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ABSTRACT

THE FACTORS LEADING TO A SURGE IN ELECTRIC VEHICLE SALES: A
PANEL DATA ANALYSIS FOR OECD COUNTRIES

YAMANER, Ozgiir Cagatay
M.S., The Department of Economics
Supervisor: Assoc. Prof. Dr. Pimar DERIN GURE

July 2024, 55 pages

This thesis aims to scrutinize the determinants of Electric Vehicle (EV) sales
incorporating socioeconomic and other factors through a panel data analysis covering
23 OECD countries over the period from 2010 to 2022. After using panel data
analysis for the Fixed Effects model, we extend our study through a one-step
difference Generalized Method of Moments (GMM) and system GMM techniques to
analyze the data under the possibility of the presence of endogeneity. We show that
the first lag of EV sales, the number of charging stations from the previous year,
GDP per capita and years of schooling have positive and significant effects on EV
sales based on difference GMM estimation. The findings indicate that years of
schooling is the most influential factor in the adoption of EVs. It is also revealed that
the other variables have no statistically significant effect on EV sales including oil

prices, unlike the studies that cover a shorter period of time.

Keywords: Electric Vehicles, Crude Oil Price, Socioeconomic Factors, Panel Data,
GMM
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ELEKTRIKLI ARAC SATISLARININ ARTMASINA YOL ACAN FAKTORLER:
OECD ULKELERI ICIN BIR PANEL VERI ANALiZi

YAMANER, Ozgiir Cagatay
Yiiksek Lisans, Tktisat Bolimii

Tez Yéneticisi: Dog. Dr. Pinar DERIN GURE

Temmuz 2024, 55 sayfa

Bu tez sosyoekonomik ve diger faktorlerin elektrikli ara¢ satislari iizerine olan
etkisini 2010-2022 yillar1 arasinda 23 OECD iilkesi i¢in panel veri analizi
uygulayarak incelemeyi amaglamaktadir. Panel veri analizini sabit etkiler modeli i¢in
uyguladiktan sonra, arastirmamizi endojenite ihtimali altinda inceleyebilmek icin tek
adimli fark GMM ve sistem GMM teknikleri ile genisletiyoruz. Fark GMM
tahminine gore, elektrikli arag satiglarimin ilk gecikmeli degiskeninin, sarj
istasyonlart sayisinin ilk gecikmeli degiskeninin, kisi basina diisen gayrisafi yurtigi
hasilanin (GSYIH) ve okul yillar1 degiskeninin elektrikli arag satislari iizerine olumlu
ve anlamli bir etkiye sahip oldugunu gérmekteyiz. Sonuglar gosteriyor ki bu faktorler
arasinda elektrikli araca sahip olmada en yliksek etkiye sahip degisken okul
yiullaridir. Daha dar bir zaman araligin1 kapsayan ge¢mis ¢aligmalarin aksine, petrol
fiyatlar1 da dahil diger degiskenlerin elektrikli ara¢ satislari lizerine istatistiki olarak

anlamli bir etkiye sahip olmadiklar agiklanmaktadir.

Anahtar Kelimeler: Elektrikli Araglar, Ham Petrol Fiyati, Sosyoekonomik
Faktorler, Panel Veri, GMM
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CHAPTER 1

INTRODUCTION

The rising prominence of electric vehicles (EVs) is driven by their ability to boost
energy efficiency and curb local air pollution, offering a compelling alternative to
conventional internal combustion engine vehicles (ICEVs). EVs are pivotal in the
ongoing efforts to reduce carbon dioxide (CO;) emissions and enhance sustainability
in the transportation industry. The emissions savings from an EV vary between 28%
when compared to a luxury diesel vehicle and 42% when compared to a small petrol
vehicle over its average service life of 13 years as long as governments pursue their
current policies that aim to cut greenhouse gases (GHGs) substantially (Wietschel et
al., 2019). Even future EVs are projected to have an impact on climate change lower
than those of today’s EVs with the help of technological improvements in the fields
of charging electricity, refurbished battery life cycle and recycling (Cox et al., 2018;
Koroma et al., 2022).

The European Commission is trying to reach its aim of mitigating GHG emissions by
55% relative to levels observed in 1990 in liaison with the Paris Agreement setting
the objective of restricting global warming to 1.5°C (Fetting, 2020). The aspects
mentioned above of EVs highlight their importance in meeting global targets on
condition that problems regarding electricity generation and battery production are
solved. Therefore, studies on EVs have been drawing more attention amid rising
global concerns about carbon emissions, which brings about our research motivation
on EVs.

This study primarily seeks to explore the impacts of selected factors on the demand
for EVs. Especially, it is questioned whether oil price has an impact on EVs or not. It
is assumed that oil prices could be a greater financial incentive for the adoption of

EVs inasmuch as policies are trying to switch consumer preferences from ICEVs to
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EVs. We should note that in this study the definition of EVs encompasses both
battery electric vehicles (BEVs) and plug-in hybrid electric vehicles (PHEVS);
therefore, the share of PHEVs using both electricity and gas may impede us from
inferring such a relationship. Nevertheless, we find it worthwhile to investigate the

presence of crude oil prices affecting EV sales.

In this thesis, we use 23 OECD countries’ data on EV sales and its potential
determinants. This study differs from previous literature in terms of the time span
(includes a longer time horizon from 2010 to 2022 compared to other studies). We
also do our estimation using static as well as dynamic estimation methods. The

results also tend to differ slightly compared to the previous literature.

In Chapter 2 of this thesis, we give a historical background of EVs starting from the
second half of the 19™ century. In Chapter 3, we provide information on the
relatively new literature on EVs. We go on to present our data set and model in
Chapter 4 along with giving empirical findings. In Chapter 5. we summarize the
outcomes of econometric analyses as a conclusion of the thesis and provide practical
recommendations for policy makers and future works based on these findings.



CHAPTER 2

HISTORICAL BACKGROUND OF ELECTRIC VEHICLES

2.1. The Early Growth and Subsequent Decline of the EVs

Electric vehicles have gained much importance in recent years in an attempt to
combat carbon emissions. In fact, the history of EVs begins with the advent of lead-
acid batteries around the latter half of the 1800s. French physicist Gaston Plante
invented the lead-acid battery in 1859, marking it as the pioneering rechargeable
battery. Although the first crude electric vehicle was developed by Robert Anderson
in around 1832, it was not practical. With the invention of lead-acid batteries, EVs
became more practical since they enable better storage capacity. In the late 1800s,
several attempts in the manufacturing of EVs appeared. In 1881, Gustave Trouvé
showcased an electric-motor-powered tricycle at the International Electricity
Exhibition in Paris. The Flocken Elektrowagen, invented by the entrepreneur
Andreas Flocken, is considered the first electric car and made its debut in Germany
in 1888. In the United States, around 1890, William Morrison introduced the first
successful electric car. In 1897, Walter Bersey introduced London's first self-

propelled electric taxis for hire, marking a significant innovation in transportation.

During the latter part of the 19" century and the early 20™ century, EV gained so
much popularity because of its advantages over its rivals. Most importantly, they
were easy to drive whereas gasoline-powered cars required gear changes.
Furthermore, they ran quietly and did not make noises. Electricity also became

widespread so recharging them was convenient.

Many factors contributed to the decline of EVs in the 1920s. Firstly, Henry Ford’s
launch of mass production for ICEVs resulted in their widespread availability and

affordability for the public. In 1908, he introduced the Model T, making gasoline-
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powered cars accessible to a wide range of people. In 1912, the price for a gasoline
car was just $650, whereas an electric roadster was priced at a higher price of $1,750.
(Matulka, 2014). Also, the early 20th century witnessed the discovery of Texas
petroleum reserves. Texas oil boom dramatically reduced the price of oil. Gas
stations were proliferated together with the installation of a wide range of road
systems in the US. Besides, electricity was still largely confined to urban areas and
not yet widely accessible beyond city centres, which made longer trips difficult by
EVs. All in all, consumer preferences switched from EVs to ICEVs; as a result, EVs

had largely disappeared by 1935.

2.2. The Resurgence of Electric Vehicles

Boeing and General Motors (GM)’ subsidiary Delco Electronics contracted by
National Aeronautics and Space Administration (NASA) built the Lunar Roving
Vehicle for the Apollo 15 mission, and they chose electric power due to the moon's
lack of atmosphere. The LRV, affectionately known as the “Moon buggy”, sported
individual DC drive motors in each wheel, powered by a pair of 36-volt silver-zinc
potassium hydroxide non-rechargeable batteries. The electric propulsion system
developed by GM also drove several land-based electric vehicles, including the
Electrovair I and Electrovair II, as well as the distinction of being the world’s

inaugural fuel cell vehicle known as the Electrovan.

On October 6, 1973, the Arab-Israeli war broke out. Seeking to exert influence on
Western countries and enforce Israel’s withdrawal from occupied lands, Arab
countries of OPEC (Organization of the Petroleum Exporting Countries) started
significant reductions in oil production (Hammes and Wills, 2005). Following
OPEC's oil embargo in 1973, which led to a quadrupling of per-barrel prices to $12

overnight, electric cars began to appear as a more attractive alternative.

Moreover, in the 1970s, British chemist M. Stanley Whittingham achieved a
milestone by developing the initial rechargeable lithium-ion batteries. These
breakthrough advancements revived the interest in EVs once again. Together with

environmental concerns, the early 1990s witnessed a wide range of EVs made by
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different brands. GM’s EV1 with its 80-mile range and acceleration from 0 to 50
miles per hour in just seven seconds was one of the most popular electric cars.
Nissan Altra produced by Nissan Motors in 1998 was the first electric car to use
lithium-ion battery. The Toyota Prius became historically significant as the first

hybrid electric vehicle to be produced on a large scale.

The 2010s have been the heyday of EVs’ history. Tesla Roadster, which was
produced by Tesla Motors in 2008, paved the way for dramatic shifts from gasoline
cars to electric cars. In the same year, Chinese manufacturing company BYD
debuted its inaugural plug-in hybrid vehicle, the F3DM, on December 15. This first
series of production PHEYV is said to offer a 100-kilometre (62-mile) range on battery
power, followed by an extra 300 kilometres (267 miles) using its conventional 1.0-
litre petrol engine (Wang and Kimble, 2010). PHEVs employ batteries for electric
motor propulsion and a secondary fuel, like gasoline or diesel, for powering an
internal combustion engine or alternative propulsion mechanism. Subsequently, the
series production of Chevrolet Volt as a PHEV was delivered to customers in the
early 2010s. Also, in the US and Japan markets, the Nissan Leaf was available for
battery electric vehicle in 2010.

2.3. Current Trends in Electric Vehicle Adoption

Since the 2010s, the number of models has been immensely increasing and the
product range has been widened. In 2022, electric car sales surpassed 10 million
(14% of total new car sales) with the following distinction among the three biggest
markets: China 60%, Europe 15%, and the USA 8% as shown in Figure 1 (IEA,
2023). Electric vehicle sales continued to thrive in 2023, surpassing the figures from
2022 by roughly 35% year-on-year, achieving a total of nearly 14 million units sold
(IEA, 2024).

