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Abstract 
The global shift toward clean energy is reshaping supply chains, with road 

transportation, a carbon-emitting sector, at the center. Electric vehicles (EVs) offer 

a decarbonization pathway with minimal consumer disruption. In Türkiye, cleaner 

road transportation aligns with national energy strategies, the Paris Agreement, and 

the EU Green Deal. Although fossil-fuel mobility dominates, rising EV adoption 

reflects technological progress, regulatory incentives, and market dynamics. The 

study applies the Multi-Level Perspective (MLP) and machine learning (ML) to 

examine Türkiye's road-transport energy transition. Results show entrenched fossil 

fuel infrastructures, taxation structures, and supply chain dependencies hinder EV 

diffusion, while niche innovations—domestic production (e.g., TOGG) and 

expanding charging networks—transform the sector. Perceptron and Decision Tree 

models identify adoption drivers: charging availability, fuel prices, and 

macroeconomic conditions. GDP per capita and diesel, gasoline, and LPG price 

increases boost EV sales, whereas inflation, interest rates, and exchange rates 

reduce them. Accelerating the transition requires coordinated governance, tax 

incentives, infrastructure investment, and decarbonized electricity generation. 
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Öz 
Küresel temiz enerji geçişi, tedarik zincirlerini yeniden şekillendirirken, yüksek 

karbon emisyonlu sektörlerden biri olan karayolu taşımacılığı dönüşümün 

merkezindedir. Elektrikli araçlar (EA'lar), tüketici davranışını değiştirmeden 

karbon azaltımı için bir fırsat sunmaktadır. Türkiye'de karayolu taşımacılığının 

temiz enerjiye yönelmesi; ulusal enerji politikaları, Paris Anlaşması ve AB Yeşil 

Mutabakatı hedefleriyle uyumludur. Fosil yakıtlı ulaşım baskın olsa da, artan EA 

kullanımı teknolojik gelişmeler, düzenleyici teşvikler ve piyasa dinamikleriyle 

şekillenmektedir. Çalışma, Türkiye'nin karayolu taşımacılığındaki enerji 

dönüşümünü incelemek için Çok Düzeyli Perspektif (MLP) ve makine öğrenmesi 

(MÖ) tekniklerini kullanır. Bulgular, fosil yakıt altyapıları, vergi yapıları ve tedarik 

zinciri bağımlılıklarının EA yayılımını sınırladığını; TOGG gibi yerli üretim ve 

genişleyen şarj ağları gibi yeniliklerin sektörü dönüştürdüğünü gösterir. Perceptron 

ve Karar Ağacı modelleri, benimsemenin temel etkenlerini şarj erişimi, akaryakıt 

fiyatları ve makroekonomik koşullar olarak belirler. Kişi başı gelir ile dizel, benzin 

ve LPG fiyatlarındaki artış EA satışlarını olumlu; enflasyon, faiz oranı ve döviz 

kuru olumsuz etkiler. Dönüşümün hızlanması; eşgüdümlü yönetişim, vergi 

teşvikleri, altyapı yatırımı ve elektrik üretiminde karbon azaltımını gerektirir. 
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1. Introduction 

The transition to clean energy has become central to energy policies around the world. 

Decarbonization targets are an essential part of this process, and the materials used in the 

transition to clean energy are changing constantly. The transition from fossil fuels to clean energy 

resources is transforming both supply chains and the types of materials in demand, thereby 

altering the rules of play (Hofmann et al., 2018). Additionally, by promoting e-mobility, 

encouraging the use of public transportation, and utilising energy-efficient modes of 

transportation like bicycles, efforts are underway to reduce the demand for electricity in 

transportation (Bigazzi and Wong, 2020). Among all, the conversion of mainstream fossil-fuel-

powered vehicles to electric vehicles (EVs) stands out (Krishnan and Butt, 2022). By focusing on 

EVs, the manufacturing industry can successfully achieve its transition with minimal disruption, 

while consumers can adapt with the least change in their habits and behaviours. 

The road transportation sector, which has the highest levels of carbon emissions, is a crucial 

area that requires transformation. In this context, researching the energy transition in the road 

transport sector for a developing country like Türkiye is of significant importance as a 

contribution to the literature. The European Union (EU) is leading the way in the energy 

transition, and Türkiye, as a candidate country for EU membership, is expected to align its 

regulations accordingly. The energy transition is pivotal to Türkiye's legislative harmonization 

with the EU countries. Moreover, policy recommendations derived from Türkiye's experience 

could be applicable to many other developing countries.  

The paper offers an empirical assessment of Türkiye's energy transition in the 

transportation sector. We address the following questions: What is Türkiye’s current situation in 

terms of energy transition with EVs? What are the main dynamics behind the energy transition? 

How can Türkiye achieve an energy transition in the road transportation sector (harmonized by 

the EU)? What are the most effective policy suggestions for achieving a successful energy 

transition in the road transportation sector of Türkiye? 

