usage fee

will be imposed for the energy supplied to the grid by investors and left
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uncompensated. This practice does not apply to facilities in the residential subscriber
group with capacities below 50 kW.

The Amending Regulation and EMRA Board Decision No. 11098 carry significant
implications for investments in the energy sector. The original structure of the
License-Exempt Regulation, before the Amending Regulation, allowed facilities to
sell all excess electricity they generated. However, the Amending Regulation and
EMRA Board Decision No. 11098 introduced a restriction on the sale of surplus
electricity from license-exempt electricity-generating facilities. This limitation,
specified in paragraph 16 added to Article 26 of License-Exempt Regulation, applies
retroactively to applications submitted after 12 May 2019. According to this
provision, the surplus electricity available for sale is capped at the facility’s
consumption amount. Therefore, individuals or entities who applied for an invitation
letter after 12 May 2019, can only sell electricity up to the annual consumption of the
associated facility. Any excess electricity generation beyond this limit will be
contributed to YEKDEM as a free contribution.

EMRA Board Resolution No. 11098 offers detailed guidance on the incorporation of
changes into the electricity market and also outlines the methodology for calculating
annual consumption amounts at license-exempt electricity generation facilities.
EMRA Board Resolution No. 11098 specifies the values considered during
settlement and outlines the principles governing the excess production to YEKDEM.
As per the EMRA Board Resolution No. 11098, the primary benchmark for
establishing the quantity of electricity to be procured by the designated supplier
company is the annual consumption from the preceding year. If the respective
facility did not consume electricity during the previous year, the calculation of
electricity consumption will be based on average monthly consumption values.
Additionally, if the consumption in the current year surpasses that of the previous
year, the data from the current year will be employed to determine the quantity of

electricity available for sale.

EMRA provided a demonstrative scenario on its website: For instance, an individual

who utilized 1 million kWh of electricity in the prior year will be eligible to sell a
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maximum of 1 million kWh of electricity in the current year, considering monthly
netting. Payments for surplus electricity sales will commence from the first month of
the year, and any generation surpassing the 1 million kWh limit will be treated as a
free contribution to YEKDEM.

Investors have raised concerns about the limitations on surplus electricity sales and
the introduction of free contribution to YEKDEM through the Amending Regulation.
In response to the criticism, on 31 August 2022, the EMRA issued a statement
providing clarification on the recent regulatory changes. EMRA underscored that the
initial intent of the License-Exempt Regulation was to empower consumers to
generate their own energy from solar sources. However, this objective was being
misused by individuals or entities with nominal electricity consumption compared to
their generation. Consequently, in an effort to address this issue, the Amending
Regulation introduced restrictions on the purchase of excess electricity generated in

the license-exempt generation plants.

EMRA contends that the regulatory changes were necessary to curb misuse and
ensure that renewable plants, which inherently face grid integration challenges, are
installed only by consumers with genuine energy needs. As a result, facilities
attempting to produce without corresponding consumption will not be compensated
for potential production quantities. Additionally, EMRA argues that these
amendments are designed to protect legitimate electricity consumers and create
opportunities for those with genuine consumption needs but face constraints in
establishing production facilities due to capacity and space limitations. By
dissuading investors, this Amending Regulation may cause a reduction in
investments for license-exempt power plants. In conclusion, while the Amending
Regulation sought to address the misapplication of the “generate as much as you
consume” principle, it might have created a challenging landscape for investors in

the renewable energy sector by removing previously established guarantee.
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CHAPTER 4

DATA, MODEL AND DESCRIPTIVE STATICS

4.1. Data

This study is based on panel data collected from all 81 provinces of Tiirkiye
spanning the period from 2015 to 2021, encompassing a total of 567 observations.
The research duration is limited to seven years due to data availability constraints.
Before 2015, the license-exempt electricity generation model was not extensively
employed. However, after 2015, it gained widespread popularity, emerging as the
primary choice for investors, especially those keen on investing in renewable energy.
The evident shift in investor preferences towards license-exempt electricity
generation after 2015 explains the limited presence of relevant data in EMRA’s

annual reports published prior to that year.

The variables used in the study are indicated in the table below:

Table 2. The Variables Used in the Study

Variable Abbreviation Type Unit Source
Gross Domestic GDP Dependent usb TURKSTAT
Product per variable database
capita
License-exempt LEEG Independent MWh EMRA’s annual
excess electricity variable reports
generation
Total Exports EXP Control usb Turkish
variable Exporters
Assembly’s
database
The Number of OTOBIN Control Per thousand TURKSTAT
Motor Vehicles variable people database
Total Electricity EC Control MWh TURKSTAT
consumption variable database

All variables are log transformed.
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This study aims to determine the impact of LEEG on GDP per capita, with an effort
to control for the potential influence of EXP, OTOBIN, and EC, factors deemed
significant in shaping the relationship between LEEG and GDP. The selection of
these control variables is inspired by a thorough review of existing literature and data

available at the city level in Tiirkiye.

Section 2.3.1 of this thesis examines studies investigating the correlation between
electricity consumption and economic growth. Additionally, this section delves into

the studies that guided the selection of other control variables.

Various studies in the literature, including works by Thornton (1996), Albiman Md &
NN (2016), and Uysal & Sat (2019), establish a causal relationship between exports
and economic growth. Notably, this relationship exhibits variations across different
countries. In the SAARC countries, Sampathkumar & Rajeshkumar (2016) observe
unidirectional causation from economic growth to export for Bangladesh and India,
while Afghanistan and Sri Lanka exhibit bidirectional causation. Hatemi-J And &
Irandoust (2000) conclude that Nordic economies share a long-term causal
relationship between export growth and economic growth, with Denmark displaying
unidirectional causality and Finland, Norway, and Sweden demonstrating
bidirectional causality. The relationship in South Africa is more intricate, with Chang
et al. (2013) identifying unidirectional causality from economic growth to exports in
Mpumalanga, bidirectional causality in Gauteng, and no discernible causality in

other provinces.

Consistent findings in existing research underscore a robust connection between
GDP and the number of motor vehicles. Law et al. (2015) reveal an inverted U-
shaped relationship between the motorcycle-to-passenger car ownership ratio and
GDP, indicating an increase at lower income levels followed by a decrease at higher
levels. The significance of this relationship is further emphasized by Santini & Poyer
(2008) and Chamon et al. (2008). Santini assesses the causal relationship between
motor vehicle output and GDP, while Chamon projects a rapid increase in car

ownership in emerging markets as their GDP per capita rises.
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This study benefits from advantages offered by panel data. According to Hsiao
(2007) Panel data, compared to relying solely on cross-sectional or time-series data,
offer more enhanced accuracy and measurability. Moreover, panel data encompass a
broader spectrum of information and variables than standalone time-series or cross-
sectional data. It enables the estimation and modelling of both common trends and

unique behaviours across the entire dataset simultaneously.

Another important aspect of the data which requires attention is multicollinearity.
Multicollinearity arises when there is strong correlation among two or more
independent variables within a regression model. This correlation complicates the
ability to discern the unique impact of each variable on the dependent variable. The
strong correlation between variables impacts the reliability of the applied tests, as
well as the consistency of the analysis and the accuracy of the calculation
coefficients. Therefore, it is important to ensure that multicollinearity is minimum in
the model. The Variance Inflation Factor (VIF) serves as a metric for assessing the

degree of multicollinearity within a group of variables.

The correlation table of the variables and the VIF Multicollinearity test results are

shown in Tables [3] and [4], respectively.

Table 3. Correlation Table

Variables ) @ @) @) (5)
LOGGDP | | GGLEEG | LOGEXP | LOGOTOBIN | LOGEC
(1) LOGGDP 1.000
(2) LOGLEEG 0.007 1.000
(0.8718)
(3) LOGEXP 0.039 0.084%* 1.000
(0.3498) (0.0460)
0.087** 0.473%%* | 0.196% 1.000
(4)LOGOTOBIN | 53gg) (0.0000) (0.0000)
(5) LOGEC 10,190 0.076* 0.117% 0.531%% 1.000
(0.0000) (0.0714) | (0.0052) (0.0000)

*indicates p <0.1; ** indicates p<0.05, **p<0.01
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Based on the correlation table, it is evident that the correlation values between the
variables are generally weak. Specifically, the correlation coefficients are mostly
close to zero, indicating minimal linear relationships among the variables. According
to the rule of thumb by Wooldridge (2015) and Gujarati & Porter (2009), if the
correlation coefficient between two explanatory variables is above 0.8, it is typically
considered indicative of multicollinearity. None of the correlations in our study

exceed this threshold, suggesting that multicollinearity is not a severe issue here.

To further assess multicollinearity, the VIF test will be used to reassess the presence

of strong correlation between variables in the model.

Table 4. Multicollinearity Test Results

VIF UVIF
LOGOTOBIN 1.461 .685
LOGEC 1.394 717
LOGEXP 1.043 959
LOGLEEG 1.034 967
Mean VIF 1.233

All VIF values of the variables remain below 5, which is the recognized threshold for
multicollinearity in the literature by James et al. (2013) and Menard (2001). Hence,
the model that has been constructed does not exhibit any issue of strong correlation

between variables

4.2. Model and Hypotheses

The primary research objective is to investigate the impact of license-exempt excess
electricity generation on economic growth at the provincial level in Tirkiye. The
study aims to determine whether there exists a statistically significant relationship
between license-exempt excess electricity generation and economic growth.

According to the License-Exempt Regulation, one of the key objectives of the
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license-exempt generation model is to ensure that small-scale generation facilities
contribute to the country’s economy while enhancing supply security. Through this
analysis, we seek to validate the positive impact of license-exempt excess electricity

generation on Tiirkiye’s economy, specifically in terms of economic growth.

Furthermore, given that all the license-exempt excess electricity is generated from
renewable energy sources such as solar, biomass, wind, and hydraulic, our study will
also confirm that the contribution made to Tiirkiye’s economy by license-exempt

excess electricity generation is environmentally sustainable.