It is also possible to see original equipment manufacturer (OEM) rankings in 2023 in
Table 1. As can be seen, global electric vehicle sales are predominantly led by
Chinese automaker BYD and American Tesla. Also, the availability of EV models

has dramatically improved.
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Figure 1. Electric car sales, 2016-2023
Source: |IEA (2023)

Table 1. Global EV Sales By OEM for 2023

%(y-o-
Rank OEM 2023 y)
1 BYD 3,012,070 | 22.0%
2 Tesla 1,808,652 | 13.2%
Volkswagen
3 Group 994,403 7.3%
4 Geely-Volvo 925,111 6.8%
5 SAIC 791,521 5.8%
Total 13,689,291

Source: CleanTechnica, 2023

This incessant growth leads us to take a more optimistic view of the future of EVs.
As depicted in Figure 2, BEV sales in Europe are expected to prevail over internal
combustion engine vehicles in 2025. There are miscellaneous underlying reasons for

this soaring interest in EVs, which comprises the nucleus of this study.

Internal-combustion
engine vehicles
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Battery-electric suaantt EE ST
e _—— e
0 e
T T T T T T T
030

2018 2020 2022 024 2026 2028

Figure 2. The share of BEV Sales in Europe
Source: Reuters by Sumanta Sen (2023)



Most importantly, EVs offer a solution to reduce CO, and pollutant emissions even
when considering emissions that arise indirectly from generating electricity and
manufacturing batteries. Also, it is anticipated that the costs associated with CO,
mitigation will decline in the future due to technological advancements and the
expanding use of renewables in electricity generation (Weiss et al., 2019). In 2015,
in an effort to mitigate the adverse effects of global warming, Paris Agreement came
into being. Besides, during COP21, The Paris Declaration on Electro-Mobility and
Climate Change & Call to Action was announced. According to this declaration,
achieving the objective of restricting the rise in global temperatures to below 2
degrees Celsius necessitates altering the trajectory of transportation emissions, as a
result, it is required that at least 35% of all road transport vehicles worldwide will be
electrically driven by 2030 to meet the targets. The adoption of electric cars is
projected to result in the avoidance of emissions equivalent to around 700 million
metric tons of CO, in 2030 (IEA, 2023).

The global energy-related GHG emissions from the transportation sector, amounting
to nearly one-quarter (24 per cent), are increasing at a faster pace compared to any
other energy end-use sector (Ritchie, 2020). Therefore, a rapid transition from fossil
fuels to electricity and low-emission fuels is needed, which highlights the importance
of EVs. McLaren et al. (2016) also showed that promoting the expansion of
renewable energy sources, coupled with the increase in workplace charging facilities,
can play a pivotal role in reducing emissions associated with EVs.

Additionally, the driving range of EVs has constantly increased, as shown in Figure
3, which assists customers in transitioning from ICEVs to EVs. Kim et al. (2017)
point out that range significantly influences the market share of electric vehicles,
making it one of their key characteristics. In 2023, the average driving range of EVs
is 377 km, which is still a shorter distance than what many gasoline-powered cars
can achieve on a full tank (ev-database.org/2023). According to the survey
conducted by EY in 2022, one-third of new car buyers identified range anxiety as
their primary concern when considering the purchase of electric vehicles (Samant et
al., 2022). It seems to remain one of the great inhibitors for adopting EVs in the near

future.



Average driving range of electric vehicles worldwide between 2017 and 2021, by type
(in kilometers)

Average range in kilometers

2017 2018 2019 2020 2021

== BEV =e= PHEV

Figure 3. Average driving range of EVs between 2017 and 2021
Source: Statista (2024)



CHAPTER 3

LITERATURE REVIEW

As we discussed in Section 2, the origin of EVs dates back to the 1850s. However,
there has been a surge in interest in EVs recently. Figure 4 shows us the frequency
which people search for ‘Electric Vehicle” on Google, as reported by Google Trends.
Especially after the second half of 2020, an increasing number of people began to
consider having one of them. One of the underlying reasons for this change is that
despite reducing the volume of EV sales at the beginning, the Covid-19 pandemic
has the effect of spurring the demand for EVs (Wen et al., 2021). After it reached its
peak at the beginning of 2022, there has been a small reduction in searches as a result
of a number of hikes in interest rates in developed countries corresponding to

swelling inflation rates.
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Figure 4. Interest in EV over time
Source: Google Trends (2024)



Recent interest in EVs has also accelerated academic work on EVs. However, in
early studies, researchers took the topic at hand by using the data for hybrid vehicles.
We begin to analyse the existing literature by reviewing articles on hybrid vehicles.

Then, we go on to look at the research for EVs. Table 2 summarizes the lists of main

articles that contribute to our study.

Table 2. List of Articles

Article Focus of Study Country Year
Azar, “Electric Cars and Oil Price”, Oil price and interest in )
(2009). EV USA 2004 - 2009
e g | et of st
g get green- - - incentives and gasoline USA 2000 - 2006
consumer adoption of hybrid vehicle rices on hvbrid vehicles
technology”, (2011). P Y
Beresteanu and Li, “Gasoline Prices, The effect of gasoline
Government Support, And The . . )
Demand For Hybrid Vehicles In The g;l%esbe:?éi\tzﬁig;gsntlves UsA 1999 - 2006
United States”, (2011). Y
Australia, Austria, Belgium,
Canada, China, Croatia, the Czech
Sierzchula et al., “The influence of The relationship R_epubllc, Denmark, Estonia,
. L : . . . Finland, France, Greece, Germany,
financial incentives and other socio- | between socioeconomic
- - - Iceland, Ireland, Israel, Italy, Japan, | 2012
economic factors on electric vehicle | factors and EV market
A the Netherlands, New Zealand,
adoption”, (2014). share
Norway, Poland, Portugal,
Slovenia, Spain, Sweden,
Switzerland, Tirkiye, UK, USA
Li et al.,”Impacts of renewables and USA, China, Germany, UK, France,
socioeconomic factors on electric ggcﬁ:g:%ﬁoﬁic factors Canada, Sweden, Norway, Italy, 2010 - 2015
vehicle demands — Panel data on EV demand Spain, Portugal, Japan, South Korea
studies across 14 countries”, (2017). and New Zealand
Belgium, Brazil, Canada, China,
. . Finland, France, Germany, Greece,
Arnob,” Effect of electric vehicle The relatlonsh_lp . India, Italy, Japan, Netherlands,
- s between gasoline prices 2010 - 2019
sales on the price of ail”, (2021). and EV New Zealand, Norway, Poland,
South Korea, Spain, Sweden, UK,
USA
Yan, “The economic and The effect of vehicle
c_anvnro_nmental impacts of tax taxes a_nd purchase 28 European Countries 2012 - 2014
incentives for battery electric subsidies on the
vehicles in Europe”, (2018). adoption of EV
Chandra, “Investigating the impact The influence of policies
of F_)ollues, soc_lo—demography a_nd and incentives, national Canada, China, India, Japan,
national commitments on electric- commitments, and France. Germany. Netherlands 2013 - 2019
vehicle demand: Cross-country socioeconomic Norwa’ UK anc)i/'US A !
study”, (2022). conditions on EV Y
demand
Bushnell et al., “Energy Prices and The effect of gasoline
Electric Vehicle Adoption”, (2022). and electricity priceson | USA 2014 - 2017
EV demand

Research on hybrid vehicle demand can offer insights into the market for electric
vehicles. Gallagher and Muehlegger (2011) analyze the data on hybrid sales, state
incentives, and gasoline prices. The authors classify hybrid vehicles as high fuel
economy and low fuel economy according to their average gas mileage. It is
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discovered that an increase of 10% in gasoline prices leads to an 8.6% increase in the
sales of high fuel-economy hybrid vehicles per person. Additionally, their research
suggests that the cross-price elasticity for low fuel-economy hybrid vehicles is
statistically indistinguishable from zero. We learn from their article that an increase
of $100 in annual fuel savings corresponds to a 13% rise in hybrid vehicle sales.
Similarly, Beresteanu and Li (2011) examine the effect of gasoline prices and federal
tax incentives on hybrid vehicle sales at the Metropolitan Statistical Area (MSA)
level. Their study conclude that both gasoline prices and federal incentives
significantly boost hybrid vehicle sales. Specifically, they note if gasoline prices in
2006 had remained at the 1999 level of $1.53 per gallon, rather than increasing to
$2.60, hybrid vehicles sold in 2006 would have been 37% reduced. In addition,
Diamond (2009) shows even small fluctuations in gasoline prices could result in
dramatic shifts in adopting hybrid vehicles. These articles on hybrid vehicles clearly
point out that there exists a positive and statistically significant relationship between
gasoline prices and hybrid vehicle sales. Therefore, we expect to see a similar result

when we conduct the same analysis for EVs rather than hybrid vehicles.

Sierzchula et al. (2014) analyze EV adoption incorporating several socioeconomic
factors by using the data for 30 countries for the year 2012. In the econometric
model, there are the following variables: EV market share, financial incentives,
urban density, education level, EPI as an environmentalism indicator, fuel price, EV
price, presence of production facilities, per capita vehicles, model availability,
introduction date, charging infrastructure and electricity price. According to the
results, charging infrastructure and financial incentives have significant and positive
coefficients. The charging station has the highest beta values. Fuel price did not
show significance in predicting the market share of EVs. It is important to note again
that the study is cross-sectional using the year 2012 only. Also, there is no greater
variation in fuel prices in those countries. In our study, we examine the selected
countries throughout several years. Besides, oil price data across countries show
some variations in our study. For instance, the crude oil import price for Australia
was 110.7 USD per barrel in 2022 while the USA had 89.7 USD per barrel of oil in
2022. Therefore, we want to retest whether oil prices influence EV sales by

following Sierzchula et al.’s recommendation.
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Li et al. (2017) try to show the relationship between EV demand and socioeconomic
factors for 14 countries for the years between 2010 and 2015. There are seven
socioeconomic factors in the model and these variables are the percentage of
renewables in electricity generation, gasoline price, charger density, education level,
population density, GDP per capita and urbanization. According to the results, all
factors have a positive and significant impact on EV sales except for GDP per capita
and urbanization rate. The authors find that the coefficient of gas price is positive,
which means that higher gasoline price raises EV demand. However, the authors
separate the effect of gasoline prices into BEVs and PHEVs, so the impact of gas
prices on BEVs is larger than PEVs. Likewise, Chandra (2022) also finds a similar
result for the effect of high fuel prices on BEV sales. The authors offer gas taxes as a

policy implication in order to help drivers to switch their preferences to BEVSs.

There are also other studies investigating the relationship between oil prices and EV
demand. Azar (2009) points out that increases in public interest in EVs result in a
negative response to oil prices. He states that variations in the interest levels in
electric vehicles can account for nearly 50% of the price reduction observed during
the latter half of 2008. Arnob (2021) gathers data from 20 countries spanning the
years 2010 to 2019 to see the effect of EV sales on oil prices. According to his
findings, a 0.04% increase in EV sales leads to a 1% decrease in oil prices. Existing
literature clearly demonstrates the importance of gasoline prices in explaining EV
demand. Even, the demand for EVs is more strongly influenced by gasoline prices

than by electricity prices (Bushnell et al., 2022).