Despite the growing literature on energy transition and EV adoption, three important gaps 

remain. First, advanced economies dominate existing studies on EV transitions, leaving 

developing countries relatively underexplored. Second, the MLP literature generally provides 

conceptual and qualitative explanations of socio-technical transitions but offers limited empirical 

assessment of the causal dynamics shaping EV adoption. Third, studies focusing on Türkiye 

predominantly examine EVs from technological, environmental, or policy perspectives, without 

integrating socio-technical transition theory with data-driven analytical methods. This paper 

contributes to the literature by combining the MLP framework with ML techniques to provide 

both a socio-technical and empirical analysis of Türkiye’s road transportation energy transition. 

In this respect, the study contributes simultaneously to the literature on EV adoption, MLP-based 

transition analysis, and developing-country energy transition experiences. 

We utilize the Multi-Level Perspective (MLP) approach to analyse Türkiye's energy 

transition in the road transportation market. The MLP method facilitates the fragmentation of the 

current situation in Türkiye into regime and landscape components. The MLP framework uses 

regime, landscape, and niche concepts to define the transition of socio-technical systems to 

explain energy transition in road transportation. In addition to MLP, the integration of ML 

methods complements the MLP approach, providing a comprehensive empirical analysis of 

Türkiye's road transportation energy transition. The MLP method is unable to reveal cause-and-
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effect relationships, and machine learning (ML) addresses this limitation. The Perceptron and 

Tree algorithms establish causal relationships. ML techniques, which offer several advantages 

over econometric methods (Shobana and Umamaheswari, 2021), help to uncover the complex 

relationships among variables in the development process of EVs. Additionally, the ML approach 

grounds policy recommendations in analytical cause-and-effect relationships. 

The paper begins with a discussion of the meaning of the concept of energy transition in 

the second section. Thirdly, the following section provides an analysis of the major characteristics 

of the MLP framework. Then we analyzed the Turkish road transportation sector and briefly 

outlined recent developments in the EV market in the fourth section. The rest of the fourth section 

provides our empirical analysis of the MLP and ML methods. In section five, we offer some 

policy recommendations based on our findings. We conclude with a summary of our findings. 

 

2. Energy Transition 

Large socio-technical systems like energy systems, which include items from 

transportation to electricity, have a significant influence on economic growth. For example, global 

warming threatens countries' Gross Domestic Products (GDP) while also necessitating urgent 

solutions (Zhang, 2023). Due to these dangerous impacts, the energy transition has become 

imperative as a solution to global warming. Hence, while advanced countries make strides 

towards energy transition, developing countries progress more slowly. For developing countries, 

replacing fossil fuels with renewable sources can slow economic growth due to substantial 

operating and capital costs. Therefore, energy transition is critical, especially for countries that 

have built their economic growth models heavily reliant on fossil fuels.  

Given its urgency and complexity, the energy transition is a multifaceted concept with 

varying definitions and dimensions. As seen in Table 1, the energy transition has many different 

definitions (Sovacool, 2016). While energy transition is primarily defined in terms of electricity 

generation sources, it actually encompasses the transformation of the entire energy system 

alongside technological advancements. In the energy transition, the fundamental goal is to 

completely phase out fossil fuels, shift towards renewable resources, and adapt all segments of 

the system accordingly. The concept of energy transition involves the transformation that occurs 

in the technological, economic, and social dimensions. 

 

Table 1. Energy Transition Definitions as Combined by Sovacool (2016) 

Definition 1: A transition from one type of fuel, such as coal, to another type, such as oil, together with 

the corresponding advancements in technologies, such as changes in engines. 

Definition 2: Changes in the fuel supply for energy generation and the technology employed to utilize 

that fuel. 

Definition 3: This refers to a highly important series of modifications to the ways in which energy is 

utilized within a community. These changes have the potential to impact several aspects like resources, 

carriers, converters, and services. 

Definition 4: The transition from a single or multiple energy sources and technologies as the basis of 

an economic system to another. 

Definition 5: The period of time between the introduction of a new primary energy source, or prime 

mover, and its ascension to a significant portion of the overall market. 
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The energy transition is built on the idea of achieving carbon neutrality across all sectors 

(Wang et al., 2023). Enforcing carbon neutrality across all sectors in terms of energy transition 

presents a substantial cost burden. For many years, the planet has met its energy demand from 

fossil sources, thereby ensuring economic growth and establishing major industries. Fossil fuels 

have served as the predominant energy resource in such developments, drawing substantial 

investments. Investments in fossil resources and systems have a lifespan of 40–50 years 

(Plantinga and Scholtens, 2021). Thus, transforming the system requires a complex approach. 