The hypothesis of this analysis is that there is a statistically significant positive
relationship between the license-exempt excess electricity generation and economic
growth. This hypothesis is rooted in the notion that the prospect of generating
electricity and selling excess electricity to the grid serves as a compelling incentive
for investors, particularly in the energy sector with a focus on renewable resources.
Consequently, the instalment and operation of these generation facilities are expected

to make substantial contributions to the economy.

This study is established using data from 81 provinces of Tiirkiye between period
2015 and 2021. The dynamic panel data model created in this context is specified in
Equation [1].

LOGGDP;; = By + [1LOGGDP;;_y + B, LOGLEE;; + f3LOGEXF;; + B, LOGOTOBIN;; +
BsLOGEC;; + u;;
Equation [1]

In the model, each parameter S, represents the coefficients of the relevant estimated
variables, i1 represents each panel, and t represents each time series. The 8, parameter
represents the constant value, u;; parameter represents the error term that shows the
difference between the actual value and the predicted value for the model.
LOGGDP;;_, represent the dependent variable lag which is used to measure the
impact of the preceding year’s GDP per capita on the GDP per capita in the current

year.
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As further discussed in the Chapter 5, when dealing with the presence of a lagged
dependent variable, traditional least square estimators become biased and
inconsistent. Additionally, there may be a two-way relationship between the
dependent variable and explanatory variables, leading to an endogeneity problem.
These challenges can be addressed through the two-step system GMM estimation
method. Including the lagged dependent variable assumes that the number of groups

exceeds the total number of explanatory variables in the model.

4.3. Descriptive Statics

Descriptive statistical values for the variables in the model are presented in Table [5].

Table 5. Descriptive Statistics

Variable Obs. | Mean | Std. Dev. Min Max | Skewness | Kurtosis
LOGGDP 567 | 8.873 0346 | 7.975| 9.824 0.049 3.044
LOGLEEG 567 | 8.319 4079 | 0.095| 13.883 | -0.933 2.706
LOGEXP 567 | 11.991 2474 1.97 | 18.303 -0.471 3.885
LOGOTOBIN 567 | 4.592 0.772 | 1.946 5.67 -1.504 4.488
LOGEC 567 | 14.159 1.228 | 11.332 | 17.542 0.237 2.795

When the table is examined, the fact that there are a total of 567 observations in all
variables can be considered as an important indicator that the study is a balanced
panel. It should also be noted that the logarithms of the variables were taken so that
the standard errors remained at a certain level and the values of the variables were
close to each other considering the normal distribution. As observed in the table, the
standard errors of the variables are low and their minimum and maximum values are
close to each other. The descriptive statistics for the key variables in this study
(LOGGDP, LOGLEEG, LOGEXP, LOGOTOBIN, and LOGEC) indicate that there
are no outliers present in the data. This conclusion is supported by the fact that the
minimum and maximum values for each variable are within a reasonable range. For
example, LOGLEEG ranges from 0.095 to 13.883, and LOGEXP ranges from 1.97

to 18.303. These values do not indicate any extreme deviations.
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The study also assesses the normal distribution of the data, a fundamental
assumption crucial for statistical analysis and structural equation modelling
according to Hair et al. (2010). Normality, as defined by Hair et al. (2010), pertains
to the distribution shape of individual metric variables aligning with the benchmark
of a normal distribution, essential for robust statistical methods. To evaluate
normality, the study employed the Skewness and Kurtosis statistical methods.
According to Hair et al. (2010), to satisfy normal distribution assumption Skewness
and Kurtosis ratios must remain between the values that considered the variables
have a normal distribution which are +2 and -2 for skewness and +7 and -7 for
kurtosis, respectively.This study adhered to these criteria, finding that all item
Skewness and Kurtosis values fell within the acceptable range, ensuring data

normality for subsequent analyses.

36



CHAPTER 5

METHODOLOGY

5.1. GMM Estimation

This thesis employs the Generalised Method of Moments (GMM) for estimation
purposes. GMM is a dynamic panel data estimator and relies on moment conditions
derived from both model parameters and data, ensuring that their expected values are

zero at the true parameters’ values.

The GMM estimator was first introduced in the economic literature by Hansen
(1982) and further refined by Hansen & Singleton (1982). Its reliance on weak
assumptions have made it a go-to tool for both cross-sectional and panel estimation.
GMM is considered a semi-parametric estimator because it relies on moment
conditions instead of strict distributional assumptions. This approach yields more
reliable parameter estimates, particularly in cases where traditional methods might
introduce bias or inefficiency. Thus, GMM stands out for its robustness and

flexibility, making it a preferred choice over fully parametric estimators.

GMM is generally used because of the following reasons Ullah et al. (2018):

(i) It effectively addresses endogeneity concerns inherent in dynamic panel
models by accounting for correlation between lagged dependent variables
and the error term.

(i) It mitigates omitted variable bias, tackles unobserved panel heterogeneity,
and corrects for measurement errors, enhancing the robustness and

accuracy of the estimations.

GMM is an estimation tailored for scenarios characterized by Roodman (2009):
o Dynamic panel models, where panels consist of small T and large N, i.e.

N (number of cross-sections or groups) > T (time span)
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o Linear functional relationship between variables

o Dynamic left-hand side variables, influenced by their own past
occurrences.
o Independent variables that are not strictly exogenous, implying

correlation with past and possibly current error terms
o Models where arbitrarily distributed fixed effects, heteroscedasticity and

autocorrelation within panels or groups are present.

This thesis follows the Generalized Method of Moments (GMM) approach in the
econometric model due to several reasons. First of all, the number of cross-sections
(N = 81) exceed the number of time units (T=7). Moreover, we aim to account for
the dynamic nature of GDP. Additionally, disturbances in the data are prone to
heteroscedasticity and serial correlation, which cannot be adequately addressed by

simple cross-sectional regression.

There are two types of the GMM estimators: (i) Difference GMM and System GMM.
Several rules of thumb are suggested in the literature. Bond & Hoeffler (2001)
proposes the first rule of thumb, which suggests that to decide between difference
and system GMM, the following initial dynamic model should be initially estimated

using pooled OLS and LSDV approach (i.e., employing the fixed effects approach):

InY;y = @InYe_q + BX"y + (i + €5¢) Equation [2]

In this Equation [2], the pooled OLS estimate for @ serves as an upper-bound
estimate, while the corresponding fixed effects estimate acts as a lower-bound
estimate. If the difference GMM estimate closely aligns with or falls below the fixed
effects estimate, it indicates downward bias due to weak instrumentation. In such
cases, opting for a system GMM estimator is better. Additionally, utilizing the

system GMM is advantageous when a variable exhibits a random walk.

When the dependent variable displays persistence and is nearly a random walk (i.e.

® >1), employing the difference GMM estimator can result in both biased and
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inefficient estimates of @, especially when the time series length (T) is short. The
second rule of thumb, as proposed by Blundell & Bond (1998), attributes this poor
performance of the difference GMM estimator to the utilization of inadequate
instruments. To mitigate this issue, they advocate for the adoption of a system GMM

estimator.

5.2. Difference GMM
Arellano & Bond (1991) explains that Difference GMM corrects endogeneity by
differencing all regressors and eliminating fixed effects. Nonetheless, this initial
difference transformation possesses a drawback: it subtracts the previous observation
from the contemporaneous one, thereby amplifying discrepancies in any unbalanced
panel. Consequently, the application of the difference GMM approach may
somewhat attenuate the results.
In the Difference GMM framework, the initial model is denoted by Equation [3]:

InYj, = ®InYy_q + BX'y + (0 + &i¢)
The transformed model, Equation [4], is obtained as follows:

AlnYlt = QAInYit_l + BAX,l't + Agit
By first differencing the regressors, the fixed effect is eliminated since it remains
constant over time. However, the issue of endogeneity persists. Equation [4] can be
rearranged to yield:

Auy = An; + Ag; Equation [5]

Alternatively, Equation [6] is derived as:

Uie — Uip—q = (M = 0) + (&5 — €ie—1) = (it — Eit—1) Equation [6]
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As unobserved fixed effects are assumed to remain constant between periods, they
are no longer included in the equation. Instead, the first-differenced lagged
dependent variable is instrumented with its previous levels. This implies that

Equation [4] now captures the changes in the dependent variable.

In a subsequent study, Alonso-Borrego & Arellano (1999) shows that when the
number of time periods is limited and the dependent variable exhibits high
persistence, the difference GMM method may introduce significant sample bias.
Hence, in this thesis, we utilize the system GMM instead of the difference GMM
approach.

5.3. System GMM

System GMM (Generalized Method of Moments) is often considered superior to
difference GMM, particularly in dynamic panel data models, due to its ability to
address issues related to endogeneity, serial correlation, and unobserved
heterogeneity more effectively. There is a consensus between Arellano & Bover
(1995), Blundell & Bond (1998), and Roodman (2009) regarding the superiority of
System GMM over difference GMM. According to Blundell & Bond (1998), when
time series exhibit persistence and the number of observations is limited, first-
differenced GMM estimators may yield unsatisfactory results. This comes from the
fact that lagged levels of the series offer weak instruments for the differenced
equations. Moreover, unlike difference GMM, which eliminates cross-country
variation in levels by differencing to remove country-specific effects, System GMM
retains this information. This is crucial as it preserves valuable variation across
countries, allowing for a more comprehensive analysis of the determinants of

economic phenomena.

Arellano & Bover (1995) and Blundell & Bond (1998) highlight that System GMM
rectifies endogeneity by incorporating a larger set of instruments, leading to notable
improvements in efficiency. Furthermore, it adjusts these instruments to ensure their
lack of correlation with the fixed effects. System GMM constructs a system

consisting of two equations: the initial equation and its transformed version.
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In System GMM, orthogonal deviations are employed. Rather than subtracting the
previous observation from the contemporaneous one, it subtracts the average of all
future available observations of a variable. This approach ensures computability for
all observations except the last for each individual, irrespective of the number of

gaps, thus minimizing data loss.