In addition, other factors significantly influence the promotion of EV adoption. A
number of tax incentives such as tax exemptions or price subsidies have been
implemented by many countries in an attempt to encourage to switch consumers’
preferences towards EVs. For instance, in Tiirkiye, tax incentives are implemented to
influence consumer preference for electric vehicles. Before 2018, there was no
Motor Vehicle Tax for fully electric cars and after that, only 25% of Motor Vehicle
Tax for ICEVs have been charged for EVs (Giindiiz and Yakar, 2020). Yan (2018)
claims that increasing tax incentives by 10% typically causes the market penetration

of BEVs to rise by approximately 3%.
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The primary contribution of this thesis lies in its more detailed datasets. After
scrutinizing the existing literature, we add selected socioeconomic factors together
with crude oil prices and charging points in an attempt to explain the determinants
influencing EV sales. In addition, the period covers between the years 2010 and
2022, which makes our study important in a way that it fills the gap there is no study
in the literature to cover the post-COVID-19 period. Also, in some countries such as
Tiirkiye, the Paris Agreement entered into force in 2021, which may raise social
awareness for net zero carbon emission later than other OECD countries. Therefore,
it is important to use the estimations to cover the latest time the data is available to
broaden our understanding of the factors influencing EVs.
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CHAPTER 4

DATA SET AND MODEL

4.1. Data Set

The study relies on the data collected from 23 OECD countries. The countries are
Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece,
Italy, Japan, Netherlands, New Zealand, Norway, Poland, Portugal, South Korea,
Spain, Sweden, Switzerland, Tiirkiye, United Kingdom, United States for the time
period between 2010 to 2022. The study is based on these selected countries as a
result of the availability of the data set for EV sales and the number of charging
stations. Also, the countries are selected among OECD countries since they have

similar economic characteristics, which decreases the level of heterogeneity.

The dependent variable is electric vehicle sales, which encompasses the number of
both BEV and PHEV sales. EV sales data is set per 100,000 people. The main
independent variable is crude oil price. The other independent variables are EPI
(environmental performance index), charging stations (per 100,000 people),
renewables (% of renewables in electricity generation), GDP per capita, years of
schooling and urbanization rate (% of total population). In Table 3, we present the

variables and their sources.

Table 3. Description and Sources of Data Set

Variable Data Source
Number of electrical vehicles per 100 IEA Global EV Data
EV thousand people 2023

CRUDE Crude oil import prices, us dollars/barrel OECD Data
Yale University
EPI Environmental Performance Index (Wolf et al., 2022)
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Table 3. (continued)

Number of charging stations per 100 IEA Global EV Data
CHRG thousand people 2023
Share of renewables in electricity World Energy
RNW generation Balances 2023
GDP GDP per capita, current prices (US$) The World Bank
UNDP, Human
Average number of years adults over 25 Development
YOS years participated in formal education Report 2022
URB Urban population (% of total population) | The World Bank

Importantly, EPI score taking values between 0 and 100 offers a numerical basis for
analyzing and comprehending the environmental performance of countries.
However, EPI is available every two years. Therefore, we use linear interpolation,
estimating a missing value by connecting existing data points in ascending order, to

fill gaps in the missing years.

In Table 4, descriptive statistics can be found. For EV sales per 100 thousand people,
the average is 160.27, with a maximum value of 3186.474 (Norway, 2022) and with
a minimum value of 0.0001347 (Tirkiye, 2011). We cannot observe EV sales data
until 2011 for Australia, until 2011 for Finland, until 2013 for Greece, until 2011 for
Switzerland, and until 2012 for Tiirkiye. In 2022, the USA had the highest number of
EV sales with 990,000 sales, but we can see that Norway was ranked first when we
set the data by 100 thousand people concerning its low population. Also, Norway has
witnessed a rapid increase in EV sales, a trend attributed to the implementation of
generous policies so-called ‘Klimaforliket” promoting their use through such as
exemption from VAT and other taxes (Holtsmark and Skonhoft, 2014). Standard
deviations are similar for most of the variables except for EV sales and GDP per
capita. For Crude Qil Price, EPI, Renewables, GDP Per Capita, Years of Schooling,
and Urbanization, standard deviations are smaller than their mean values, which
implies lesser dispersion in the dataset. However, for EV sales and Charging Points,

standard deviations show greater variations across selected countries.

Table 4. Descriptive Statistics

Variable Obs Mean Std. Dev. Min Max
EV 299 160.27 364.77 0.00 3,186.47
CRUDE 299 77.64 25.18 36.57 117.78
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Table 4. (continued)

EPI 299 71.16 10.47 26.30 90.68
CHRG 299 38.99 80.41 0.00 702.14
RNW 299 39.36 25.68 1.25 99.07
GDP 299 44,695.03 19,484.43 8,612.90 105,825.90
YOS 299 12.10 1.54 7.09 14.13
URB 299 79.84 9.61 57.12 98.15

Table 5 shows the correlation coefficient matrix. The largest cross-correlation is
0.5879 between GDP per capita and years of schooling, which means there is no
linear correlation. It is assumed that we can see a positive correlation between EV
sales and crude oil prices; however, they are negatively correlated. We expected a
positive correlation between them because when there is an increase in oil prices, this

could lead to financial incentives for consumers to switch from ICEVs to EVs.

Table 5. Correlation Coefficient Matrix

EV CRUDE EPI CHRG RNW GDP YOS URB
EV 1.00
CRUDE -0.07 1.00
EPI 0.05 -0.51 1.00
CHRG 0.70 -0.08  0.03 1.00
RNW 0.42 -0.06  0.26 0.23 1.00
GDP 0.41 0.10 0.33 0.35 044 1.00
YOS 0.19 -0.08 0.34 0.18 013 059 1.00
URB 0.14 -0.02  0.09 0.23 -0.16 031 032 1.00

To find out a better understanding, it is drawn time-series graph for each country in
Figure 5. Norway has the highest growth rate in EV sales together with another
Scandinavian nation Sweden. From this graph, we can see that there is no correlation
between EV sales and crude oil prices. Especially for Norway, EV sales per 100,000

people immensely increase whereas gasoline prices stay nearly constant over time.

Table 6. List of Countries

Country ID | Country | Country ID | Country Country ID | Country
1 | Austria 9 | Netherlands 17 | United States
2 | Belgium 10 | Poland 18 | Australia
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Table 6. (continued)

3 | Denmark 11 | Portugal 19 | Japan
4 | Finland 12 | Spain 20 | New Zealand
5 | France 13 | Sweden 21 | Norway
6 | Germany 14 | Switzerland 22 | South Korea
7 | Greece 15 | Turkiye 23 | Canada
United
8 | ltaly 16 | Kingdom
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Figure 5. Time-series graph for each country

4.2. Model

The model is established as follows:

EV;

= fo + B1CRUDE;; + B,EPI;; + B3CHRG; + B4RNW; + BsGDPy + B¢YOS;: + f7URB;;
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log(EVit) = Bo + B1log(CRUDE ) + Bolog(EPI;e) + B3log(CHRG;) + BoRNW;,
+ Bslog(GDPy) + Bslog(YOS;t) + B;URB; + a;
+ Eit (4'2)

where subscription i and t mean i-th country and t-th year, respectively. Log-log
model is formed on account of the exponential growth of EV sales as specified in

equation 4.2. Also, a; denotes time-invariant, i.e. fixed effects.

4.2.1. Empirical Results

The methodology used in this study is panel data analysis, which involves a
combination of cross-sectional and time series data. Firstly, Fixed Effect (FE)
estimation is chosen for this study. FE model puts intercept dummies for each cross-
section and estimates the model by Pooled Ordinary Least Squares (POLS)
estimator. To be more precise, FE estimation takes into account the cross-sectional
heterogeneity by differentiating the intercepts for each cross-section. Table 7

summarizes the results of Fixed Effect estimation.

Table 7. Result of Fixed Effect Panel Regression

FE

log. CRUDE -0.41
(0.34)
log CHRG 0.28**
(0.03)

log_EPI 1.10
(0.85)
RNW 0.07**
(0.02)
log GDP 3.75%*
(1.00)

log_YOS 8.79*
(4.92)
URB 0.66**
(0.13)

constant -117.65**

(16.68)

observations 299

R-squared 0.75

F(7,269) 117.30**

Values in parentheses are standard errors. *p<0.10, **p<0.01
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The F-test is useful to check the validity of FE estimation. Our null hypothesis Hy is
dummies are jointly equal to zero and our alternative hypothesis (H,) is at least one
of them is not equal to zero. If all dummies are equal to zero, it means that the model
is the same as POLS. We can see that p-value is less than 0.05 since it is 0.00. So, we
can reject the null hypothesis. Therefore, FE estimation must be preferred to POLS.
As depicted in Table 7, the coefficients of Charging Points, Renewables, GDP per
capita and Urbanization are both positive and significant at 1%. Besides, Years of
Schooling has a positive and significant coefficient at 10%. However, Crude Oil

Price and EPI score have statistically insignificant coefficients in the model.

When charging points per 100,000 people increases by 1%, EV sales per 100,000
people also increases by 0.28%. This result is consistent with our expectancy. People
give great importance to the availability of charging points when they think about the
uptake of EVs. Secondly, 1% increase in the share of renewables in electricity
generation results in EV sales to increase by 0.07%. Countries with more renewables
in their production of electricity tend to have more EV sales. Also, if GDP per capita
increases by 1%, EV sales increase by 3.75%. This aligns with the current body of
research that positing industrialized and developed countries have a larger number of
EV sales. Years of schooling is the most effective variable among other explanatory
variables. We can say that a 1% increase in Years of Schooling results in an 8.79%
increase in EV sales at 10% significance. Lastly, Urbanization and EV sales exhibit a
positive relationship, where a 1% increase in Urbanization corresponds to a 0.66%

increase in EV sales.
4.2.2. Assumption Tests

In panel data analysis, the validity of FE estimations pertains to the fulfilment of
specific assumptions. This section provides assumption tests to check the validity of

our estimation.
4.2.2.1. Hausman Test

First of all, in order to say that FE is appropriate, the validity of FE must be checked
via Hausman test, which is applied to ascertain the suitability of either random

effects (RE) or FE in conformity with Hausman’s computation (Hausman, 1978).
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Table 8. shows the result of Hausman test.

Ho: Both RE and FE estimates are consistent

Hi: RE is not valid

Table 8. Result of Hausman Test

Test Cross-Section Random Effects
Chi-Sq. Chi-Sq.
Test Summary Statistic d.f. Prob
Cross-section
random 111.74 7 0.0000

The null hypothesis is rejected since p-value (0.00) is less than 0.05. Therefore, we
can say that Random Effect is not appropriate. Fixed Effect is chosen since Hausman

Test does not support the use of Random Effect.
4.2.2.2. Cross-Sectional Dependence Test

After that, we can check whether there is a cross-sectional dependence problem or
not. Cross-sectional dependence refers to the correlation observed among entities
within the same cross-sectional group. In order to test cross-sectional dependence,
Pesaran test is used because it is useful when time period (T) is small and the number
of units (N) is large (Baltagi, 2005). For this study, time period is 13 and the number
of units is 23 (N>T).

In his article, Pesaran (2004) posits that

N
pij)
j=i+1

N-1
2T
CD = \/—N(N -y (;

Where

ST dit 4jt

1
(T, 2,0) Yo(ST, a2) 72

pPij = Pji =
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pij is the estimated correlation between the residuals in the sample. Under the null
hypothesis, Pesaran test says that there is cross-sectional independence and CD
statistic has normal distribution when N goes to infinity and T is large (De Hoyos
and Sarafidis, 2006). Table 9 depicts the result of Pesaran CD test statistic and its
probability.