The primary goal of energy transition is to drive the transition of electricity generation 

systems from dependence on fossil fuels to the adoption of renewable energy sources (Pedraza, 

2014). Electrifying the industry and road transport sectors will be worthless if the generation of 

power is made from hydrocarbons. Second, the electricity grid stands out as another crucial 

component in the energy transition. Renewable energy sources enable distributed generation, 

which is different from the centralized generation of coal and natural gas generators. These two 

generation models have vastly different implications for electricity grid capacities. Additionally, 

wind and solar plants, which generate on a smaller scale and in a distributed manner, do not 

function as baseload power plants. Therefore, we need an electricity grid that can accommodate 

the variable generation characteristics of renewable energy plants. Electricity grid designs must 

be adapted accordingly. In addition, the electrification of vehicles at the consumption end 

necessitates significant changes in the electricity grid (Needell et al., 2023). Unlike traditional gas 

stations, EV charging station networks must be built on the grid. Third, the consumption segment 

is another critical segment of energy transition. Energy consumption occurs across various 

sectors, including industry and road transportation. Electrifying industries is as important as other 

sectors. The industry requires substantial investment in order to enhance efficiency, reduce energy 

consumption, and facilitate electrification. On the other hand, it will take time for consumers, who 

previously relied on fossil fuels and fossil-fuel vehicles for road transportation, to adapt to EVs. 

EVs have many different characteristics compared to their fossil-fuel counterparts. The paper 

continues in the third section with a literature review on MLP and the energy transition to EVs. 

 

3. Literature Review 

The literature extensively examines the energy transition in road transportation through the 

MLP, offering a systematic framework for analysis (Geels, 2014; Nilsson and Nykvist, 2016; 

Geels et al., 2017). This approach evaluates interactions among actors at local (Ugwu and 

Adewusi, 2024), national (Crowther et al., 2021), and international levels (Khalid et al., 2021) 

across sectors like industry, technology, market, policy, and society. The MLP comprises three 

levels: regimes, representing established systems with barriers and lock-ins (Isaksson and 

Heikkinen, 2018); landscapes, exerting external pressures on regimes (Barbanente and Grassini, 

2022); and niches, fostering innovations that drive transitions (Geels, 2011). 

Niches act as protected spaces for innovation, emerging through trial-and-error and pilot 

projects (Geels et al., 2017). For instance, electric and hybrid vehicles have become significant 

niches within road transportation, developed as responses to weakened lock-ins and increasing 

external pressures (Geels et al., 2020). The transition to EVs exemplifies a co-evolutionary 

process within the MLP, propelled by advancements in battery technology, the expansion of 

charging infrastructure, and supportive policy measures, such as incentives and renewable energy 

investments (Berkeley et al., 2017; Li, 2020). These interactions between emerging technologies, 
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regulatory frameworks, and market adoption reshape societal norms and industrial practices, 

promoting sustainable transportation. 

Neo-institutional theory complements the MLP by focusing on how established 

institutions, norms, and regulations influence the adoption of sustainable technologies (Geels, 

2014; Genus, 2014). It emphasizes the role of organizational and regulatory structures in shaping 

actor behavior and the legitimacy of new technologies, thereby facilitating or hindering 

transitions. Unlike neoclassical economics, which prioritizes market mechanisms and 

equilibrium, the MLP examines the dynamic interplay among niches, regimes, and socio-

technical landscapes, accounting for multi-layered processes and institutional contexts (Patella et 

al., 2019). 

The MLP incorporates interdisciplinary perspectives, addressing complex mobility 

challenges. For example, engineers contribute to the design and integration of EV technologies, 

while political scientists analyze the role of policies and governmental interventions in promoting 

adoption (Amjad et al., 2010; Cherp et al., 2018). This holistic approach considers the ET as a 

dynamic interaction between niche innovations, entrenched regimes like automotive industries, 

and socio-technical landscapes, which include societal norms, regulations, and market structures. 

Systemic and actor-based approaches within the MLP provide additional insights 

(Jørgensen, 2012; Ates et al., 2022). Systemic approaches highlight the co-evolution of 

technology, markets, policy, and infrastructure, with feedback loops driving advancements in 

EVs, consumer behavior, and regulatory adaptation. Conversely, actor-based approaches 

emphasize the negotiation and collaboration among developers, industries, and policymakers, 

shaping the trajectory of ET (Geels et al., 2020). 

At different scales, MLP reveals how local policies, national regulations, and international 

agreements collectively influence EV adoption (Crowther et al., 2021; Khalid et al., 2021). Local 

incentives and infrastructure investments affect consumer behavior, while broader regulations 

drive industry standards and global competitiveness. Market, industry, and technological 

advancements are deeply interconnected, with developments in one sector driving progress in 

others. For example, battery breakthroughs are transforming the EV industry, supported by 

collaborative efforts between manufacturers and technology sectors (Franke et al., 2018). This 

integrated framework underscores the dynamic, co-evolutionary processes shaping sustainable 

road transportation systems. 

 

3.1. Transition to EVs and MLP 

The shift toward EVs in road transportation is driven by the interplay of market forces, 

policy frameworks, societal dynamics, technological innovations, and broader landscape 

pressures. The paper explores the critical dimensions of energy transition through the lens of the 

MLP, emphasizing the interplay between regimes, niches, and landscapes. 

Market Dynamics 

The market transition toward EVs is influenced by industrial production as a driving force 

and carbon targets as a pulling force. However, fossil fuel vehicle supply chains dominate, 

necessitating the restructuring of manufacturing and supply networks. EV batteries, a cornerstone 

of energy transition, are integrated into charging mechanisms, establishing critical linkages 
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between EV manufacturers, battery producers, and charging network providers. Typically, 

electricity distribution and grid operation companies manage charging networks, underscoring 

the need for cohesive coordination across these sectors. While distributed technological 

development fosters innovation (Falchetta and Noussan, 2021), the market's co-evolutionary 

transition also generates significant tensions among stakeholders. 