The initial model in System GMM, as denoted by Equation [7], is as follows:

InY = @InYy_y + BX'ie + (i + &t)

When Equation [7] represents a random walk model and Y demonstrates persistence,
the application of the difference GMM estimator often results in both biased and
inefficient estimates of ®, particularly in cases where the time series length (T) is
limited. Blundell & Bond (1998) attribute the underperformance of the difference
GMM estimator in such scenarios to the utilization of inadequate instruments.

System GMM is a suitable econometric technique under the following conditions: (i)
One equation is formulated in levels, employing first differences as instruments and
(i1) the second equation is presented in first-differenced form, with levels serving as

instruments.

This approach utilizes an increased number of moment conditions, which can
enhance the precision of estimates. Monte Carlo simulations provide empirical
evidence suggesting that, particularly in scenarios characterized by short time series
and persistent dependent variables, employing System GMM leads to reductions in

small sample bias and gains in estimation precision.

The two-step system GMM estimator effectively addresses issues related to
heteroscedasticity and serial correlation by incorporating a weighting matrix derived
from the residuals. This approach enhances the efficiency and robustness of the
estimation process, leading to more reliable parameter estimates. In our analyses, we

employed two-step system GMM estimators due to these distinct advantages.
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5.4. GMM Diagnostics

5.4.1. Tests for instruments validity

The Hansen test and Sargan tests are used to check the validity of the instruments. In
Hansen test, the null hypothesis is that all overidentifying restrictions are valid. In
other words, instruments are uncorrelated with the error term. Failure to reject this
null hypothesis give support to the choice of the instruments and we have support for
validity of dynamic panel model specification. The alternative hypothesis, on the
other hand, is that the instruments are invalid, meaning they are correlated with the
error term. According to Roodman (2009), instrument validity is established when

Hansen p-value is between 0.1 and 0.25.

Similar to the Hansen test, the Sargan test is utilized to assess the exogeneity and
validity of the instruments. However, it's worth noting that while the Hansen J
statistic incorporates an optimal weighting matrix, the Sargan test statistic lacks
robustness against heteroskedasticity or autocorrelation. Consequently, for our

analysis, we will primarily rely on interpreting the Hansen statistic in Chapter 6.

5.4.2. Test for autocorrelation/serial correlation of the error term

In the Arellano-Bond test, the null hypothesis is that there is no autocorrelation
present in the first-differenced errors of the dynamic panel data model. In other
words, it assumes that the errors are not correlated with each other across time
periods. Failing to reject this null hypothesis suggests that the original error term is
serially uncorrelated, indicating that the moment conditions are accurately specified
(i.e., when the value of AR(2) exceeds 0.05).

5.5. GMM over Other Panel Data Estimation Techniques

Panel data analysis offers various regression techniques to obtain precise estimations
tailored to specific research goals. Among these techniques, Ordinary Least Squares

(OLS) and Least Squares Dummy Variable (LSDV) models have been prominently
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utilized in empirical research. However, these estimation techniques often suffer

from bias, particularly due to dynamic panel bias. System GMM is particularly

advantageous in dynamic panel models where the lagged dependent variable is

included as a regressor, providing more robust and reliable estimates for policy

analysis and causal inference. Table 6 provides a comparison of System GMM with

other panel data estimation techniques, OLS, LSDV and Fixed Effects.

Table 6. Comparison of System GMM with Other Estimation Techniques

Criteria OLS LSDV Fixed Effects System GMM
Assumes no | Assumes no
correlation correlation Assumes no
o .. . Handles
. between error | within entities; | correlation .
Assumption . oy ... | endogeneity by
. term and | often  violated | within entities; . .
Violations . . using  internal
regressors; with suffers from instruments
often violated in | endogenous Nickell bias
panel data regressors
Suffers from | Suffers from
Suffers from . L. . ..
. Nickell bias in | Nickell bias in
. dynamic panel Addresses
Dynamic Panel |, : . small samples | small samples .
; bias with lagged | ~ . . dynamic panel
Bias with lagged | with lagged | |- .
dependent bias effectively
. dependent dependent
variables . .
variables variables
Uses lagged
Struggles with | Struggles with | Struggles with | levels and
. endogeneity, endogeneity, endogeneity, differences  as
Endogeneity leading to | leading to | leading to | instruments to
biased estimates | biased estimates | biased estimates | address
endogeneity
Accounts for | Accounts for
. A Controls for
Does not | individual- individual- individual-
Unobserved account for | specific effects | specific effects specific  effects
Heterogeneity | individual- but can lead to | but can lead to | ;P

specific effects

loss of degrees
of freedom

loss of degrees
of freedom

by differencing
the data
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Table 6. (continued)

Often inefficient | Loss of degrees | Loss of degrees EXp.l(.)ltS
additional
. due to | of freedom | of freedom
Efficiency . moment
assumption reduces reduces ..
S . ) conditions  for
violations efficiency efficiency . .
efficiency gains
Provides
Inconsistent in . . . .| consistent
Inconsistent 1in | Inconsistent in . .
presence of estimates n
) . presence of | presence of
Consistency endogeneity and . . presence of
dvnamic  panel endogeneity and | endogeneity and endogeneity and
yn p Nickell bias Nickell bias senetty
bias dynamic
relationships
Suitable for | Suitable for Best . for
: . dynamic panel
Simple and eas static  models | static  models data models
Applicability P Y| but problematic | but problematic | .
to interpret . .| with
for dynamic | for dynamic
endogenous
panels panels
regressors

Before conducting System GMM analysis, this study employed fixed effects model
to analyze the relationship between license-exempt excess electricity generation and
economic growth. The fixed effects model controls for unobserved heterogeneity by
allowing individual-specific intercepts. However, it does not account for potential
endogeneity and dynamic relationships within the data, as it excludes lagged
dependent variables. This limitation can lead to biased estimates, particularly when
explanatory variables are endogenous or when past values of the dependent variable

influence current values.

To address these limitations, we utilize the System GMM method, which includes

lagged dependent variables and employs internal instruments to mitigate
endogeneity. The System GMM model provides more reliable and consistent

estimates, capturing the dynamic nature of the data.
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The differences observed between the fixed effects results which are reported in
Appendix-1 and System GMM results highlight the importance of accounting for
endogeneity and dynamic panel bias. While the fixed effects model offers initial
insights, the System GMM analysis provides a more accurate understanding of the
relationships, justifying its inclusion in this study. By presenting both models, we
demonstrate the robustness of our findings and adhere to best econometric practices
as recommended by Arellano & Bond (1991) and Blundell & Bond (1998).
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CHAPTER 6

RESULTS

The study begins by assessing the stationarity of all variables before starting formal
analysis. Table [7] presents the results of IPS and ADF panel unit root tests, two

extensively utilized methods in the literature, applied to the variables.

Table 7. Unit Root Test Results

ADF IPS ADF IPS
None Trend

t-stat Prob t-stat Prob t-stat Prob t-stat Prob
LOGGDP Level | -16.393 | 0.000 | -28.10 | 0.000 Level -8.713 0.000 -11 0.000
LOGLEEG Level | -39.998 | 0.000 @ -21 0.000 | Level | .21.724 | 0.000 -3.8 0.000
LOGEXP Level -3.047 0.001 | -18.99 0.000 Level 5.066 0.000 -51.02 0.000
LOGOTOBIN | Level -2.991 | 0.001 | -3442 | 0.000 | Level -68.78 0.000 47 0.000
LOGEC Level -0.53 0.000 | -10.65 | 0.000 Level -2.165 0.015 -1.1 0.000

When the level values of the variables are examined, it becomes evident that all
probability values are below the critical threshold of 0.05. Consequently, the
fundamental hypothesis of unit root tests that the series are non-stationary at the

level, can be rejected at the 5% critical level. Hence, all series exhibit stationarity at
level 1(0).

Following the confirmation of data stationarity for all variables, we proceed with
dynamic model system GMM for analysis. As mentioned in the previous section, we
use the GMM model, which excels in handling panel data and circumvents

econometric issues associated with such data. By employing the GMM model, we
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anticipate obtaining consistent and reliable results compared to fixed effects or OLS,

as it effectively controls for endogeneity. Furthermore, we proceed with the

application of the two-step system GMM over difference GMM due to its higher

reliability and efficiency. Difference GMM may exhibit asymptotic weakness, and

the instruments it employs can be biased. Therefore, we selected the two-step system

GMM for analysis in this study to ensure the attainment of reliable and efficient

results. Additionally, we have conducted over-identifying restriction tests proposed

by Arellano & Bond (1991), the outcomes of which further validate the instruments

utilized in our analysis. The results of the 2 STEP System GMM dynamic analysis

are presented in Table [8] below.

Table 8. System GMM Analysis Results

Dependent Variable:
LOGGDP
0.927***
LOGGDP(-1) (333.15)
0.0004***
LOGLEEG (2.74)
0.002***
LOGEXP (5.44)
-0.008***
LOGOTOBIN (-3.95)
0.004**
LOGEC (2.16)
0.577%**
cons (20.16)
Observations 486
7110000.00
F-test
0.041
AR(1)
0.09
AR(2)
0.179
Hansen Test

Following the GMM analysis, it is evident that the AR(1) value is statistically

significant at the 5 percent level, while the AR(2) value is statistically insignificant.

Consequently, we conclude the absence of autocorrelation issues within our Two-step
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System GMM model. The Arellano-Bond tests are employed to assess serial
correlation in the idiosyncratic error term, conducted on first-differenced errors. If
the errors at the level are serially uncorrelated, it implies negative first-order serial
correlation in first differences but no higher-order serial correlation. Thus, we reject
the null hypothesis of no first-order serial correlation in first differences (AR(1) test)
but do not reject the null hypothesis of no higher-order serial correlation in first

differences (AR(2) test).