Ho: There is no cross-sectional dependence

Hi: Hp does not hold

Table 9. Result of Pesaran’s CD Test

Variable | CD test | p-value | corr | abs(corr)

resid_fe 3.31 0.001 | 0.058 0.383

According to the result, the test statistics is 3.310 and p-value is 0.001. Since p-value
is less than 0.05, we reject the null hypothesis. As a result, there is a CD problem in

FE specification.

4.2.2.3. Autocorrelation Test

In addition, we should check whether there is an autocorrelation problem or not.
Autocorrelation in panel data sets results in biased and less efficient estimates. In
order to test it, we resort to Wooldridge Autocorrelation Test because of its
robustness. Wooldridge takes the first differences of regression and obtains residuals
from the regression in first differences (Wooldridge, 2002; Drukker, 2003).

Vie = @+ Xitff1+ZiB2 + €it ie{1,2,..,N}tef{1,2,..,Ti}
Yie—Yie-1 = Xie— Xie—1)B1 + it — Eie—1
Ay;e = AXieBr + Agyy
Wooldridge asserts ¢;; are not correlated.

Ho: There is no serial correlation in panel data

Hi: Hy does not hold
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Table 10. Result of Wooldridge Autocorrelation Test

Test
statistics Prob.
6.373 0.0193

We can reject Hy since the p-value is 0.0193, which is less than 0.05. As a result,

there is an autocorrelation problem in the panel regression.

4.2.2.4. Heteroskedasticity Test

Heteroskedasticity arises when the variability of the errors differs among
observations, meaning the variance is not constant across them. Hypotheses for the
heteroskedasticity test are as follows:

Ho: Homoskedasticity (constant variances)

H;: Heteroskedasticity (varying variances)

It is used Modified Wald Test for heteroskedasticity in FE regression model. The
Modified Wald statistic is calculated as follows (Baum, 2001):

al-z =g? fori=12, e, Ny where Ny is the number of cross — sectional units

T;
~2 __ -1 2
G =T; § e
t=1

Ty
_ _ ~ 2
V=T "(T;— 1) IZ(eiZt - 67)
t=1

Then it is defined as:

S+ (92 )
W - Z

: Vi

i=1
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Table 11. Result of Modified Wald Test

Test statistics Prob.

257.960 0.0000

Since p-value is less than 0.05, the null hypothesis can be rejected. According to the

result, there is a heteroskedasticity problem in our model.

4.2.2.5. Robust Hausman Test

It is shown that our panel regression has both cross-sectional dependence and

autocorrelation problems and variances of error terms are heteroskedastic. Therefore,

it is more appropriate to carry out Robust Hausman Test instead of Hausman Test.

Ho: Both the RE and FE estimates are consistent

Hi: RE is not appropriate

Table 12. Result of Robust Hausman Test

Test statistics Prob.

58.56 0.0000

According to the result of Robust Hausman Test in Table 13, the null hypothesis can
be rejected because the p-value is less than 0.05. Similar to Hausman test, Robust

Hausman test also supports the use of Fixed Effect model.

4.2.3. Robust Standard Error Methods

Driscoll and Kraay (1998) estimate consistent standard errors for each coefficient by
POLS and FE. Driscoll-Kraay standard errors are estimated because there are both
CD problem and autocorrelation problem. Driscoll-Kraay standard errors are
designed to handle and remain robust in the presence of CD problem. Firstly,

dependent and explanatory variables are transformed.
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T;

-1
2it =Zit — Z_i - Z where Z_i = Ti_l Z Zit and Z = (Z Tl) ZZZit

t=til i t

Zit € {Yie) Xit }

Then, the transformed regression is estimated by POLS with Driscoll-Kraay standard

errors. Here are the results.

Table 13. Result of Fixed Effect Regression With Driscoll-Kraay St.Err.

FE Drisc/Kraay
log. CRUDE -0.41 -0.41
(0.34) (0.40)
log. CHRG 0.28*** 0.28***
(0.03) (0.05)
log_EPI 1.10 1.10
(0.85) (1.89)
RNW 0.07*** 0.07***
(0.02) (0.01)
log GDP 3.75%** 3.75%**
(1.00) (0.96)
log_YOS 8.79* 8.79**
(4.92) (3.14)
URB 0.66*** 0.66***
(0.13) (0.15)
constant | -117.65*** | -117.65***
(16.68) (24.23)
observations 299 299
R-squared 0.75 0.75
F 117.30*** | 2387.94***

Values in parentheses are standard errors. *p<0.10, **p<0.05, ***p<0.01

When we use Driscoll-Kraay standard errors, the results are similar to FE model
except for years of schooling. At this time, years of schooling has a statistically
significant coefficient on 5% level of significance.

4.2.4. Summary and Inference

According to the results, charging points, renewables, GDP per capita, years of
schooling and urbanization are both positive and statistically significant. We delve

deeper into each variable to clarify the effects of them.
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The relationship between charging points and EV sales is positive as expected. When
charging points per 100,000 people increase by 1%, EV sales per 100,000 people

also increases by 0.28%.

Another significant variable is renewables. There is a positive relationship between
the share of renewables in electricity production and EV sales. When the share of
renewables increases by 1%, EV sales per 100 thousand people increases by 0.07%.

GDP per capita has a positive and significant effect on EV sales. 1% increase in GDP

per capita causes EV sales to increase by 3.75%.

Years of schooling has the largest effect on EV sales. A 1% increase in years of

schooling causes EV sales to increase by 8.79%.

Urbanization rate is another significant dependent variable in our model. When the

urban population increases by 1%, EV sales increases by 0.66%.

We also expected that both crude oil price and EPI factor have positive and
significant effects on EV sales based on existing literature. However, this is not the

case. We find insignificant relationship between EV sales and them.

4.3. Difference and System GMM Estimation

Endogeneity occurs when the correlation between an explanatory variable and a
disturbance term is not zero. Our model includes crude oil import price that can be
influenced by the current state of the socioeconomic and political atmosphere. An
increasing number of studies reveal the price of oil is endogenous instead of
exogenous (Barsky and Kilian, 2001 and 2004; Lin and Li, 2015). As a result, one
might suspect the presence of endogeneity in our model. Endogeneity introduces
such significant bias that we might not correctly determine the sign of the coefficient
(Ketokivi and Mclintosh, 2017).

In addition to endogeneity concerns, we showed in Section 4.2.1.3. and Section

4.2.1.4. that there is an autocorrelation problem and we have heteroskedastic
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variances. Furthermore, our time period is smaller than the number of units (T=13 <
N=23). These conditions prove us to use the generalized method of moments (GMM)
in order to decrease the endogeneity problem and solve such issues (Roodman,
2009).

In dynamic panel regression models, the first lag of the dependent variable is used as
an explanatory variable. Arellano and Bond (1991) designed a consistent GMM
estimator for dynamic panel regression models, which takes into account the lags of
the dependent variable and the first differences of the exogenous variables. Schultz et
al. (2010) find dynamic GMM specification is resilient to all types of endogeneity
when they compare with biased results of POLS and FE models. Similarly, Blundell
et al. (2000) state that both the precision can be significantly enhanced and using
system GMM can help decrease the finite sample bias. According to their results,
OLS generates an upward-biased estimate for the lagged dependent variable, which
makes it inefficient. Therefore, it is used difference GMM method in order to get
efficient estimates based on the pervasive use of it in academic research dealing with
panel data.

Generally, there are two types of GMM: difference GMM and system GMM. After
the introduction of difference GMM method based on Arellano and Bond's (1991)
article, system GMM is designed according to Arellano-Bover/Blundell-Bond
estimation (Arellano and Bover 1995; Blundell and Bond 1998). While the Arellano—
Bond estimation process initiates by converting all regressors through differencing
and employs the GMM, the Arellano—Bover/Blundell-Bond estimator enhances the
Arellano—Bond approach by assuming that the first differences of the instrument
variables are uncorrelated with the fixed effects, which increases efficiency
(Roodman, 2009).

The primary distinction between difference GMM and system GMM is that system
GMM is a more effective estimator because difference GMM can be prone to bias
from weak instruments since system GMM permits the inclusion of more
instruments. Also, system GMM requires one additional assumption that there is no
correlation between instruments and fixed effects. In this study, both techniques are

applied for the purpose of comparing their results.
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4.3.1. Empirical Analysis and Key Findings

Firstly, one-step robust difference GMM method is followed. In our study, the
demand for EVs is also dependent on the number of previous year's EV sales since
consumers care about upward or downward trends in the EV market. We add the first
lag of our dependent variable into the equation as an explanatory variable. Therefore,
our dynamic panel regression is defined as follows:

log(EVy) = alog(EVit—1) + B1log(CRUDE;) + B,log(EPI;) + B3log(CHRG;.)
+ B4RNW; + Bslog(GDPy;) + Belog(Y0S;:) + B7logURB;;
+ €it

where €;; = p; + vy

Elp] = Elvie] = Elpvie]l = 0
The disturbance (ej)) term has two orthogonal components: fixed effects (u;) and
idiosyncratic shocks (vj).

i shows the country and t represents the time of the variable.

1=1,2,3,...,23 (the number of countries)
t=1,2,3,...,13 (years from 2010 to 2022)

Adding the lagged term of the dependent variable creates a biasedness and
inconsistency problem by increasing endogeneity, which is called the Nickell Bias
Problem (Nickell, 1981) in dynamic panel regressions. Difference GMM is one way
to solve this problem. Our dynamic panel regression can be rewritten as follows:

AEV, = aAlog(EVi_1) + f1Alog(CRUDE;;) + S,Alog(EPI;) + [3Alog(CHRG;;)
+ B,ARNW;; + BsAlog(GDP;) + BeAlog(YO0S;t) + f7AURB;
+ Avlt

In our difference GMM estimation, we set crude oil import price as an endogenous

variable and charging points as a predetermined variable. While endogenous
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variables can be affected by current disturbances, predetermined variables are only
dependent on past error terms. The number of charging points is influenced by past
shocks such as government policies towards the proliferation of charging stations.
Furthermore, EV sales are not only influenced by the current charging stations but
also by the number of previous year's charging points according to consumers’

behaviours.

As a result, we also add the first lagged term of our predetermined variable, which is

the log of charging points per 100 thousand people. Our equation turns into this:

AEV; = alAlog(EVi_1) + B1Alog(CHRG; ) + B,Alog(CHRG;—1) + B3Alog(CRUDE};)
+ B4Alog(EPI;,) + BsARNW;, + B¢Alog(GDPyy) + B, Alog(YOS;,)

We know that a consistent GMM estimator must lie between FE estimator and POLS
estimator, i.e., FE estimate < consistent estimator < POLS estimate since FE
estimator is biased downward and POLS estimator is biased upward theoretically.
Therefore, we also apply dynamic panel regression based on POLS and FE
estimation to compare their results with difference GMM estimation. Table 14
tabulates the findings of dynamic panel regressions for POLS, FE and difference
GMM estimation.