Policy Frameworks 

The energy transition in road transport is heavily influenced by government policies and 

international agreements. The EU plays a pivotal role, with aggressive carbon targets and 

regulatory frameworks like the Green Deal and the Carbon Border Adjustment Mechanism 

(CBAM) guiding market transformation (Beaufils et al., 2023). Governments employ a mix of 

tools, including incentives, tax reductions, and infrastructure investments, to facilitate EV 

adoption and phase out fossil fuel vehicles (Schot et al., 2016). 

Despite the consensus on decarbonization (Sartor et al., 2017), disagreements persist 

regarding the pathways to achieve it. For instance, some advocate stringent emission reduction 

goals and regulatory frameworks, including carbon pricing (Qadir et al., 2024), while others favor 

market-driven solutions emphasizing private sector investment in cleaner technologies (Voland 

et al., 2022). 

Civil society acts as a catalyst for change by advocating regulatory reforms and promoting 

sustainable practices. Consumers, however, face challenges transitioning from fossil fuel vehicles 

to EVs, driven by reluctance to abandon established habits and cultural perceptions of vehicles as 

status symbols or expressions of safety (Sovacool and Griffiths, 2020). Cultural contexts 

influence these behavioral patterns as some societies emphasise environmental consciousness 

while others prioritise vehicle power and prestige. The heterogeneous nature of consumer 

behavior underscores the need for tailored strategies to address social acceptance barriers, 

emphasizing education and incentives.  

Regime Challenges 

The dominant road transport regime is characterized by a strong lock-in to fossil fuel 

technologies, supported by entrenched infrastructure, cultural norms, and established industry 

practices (Marquardt, 2017). Path dependence reinforces the dominance of internal combustion 

engines (ICEs), creating significant barriers to EV adoption. 

Economic uncertainties and consumer attitudes compound these barriers, as do high 

upfront costs and inadequate charging infrastructure (Berkeley et al., 2017). Complementary 

industries, such as gas stations and maintenance services, also resist the transition, supporting the 

fossil fuel ecosystem (Alghoul et al., 2018). Furthermore, technical limitations like battery 

performance and insufficient charging networks exacerbate these challenges (Al-Hanahi et al., 

2021). 

Technological niches, such as EVs and rapid charging stations, are critical to challenging 

the incumbent regime. Battery technology has advanced significantly, reducing costs and 

improving EV market viability (Pelegov and Pontes, 2018). Additionally, innovations in vehicle-

to-grid (V2G) and vehicle-to-home (V2H) technologies facilitate integration with renewable 

energy systems, enabling bidirectional energy flows that enhance grid management (Gönül et al., 

2021). 
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External landscape factors play a dual role in shaping transitions. Climate change, driven 

by rising global temperatures, exerts significant pressure for regime change (Hoffmann et al., 

2017). Carbon pricing mechanisms, such as taxes and emissions trading systems, incentivize 

economic shifts toward EVs. Simultaneously, oil price volatility and concerns about peak oil 

extraction costs provide additional motivations for EV adoption (Sioshansi and Webb, 2019). 

The energy transition in road transport necessitates a co-evolutionary process, integrating 

advancements in technology, policy, infrastructure, and societal behavior. The rapid expansion of 

the EV market reflects this interplay, driven by declining battery costs, supportive policies, and 

increasing environmental awareness (De Rubens et al., 2020). Finally, regulations play a pivotal 

role in fostering EV adoption, particularly through investments in infrastructure and renewable 

energy alignment. This alignment not only decarbonizes energy systems but also enhances energy 

security and diversifies supply, creating a robust foundation for sustainable transportation. After 

providing a general assessment of the energy transition and the role of the MLP in understanding 

the current environment, we apply the MLP model to the Turkish road transportation sector. 

 

4. Methodology and Analysis 

4.1. Türkiye Energy Transition in Road Transportation from the MLP 

This section applies the MLP framework to analyze Türkiye’s road transportation energy 

transition. MLP helps break down Türkiye’s situation into regime and landscape components, 

offering insights into how innovative ideas emerge within niche contexts and how sectoral and 

actor-based co-evolutionary processes unfold. 

We explore the energy transition in the context of the regime, landscape, and niche 

dimensions. Using MLP to study this transition in road transport enhances the ability to predict 

future scenarios, which is crucial for formulating effective policy. The analysis starts with an 

examination of the path dependence in the petroleum market, focusing on lock-in effects that 

define Türkiye’s regime. We then discuss the regulations and legislation shaped by the petroleum 

sector, as well as the dynamics of Türkiye’s road infrastructure. An actor-based approach 

identifies key players in the existing regime, including large oil refineries like Tüpraş and 

SOCAR, and distributors such as Opet and Petrol Ofisi. We also consider the tax system, which 

reflects the regime’s inertia, and its impact on the transition process. 