In our System GMM estimation, LOGGDP(-1), LOGLEEG, and LOGEXP are
treated as endogenous variables due to potential simultaneity and reverse causality
issues. The dynamic nature of the model necessitates the inclusion of a lagged
dependent variable (LOGGDP(-1)), which is correlated with past error terms, leading
to endogeneity. Similarly, license-exempt excess electricity generation (LOGLEEG)
and total exports (LOGEXP) can both influence and be influenced by GDP, creating
a simultaneity issue. The number of motor vehicles (LOGOTOBIN) and total
electricity consumption (LOGEC) are assumed to be exogenous or predetermined.
The number of motor vehicles in a given year is unlikely to be immediately affected
by the current year’s economic performance. While economic growth can influence
vehicle ownership, this effect is typically observed over a longer period rather than
within the same year. Total electricity consumption is also constrained by supply
factors, including infrastructure capacity and regulatory environments, which are not
directly influenced by short-term GDP fluctuations. GMM-type instruments derived
from lagged levels of the endogenous variables are used to address endogeneity and
ensure consistent estimation. The Hansen test results fall within the desired
thresholds between 0.1 and 0.25 as suggested by Roodman (2009), confirming the
absence of an overidentification problem and validity of instruments. Furthermore,
the non-rejection of the null hypothesis in the Hansen test signifies that the test
statistics support a properly specified model. Moreover, the number of instruments is
fewer than the number of groups, which eliminates concerns regarding overfitting

bias.

The statistically significant high coefficient value of 0.927 for LOGGDP(-1) is a

noteworthy outcome from dynamic estimation. This suggests that 93% of the change
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in the dependent variable can be accounted for by its own lagged value from the

preceding period, which aligns with logical expectations.

The findings reveal that a one percent rise in the LOGLEEG variable corresponds to
a 0.0004 percent increase in LOGGDP. Despite the limited impact of LOGLEEG, its
statistically significant and positive coefficient underscores its importance. This
supports our hypothesis that the license-exempt excess electricity generation have a
positive impact on Tiirkiye’s economy economic growth. Furthermore, it confirms
the achievement of one of the key objectives outlined in the License-Exempt
Regulation, which aims to ensure that small-scale generation facilities contribute to

the country’s economy.

It is worth noting that license-exempt electricity generation is a relatively recent
model, with its adoption growing steadily over time. In our study, we specifically
focused on analysing the impact of excess license-exempt electricity sold to the grid.
Consequently, it is important to recognize that excess generation represents only a
fraction of total license-exempt electricity generation. Put simply, not all license-
exempt electricity generated is fed back into the grid, and our analysis is confined to
examining this subset of generation. Therefore, its limited impact on GDP per capita

holds considerable importance at this stage.

Additionally, both LOGEXP and LOGEC exhibit positive and statistically significant
effects on LOGGDP. A one percent increase in LOGEXP results in 0.002 percent
increase in LOGGDP. Our findings support Taghavi et al. (2012), Abugamea (2015)
and Hamdan (2016) who concluded that exports have positive effect on the economic
growth. Export activities generate income for domestic producers, leading to
increased economic activity and higher GDP. This positive impact underscores the
economic benefits of trade openness, market diversification, and export-oriented

policies in stimulating economic growth.

Moreover, our analysis reveals that a one-unit increase in LOGEC leads to a 0.004-
unit increase in LOGGDP. This outcome supports the growth hypothesis which

suggests that energy consumption drives GDP growth. Higher levels of electricity
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consumption often indicate increased industrial activity, production, and
manufacturing output. This contributes directly to economic growth and GDP per
capita. Therefore, our findings contribute to the literature supporting this hypothesis,

details of which are elaborated in Chapter 2.3.2 of this thesis.

Lastly, our analysis indicates that a one percent increase in the LOGOTOBIN results
in a 0.008 percent decrease in LOGGDP. In the literature, vehicle ownership is
mostly analysed based on the GDP per capita. In other words, most studies focus on
understanding how changes in GDP per capita influence motor vehicle sales.
Therefore, we are not able to compare our finding with the existing literature.
However, we interpret this finding as higher motor vehicle ownership per capita
could indicate a concentration of wealth among a smaller segment of the population.
In countries where income inequality is significant, a higher concentration of wealth
among fewer individuals may not significantly boost overall GDP per capita.
Furthermore, increased motor vehicle ownership is often associated with urban areas
where infrastructure and living costs are higher. This concentration can lead to
disparities in wealth distribution and may not necessarily translate into broad-based

economic growth reflected in GDP per capita.
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CHAPTER 7

CONCLUSIONS

The main goal of this study is to assess whether license-exempt excess electricity
generation positively affects economic growth. In order to conduct the empirical
analysis, we utilize data covering the period from 2015 to 2021 from various sources
such as EMRA’s annual reports, TURKSTAT database and Turkish Exporters
Assembly’s database encompassing 81 provinces in Tirkiye. As the number of
groups is larger than time span, the empirical model is run by the two step System
GMM dynamic panel technique which allows controlling for the possible

endogeneity of all independent variables.

Our research findings offer insights into the relationship between license-exempt
excess electricity generation and economic growth. Notably, in Tiirkiye, where such
generation is largely derived from renewable energy sources, our analysis reveals a
positive and statistically significant relationship between license-exempt excess
electricity generation and GDP per capita. These results indicate the potential of
license-exempt electricity generation to contribute to economic growth. This finding
holds particular significance in light of the restrictions imposed on the sale of
license-exempt electricity generation in August 2022. Prior to these restrictions, the
sale of license-exempt excess electricity generation served as a motivating factor for
investors who are interested in renewable energy projects. The introduction of these
restrictions potentially poses a challenge to the renewable energy projects, which in
turn could impede economic growth. While the current positive impact of the
license-exempt electricity generation on economic growth may seem limited, it is
important to recognize that license-exempt electricity generation model is still
relatively new, having seen extensive application only over the last decade. With
significant potential for expansioninthe future, the positive influence of license-exempt

electricity generation on economic growth could substantially increase over time.

51



The rationale behind the restrictions imposed on the sale of license-exempt
electricity generation is to address concerns about the potential impact of unregulated
electricity generation on the stability of the grid and encourage more coordinated and
regulated development of renewable energy projects, ensuring that they integrate
smoothly into the existing electricity infrastructure. While these objectives are valid,
it is essential to acknowledge that allowing the sale of excess electricity has
historically served as a valuable mechanism for financing renewable energy projects.
By restricting the ability of individuals or communities to sell excess electricity back
to the grid, a crucial source of revenue for these projects is diminished. This
reduction in potential revenue streams can make it more challenging for renewable
energy developers to recoup their initial investments and achieve financial viability.
Furthermore, the sale of excess electricity not only provides financial incentives for
individuals to invest in renewable energy systems but also promotes greater adoption
and participation in decentralized energy generation.

It is also crucial to acknowledge most of licence-exempt electricity is generated
from the renewable resources. The shift towards renewable energy has been closely
associated with job creation, technological advancement, and enhanced energy
security, all pivotal factors in fostering economic growth. Moreover, the
environmental benefits linked with renewable energy deployment—including
reduced greenhouse gas emissions and air pollution—contribute significantly to a
nation's overall well-being and can positively impact its economic performance.
Governments worldwide are increasingly recognizing the economic advantages of
investing in renewable energy, leading to the formulation of policies and incentives
to drive its widespread adoption. The development of renewable energy
infrastructure not only addresses environmental concerns but also positions Tiirkiye
favourably in the global transition towards clean energy. Without the option to sell
excess electricity, the attractiveness of investing in renewable energy systems may
diminish for many potential stakeholders. This could slow down the pace of
renewable energy deployment and hinder progress towards national or regional clean
energy targets. In essence, while the restrictions on license-exempt excess electricity
generation aim to address grid stability concerns and promote regulated

development, they create barriers to entry and hinder the financial viability of
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renewable energy projects. Therefore, policymakers should carefully balance grid
stability objectives with the need to incentivize and support renewable energy
investments to ensure a smooth transition to a more sustainable energy future.
Revising these restrictions could support continued growth in renewable energy
deployment and economic benefits associated with it. Furthermore, policymakers can
also develop flexible regulatory frameworks that balance grid stability with the
promotion of renewable energy. By allowing controlled sale of excess electricity,
regulators can mitigate concerns while fostering an environment conducive to
renewable energy investments. This could include tiered pricing mechanisms or

capacity limits that align with grid capacity.

Our study is pioneering in its focus on the impact of license-exempt excess
electricity generation on economic growth, a topic that has received limited attention
in existing literature. This research stands out in several key aspects. First, by
concentrating on license-exempt excess electricity generation, our study explores an
area that has not been extensively examined. This novel focus sheds light on how
decentralized, small-scale energy production can influence broader economic
dynamics. Second, we utilize province-level panel data from all 81 provinces of
Tiirkiye, spanning from 2015 to 2021. This approach allows us to conduct a more
detailed and localized analysis compared to the more commonly employed country-
level data, which often masks regional variations and specific local factors. By
examining data at the provincial level, we can better understand the diverse impacts
of license-exempt electricity generation across different regions. Third, our study
employs the System Generalized Method of Moments (GMM), a sophisticated
econometric technique that effectively addresses potential endogeneity issues.
Endogeneity, which arises when explanatory variables are correlated with the error
term, can bias estimates and undermine the validity of conclusions. The System
GMM method mitigates this problem by using internal instruments, thereby
producing more reliable and robust results. Overall, these innovative aspects of our
study contribute to a deeper understanding of the relationship between license-
exempt excess electricity generation and economic growth, providing valuable

insights that can inform policy decisions and future research in this emerging field.
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For future research on the relationship between license-exempt electricity generation
and economic growth, we recommend investigating the specific effects of the
restrictions imposed on the sale of license-exempt electricity generation in 2022.
Unfortunately, our study could not explore this aspect due to the unavailability of
relevant data and the relatively short time frame since the implementation of these
restrictions, which has only been in effect for nearly two years. This limitation
highlights the need for ongoing data collection and analysis to fully understand the
long-term impact of these regulatory changes on economic growth and the renewable

energy sector in Tlrkiye.
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APPENDICES

A. FIXED- EFFECTS ESTIMATION RESULTS

Table 9. Hausman Test Results

Dependent Variable Fixed Effects Coefficient Random Effects
LOGGDP Coefficient
LOGLEEG 0.019 #** 0.061 ***
(5.88) (16.58)
LOGEXP 0.15] *** 0.153 ***
(13.68) (11.74)
LOGOTOBIN 1.676 *** 0.224 ***
(11.42) (4.14)
LOGEC 0.859 *** 20,122 *%*x*
(13.45) (-3.27)
cons -11.777 *** Q 53 sk
(-11.47) (20.27)
Test Statistic Value
Chi 474.17
Prob > Chi? 0.000

From the Hausman test results above, it can be seen that prob>chi? is less than 0.05.