Table 14. Result of Difference GMM

POLS FE Difference GMM
log_EVi; | 0.538*** | 0.333*** 0.399***
(0.037) | (0.044) (0.047)
log_CHRG 0.014 0.023 -0.029
(0.028) | (0.027) (0.029)
log_ CHRG; | 0.030 0.004 0.068**
(0.025) | (0.025) (0.027)
log CRUDE | -0.217 -0.392 -0.333
(0.210) | (0.239) (0.242)
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Table 14. (continued)

log_EPI -0.557 -0.924 -0.868
(0.476) (0.589) (0.586)
RNW 0.004 0.018* 0.010
(0.002) (0.011) (0.013)
log_GDP 1.194%** 0.760 1.293*
(0.187) (0.666) (0.736)
log_YOS 0.651 5.517* 10.857***
(0.512) (3.300) (4.215)
URB 0.000 0.097 0.110
(0.006) (0.098) (0.108)
constant -271.748*** | -422.414*** | no constant
(56.539) (80.414)
observations 276 276 253
R-squared 0.907 0.8754 -

Values in parentheses are standard errors. *p<0.10, **p<0.05, ***p<0.01

Therefore, the interval for difference GMM estimation should be between 0.333 and

0.538. Since our estimate from Arellano-Bond estimation is 0.399, informal validity

proves the use of difference GMM.

For the formal check, it is applied both Autocorrelation test and Sargan test, because
GMM estimates are consistent provided that there is no second-order autocorrelation

and the instruments are valid.

Since the GMM estimation takes the first difference of the aimed equation, first-
order autocorrelation, AR(1), is expected and it does not pose a problem (Roodman,

2009). However, higher-order autocorrelation cannot be seen in errors. Hypotheses

for the autocorrelation test are as follows:

Ho: No autocorrelation

Hi: The null hypothesis does not hold
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Table 15. Arellano-Bond test for zero autocorrelation in first-differenced errors

Order z Prob >z

1 -6.7272 0.0000
2 1.304 0.1922
3 0.62784 0.5301
4 -0.271 0.7860

As we expected, Hy is rejected for the AR(1) type of autocorrelation. But there is no
higher-order autocorrelation. Besides, instrumental variables used in the estimation
must be checked whether they are valid or not. In order to test, we resort to Sargan

test, which hypotheses are below:

Ho: instruments are valid

H;: instruments are not valid

Table 16. Sargan test for overidentifying restrictions

chi2(173) | = | 113.57
Prob >
chi2 =] 0.9999

We fail to reject Hq since its p-value is greater than 0.05; therefore, we can say that
our instruments are valid. By doing this, formal tests are also completed. To sum up,

we show that both informal and formal checks support the use of difference GMM.

According to the results, the first lagged term of the dependent variable is
statistically significant at 1%. When it increases by 1%, the current EV sales also
increase by 0.399%. Years of schooling has also a statistically significant coefficient
at 1%. The EV sales increases by 10.857% with a 1% increase in years of schooling.
The first lagged term of charging points has a significant effect on EV sales at 5%. If
the number of the previous year's charging stations increases by 1%, we expect a
0.068% rise in EV sales. Lastly, the coefficient for GDP per capita is statistically
significant at 10%. If GDP per capita increases by 1%, then EV sales also increase
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by 1.293%. The other variables, crude oil import price, EPI score, the share of
renewables in electricity generation, and urbanization rates have no any significant

effect on EV sales.

Then, we apply system GMM built upon Arellano-Bover/Blundell-Bond estimation.
The legitimacy of the extra instruments in system GMM relies on the premise that
alterations in the instrumenting variables are not linked to the fixed effects, so we
make this additional assumption. The main difference is that difference GMM uses
lagged levels of independent variables as instruments for first differences whereas
system GMM allows first differences to be used as instruments for levels.

Table 17. Comparative results for difference GMM and system GMM

Difference GMM | System GMM
log_ EVi1 0.399*** 0.550***
(0.047) (0.038)
log CHRG -0.029 -0.046
(0.029) (0.031)
log_ CHRG.. 0.068** 0.120***
1 (0.027) (0.025)
log. CRUDE -0.333 -0.518***
(0.242) (0.194)
log_EPI -0.868 -2.261***
(0.586) (0.450)
RNW 0.010 0.028***
(0.013) (0.008)
log_GDP 1.293* 0.069
(0.736) (0.372)
log_YOS 10.857*** 5.515***
(4.215) (1.354)
URB 0.110 0.021
(0.108) (0.019)
observations 253 276
instruments 183 217

Values in parentheses are standard errors. *p<0.10, **p<0.05, ***p<0.01

As depicted in Table 17, the system GMM results differ from difference GMM in
many aspects. There are also a few similarities. For instance, the coefficient for the
first lagged term of the dependent variable is both positive and significant at 1%,

which means a 1% increase in the lagged term of EV sales causes a 0.550% increase
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in EV sales. Similarly, years of schooling has also significant coefficient at 1%. EV
sales increases by 5.515% corresponding to a 1% increase in years of schooling. The
first lagged term of charging points is significant at 5% instead of 1% in difference
GMM estimation. 1% increase in the first lagged term of charging points leads to a
0.120% increase in EV sales. In contrast to difference GMM, crude oil import price
and EPI score have both negative and statistically significant coefficients. These are -
0.518 and -2.261, respectively. The negative coefficient of crude oil prices is not in
liaison with the literature. Besides, the share of renewables has a significant
coefficient at 10%, which means when renewables increase by 1%, EV sales also
increase by 0.028%. The other variables, charging points, GDP per capita and

urbanization rate are not statistically meaningful.

We also apply the same assumption tests, autocorrelation and Sargan test, to assess
the validity of system GMM. Table 18 shows the autocorrelation test.

Table 18. Arellano-Bond autocorrelation test for system GMM

Order y4 Prob > z

1 -1.3508 0.1768
2 0.7484 0.4542
3 1.5368 0.1243
4 -0.5793 0.5624

For both first-order and higher-order autocorrelations, p values are not meaningful.
We fail to reject the null hypothesis that there is autocorrelation. For second-order
and higher-order autocorrelation, there should be no autocorrelation in error terms.
However, we do not expect to see there is no first-order autocorrelation, AR(1). This

result is not consistent theoretically.

Then, we utilize Sargan test to assess the reliability of the instruments. Table 19

indicates the result of Sargan test.

Table 19. Sargan test for system GMM

chi2(174) = | 176.384
Prob > chi2 | = 0.9398
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As can be seen, p-value is greater than 0.05 and we fail to reject the null hypothesis
that instrumental variables are valid. Although there is no problem according to
Sargan test, the absence of AR(1) casts doubt on the validity of system GMM. We
can say that difference GMM estimator is useful for interpreting the factors that
influence the demand for EVs.
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CHAPTER 5

CONCLUSION AND POLICY RECOMMENDATION

5.1. Conclusion

EV sales increased quite a bit in recent years but there seems to be large differences
among countries in terms of the number of sales. While some countries such as
Norway and Sweden have the highest EV sales per 100,000 people in 2022, which is
3186 and 1605 respectively, other countries among OECD countries have very low
number of EV sales. For instance, Poland witnessed 69 EV sales per 100 thousand
people in 2022 and even this number for Tiirkiye is too low only 8 EVs per 100
thousand people were sold in 2022. Understanding the underlying factors for this
discrepancy is of a pivotal importance in analyzing the future of EVs. The aim of
achieving net zero level of global carbon dioxide emissions by the year 2050 may
stimulate the efforts of adopting EVs, therefore we believe this study will help future
works in comprehending significant factors and help policy actors take necessary

steps to combat with ICEVs.

In this study, we aim to find the factors impacting EV sales by using panel data from
2010 to 2022 in selected OECD countries. This is the first study that covers this time
horizon in terms of econometric estimations and the only study covering the period
after COVID-19. An econometric framework for analyzing EV sales is developed,
incorporating seven independent variables. These variables are crude oil import
price, charging points, EPI score, the share of renewables in electricity generation,
GDP per capita, years of schooling and urbanization rate. This thesis uses both static
and dynamic panel data estimation techniques in order to analyze the effects of
independent variables on EV sales. With this approach, this thesis is the first study in
the literature that comprises difference GMM and system GMM estimations and

compares their results with static panel regressions. Moreover, this study tries to fill
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the gap that there is an absence of panel data analysis covering multiple countries
with a broader range of time.

According to our findings, static panel data results show that charging points,
renewables, GDP per capita, years of schooling and urbanization rate are statistically
significant and have positive impacts on EV sales. These estimates are based on FE,
which is chosen by Hausman Test. Also, assumptions tests are applied to check the
validity of FE and we show that there is cross-sectional dependence, autocorrelation
in error terms and heteroskedasticity problem, which leads to less efficiency. As a
result of biased estimates, we also estimate the model by using Driscoll/Kraay
standard errors since they are robust to such issues. The only difference between FE
and Driscoll/Kraay is that we find years of schooling has a positive and significant
coefficient at 5% rather than 10% significance level. Besides, years of schooling is
the best predictor of EV sales because a 1% increase in years of schooling brings
about an 8.79% increase in EV sales. We expect countries with more years of
schooling are inclined to have more environmental concerns, which has the effect of
spurring EV demand. Governments should take educational policies into
consideration provided that they want to increase their EV market share.

Other variables, crude oil import price and EPI score have no power in explaining
EV sales. In particular, we find oil price is meaningless to have explanatory power
on EV sales, which contradicts later findings of existing literature. This might arise
from our definition of EVs consisting of both BEVs and PHEVs. Li et al. (2015)
separate the effect of oil price on BEV and on PHEV, then the authors posit that gas
price has a larger effect on BEV. Another conclusion is that after the debut of
modern EVs in the 2010s, the price elasticity of EVs is higher because of their
consideration as a luxury good. Technological learning enabling decreased
production costs could result in declining prices for EVs (Weiss et al., 2018).
Therefore, gradually the demand for EVs becomes less and less elastic and it is no

longer highly sensitive to the volatility of oil prices.

Endogeneity concerns led us to implement dynamic panel regression by using both
difference GMM and system GMM. The first lag of the dependent variable, the first
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lag of charging stations, GDP per capita and years of schooling have both positive
and significant coefficients in having the impact on EV sales under difference GMM
technique. The other independent variables are statistically insignificant. For system
GMM, the first lag of EV sales, the first lag of charging points, crude oil import
price, EPI score, renewables and years of schooling have significant effects on EV
sales. However, assumption tests such as autocorrelation and Sargan test for
overidentification prove us to use difference GMM. We can say that socioeconomic
factors have no meaningful impact on EV sales except for years of schooling that is
the average number of years adults over 25 years participated in formal education.
Rather than social and economic variables, people give more attention to EV-specific
factors such as charging points (adjusted for population) and EVs sold in the

previous year.

5.2. Policy Recommendation and Suggestion for Future Research

According to our results, we suggest that the increasing number of charging stations
is very critical since it is concluded that EV-specific factors should be given priority
when governments set policies for the adoption of EVs. Regulations for the
installation of charging stations might be eased. For future studies, it should be
questioned that the heterogeneous distribution of charging points could be an

obstacle to opting for EVs within a country.

Another suggestion is that policy actors may include country-level net-zero
commitments in their curriculum and students might be taught how the transportation
sector contributes to carbon emissions because both static and dynamic panel data
analyses guide us to underscore the importance of educational attainment. Therefore,
vehicles powered by clean fuels such as electricity, hydrogen and natural gas could

draw more attention with the help of raising concerns among educated people.

We recommend that future research concentrate on the interdependence between EV
and GDP. It is concluded that countries with higher GDP per capita also witnessed
more EV sales. Also, the growth of the EV market has an impact on GDP by

resulting in investment for charging infrastructure, reduced CO, emissions, and
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increasing consumer expenditure through subsidies and lower maintenance costs. For
instance, according to the Australian Energy Market Operator (AEMO), consumers
will have an additional $370 per annum as a fixed operating and maintenance cost
savings. As a result, Australia expects the adoption of EVs to increase real GDP by
%0.2 compared to the 2016-17 Australian GDP (Electric Vehicle Council, 2018).
Besides, Nieto et al. (2024) find that the transition to electric vehicles could achieve
an additional 0.5% annual growth in GDP for the UK.