The section further investigates the market for EVs, highlighting the domestic brand 

TOGG, the EV charging infrastructure, and the companies involved. It also addresses the tax 

exemptions given to Chinese EV manufacturer BYD and the establishment of BYD’s EV factory, 

underscoring their role in accelerating the transition and raising awareness. TOGG’s and BYD’s 

production creates a new manufacturing environment, influencing Türkiye's shift to energy-

efficient road transportation. The analysis integrates the development of industry, technology, 

market, policy, and society, examining their interconnections. 

At the macroeconomic level, we analyze Türkiye’s landscape, including international 

pressures from the Paris Agreement, the EU Green Deal, export dynamics, and the Carbon Border 

Adjustment Mechanism (CBAM), offering a comprehensive view of the energy transition. 

Türkiye’s petroleum market expanded post-1980 due to economic liberalization, increasing 

vehicle numbers, and industrial growth. However, Türkiye is a net importer, with most crude oil 
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coming from the Middle East, especially Iraq, Saudi Arabia, and Iran. The discovery of crude oil 

in Gabar, located in Şırnak province in southeastern Anatolia, is mitigating import dependence, 

potentially altering the country’s petroleum trade balance and affecting long-term energy 

investment strategies. Russia supplies diesel, gasoline, and gas. The construction of refineries like 

Tüpraş and Socar Star has solidified the fossil-based nature of the market. International companies 

like Shell, BP, and Total are involved in petroleum distribution but have made minimal 

contributions to the energy transition, focusing instead on improving the efficiency of the fossil 

fuel system. Investments in refineries and distribution infrastructure have a lifespan of around 40-

50 years, extending beyond 2050 for returns on investments. This prolongs the dominance of 

fossil fuels in Türkiye’s energy system, especially with the ongoing construction of new oil 

extraction wells. 

Türkiye produces over a million fossil-fuel vehicles annually, supporting significant 

employment and tax revenues, particularly in the western coastal region where many car 

manufacturing factories are located. Shifting away from fossil fuel vehicles presents risks of 

export deficits and job losses, creating barriers to the transformation of the vehicle industry. The 

gradual pace of regulatory change suggests a degree of this lock-in, with systems like Tüvtürk’s 

20-year vehicle inspection contract playing a role in this inertia. This certification system, which 

generates significant revenue, faces uncertainty as EVs, with their digitised systems, may not 

require traditional inspections, posing another challenge to the transition. 

Fossil-fuel vehicles dominate Türkiye's extensive road network, which includes gas 

stations and maintenance services. However, the current infrastructure poses significant 

challenges for the adoption of EVs. A key issue is the lack of a widely accessible charging station 

network, particularly in rural areas. Market players are unlikely to invest in charging stations 

across all regions, making it essential for the government to establish regulations facilitating the 

installation of EV charging stations nationwide. Optimizing station placement based on regional 

needs—fast chargers in high-traffic areas and slow chargers in places where users can wait—

requires a thorough analysis of user behavior. Additionally, adapting Türkiye’s infrastructure to 

accommodate EVs demands substantial investment in charging stations and the transformation of 

electricity transmission and distribution networks. 

As part of the transition, major oil companies, pressured by national and international 

factors, are gradually shifting towards electricity systems. Koç Group, which owns Tüpraş and 

Opet, is investing in renewable energy and carbon capture technology (Tüpraş, 2022). Similarly, 

Socar and BP are planning investments in renewable energy generation (BP, 2023). However, 

these efforts are still in the early stages and not sufficient to drive the transition at scale. 

Meanwhile, oil distribution companies like BP, Shell, and Total have started installing EV 

charging units at their retail stations, though their fees are higher than those of dedicated 

electricity providers. The gradual pace of this transition suggests that the shift from fossil fuels to 

electricity could take longer than initially expected. 

Taxation plays a crucial role in Turkey’s vehicle market, with the current system structured 

around fossil fuels while imposing higher taxes on vehicles with larger engine capacities. A new 

taxation framework for EVs, introduced in 2023, provides lower taxes to encourage adoption. 

However, current tax policies appear to be less comprehensive than those in many EU countries, 

and further incentives could help facilitate a faster transition to EVs. 
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The domestic EV market in Türkiye is expanding, with TOGG, the country’s national car 

brand, playing a key role. Founded in 2017, TOGG aims to produce 1 million vehicles by 2030 

and has plans for a battery factory with a capacity of 20 GWh. Supported by innovation funds and 

favorable consumer financing regulations, TOGG has boosted social acceptance of EVs, 

particularly due to its domestic branding. The large domestic market also presents export 

opportunities, especially to Europe. 

In the near future, Chinese EV manufacturer BYD plans to begin operations in Türkiye, 

with an expected annual production of 150,000 vehicles (Ministry of Industry and Technology, 

2024). This $1 billion investment is supported by tax incentives, and Türkiye’s Customs Union 

status offers advantages for selling to Europe. With the entry of BYD, alongside TOGG and Tesla, 

the Turkish EV market is set to grow. As of June 2024, EVs and hybrids make up 2.6% of 

Türkiye's total vehicle fleet. While the slow transition of existing fossil vehicle manufacturers is 

a challenge, the growing investment from new EV manufacturers offers a promising advantage 

in Türkiye's energy transition. 