This demonstrates that the null hypothesis should be rejected, and the fixed effects

model is more appropriate for this study.
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Diagnostic Tests

Table 10. Modified Walt Test for Heteroskedasticity

Chi2 Prob>chi2
1140.13 0.000

The Modified Wald Test is applied to test for heteroskedasticity. The null hypothesis
in the Modified Wald Test is that there is no heteroskedasticity. The test result
indicates that the null hypothesis should be rejected, and we should conclude that

there is heteroskedasticity present in the model.

Table 11. Wooldridge Autocorrelation Test

F Prob>F
117.117 0.000

The Pesaran Cross-Sectional Test is used to test for cross-sectional dependence in the
model. The null hypothesis is that there is no cross-sectional dependence. The results
indicate that the null hypothesis should be rejected, and there is cross-sectional

dependence in the model.

Table 12. Pesaran Cross-Sectional Dependence Test

Statistic Prob>F
75.73 0.000

The Pesaran Cross Sectional Test is commonly used to test cross-sectional
dependence in the model. The null hypothesis is that there is no cross-sectional
dependence. The results indicate that the null hypothesis should be rejected and there

is cross-sectional dependence in the model.

The diagnostic test results demonstrate that the model exhibits heteroskedasticity,
autocorrelation and cross-sectional dependence. If a fixed effects model exhibits
these problems, Driscoll and Kraay (1998) standard errors for coefficients estimated

by fixed-effects regression should be used.
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Table 13. Fixed Effects Estimation with Driscoll-Kraay Standard Errors

Dependent Variable Fixed Effects Coefficient
LOGGDP
LOGLEEG 0.020 **
(6.76)
LOGEXP 0.152 **
(4.93)
LOGOTOBIN 1.676 ***
(6.72)
LOGEC 0.859 ***
(7.24)
cons -11.777 **
(-4.12)

64




B. PROVINCIAL DISTRIBUTION OF LICENSE-EXEMPT EXCESS
ELECTRICITY PURCHASED BY THE AUTHORIZED SUPPLY COMPANY

LEEG
[0.000 : 0.000] (0)
[0.000 : 51.270] (40)
|70 [68.350 : 1861.020] (21)
I (2384.040 : 63976.390) (20)

Figure 3. Provincial distribution of license-exempt excess electricity purchased by
the authorized supply company in 2015.

-

LEEG
[0 : 23.170] (20)
[33.160 : 1465.680] (20)
[ [1509.540 : 14418.620] (21)
I (14432.870 : 202559.640] (20)

Figure 4. Provincial distribution of license-exempt excess electricity purchased by
the authorized supply company in 2016.
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LEEG
[0 : 322.890] (20)
(336,520 : 7142.700] (20)
[0 (8723.720 : 45561.100] (21)
I (47402.320 : 541727.990] (20)

Figure 5. Provincial distribution of license-exempt excess electricity purchased by
the authorized supply company in 2017.

LEEG
[0 : 3978.740] (20)
[4341.680 : 32289.790] (20)
[ (36960.880 : 153446.680] (21)
I (155317.700 : 888600.280] (20)

Figure 6. Provincial distribution of license-exempt excess electricity purchased by
the authorized supply company in 2018.

LEEG

[0 : 7253.930] (20)
[7265.190 : 38956.910] (20)
[ (47396.720 : 174316.680] (21)
I (175482.540 : 896102.750] (20)

Figure 7. Provincial distribution of license-exempt excess electricity purchased by
the authorized supply company in 2019.
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LEEG
[0 : 9356.920] (20)
[10057.790 : 58979.460] (20)
[ (61579.620 : 204527.180] (21)
I (207217.710 : 951272.710] (20)

Figure 8. Provincial distribution of license-exempt excess electricity purchased by
the authorized supply company in 2020.

LEEG
[0 : 10360.660] (20)
| [10690.970 : 62935.860] (20)
[ (65711.630 : 223170.100] (21)
I (225906.710 : 1069879.960] (20)

Figure 9. Provincial distribution of license-exempt excess electricity purchased by
the authorized supply company in 2021.
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C. TURKISH SUMMARY / TURKCE OZET

Yenilenebilir ve siirdiirebilir enerjiye yonelik kiiresel degisim, yenilenebilir enerjiyi
ekonomik kalkinma ve g¢evresel siirdiiriilebilirlik konusundaki tartismalarin 6n
siralarma yerlestirmistir. Tlrkiye Cumhuriyeti’nin 2023 yilinda 100. yilin1 kutladigi
bu donemde, iilkenin ekonomik biiylimesinde yenilenebilir enerjinin énemi daha da
onem kazanmistir. Iklim degisikligi kaygilar1 ve fosil kaynaklarinin zararl etkileri,
tilkeleri daha temiz alternatifleri degerlendirmeye tesvik etmektedir. Ek olarak,
Rusya-Ukrayna savasinin neden oldugu enerji giivenligi sorunlari, ithal fosil
yakitlara bagimliligin getirdigi riskleri ortaya ¢ikarmistir ve bu da giines ve riizgar

gibi yenilenebilir kaynaklarin 6nemini bir kere daha ortaya koymustur.

Bu gelismeler 1s1ginda Tirkiye’nin enerji sektorii, pazar taleplerini karsilayacak
sekilde hizla gelismektedir. 2022 yilinda yayimlanan Tiirkiye Ulusal Enerji Plani,
devletin elektrik {iretiminde yenilenebilir enerjinin paymi artirma konusundaki
kararliliginin altin1 ¢izmektedir. Planda, Tiirkiye’nin 2053 Net Sifir Emisyon Hedefi
esas alinarak 2035 yili i¢in 6nemli hedefler belirlenerek riizgar, glines, hidroelektrik,
jeotermal ve biyokiitle enerji santrallerinin kurulu gii¢lerinin  artirilmasi

acgiklanmaktadir.

Tiirkiye’de yenilenebilir enerji santrallerinin kurulu giiciinde artis1 saglayan en
onemli gelismelerden biri lisanssiz elektrik iiretim modelidir. Lisanssiz Elektrik
Uretim Yonetmeligi’'nde lisanssiz elektrik iiretimin amaglarindan birinin arz
giivenliginin saglanmasinda kiigiik olcekli liretim tesislerinin iilke ekonomisine
kazandirilmasi oldugu ifade edilmektedir. Bu model ile, bireylerin ve isletmelerin
lisans almaya gerek kalmadan kendi tiiketimleri i¢in elektrik iiretmelerine olanak
taninmakta, dagitilmis enerji iretimini tesvik edilmekte ve iletim ve dagitim
maliyetleri azaltilmaktadir. Bu model kapsaminda ihtiya¢ duyulan tiiketimi asan
enerji fazlasi, Yenilenebilir Enerji Destekleme Mekanizmast (YEKDEM)

kapsaminda yetkili tedarik sirketi tarafindan satin alinmaktadir.
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Ancak 11 Agustos 2022 tarihinde Resmi Gazetede yayimlanan 4 Agustos 2022 tarihli
ve 11098 sayili EPDK Kurul Karari ile Elektrik Piyasasinda Lisanssiz Elektrik
Uretim Yénetmeliginde Degisiklik Yapilmasina Dair Yonetmelik dogrultusunda,
ihtiyac fazlasi elektrigin gorevli tedarik sirketine satigina iliskin 6nemli sinirlamalar
getirmistir. Buna gore, 12 Mayis 2019 tarihinden sonra ¢agri mektubu alan lisanssiz
elektrik iiretim tesislerinde tiiketim fazlasi tiretilen elektrigin satigin1 yillik tiiketim
miktar1 ile sinirlandirildigr ve bu miktarin tizerindeki elektrigin Yenilenebilir Enerji

Destekleme Mekanizmasina bedelsiz katki olarak verilecegi diizenlenmistir.

Daha 6nce mevcut olan ihtiyag fazlasi elektrigi satin alma garantisi, tiiketicileri
lisanssiz elektrik {iretim tesisleri kurmaya tesvik etmekteydi. Bu garantiyi geriye
doniik olarak kaldiran yeni diizenlemeler, iiretim tesislerini kurmak icin banka
finansman1 kullanan ve ihtiyac fazlasi elektrik satisindan elde ettigi bu finansmanin

geri 6demesinde kullanan yatirimcilar tarafindan elestirilmistir.

Bu gelismeler géz oniline alindiginda, ¢alismamiz lisanssiz ihtiyac¢ fazlasi elektrik
tiretiminin Tirkiye’nin ekonomik biiyiimesi tiizerindeki etkisini arastirmaktadir.
Hipotez, lisanssiz ihtiya¢ fazlasi elektrik iiretiminin Tiirkiye'nin ekonomik biiylimesi
tizerinde olumlu ve anlamli bir etkiye sahip olacagi yoniindedir. Calisma, 2015 ile
2021 yillar1 arasinda 81 sehrin verilerini kullanmakta ve hipotezi test etmek i¢in
dinamik panel veri analizi yonteminden yararlanarak Iki Asamali Sistem

Genellestirilmis Momentler Tahmincisi (GMM) kullanmaktadir.