Another recommendation is that funding for direct-current (DC) fast-charging
installation should be on the agenda of governments. The latest KPMG survey threw
a spotlight on American consumers' preferences when there would be the same price
and features for all types of vehicles, standard gas-powered, hybrid or EV (KPMG
American Perspectives Survey, 2024). Only 1 person out of 5 would choose an EV
even with the same price, which casts doubt on the future of the EV market. The
most outstanding concern is EV charging times since 60% of Americans would
prefer 20 minutes or less to charge their cars from zero battery to 80%. As a result,
DC fast charger stations should be proliferated. A DC fast charging station is capable
of providing from 15kW to over 350 kW, which allows a standard EV with a 60kW

average-size battery to be charged in 10 to 60 minutes.

In addition, the latest developments in increasing duties pose a threat to the EV
market. The United States quadrupled tariffs on EVs from China by increasing from
25% to 100% in May 2024. Then, the European Commission will impose duties for
Chinese EVs up to 38.1% by July 2024 for the sake of protectionism. SAIC and
BYD will be subjected to tariffs of 38.1% and 17.4%, respectively. However,
according to Fitch Ratings, it is not expected that the tariffs will affect the EV market
share of China in Europe. While BYD is planning to build a factory in Hungary,
Chery will establish a joint venture in Spain, which localisation could be one way to
circumvent the tariffs. Even so, we suggest for future works tariffs data could be

added to models in order to see their effects on the rate of adoption of EVs.
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APPENDICES

A. TURKISH SUMMARY / TURKCE OZET

Bu ¢alisma 23 OECD iilkesi i¢in 2010-2022 yillar1 arasinda elektrikli arag¢ satiglarini
etkileyen faktorleri arastirmayr amaclamaktadir. Elektrikli araclar, Paris
Anlagmasi’nin hedefleri dogrultusunda karbon emisyonunun azaltilmasinda énemli
rol oynamaktadir (Wietschel vd., 2019; Weiss vd., 2019). Ozellikle teknolojik
gelismeleri de hesaba kattigimizda gelecekteki elektrikli araglarin giliniimiizdeki
elektrikli araglara kiyasla cevreye etkilerinin ¢ok daha az olacagi beklenmektedir.
Ornegin, elektrik iiretiminde yenilenebilir enerjilerin kullaniminin artmastyla
elektrikli araclarin salgiladigi karbon emisyon miktar1 ¢ok daha az olacaktir. 2030
yilina gelindiginde elektrikli araglarin 700 milyon metrik ton karbondioksit
esdegerinin Oniine gegecegi tahmin edilmektedir (IEA, 2023). Elektrikli araglarin
kiiresel ¢apta kabul goren 2050 yilina kadar net sifir emisyon hedefine ulagmak icin
onemli rol oynadigindan Onemi ortaya konulmus oluyor. Elektrikli araglarin bu

O6nemi de bu ¢alismanin ana aragtirma motivasyonunu olusturmaktadir.

Elektrikli araglarin tarihine baktigimizda, ilk elektrikli aracin 1832 yilinda Robert
Anderson tarafindan gelistirildigini goriiyoruz. Ozellikle Fransiz fizik¢i Gaston
Plante’nin kursun asit bataryalar1 icat etmesi ile elektrikli araclar yayginlagmaya
baslad1 ¢linkii kursun asit bataryalar elektrikli araglarin depolama kapasitesini biiyiik
oOlgiide artirdi. 1881°de Gustave Trouve, Paris’teki Uluslararas1 Elektrik Sergisi’nde
elektrikle calisan ii¢ tekerlekli aracini tanitti. Almanya’da ise 1888’de Andreas
Flocken tarafindan ilk elektrikli araba olan Flocken Elektrowagen iiretildi. Elektrikli
araclarin rakiplerine kars1 da 6nemli avantajlart vardi. Vites degisimi olmadig igin
kullanmak c¢ok kolaydi, aym1 zamanda sessiz ¢alistigr i¢in giiriiltii kirliligi
olusturmuyordu. Tiim bu faktorler 19. ylizyilin sonundan 20. ylizyilin baslarina kadar

elektrikli araglarin popiilerlik kazanmasinda rol oynadi.

44



Fakat 1920’lere gelindiginde Henry Ford’un i¢ten yanmali motora sahip araglarin
seri iretimindeki katkilariyla elektrikli araglar sektordeki agirligini kaybetmeye
basladi. 1912°de benzinli bir arabanin fiyat1 350 dolarken elektrikli bir arag i¢in 1750
dolar gerekiyordu (Matulka, 2014). Bununla birlikte 1920’lerde Teksas’ta petrol
rezervleri kesfedilmeye baslandi ve bu gelisme petrol fiyatlarinda ciddi bir diisiise
neden oldu. Elektrik ise hala sehir merkezlerinde sinirliydi. Bu gelismeler, elektrikli
araclarin ylizyillm hemen basinda kazandigi popiilerligi kaybetmesine neden oldu.
1970°de ise NASA’nin Apollo 15 gorevinde elektrikli ay gezgin tasitt kullanmasi,
yine aym donemlerde Arap-Israil savast sonucu OPEC iilkelerinin ambargo
uygulayip petrol fiyatlarinin ciddi bir sekilde ylikselise yol agmasi ve bataryalarda
lityum-iyon kullanilmaya baslanmasiyla depolama kapasitesinde ciddi artislar elde

edilmesi gibi gelismeler elektrikli araclari tekrar popiiler hale getirmis oldu.

Glinlimiize baktigimizda ise 2022 yilinda elektrikli ara¢ satislar1 10 milyonu gecti
(IEA, 2023). Market payimni ise %60 ile Cin, %15 ile Avrupa ve %8 ile Amerika
Birlesik Devletleri elinde bulunduruyor. 2025 yilinda elektrikli arag¢ satiglarinin daha
da artarak i¢ten yanmali motora sahip ara¢ satislarindan daha fazla olacagi tahmin
ediliyor. Paris Anlasmasi g¢er¢evesinde ilan edilen Elektro-Mobilite Paris
Deklarasyonu’na gore kiiresel 1sinmay1 2 derece ile sinirlamak istiyorsak 2030’a
kadar tiim tasitlarin en az %35 inin elektrikli arag olmasi gerekmektedir. Gelecekteki
elektrikli araglarin daha az emisyon iiretecegi ve siiriis menzilinin de giderek artacagi
gibi faktorler g6z Oniine alindiginda elektrikli araglara olan talebin artacagini
ongoriilyoruz, bu c¢aligma da bu talebi etkileyen faktorleri incelemeyi

amaclamaktadir.

Son zamanlarda elektrikli araglara yonelik ilgi artmis durumdadir. Bu artan ilgiyi
Google Trends’in yayinladig1 Google arama sekmesine ‘Electric Vehicle’ yazan kisi
sikligim1 gosteren grafikle de gorebilmekteyiz. Covid-19 pandemisinin 2020 yili
baslarinda elektrikli araglara olan ilgiyi ilk basta kisitladigini fakat daha sonra ilginin
artmasina yol agtigin1 gérmekteyiz. Wen vd. (2021) Covid-19’un elektrikli araglara
yonelik ilgiyi kisa donemde satis rakamlarini azaltici etkisine ragmen uzun dénemde

artiracagini ileri siirmektedir.
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Bu c¢alismaya etkisi olan belli bashi calismalar listelenmektedir. Literatiire
baktigimizda ilk olarak hibrit araglara yonelik ¢alismalarla karsilasmaktayiz. Bizim
elektrikli ara¢ tanimimiz hem plug-in hibrit araglar1 (PHEVs) hem de tamamen
elektrikli araglar1 (BEVs) kapsamaktadir. Plug-in elektrikli araglar hem benzin hem
de elektrikle calisirlar, bu yiizden hibrit araglara yonelik olarak yapilan aragtirmalarin
bizim g¢alismamiza katki saglayacagina inaniyoruz Bu calismalarin ortak bulgusu
elektrikli araglar ile benzin fiyatlar1 arasinda istatistiki olarak anlamli bir iliski
olduguna yoneliktir (Diamond, 2009; Gallagher ve Muehlegger, 2011; Beresteanu ve
Li, 2011). Diamond (2009) benzin fiyatlarindaki ¢ok kiiciik bir degisikligin bile
hibrit arag¢ elde etmede 6nemli bir katkiya yol acacagini ortaya koymaktadir. Ayni
sekilde, Beresteanu ve Li (2011) 2006 yilindaki benzin fiyatlar1 1999 yilindaki
fiyatlarla ayni kalsaydi, bir baska deyisle bir galon i¢in 2.60 dolar yerine 1.53 dolar
olsaydi, 2006 yilinda satilan hibrit ara¢ sayisinin %37 azalacagini sdylemektedir.
Gallagher ve Muehlegger (2011) ise benzin fiyatlarindaki %10’luk bir artigin hibrit

arag satislarinda %13’liik bir artisa neden olacagini gostermektedir.

Elektrikli arag i¢in yapilan ¢alismalara baktigimizda, Sierzchula vd. (2014) 30 iilke
icin 2012 y1l1 verilerini kullanarak sosyoekonomik faktorlerin elektrikli arag¢ satiglar
lizerine bir etkisinin olup olmadiginmi arastirmistir. Yapilan calismada elektrikli arag
pazar oranlari, finansal tesvikler, sehirlesme yogunlugu, egitim diizeyi, ¢evrecilik
gostergesi olarak EPI, benzin fiyatlari, elektrikli arag¢ fiyatlari, liretim tesislerinin
varligi, kisi basina diisen ara¢ sayisi, model ¢esitliligi, elektrikli ara¢ satiglarinin
baslangi¢ tarihi, sarj altyapisi ve elektrik fiyatlar1 kullanilmistir. Sonug olarak sarj
istasyonlar1 elektrikli ara¢ pazar payinda en ¢ok etkiye sahip olan faktdr olarak
bulunmustur. Benzin fiyatlarinin istatistiki olarak bir etkisinin olmadig1 sonucuna
vartlmistir. Li vd. (2017) ise 2010-2015 yillar1 arasinda 14 iilke igin benzer bir
calisma yapmustir. Li ve arkadaslari elektrik iiretiminde yenilenebilir enerjinin
paymnn, sarj istasyonu yogunlugunun, egitim seviyesinin, niifus yogunlugunun ve
benzin fiyatlarmin elektrikli arag satiglar lizerine pozitif ve anlaml bir etkiye sahip
oldugunu gostermektedir. Yine benzer bir c¢alismada Chandra (2022), benzin
fiyatlarinin elektrikli ara¢ satiglarinin iizerine pozitif ve anlamli bir etkiye sahip

olugunu ortaya koymaktadir. Azar (2009) elektrikli araglara yonelik ilginin
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artmasmin benzin fiyatlarinda olumsuz bir etkiye sahip olacagina dikkat

¢ekmektedir.