 

 
Figure 1. Number of Hybrid Vehicles, EVs, and Fossil-Fueled Vehicles 

 

As illustrated in Figure 1, fossil fuel vehicles still overwhelmingly dominate Türkiye’s road 

transportation system, indicating the persistence of the existing fossil-based regime. Although the 

number of EVs and hybrid vehicles has increased in recent years, their share within the total 

vehicle fleet remains limited. However, the upward trend in EV and hybrid vehicle adoption 

suggests that niche innovations are gradually gaining momentum within the transportation sector. 

This trend reflects the growing influence of technological development, policy incentives, and 

expanding charging infrastructure on Türkiye’s energy transition process. 

EV charging stations are essential to the energy transition, complementing EVs. There is a 

bidirectional relationship between EV sales and the expansion of charging infrastructure. Türkiye 

is currently developing a range of EV charging stations, both fast and slow. As shown in Figure 

2, the distributors of these stations are primarily companies from the electricity generation and 

distribution sectors. In total, 157 companies operate EV charging networks, managing 20,888 

charging sockets, including both fast and slow chargers (EMRA, 2024). Of these, 64% are AC 

(slow) chargers, while 36% are DC (fast) chargers. 
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Figure 2. Share of Electricity Charging Station Distributors (EMRA, 2024) 

 

Figure 3 illustrates the distribution of the charging network and the market shares of the 

companies. The İstanbul-Ankara-İzmir triangle, which represents regions with the highest 

purchasing power and EV usage in Türkiye, shows a high concentration of charging stations. This 

reflects the ongoing transformation in road transportation and increasing EV sales in these cities. 

However, the regions enclosed by circles in the Figure denote areas having a comparatively lower 

density of charging stations, emphasizing the need for targeted infrastructure expansion in these 

regions. 

 

 
Figure 3. Distribution of Charging Stations in Türkiye 

 

In Türkiye, the co-evolution of industry, technology, market, policy, and society is in the 

process of transforming the road transportation sector. However, Türkiye still heavily relies on 

imported technology and materials for EVs and batteries, and the fossil fuel market remains 
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dominant. The market lacks strong pull factors for EV adoption, with most vehicles still relying 

on fossil fuels (Ağbulut et al., 2023). To combat carbon emissions, a comprehensive regulatory 

framework is in progress that integrates industry, technology, and market dynamics. 

Public awareness of climate change and income levels remain relatively low, while the 

sustained reliance on fossil vehicle among consumers presents a significant challenge to the 

transition process. For a successful energy transition in road transportation, co-evolution across 

industry, market, and society is crucial. However, the policy and technology segments, which 

should act as catalysts, are not yet sufficient to drive the consumer and market segments forward. 

The fossil fuel lock-in remains entrenched in Türkiye’s sociotechnical system, largely due to the 

reluctance of major actors like vehicle manufacturers and fuel suppliers to adapt to the energy 

transition (Alagoz and Alghawi, 2023). 

Türkiye's commitment to the Paris Agreement, aiming for carbon neutrality by 2053, has 

intensified pressure for an energy transition (Avci and Kaygusuz, 2020). The agreement’s 

framework encourages the electrification of road transportation, the promotion of sustainable e-

mobility, and the integration of renewable energy. The Turkish government has responded by 

accelerating the development of TOGG and creating favorable conditions for international EV 

manufacturers. The Paris Agreement has also driven the establishment of regulations for EV 

charging stations, marking a significant shift in Türkiye's road transportation market (Yurtsever 

et al., 2023). 

Additionally, Türkiye’s candidacy for EU membership adds another layer of pressure, with 

the EU's Green Deal and FitFor55 regulations promoting EV adoption and stricter vehicle 

emissions standards. The CBAM, a key component of the EU's Green Deal, introduces carbon 

pricing for countries that rely on carbon-intensive production processes (Magacho et al., 2023). 

This regulation threatens Türkiye’s trade with the EU and could increase the costs of vehicles and 

components exported to Europe, further pushing Türkiye’s road transportation sector towards 

decarbonization. Both the EU candidacy process and CBAM regulations are therefore significant 

drivers of change, influencing Türkiye’s energy transition and trade dynamics. 

 

4.2. Analyzing Türkiye Energy Transition in Road Transportation via ML Methods 

4.2.1. Machine Learning Methods 

ML methods are widely used in energy market models for price, supply, and demand 

forecasting (Antonopoulos et al., 2020; Gomez et al., 2024). These methods are also effective for 

volatility analysis and offer several advantages over traditional econometric techniques. Notably, 

ML models avoid the strong assumptions inherent in econometrics, distinguish between training 

and testing data, and utilize flexible mathematical models. Common ML techniques in energy 

markets include Random Forest, Decision Tree, Regression (Elmaz et al., 2020), Polynomial 

Regression (Dubey et al., 2022), and Multilayer Perceptron (Nieto et al., 2024). 