Lisanssiz elektrik iiretimi, genellikle giines ve riizgar gibi yenilenebilir kaynaklardan,
iretim lisanslarina ihtiya¢ duymadan kiiciik 6l¢ekli, dagitilmig enerji liretimini ifade
eder. Merkezi elektrik tiretimine alternatif olan bu model, toplum diizeyinde enerji
tretimini ve siirdiiriilebilirligi tesvik etmektedir. Dagitilmis {iretime odaklanan
caligmalar, bu yontemin yerel ekonomileri destekleyebilecegini ve istihdam firsatlar
yaratabilecegini &ne siirmektedir. Ornegin, Klagge ve Brocke (2012) Almanya’da
merkezi olmayan elektrik iiretiminin yerel ekonomik biiylimeye katkida bulundugu
vakalar1 analiz ederken, Heinbach vd. (2014), yenilenebilir enerjinin yerel diizeyde
istthdam ve katma degerli etkilerini ortaya koymustur. Bu caligmalar dagitilmis

enerjinin ekonomiye faydalarini ispatlamaktadir.
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Lisanssiz elektrigin ¢ogunun yenilenebilir kaynaklardan elde edildigi géz Oniine
alindiginda, yenilenebilir enerji iiretimi ile ekonomik biiylime arasindaki iliskiyi
arastiran ¢alismalar1 incelemek calismamiz i¢in yol gosterici olmustur. Bu konuda
pozitif bir korelasyon oldugunu gosteren ¢ok sayida ¢alisma vardir. Bayraktutan vd.
(2011), 1980’den 2007’ ye kadar OECD {ilkelerinde yenilenebilir enerji iiretimi ile
ekonomik biiyiime arasinda cift yonlil bir iligki bulmustur. Armeanu vd. (2017), AB
iilkelerinde yenilenebilir enerji iiretimi ile kisi basmna diisen GSYIH arasindaki
baglantiyr arastirmistir ve pozitif bir iliskiyi dogrulamistir. Bu pozitif iliskiyi
destekleyen diger bir calisma olan Ohler ve Fetters (2014), 20 OECD iilkesinde
yenilenebilir enerji iiretimi ile reel GSYIH arasinda cift yonlii bir iliski oldugunu
tespit etmistir. Ancak bazi ¢aligmalar alternatif hipotezi desteklemektedir. Venkatraja
(2019), toplam enerji iiretiminde yenilenebilir enerji oranmin azalmasinin BRIC
bolgesinde daha hizli ekonomik biiyiimeyi destekleyebilecegini gdstermistir.
Tiirkiye’deki ¢aligmalar da yenilenebilir enerji iiretimi ile ekonomik biiyiime
arasinda pozitif bir baglanti oldugunu gosteriyor. Serifoglu (2021), Tiirkiye’de
toplam yenilenebilir enerji iiretiminin ekonomik biiyiime iizerinde olumlu bir etkisi
oldugunu bulurken, Korkmaz ve Develi (2012) ve Erdogan vd. (2018), yenilenebilir
enerji iiretimi ile GSYIH biiyiimesi arasinda uzun vadeli bir iliski oldugunu ortaya

koymustur.

Yenilenebilir enerji tiikketimi ve ekonomik biiylimeye iliskin literatiir, dort hipoteze
ayrilan c¢esitli bulgular sunmaktadir: feedback (geri bildirim) hipotezi, biiyiime
hipotezi, koruyucu hipotezi ve tarafsizlik hipotezi.

* QGeri bildirim hipotezi, yenilenebilir enerji tiikketiminin ekonomik biiyiimeyi
etkiledigi ve bunun tersinin de gecerli oldugu cift yonli bir iliski oldugunu
one siirmektedir. Ornegin, Apergis ve Payne (2010) bu iliskiyi 1992-2007
yillar1 arasinda 13 Avrasya lilkesinde ortaya koyarken, Destek ve Aslan
(2017) baz1 gelismekte olan ekonomilerde bu hipotezi dogrulamistir.

« Biiylime hipotezi, yenilenebilir enerji tiiketiminden ekonomik biiyiimeye
dogru tek yonlii bir iliski Onermektedir. Inglesi-Lotz (2016), 34 OECD
iilkesinde bu hipotezi desteklerken Aslan (2016), Amerika Birlesik
Devletleri’'nde biyokiitle enerji tiiketiminin ekonomik biiylime {izerinde

olumlu bir etkiye sahip oldugunu tespit etmistir.
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* Koruyucu hipotezi, ekonomik biiylimeden yenilenebilir enerji tiiketimine
dogru tek yonlii bir nedensellik oldugunu gostermektedir. Furuoka (2017) bu
iliskiyi Estonya, Letonya ve Litvanya'da gézlemlerken, Cho vd. (2015) bunu
gelismis iilkeler icin dogrulamistir.

» Tarafsizlik hipotezi, yenilenebilir enerji tiiketimi ile ekonomik biiylime
arasinda nedensel bir baglanti olmadigin1 6ne siirmektedir. Payne (2009),
Amerika Birlesik Devletleri’nde enerji tiiketimi ile reel GSYIH arasinda
Granger nedensellik bulmazken, Menegaki (2011) 27 Avrupa iilkesinde zayif

veya hi¢ olmayan bir baglanti tespit etmistir.

Calismamiz, Tirkiye’de lisanssiz elektrik iiretimi fazlast ve bunun ekonomik
biliylime {izerindeki etkisine odaklanarak mevcut literatiire katkida bulunmaktadir.
Cogu calisma yenilenebilir enerji tiretimi/tiiketimi ile ekonomik biiylime arasindaki
daha genis iliskiye odaklandigindan bu ¢alisma, literatiire daha 6zel bir perspektifte
bu iliskiyi degerlendirerek katki sunmaktadir. Il diizeyinde panel veri ve Sistem
GMM yontemini kullanarak, bu iligkiye dair tespitler saglamayr ve Tiirkiye’de
yenilenebilir enerji projelerinde yaygin olarak kullanilan lisanssiz elektrik {iretiminin

ekonomik etkilerine iligkin bulgular1 ortaya koymay1 amacliyoruz.

Tiirkiye’de elektrik {iretimi 1902 yilinda Mersin’in Tarsus ilgesinde kurulan
hidroelektrik santraliyle baslamistir. 1970 yilina kadar elektrik sektorii imtiyazlar ve
daginik bir yapi ile karakterize edilmistir. 1970 yilinda iiretim, iletim ve dagitimi
devlet tekelinde birlestiren Tiirkiye Elektrik Kurumu (TEK) kuruldu. Bu hamle
elektrik sektoriinde merkezi ve stratejik yOnetimi beraberinde getirmistir. 1984
yilinda 3096 sayili Kanun ile sektdr 6zel sektore acilmaya baglamis ve Ozel
sirketlerin Yap-Islet-Devret (YID) modeliyle elektrik iiretimine katilmasma olanak
saglanmistir. 2001 yilinda 4628 sayili Kanun ile Enerji Piyasas1 Diizenleme Kurumu
(EPDK) kurulmustur ve elektrik faaliyetleri iiretim, iletim ve dagitim icin farkli
kuruluglara ayirarak rekabet ve diizenleyici denetim tesvik edilmistir. TEK ise 1993
yilinda Tiirkiye Elektrik Uretim Iletim A.S. (TEAS) ve Tiirkiye Elektrik Dagitim
A.S. (TEDAS) olarak yeniden yapilandirilmistir. TEAS, iletim, iiretim ve ticaret
faaliyetlerinin ayristirilmasi amacryla 2001 yilinda Elektrik Uretim A.S. (EUAS),
Tiirkiye Elektrik Ticaret ve Taahhiit A.S. ve Tiirkiye Elektrik Iletim A.S. (TEIAS)
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olarak iige ayrilmustir. 2018 yilinda ise TETAS, EUAS biinyesine dahil olmustur.
Giiniimiizde ise iiretim faaliyetleri igin EUAS, iletim faaliyetleri i¢in TEIAS, piyasa
isletimi icin EPIAS, dagitim faaliyetleri i¢in TEDAS ana aktdrler olarak elektrik

piyasasinda karsimiza ¢ikmaktadir.

Lisanssiz elektrik iiretimi kavrami, Tiirkiye elektrik piyasasini serbestlestirmeyi ve
yenilenebilir enerjiyi tesvik etmeyi amaglayan daha genis enerji sektori
reformlariin bir pargasi olarak ortaya ¢ikmistir. Bu modelin yasal dayanagi 2010°1u
yillarin baginda Tiirkiye Elektrik Piyasast Kanunu ve destekleyici diizenlemelerde
yapilan degisikliklerle olusturulmustur. Lisanssiz iiretim, yenilenebilir enerji
kaynaklarinin kullanimin1 ve 6z tiikketimi tesvik eder. Amag, belirli tiirdeki enerji
santrallerinin lisans diizenlenmeden ¢alismasina izin vererek yenilenebilir enerjiye
gecisi desteklemektir. Lisanssiz Elektrik Uretim Yonetmeligi, maksimum 5 MW
kurulu giice sahip yenilenebilir enerji santralleri, kojenerasyon ve mikro
kojenerasyon tesisleri ve elektrik iiretiminin lisans gerektirmedigi diger ozel
durumlar dahil olmak iizere cesitli muafiyet kategorilerini listelemektedir. Belirli
istisnalar diginda, 6z tiiketim ihtiyaglarinin karsilanabilmesi igin tiiketim tesislerinin
tretim tesisleri ile iligkilendirilmesi ve aym dagitim bolgesinde yer almasi
gerekmektedir. Baglanti anlagmalarinda sozlesmeye konu olan gii¢ limitleri
astlmamalidir, kagak elektrik tiiketimi olmamalidir. Lisanssiz Elektrik Uretim
Yonetmeligi, belirli kosullar altinda tek bir tiiketim tesisi i¢in birden fazla iiretim

tesisine izin vermektedir.