Literatiirde diger faktorlerin de elektrikli araglarla olan iliskisi ortaya konmaktadir.
Birgok iilkede insanlarin igten yanmali motora sahip araclardan elektrikli araclara
yonelmelerini saglamak icin elektrikli araglara yonelik vergi muafiyetleri ve fiyat
siibvansiyonlar1 saglanmaktadir. Ornegin Tiirkiye’de2018’e kadar alinmamakta olan
motorlu tagitlar vergisi, 2018’den sonra i¢ten yanmali motora sahip araglara olan
verginin %25°1 olarak tahsil edilmistir (Giindiiz ve Yakar; 2020). Yan (2018)’e gore
vergi tesviklerindeki %10’luk bir artis BEV satislarini %3 artirmaktadir.

Biz de literatiire bakarak yedi tane faktor segerck bu faktorlerin elektrikli arag
satiglar1 lizerine anlamli bir etkiye sahip olup olmadigini incelemeyi amagliyoruz. Bu
calismanin literatiire en biiylik katkisinin 2010-2022 yillar1 arasini inceleyerek diger
calismalara nazaran ¢ok daha genis bir zamani kapsamasi ve &zellikle Covid-19
pandemisi sonrasi elektrikli ara¢ satiglarimi inceleyen ilk ¢alisma olma ozelligi
tagimasi olduguna inaniyoruz. Ek olarak, hem statik hem de dinamik panel regresyon

sonuglarini vererek literatiire katki saglamay1 amagliyoruz.

Daha 6nce de belirttigimiz gibi bizim ¢alismamiz 23 OECD iilkesini kapsamaktadir.
Bu iilkeler: Avustralya, Avusturya, Belgika, Kanada, Danimarka, Finlandiya, Fransa,
Almanya, Yunanistan, Italya, Japonya, Hollanda, Yeni Zelanda, Norveg, Polonya,
Portekiz, Giiney Kore, Ispanya, Isvec, Isvicre, Tiirkiye, Birlesik Krallik ve Amerika
Birlesik Devletleri’dir. Modelimizde kullandigimiz bagimli degiskenimiz elektrikli
ara¢ satiglanidir. Fakat yogunlugu gérmek istedigimiz i¢in bu veriyi 100.000 kisi
basina diisen elektrikli ara¢ satig1 olarak veriyoruz. Bagimsiz degiskenlerimiz ham
petrol ithalat fiyati, ¢evreciligi 6lcen EPI puani, 100.000 kisi basina diisen sarj
istasyonlarinin sayisi, elektrik iiretiminde yenilenebilir enerjilerin orani, kisi basina
diisen gayrisafi yurti¢i hasila, 25 yasin {izerindeki yetiskinlerin formal egitime
katildiklart yil sayist1 ve sehirlesme oranidir. EPI puani {lkelerin cevresel
performansini dlger ve 0 ile 100 arasinda bir deger alir. Fakat EPI, Yale Universitesi
tarafindan 2 yilda bir aciklanir. Biz de EPI puaninin agiklanmadigi yillart doldurmak
i¢in lineer interpolasyon yontemini kullandik. Segtigimiz degiskenler i¢in korelasyon

matrisine baktigimizda ¢oklu korelasyon sorunu olmadigini goriiyoruz.
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Modelimizi log-log model olarak kuruyoruz ¢iinkii elektrikli arag satiglari tistel artig
sergiliyor. Ayni zamanda tam logaritmik model kullanmak sonuglar1 elektrikli arag

satislarinin esnekligi olarak yorumlamamiza imkan saglayacak.

Bu caligmada zaman serisi ve yatay kesit yontemlerini birlestiren panel veri analizi
kullanilmistir.  Ekonometrik veri analizimizi sabit etkiler modeli kullanarak
gerceklestiriyoruz. Sabit etkiler, her bir yatay kesit i¢in kesme noktalarina kukla
degisken koyar ve havuzlastirilmis en kiiglik kareler yontemi ile modeli tahmin eder.
Regresyon analizi sonucuna gore 100.00 kisi basina diisen sarj istasyonlar1 sayisi %1
diizeyinde anlamlidir ve katsayis1 0.28’dir. Yine, yenilenebilir enerjinin orani, Kisi
basina diisen gayrisafi yurti¢i hasila ve sehirlesme orant %1 anlamlilik diizeyinde
pozitif bir etkiye sahiptir. Katsayilar1 sirasiyla 0.07, 3.75 ve 0.66’dir. Egitim
yillarmin katsayist %10 anlamlilik diizeyinde 8.79’dur. Sabit etkiler modeline gore,

ham petrol ithalat fiyatlar1 ve EPI puani istatistiki olarak anlamli degildir.

Sabit etkiler modelinin gegerliligini test etmek icin bir dizi varsayim testini
uygulamak gerekmektedir. Oncelikle sabit etkiler modelini mi yoksa rassal etkiler
modelini mi sececegimize yonelik Hausman testi yapiyoruz. Hausman testinin sifir
hipotezi rassal etkileri kullanmanin daha dogru olacagi yoniindedir. Fakat p
degerimiz %5’ten kiigiik oldugu i¢in hipotezi reddederiz, béylece Hausman testi
sabit etkiler modelini desteklemektedir sonucuna ulasiriz. Daha sonra modelimizde
yatay kesit bagimliliginin olup olmadigini test ediyoruz. Baltagi (2005), yatay
kesitlerin sayisinin zaman verisinden fazla oldugu durumlarda yatay kesit
bagimliligin1 test etmek igin Pesaran testini Onerir. Bu yiizden Pesaran testi
secilmistir. Sifir hipotezi yatay kesit bagimliliginin olmadigidir fakat %35 anlamlilik
diizeyinde hipotez reddedilmektedir. Dolayisiyla modelimizde yatay kesit bagimliligt
sorunu vardir. Ayn1 zamanda otokorelasyon testi i¢in Wooldridge testi secilmistir.
Test sonucuna gore otokorelasyon problem vardir. Varyanslarin heteroskedastik mi
yoksa homoskedastik mi olduguna yonelik ise modifiye edilmis Wald testi
kullanilmistir. Test sonucuna gore varyanslar sabit degildir, bir baska deyisle

heteroskedastiktir.

Yaptigimiz test sonuglarma gore modelimizde, yatay kesit bagimliligi, otokorelasyon

ve heteroskedastisite sorunlar1 mevcuttur. Bu durumda sabit etkiler modeli sonuglari

48



giivenilir degildir ¢iinkii tahminler yanl ve tutarsizdir. Bu sorunlar1 bertaraf etmek
icin sabit etkiler modeli Driscoll/Kraay standart hata terimleri kullanilarak ile tahmin
edilir. Driscoll-Kraay yontemi ile modeli tahmin ettigimizde sabit etkiler modeline
gore tek fark egitim yillar1 degiskeninin anlamlilik diizeyinin %10 yerine %5

cikmasidir. Katsayilar tim degiskenler i¢in aynidir.

Statik modelden sonra dinamik model sonuglarini veriyoruz. Dinamik model,
bagimli degiskenin ilk gecikmeli degerinin bagimsiz degisken olarak denkleme
eklenmesiyle olusturulur. Modele bagimli degiskenin gecikmeli degerinin bagimsiz
degisken olarak eklenmesi endojenite sorununa yol acar ve buna literatiirde Nickell
Bias denir (Nickell, 1981). Endojenite agiklayici degiskenler ile hata terimi arasinda
korelasyonun sifir olmadigi durumlari ifade eder. Dinamik modelde hata terimi hem
sabit etkileri hem de idiyosenkrazik soklar1 kapsar. Sabit etkiler zamanla degismez,
bu ylizden sabit etkilerde bir sok hem gecikmeli bagimli degiskeni hem de hata
terimini etkilemis olur ki bu durumda modeldeki bagimsiz bir degiskenle hata terimi
arasinda korelasyon gozlemlenmis olur. Ek olarak, ham petrol fiyatlarinin endojen
bir degisken olduguna yonelik literatiirde ¢aligmalar vardir (Barsky ve Kilian, 2001
ve 2004; Lin ve Li, 2015).

Literatiirde dinamik modellerdeki endojenite sorununu ¢ézmek i¢in en iyi yollardan
biri olarak fark Genellestirilmis Momentler Yontemi (GMM) metodu onerilir. Fark
GMM, tiim degiskenlerin birinci farkini alir ve arag¢ degiskenler kullanir (Arellano ve
Bond, 1991). Sistem GMM ise kullanilan ara¢ degiskenlerin sabit etkiler ile arasinda
korelasyon olmadigina dair ek bir varsayim yapar (Arellano ve Bover, 1995;
Blundell ve Bond, 1998). Sistem GMM kullanilan ara¢ sayisini artirarak modelin
etkinligini yiikseltir. Karsilagtirma yapabilmek adina hem fark GMM hem de sistem

GMM sonuglarini veriyoruz.

Fark GMM, modelde endojen ve Onceden belirlenmis olarak se¢gmemize olanak
saglar. Biz de ham petrol fiyatlarin1 endojen sectik. Ayn1 zamanda, sarj istasyonu
sayis1 degiskenini de onceden belirlenmis olarak se¢ip ilk gecikmeli degerini modele
ekliyoruz. Sarj istasyonu sayisini dnceden belirlenmis degisken olarak diisiindiik

clinkii gegmis yillarda hiikiimetler tarafindan sarj istasyonlarma yonelik bir tesvik

49



paketi agiklandig1 gibi durumlarda, politikalarin etkilerini gecikmeli olarak goriiriiz.
Ek olarak, ilk gecikmeli degerini aciklayici degisken olarak modele ekledik ¢iinkii

elektrikli arag satislar1 bir 6nceki yilin sarj istasyon sayisindan etkilenebilir.

Resmi olmayan dogrulama yontemine gére GMM’nin tutarli sonuglar verebilmesi
icin ilk gecikmeli bagimli degiskenin katsayisinin havuzlandirilmis en kiiciik kareler
yontemi ile sabit etkiler modeli tahminlerinin arasinda olmasi1 lazimdir.
Sonuglarimiza gore ilk gecikmeli bagimsiz degiskeninin katsayisi fark GMM’e gore
0.399, havuzlandirilmis en kiigiik kareler yontemine gore 0.538 ve sabit etkilere gore
0.333’tiir. Dolayisiyla, fark GMM sonuglarinin resmi olmayan dogrulamaya gore
tutarli oldugunu soyleyebiliriz. Formal test i¢in fark GMM’in Arellano-Bond
otokorelasyon testini ve Sargan testini ge¢mesi beklenmektedir. Arellano-Bond
otokorelasyon testinde sifir hipotezi otokorelasyonun olmadig1 varsayimidir. GMM
modellerinde birinci dereceden otokorelasyon beklenen bir durumken yiiksek
dereceden otokorelasyon istenmez. Test sonucuna goére birinci derece igin sifir
hipotezi reddedilir ve modelde birinci dereceden otokorelasyon vardir deriz. Ikinci,
tiglincii ve dordiincii derecelere baktigimizda sifir hipotezini kabul ederiz ve yiiksek
dereceden otokorelasyon yoktur sonucuna ulasiriz. Sargan testi ise kullanilan arag
degiskenlerinin gegerli olup olmadigini test eder. Sargan testinde sifir hipotezi arag
degiskenlerinin gecerli oldugudur ve sonuca gore sifir hipotezi kabul edilir. Kisaca,

fark GMM hem pratik olarak hem de formal olarak dogrulanmistir.