Studies show that ML models outperform econometric methods in terms of goodness of fit 

(Shobana and Umamaheswari, 2021). Ghoddusi et al. (2019) demonstrate that ML excels in 

accuracy, big data handling, and capturing independent dynamics. Unlike traditional 

econometrics, these models do not rely on rigid assumptions, which makes them less prone to 

bias and more effective in high-noise environments. Additionally, Qiu et al. (2017) highlight that 
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ML algorithms are better suited for forecasting electricity demand, managing rapid learning, and 

handling non-linear features. 

Ahmad et al. (2020) focus on ensemble learning and artificial neural networks for 

renewable energy planning and forecasting, particularly for solar, wind, and geothermal energy. 

Their findings suggest that ML algorithms achieve high accuracy and robustness across short-, 

medium-, and long-term forecasts, minimizing errors like Mean Absolute Error (MAE), Mean 

Squared Error (MSE), and Root Mean Square Error (RMSE). 

 

4.2.2. Machine Learning Analysis 

This study employs the KNIME algorithm tool to integrate ML methods into MLP analysis, 

addressing its limitations in establishing cause-and-effect relationships. By leveraging Perceptron 

and Decision Tree algorithms, the research uncovers complex dynamics influencing the 

adaptation of EVs into Türkiye’s system. 

The analysis evaluates variables such as EV sales, the number of fast and slow charging 

stations, LPG, diesel, and gasoline prices, GDP per capita (GDPpc), inflation, exchange rate, and 

vehicle loan interest rates. Data sources include EMRA, the Automotive Distributors and Mobility 

Association, the Central Bank of Türkiye, the World Bank, and the Turkish Statistical Institute. 

Monthly data from October 2022 to May 2024 were analyzed, starting when EV sales and 

charging infrastructure began in Türkiye. 

Key indicators include EV sales and charging stations, reflecting the energy transition in 

road transport. Charging stations complement EV adoption, while the costs of diesel, gasoline, 

and LPG vehicles serve as substitutes. Macroeconomic variables, such as GDPpc, inflation, and 

interest rates, provide additional context. As shown in Figure 4, these variables exhibit concurrent 

upward trends, highlighting their interrelated dynamics. 
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Figure 4. Progress of Dependent and Independent Variables 
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ML methods are categorized into supervised and unsupervised learning. The paper focuses 

on supervised learning, recognized for its effectiveness in point estimation and classified data 

analysis. Two approaches are explored: point estimation, resembling traditional methods, and 

classification, which leverages ML algorithms. 

We employ widely used algorithms, including Random Forest, Gradient Boosted Tree, 

Tree Ensemble, Regression Tree, Decision Tree, Naive Bayes, and Multilayer Perceptron 

Learners. Decision Tree methods build tree structures using gain functions, advancing through 

successful splits and revisiting variables within the tree to enhance flexibility and efficiency. 

Ensemble techniques like Random Forest and Gradient Boosted Trees integrate multiple Decision 

Trees to improve performance. Random Forest reduces variability by using diverse sub-samples, 

while Gradient Boosted Trees iteratively minimize errors. Similarly, Tree Ensemble Learners 

combine trees to enhance generalization and precision. 

Naive Bayes and Multilayer Perceptron Learners offer alternative approaches. Naive 

Bayes, a probabilistic model assuming feature independence, is fast and efficient. In contrast, the 

Multilayer Perceptron leverages neural network principles with a feedforward topology. Its inter-

layer connections enable high accuracy for complex data structures. Together, these methods 

highlight the versatility and power of supervised learning in ML applications. 

 

4.2.2.1. Point Estimation 

We used the Gradient Boosted Trees, Random Forest Trees, Tree Ensemble, and 

Regression Tree Learner algorithm models for point estimation. We trained the models using 

learning ratios of 80–20 and 50–50. Although the algorithms use distinct techniques, they all use 

the same equation. 

𝐸𝑉𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑙𝑒𝑠

= 𝑓(𝐶ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠𝑠𝑙𝑜𝑤 𝑎𝑛𝑑 𝑓𝑎𝑠𝑡 , 𝑃𝑟𝑖𝑐𝑒𝑠𝑙𝑝𝑔 𝑎𝑛𝑑 𝑑𝑖𝑒𝑠𝑒𝑙 𝑎𝑛𝑑 𝑔𝑎𝑠𝑜𝑙𝑖𝑛𝑒 , 𝐺𝐷𝑃𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 , … 

… , 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛, 𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒, 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒) 

(1) 

We utilized the RMSE, MAE, and MSE measures to evaluate the performance of the 

model, which are also frequently employed in ML and econometric analyses. 