Lisanssiz elektrik liretime iliskin bagvurular ilgili sebeke isletmecisine yapilmaktadir.
Teknik degerlendirme yapilir ve birden fazla basvuru olmasi durumunda
onceliklendirme degerlendirmesi yapilir. Basarili bagvurular, proje onayi, ve diger
gerekli belgeler icin bir zaman ¢izelgesi iceren bir baglant1 anlagsmasi imzalamaya
davet edilir. Baglanti anlagsmasi imzalandiktan sonra iiretim tesisinin isletmeye

alinmasi ve belirlenen kriterleri karsilamas1 gerekmektedir.

Lisanssiz elektrik ireticilerinin, Urettikleri elektrigi kendi tiiketimleri igin
kullanmalar1 tegvik edilmektedir. Ancak ihtiyac fazlasi elektrik belli kosullar altinda

gorevli tedarik sirketine satilabilmektedir. 5346 sayili Yenilenebilir Enerji
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Kaynaklarmin Elektrik Enerjisi Uretimi Amach Kullanimma Iliskin Kanun
kapsaminda EPDK tarafindan TL kurus/kWh olarak ilan edilen kendi abone grubuna
ait perakende tek zamanli aktif enerji bedeline esdeger fiyatla ihtiyag¢ fazlasi elektrige
on yi1l slireyle satin alma garantisi saglanmaktadir. 2022 yilinda yapilan degisiklikler,
ozellikle de 11098 sayili EPDK Kurul Karari, lisanssiz ihtiya¢ fazlasi iiretilen
elektrigin satigina sinirlamalar getirmistir. Bu degisiklik, 12 Mayis 2019 tarihinden
sonra ¢agri mektubu alan lisanssiz elektrik liretim tesislerinde tiiketim fazlasi tiretilen
elektrigin satisim1  yillik tiiketim miktar1 ile smnirlandirmakta ve bu miktarin
tizerindeki elektrigin YEKDEM’e bedelsiz katki olarak verilmesini 6ngdrmektedir.
Bu degisikliklerin amaci lisanssiz elektrik {iretim modelinin suistimal edilmesinin
Oniline gecmek ve 0z tiikketim amacint muhafaza etmektir. Ancak son yillarda ihtiyag
fazlas1 elektrigin satis1 lisanssiz yenilenebilir enerji projeleri i¢in bir finansman
kaynagi haline gelmistir ve bu sekilde finansman kullanan yatirimcilar igin
magduriyet yaratmistir. S6z konusu degisikliklerin, hukuki ongoriilebilirlik riski
yaratmasi ve proje fizibilitesi iizerindeki potansiyel etkileri nedeniyle yenilenebilir

enerji yatirnmlarinda caydirici bir etki yaratabilecektir.

Bu c¢aligmada Tiirkiye’nin 81 ilinden 2015-2021 yillar1 arasindaki veriler incelenerek
567 gozlem elde edilmistir. Analize konu verilerin azlig1 sebebiyle veri seti yedi yilla
stnirlidir. Lisanssiz elektrik {iretim modelinin Tiirkiye’de 2015 yilindan sonra
yayginlagmasi, Enerji Piyasast Diizenleme Kurumu'nun (EPDK) yillik raporlarinda
2015’ten once ilgili verinin bulunmamasini agiklamaktadir. Bu calisma, lisanssiz
ihtiya¢ fazlasi elektrik {iretiminin (LEEG) ekonomik biiylime iizerindeki etkisini,
toplam ihracat, motorlu tasit sayisi ve toplam elektrik tiiketimi kontrolleri ile

arastirmaktadir.

Calismada asagidaki degiskenler kullanilmaktadir:
+ Kisi basina diisen GSYIH (GDP): TUIK’den alinan, ABD dolar1 cinsinden
Ol¢iilen bagimli degisken.
* Lisanssiz ihtiya¢ fazlast elektrik iiretimi (LEEG): EPDK’nin yillik
raporlarindan elde edilen, MWh cinsinden 6lg¢iilen birincil bagimsiz degisken.
+ Toplam Ihracat (EXP): Tiirkiye Ihracatcilar Meclisi'nden alman, ABD dolar

cinsinden dlgiilen kontrol degiskeni
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+  Motorlu Tasit Sayis1 (OTOBIN): Bin kisi basina 6l¢iilen ve TUIK ’den alinan
bir diger kontrol degiskeni

» Toplam Elektrik Tiiketimi (EC): Yine TUIK'ten alinan ve MWh cinsinden
Olctilen bir diger kontrol degiskeni

Olgeklendirmede ve normal dagilimda tutarliligi saglamak icin tiim degiskenler log

doniisiimiine tabi tutulmustur.

Calismanin temel amaci, Tirkiye’de lisanssiz ihtiya¢ fazlasi elektrik iiretimi ile
ekonomik biiylime arasinda istatistiksel olarak anlamli bir iliski olup olmadigini
tespit etmektir. Hipotez pozitif bir iligkinin varligin1 6ne siirmektedir ve artan ihtiyag
fazlas1 lisanssiz elektrik {iretiminin yenilenebilir enerji sektdriindeki yatirimci
tesvikleri tarafindan yonlendirilen ekonomik biiylimeye yol actig1 diisiiniilmektedir.
Ayrica lisanssiz elektrik {iretiminin yenilenebilir kaynaklardan geldigi géz Oniine
alindiginda, calisma ayni1 zamanda bu katkinin cevresel siirdiiriilebilirligini de

arastirmaktadir.

Calismada asagidaki denkleme sahip bir dinamik panel veri modeli kullanilmaktadir:

LOGGDP;, = By + p1LOGGDP;,_, + B,LOGLEE;, + BsLOGEXP;,
+ B, LOGOTOBIN;, + BsLOGEC;; + u;,

Burada B tahmin edilen degiskenlerin katsayilarini, 1 her paneli, t her zaman serisini,
u;.ise hata terimini temsil etmektedir. LOGGDP;;_, ise bagiml degiskenin gecikmeli

degerini temsil etmektedir.

Model giivenilirligini teyit etmek i¢in bagimsiz degiskenler arasinda ¢oklu baglanti
olup olmadigini incelememiz gerekir. Varyans Biiyiitme Faktorii (VIF), bagimsiz
degiskenler arasindaki ¢coklu baglantinin varligin1 degerlendirmek i¢in kullanilir ve 5
esigi potansiyel sorunlar1 gosterir. Calisma, tiim VIF degerlerini 5’in altinda
oldugunu gostermektedir ve bu da modelimizde bir ¢coklu baglantt sorunu olmadigini
gostermektedir. Asagidaki korelasyon tablosu da degiskenler arasindaki zayif

korelasyon oldugunu gostermektedir.
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LOGOTOBIN
LOGEC
LOGEXP
LOGLEEG

Mean VIF

Degiskenler

)
LOGGDP

(2) LOGLEEG

©)
LOGEXP

(4)
LOGOTOBIN

Q)
LOGEC

Tablo 1. Coklu Baglant1 Testi Sonuglari

@)
LOGGDP

1.000

0.007
(0.8718)

0.039
(0.3498)

-0.087**
(0.0388)

-0.190%**
(0.0000)

@)
LOGLEEG

1.000

0.084**
(0.0460)

0.173%**
(0.0000)

0.076*
(0.0714)

VIF
1.461
1.394
1.043
1.034

1.233

Tablo 2. Korelasyon Tablosu

©)
LOGEXP

1.000

0.196%**
(0.0000)

0.117**
(0.0052)

1VIF
.685
117
.959
967

(4)

LOGOTOBI
N

1.000

0.531%**
(0.0000)

®)
LOGEC

1.000

Degiskenlere iliskin tanimlayici istatistikler asagidaki Tablo 3’te gosterilmektedir.

Calismada her degisken i¢in 567 gozlem yer almaktadir ve bu da dengeli bir panelin

varligina isaret etmektedir. Normalligi degerlendirmek i¢in ¢arpiklik ve basiklik

degerleri incelenmektedir. Carpiklik igin -2 ile +2 ve basiklik i¢in -7 ile +7, kabul

edilebilir araliklardir. Calismamizdaki tiim degiskenler bu araliklar igerisinde yer

almakta olup, bu da giivenilir istatistiksel analiz i¢cin 6nemli bir varsayim olan

normal bir dagilima isaret etmektedir.

75



Tablo 3: Tanimlayic1 Istatistikler

Degiskenler Goz. Ort.  Std. Sap. Min. Max. Carpikhk Basikhik
LOGGDP 567 8.873 0.346 7.975 9.824 0.049 3.044
LOGLEEG 567 8.319 4.079 0.095 13.883 -0.933 2.706
LOGEXP 567 11.991 2.474 1.97 18.303 -0.471 3.885
LOGOTOBIN 567 4.592 0.772 1.946 5.67 -1.504 4.488
LOGEC 567 14.159 1.228 11.332  17.542 0.237 2.795

Calismamiz, dinamik veri analizi i¢in dinamik bir panel veri tahmincisi olan
Genellestirilmis Momentler Yontemi’ni (GMM) kullanmaktadir. GMM, beklenen
degerlerin gercek parametre degerlerinde sifir olmasini saglamak i¢in hem model
parametrelerinden hem de verilerden tiiretilen moment kosullarina dayanmaktadir.
Bu yontem yar1 parametriktir, kat1 dagilim varsayimlar1 yerine moment kosullarina
dayanir, saglam ve esnek parametre tahminleri sunar. GMM tahmincisi ilk olarak
Hansen (1982) tarafindan ortaya atilmis ve Hansen ve Singleton (1982) tarafindan
gelistirilmistir. I¢sellik problemine karsi saglamligl, ihmal edilen degisken yanlihigi,
gbzlemlenmeyen panel heterojenligi ve 6l¢clim hatalar1 nedeniyle yatay kesit ve panel

tahmininde popiiler bir se¢cim haline gelmistir.