Fark GMM sonuglarina gore, 100.000 kisi basina diisen elektrikli ara¢ satiglarinin ilk
gecikmeli degeri %1 anlamlilk diizeyinde istatistiksel olarak anlamlhidir. ilk
gecikmeli deger %1 degistiginde, elektrikli ara¢ satiglar1 da %0.399 degismektedir.
%1 anlamlilik diizeyinde egitim yillar1 %1 arttiginda elektrikli ara¢ satiglar1 da
%10.857 artmaktadir. 100,000 kisi basmna diisen sarj istasyonlarinin sayisinin ilk
gecikmeli degerinin %5 anlamlilik diizeyinde elektrikli arag¢ satiglar1 tizerinde etkili
oldugu sonucuna varilmistir. Sarj istasyonlarmin ilk gecikmeli degerinin %1 arttig1
durumda, elektrikli arac¢ satislar1 da %0.068 artmaktadir. Son olarak, kisi basina
diisen gayrisafi yurtici hasila %10 anlamlilik diizeyinde istatistiksel olarak
anlamlidir. Kisi basia diisen gayrisafi yurti¢i hasila %1 arttiginda, elektrikli arag
satiglar1 da %1.293 artar. Fark GMM’e gore ham petrol fiyatlari, EPI, elektrik
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tiretiminde yenilenebilir enerjinin orani ve sehirlesme orani istatistiki olarak

anlamsiz bulunmustur.

Daha sonra, ara¢ degiskenlerin sabit etkilerle korelasyonunun olmadigi varsayimi
yapilarak sistem GMM metodu kullanilmistir. Sistem GMM’e gore bagimsiz
degiskenin ilk gecikmeli degeri 0.550’dir. Pratik olarak bu degerin havuzlandirilmis
en kiigiik kareler yontemi ile sabit etkiler yontemi tahminlerinin arasinda olmasi
gerekirken teoride yukari yonlii egilimi olan havuzlandirilmis en kii¢iik kareler
yontem tahmininin de {izerindedir. Formal test olarak sistem GMM’e de Arellano-
Bond otokorelasyon testi ve Sargan testi yapilmistir. Arellano-Bond otokorelasyon
testine gore birinci dereceden otokorelasyon i¢in p degeri 0.1768 bulunmustur.
Dolayisiyla, sifir hipotezi kabul edilir. Sonuca gore, modelde birinci dereceden
otokorelasyon yoktur. Yiiksek dereceden de otokorelasyon olmadigi sonucuna
varilir. Her ne kadar yliksek dereceden korelasyon olmamasi gerekse de teorik olarak
birinci dereceden otokorelasyon olmasi gerekir. Buldugumuz sonug teoriyle tutarsiz
oldugundan sistem GMM nin giivenilirligi agisindan siiphe uyandirmaktadir. Sargan
testine gore sifir hipotezi reddedilip kullanilan ara¢ degiskenlerin gegerli oldugu
sonucuna varilir. Fakat, sistem GMM’nin bagimli degiskenin ilk gecikmeli degeri
icin buldugu katsayinin havuzlandirilmis en kiiciik kareler tahmincisine gore
yukarida olmasi ve modelde birinci dereceden otokorelasyon bulunmamasi

durumlarindan fark GMM sistem GMM’e tercih edilmistir.

Elektrikli ara¢ satiglari iilkeler igin biiyiik farkliliklar gostermektedir. Ornegin,
Norveg ve Isvec gibi iilkelerde 100.000 kisi basina diisen elektrikli ara¢ sayis1 cok
yiiksekken Polonya i¢in 69, Tiirkiye i¢in 8 ile 100.000 kisi basina diisen elektrikli
arac sayist inceledigimiz tlkeler arasinda en diisiiktiir. Bu farkliliga sebep olan
potansiyel faktorleri bulmak bu ¢alismanin amacidir. Ayrica elektrikli araglar iizerine
yapilan arastirmalarin sayisinin artmasinin 2050 yilina kadar net sifir emisyon

hedefine ulasilmada 6nemli bir rol oynayacagini diigiiniiyoruz.

Ozet olarak, bu ¢alismada panel veri analizi kullanilarak 23 OECD iilkesi i¢in 2010-
2022 yillar1 arasinda elektrikli ara¢ satiglarimi etkileyen faktorler incelenmistir.

Kullandigimiz degiskenler elektrikli ara¢ satiglari, ham petrol ithalat fiyatlari, sarj
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istasyonlar1 sayisi, EPI, elektrik iiretiminde yenilenebilir enerjilerin orani, kisi bagina
diisen gayrisafi yurtici hasila, egitim yillar1 ve sehirlesme oranidir. Bu tez, elektrikli
arag¢ satiglariyla ilgili Covid-19 pandemisi sonrasini da kapsayan ilk ¢alisma olma
Ozelligindedir. Ayn1 zamanda hem statik hem de dinamik model sonuglari
verilmistir. Statik panel veri sonuglari sarj istasyonlar: sayisi, elektrik iiretiminde
yenilenebilir enerji oraninin, kisi basina diisen gayrisafi yurtici hasilanin, egitim
yillarmin ve sehirlesme oraninin elektrikli arag satiglar1 {izerinde istatistiki olarak
anlamli ve pozitif bir etkiye sahip olduklarin1 gostermektedir. Statik sonuglar sabit
etkiler modeli kullanilarak elde edilmistir. Sabit etkiler modeli ise Hausman testi ile
secilmistir. Yapilan varsayim testlerine gore sabit etkiler modelinde yatay kesit
bagimliligi, hata terimleri arasinda otokorelasyon ve heteroskedastik varyans
sorunlart tespit edilmistir. Bu problemler tahminlerin yanli ve tutarsiz olmasina
neden olacagindan sabit etkilerin giivenilirligi konusunda endisemiz olusmustur. Bu
yiizden model Driscoll-Kraay standart hatalar1 kullanilarak tahmin edilmistir.
Driscoll-Kraay yontemi ile sabit etkiler arasindaki tek fark egitim yillar1 degiskeninin
anlamlilik diizeyinin %5 olmasidir. Egitim yillar1 verisi elektrikli ara¢ satiglarini
etkileyen en Onemli faktor olarak bulunmustur. Egitim yillarinda %1°lik bir artig
100.000 kisi basma diisen elektrikli arag satislarinda %8.79’luk bir artisa yol
acmaktadir. Bunun disinda literatiiriin aksine ham petrol fiyatlarinin elektrikli arag
satiglar1 iizerine istatistiki olarak anlamli bir etkiye sahip olmadigir goriilmiistiir.
Bunun nedenlerinden biri olarak elektrikli ara¢ tanimimizda hem PHEV hem de
BEV kapsanmaktadir. Li vd. (2015) benzin fiyatlarinin elektrikli ara¢ iizerine olan
etkisini ikiye ayirip benzin fiyatlarinin BEV {izerine daha fazla etkisi oldugunu
ortaya koymustur. Bir diger agiklama olarak, elektrikli araclarin liikks tiikketim mali
oldugu algisinin kirildigini sdyleyebiliriz. Elektrikli araglar 2010 baslarinda liiks
olarak algilanip benzin fiyatlarina karst c¢ok duyarlhydilar. Insanlar benzin
fiyatlarindaki oynaklik nedeniyle kendilerini elektrikli ara¢ satin alarak korumak
istiyorlardi. Fakat zamanla bu esneklik azalarak elektrikli araglar benzin fiyatlarina

daha duyarsiz hale geldi.

Statik analizden sonra fark GMM ve sistem GMM ile dinamik panel veri analizi
yapildi. Sistem GMM pratik ve teorik yoOntemlere gore test edilerek giivenilir

olmadig1 sonucuna ulagildi. Daha giivenilir olan fark GMM’e gore, 100.000 kisi
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basina diisen elektrikli ara¢ satiglarinin ilk gecikmeli degeri, 100.000 kisi basina
diisen sarj istasyonlar1 sayisinin ilk gecikmeli degeri, kisi basina diisen gayrisafi
yurti¢i hasila ve egitim yillar1 istatistiki olarak anlamli bulunmustur. Bir bagka
deyisle kisi basmma diisen gayrisafi yurtici hasila ve egitim yillar1 disinda kalan
sosyoekonomik faktorlerin ve petrol fiyatlarinin elektrikli ara¢ satiglar1 iizerine bir
etkisinin olmadig: tespit edilmistir. Bu yoniiyle dinamik model sonuglart Sierzchula

ve arkadaglarinin (2014) bulgulariyla ortiismektedir.

Sonuglarimiz sarj istasyonu sayisinin elektrikli arag¢ satislari iizerinde onemli bir
etkiye sahip oldugunu ortaya koymustur. Bu yiizden sarj istasyon projelerinin tesvik
edilmesi gerektigini Oneriyoruz. Tesvikler, sarj istasyonu kurma Oniindeki

giicliiklerin kaldirilip regiilasyonlarin esnetilmesi yoluyla da olabilir.

Diger bir politika Onerisi olarak iilkeler sifir karbon hedeflerini ders programlarina
ekleyip cevreye daha duyarli 6grencilerin yetismesine olanak saglayabilir. Hem
statik hem de dinamik panel veri analizlerine gére egitimin 6nemi vurgulanmis oldu.
Bu yilizden egitimli insanlarda g¢evre konusunda endise yaratarak temiz yakitla

calisan araglara olan ilgiyi artirabiliriz.

Ayni zamanda ileride yapilacak olan ¢aligmalarin elektrikli aracglar ve kisi basina
diisen gayrisafi yurtici hasila arasindaki karsilikli bagimliliga odaklanmalari
gerektigini diislinliyoruz. Kisi basina diisen gayrisafi yurtici hasilast ytliksek olan
tilkeler ayn1 zamanda yiiksek elektrikli ara¢ satis sayilarina ulasiyor. Fakat, elektrikli
ara¢ piyasasinin gelismesi de sarj istasyonu altyapi yatirimlari, azalan karbon
emisyonu, siibvansiyonlar ile diisiik bakim ficretleriyle artan tiiketim harcamalari
kanallariyla kisi basina diisen gayrisafi yurtici hasilaya etki ediyor. Ornegin,
Avustralya’da yapilan bir ¢alismaya gore elektrikli ara¢ sahipleri diisiik bakim
ticretleriyle yilda 370 dolar tasarruf edebiliyorlar. Nieto vd. (2024), Birlesik Krallik
icin elektrikli ara¢ sahibi olmanin kisi bagina diisen gayrisafi yurti¢i hasilay1 yilda
%0.5 artirdigini bulmustur.

Diger bir tavsiye ise dogru akim (DC) hizli sarj istasyonlarmin sayisini artirmak

gerektigidir. KPMG raporuna gore elektrikli arag fiyatlar icten yanmali motora sahip
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ara¢ fiyatlariyla ayni olsa bile sadece bes kisiden biri elektrikli araci tercih ediyor.
(KPMG American Perspectives Survey, 2024). Bunun nedenlerinden biri insanlarin
batarya sarj siirelerinin yirmi dakika ve altinda olmasi gerektigini diistinmeleridir. Bu
ylizden en hizli sekilde sarj etmeye olanak saglayan DC hizli sarj istasyonlari

sayisina onem verilmelidir.

Son olarak, 6nce Amerika Birlesik Devletleri daha sonra da Avrupa Komisyonu Cin
mengeili elektrikli araglara yonelik giimriik vergilerini arttirdilar. Bu gelismenin
elektrikli ara¢ piyasasina etkisinin smirli olacagima yonelik goriisler olsa da
gelecekteki calismalarin giimriik vergisini modellerine etkileyip etkisini test etmeleri

gerektigine inaniyoruz.
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