GMM ayrica Ozellikle genis kesitli ve daha kiigiik zaman araligina sahip dinamik
panel modelleri i¢in uygundur. Roodman’a (2009) gére GMM'nin uygulanabilecegi
temel senaryolar su sekildedir:

+ Kiigiik T’ye (zaman araligi) ve biiyiik N’ye (kesit veya grup sayisi) sahip

dinamik panel modelleri.

* Degiskenler arasindaki dogrusal fonksiyonel iliskiler.

* Gecmisteki olaylardan etkilenen dinamik bagimli degiskenler.

* Gecmis ve mevcut hata terimleriyle iliskili endojen bagimsiz degiskenler.

* Paneller icinde degisen varyans ve otokorelasyon.

Kesit sayisinin (N = 81) zaman birimi sayisin1 (T = 7) asti§1 gbz Oniine alindiginda,
GMM, GSYIHnin dinamik dogasmi ele almak ve defisen varyans ve seri

korelasyona yatkin verilerdeki bozukluklar1 yonetmek i¢in seg¢ilmistir.
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Iki tir GMM tahmincisi vardir: Fark GMM ve Sistem GMM. Aralarinda karar
vermek i¢in Bond ve Hoeffler (2001), birlestirilmis OLS ve En Kiiciik Kareler Kukla
Degiskeni (LSDV) yaklasimini kullanarak baslangic dinamik modelinin tahmin
edilmesini 6nerir. Fark GMM tahmininin, sabit etkiler tahminiyle ayn1 hizada olmasi
veya bu tahminin altina diismesi durumunda, zayif enstriimantasyondan dolay1 asagi
yonlii egilimi gosterirse, Sistem GMM tahmincisi tercih edilir. Ek olarak, bagimli
degisken kalicilik gosterdiginde veya neredeyse rassal yiiriiylis izlediginde, Fark
GMM tarafli ve verimsiz tahminler tiretebilir, bu da Sistem GMM’i daha iyi bir
secim haline getirir. Fark GMM, tiim regresorlerin farkini alarak sabit etkileri
ortadan kaldirir, ancak dengesiz panellerdeki tutarsizliklar artirabilir. Bu dezavantaj,
zaman araliklar sinirli oldugunda ve bagimhi degisken yiiksek kalicilik gosterdiginde
orneklem yanliligina yol agabilir. Bu arastirma, bu sorunlar1 ¢6zmek i¢in Sistem

GMM yaklagimini benimser.

Arellano & Bover (1995) ve Blundell & Bond (1998) tarafindan da ifade edildigi
tizere Sistem GMM, daha etkili tahminler sunar ve daha genis bir arag seti kullanir.
Iki denklemden olusan bir sistem yaratir: biri ara¢ olarak birinci farklar1 olan
seviyelerde, digeri ara¢ olarak seviyeleri olan birinci farki alinmis formdadir. Bu
yapi, degisken varyans ve seri korelasyonu etkili bir sekilde ele alir. Sistem GMM,
bir degiskenin gelecekteki mevcut tiim gozlemlerinin ortalamasini ¢ikararak veri
kaybini en aza indiren ortogonal sapmalar1 kullanir. Bu yaklasim o6zellikle zaman
periyodlarinin sayist sinirli oldugunda ve bagimli degisken yiiksek diizeyde kalicilik

gosterdiginde avantajlidir.

Araglarin gecerliligini degerlendirmek ve otokorelasyonu veya seri korelasyonu
tespit etmek icin cesitli tan1 testleri kullanilir. Hansen testi ara¢ gegerliligini kontrol
ederken, Arellano-Bond testi, birinci fark hatalar1 i¢indeki otokorelasyonu inceler.
0,05'1 asan bir p degeri, otokorelasyonun olmadigin1 gosterir; bu da dogru moment

kosullarina ve seri olarak iliskisiz hata terimlerine isaret eder.

Calismamizda tiim degiskenler i¢in duraganlik kontrolii amaciyla IPS ve ADF panel
birim kok testleri kullanilmistir. Tablo 4, tiim degiskenlerin I(0) diizeyinde duragan
oldugunu ve tiim olasilik degerlerinin 0,05 esiginin altinda oldugunu gdsteren

sonuclar1 sunmaktadir.
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Tablo 4. Birim K6k Testi Sonuclari

ADF IPS ADF IPS
Trend Olmadan Trend

t-stat Prob t-stat Prob t-stat Prob t-stat Prob
LOGGDP Level -16.393 0.000 -28.10 | 0.000 | Level -8.713 0.000 -11 0.000
LOGLEEG Level -39.998 0.000 21 0.000 | Level | -21.724 | 0.000 -3.8 0.000
LOGEXP Level -3.047 0.001 -18.99 0.000 Level 5.066 0.000 -51.02 | 0.000
LOGOTOBIN Level -2.991 0.001 -34.42 | 0.000 Level -68.78 0.000 -4.7 0.000
LOGEC Level -0.53 0.000 -10.65 0.000 Level -2.165 0.015 -1.1 0.000

Duraganlik teyit edildikten sonra sistem GMM tahmincisi ile bagimsiz degiskenlerin

katsayilar1 tahmin edilmistir.Tablo 5, GMM analizinin sonuglarini gostermektedir.

Tablo 5. GMM Analiz Sonuglar1

Bagimh Degisken:
LOGGDP
0.927***
LOGGDP(-1) (333.15)
0.0004***
LOGLEEG (2.74)
0.002***
LOGEXP (5.44)
-0.008***
LOGOTOBIN (-3.95)
0.004**
LOGEC (2.16)
0.577***
cons (20.16)
Gozlemler 486
F-test 7110000.00
0.041
AR(1)
AR(2) 0.09
0.179
Hansen Test
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AR(1) %S5 diizeyinde istatistiksel olarak anlamlidir, AR(2) ise anlamli degildir, bu da
2 adiml Sistem GMM modelinde otokorelasyonun olmadigint gosterir. Gecikmeli
bagimli degiskenin anlamli katsayis1 (LOGGDP(-1) 0,927), onceki degerine bagh
olarak GSYIH'deki %93'liik degisimi aciklamaktadir.

Bagimsiz degiskenlere iliskin sonuglar sunlar1 gostermektedir:

LOGLEEG (Lisanssiz Ihtiya¢ Fazlas1 Elektrik Uretimi): LOGGDP iizerinde

istatistiksel olarak pozitif ve anlamlidir; LOGLEEG'deki %]1’lik artis,

LOGGDP’de 9%0,0004'ik bir artisa yol agmaktadir. Bu durum, lisanssiz

ihtiya¢ fazlasi elektrik tiretiminin ekonomik biiyiimeye katkida bulundugu

hipotezini desteklemektedir.

+ LOGEXP (ihracat): LOGEXP’deki %I1’lik bir artis, LOGGDP’deki
%0,002’lik bir artisa sebep olmaktadir ve bu durum ihracat ile ekonomik
biliylime arasindaki pozitif ve anlaml iliskiyi dogrulamaktadir.

* LOGEC (Enerji Tiiketimi): LOGEC’deki 1 birimlik bir artis, LOGGDP’de
0,004 birimlik bir artiga karsilik gelmektedir ve enerji tikketiminin GSYIH
biiylimesini yonlendirdigi biiylime hipoteziyle uyumludur.

* LOGOTOBIN (Ara¢ Sahipligi): LOGOTOBIN’deki %]1’lik bir artis,

LOGGDP’de 9%0,008’lik bir diisiise sebep olmaktadir; ve bu durum mevcut

literatiirle tutarli olmayan bir bulgudur.

Bu calismanin temel amaci Tiirkiye’de lisanssiz ihtiyag fazlasi elektrik iiretiminin
ekonomik biiylime tizerindeki etkisini incelemektir. 2015 ile 2021 yillar1 arasindaki
81 il verisini ve 2 adimli Sistem GMM dinamik panel teknigini kullanan analiz,
lisanssi1z ihtiya¢ fazlasi elektrik {iretimi ile kisi basma diisen GSYIH arasinda
istatistiksel olarak pozitif ve anlamli bir iliskinin mevcut oldugunu ortaya
koymaktadir. Bu durum lisanssiz ihtiya¢ fazlasi elektrik iiretiminin ekonomik
bliylimeye katki saglayabilecegini gostermektedir. Ancak lisanssiz ihtiya¢ fazlasi
elektrigin satigina iligkin olarak Agustos 2022 tarihinde getirilen kisitlamalar bu
olumlu etkiyi engelleme potansiyeline sahiptir. Bu kisitlamalar sebeke giivenligini
saglamay1r amaglamaktadir ancak yenilenebilir enerji projelerinin gelistirilmesine

mani olabilir, bu projelerin mali siirdiiriilebilirliklerini azaltabilir ve potansiyel olarak
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Tiirkiye’de yenilenebilir enerjinin hedeflenen diizeyde ilerlemesini engelleyebilir.
Ihtiyag fazlasi elektrigin satisi, tarihsel olarak yenilenebilir enerji yatirimlari igin
mali bir tesvik saglamistir ve bunun sinirlandirilmasi, daginik enerji iiretiminin

yayginlagsmasini yavaslatabilir.

Kisitlamalara ragmen, lisanssiz elektrik iiretimi, is yaratma, teknolojik ilerleme ve
enerji giivenligini artirmadaki rolii nedeniyle 6nemini korumaya devam etmektedir.
Karbon emisyonlarinin azaltilmasi gibi ¢evresel faydalara olan katkisi, onemini daha

da vurgulamaktadir.

Gelecekteki aragtirmalar spesifik olarak 2022 yilinda getirilen kisitlamalarinin
etkilerini aragtirmalidir; ancak mevcut durumda veri sinirlamalar1 bu ¢alismada bu
analizlerin yapilmasini engellemistir. Politika yapicilar, sebeke giivenligi endiselerini
yenilenebilir enerjiyi desteklemeye yonelik tesviklerle dengelemeli ve daha

stirdiiriilebilir bir enerji gelecegine sorunsuz bir gegis saglamalidir.
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