𝑅𝑀𝑆𝐸 = √∑
(𝑦̂ − 𝑦𝑖)2

𝑛

𝑛

𝑖=1

 (2) 

𝑀𝑆𝐸 =
1

𝑛
∑(𝑦̂ − 𝑦𝑖)2

𝑛

𝑖=1

 (3) 

𝑀𝐴𝐸 =
1

𝑛
∑ 𝑎𝑏𝑠(𝑦𝑖 − 𝑦̂)

𝑛

𝑖=1

 (4) 
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In these equations, n represents the number of observations, 𝑦𝑖 denotes the actual values, 

and 𝑦̂ represents the forecasted value. Table 2 presents the results of the Gradient Boosted 

Learner, Random Forest Learner, Tree Ensemble Learner, and Simple Regression Learner 

models. Based on the R2 values, which measure goodness of fit, the models rank in the following 

order: Gradient Boosted Learner, Random Forest Learner, Tree Ensemble Learner, and Simple 

Regression Learner. The Simple Regression Learner performed less effectively than the other 

three models. 

The Gradient Boosted Learner algorithm demonstrates high explanatory power, achieving 

87% accuracy in predicting EV sales. Its Decision Trees yield more accurate predictions. 

Additionally, in terms of MAE, MSE, and RMSE measurements, the Gradient Boosted Learner, 

Random Forest Learner, and Tree Ensemble Learner models show strong performance. 

The models’ performance was further tested by changing the train-test ratio from 80–20 to 

50–50. Despite a decrease in goodness-of-fit values, the Gradient Boosted Learner, Random 

Forest Learner, and Tree Ensemble Learner algorithms remained effective. This process 

represents cross-validation. At the 50–50 training level, the Random Forest algorithm emerged as 

the most successful. 

 

Table 2. Point Estimations for EV Sales 

 Partitioning: 80% Train and 20% Test 

Learner 
Gradient Boosted 

Trees 

Random Forest 

Trees 

Tree 

Ensemble 

Simple Regression 

Tree 

Adj-R2 0.87 0.68 0.65 0.44 

MAE 0.153 0.252 0.262 0.260 

MSE 0.035 0.078 0.100 0.120 

RMSE 0.187 0.280 0.316 0.346 

 Partitioning: 50% Train and 50% Test 

Learner 
Gradient Boosted 

Trees 

Random Forest 

Trees 

Tree 

Ensemble 

Simple Regression 

Tree 

Adj-R2 0.56 0.67 0.54 0.43 

MAE 0.248 0.161 0.267 0.297 

MSE 0.099 0.058 0.113 0.132 

RMSE 0.315 0.241 0.336 0.367 

 

The Gradient Boosted model achieves the best results with 87% accuracy, while the 

Random Forest and Tree Ensemble Learner models generate more segmented Decision Trees. 

ML surpasses econometrics in handling complex relationships due to its flexible use of probability 

theory and gain functions. Unlike econometric methods, which use the same dataset for testing 

and training—risking inflated explanatory power—ML separates these processes, yielding 

unbiased, precise estimates without relying on lag variables. 

ML also excels in analyzing non-linear interactions, supported by higher computational 

capabilities (Deng et al., 2017). As shown in Figure 5, EV charging stations frequently appear as 

the initial node in Decision Trees. Their expansion supports EV adoption, while the growth in 

EVs, in turn, drives charging infrastructure development. This interplay highlights the importance 

of EV charging stations as complementary goods, essential to the success of the EV ecosystem. 
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Figure 5. Results of Tree Algorithms 
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Diesel and LPG fuel prices significantly influence Decision Trees in Türkiye, where over 

half of vehicles run on diesel, the most consumed and highest-emission fuel. Diesel and LPG 

vehicles, as substitutes for EVs, directly impact EV sales; rising diesel prices drive EV adoption, 

while falling prices reduce it. Gasoline prices show a weaker but similar effect. Beyond fuel 

prices, macroeconomic variables such as GDPpc, interest rates, inflation, and exchange rates 

shape the Decision Trees. High credit interest rates, inflation, and exchange rates negatively affect 

EV sales, highlighting the role of macroeconomic factors. 

In the Regression Tree Learner model, charging stations are pivotal, serving as the starting 

point for tree construction. While this model underperforms compared to others, it underscores 

the critical role of charging stations, complementary to EVs. Both slow and fast charging stations 

significantly boost EV sales. ML reveals a bidirectional relationship between charging 

infrastructure and EV sales. In Regression Trees with nine features, R² values reach 0.91. Models 

incorporating fuel prices achieve explanatory power between 0.80 and 0.90. Even without 

charging station data, models using macroeconomic variables such as interest rates and GDPpc 

maintain strong explanatory power. These findings demonstrate the capability of ML to unravel 

complex non-linear relationships effectively. 
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Table 3. Results of Regression Trees 

Number of 

Features 
Adjusted R2 

Selected Features 

1 2 3 4 5 6 7 8 9 

9 0.91 Charging St. (Slow) Charging St. (Fast) LPG Diesel Gasoline Inflation Exchange R Interest R GDPpc 

4 0.88 Charging St. (Slow) LPG Diesel GDPpc           

6 0.88 Charging St. (Slow) Charging St. (Fast) Diesel Gasoline Inflation Interest R       

5 0.88 Charging St. (Fast) Gasoline Inflation Exchange R Interest R         

2 0.86 Charging St. (Slow) LPG               

2 0.84 Interest R GDPpc               

2 0.83 Inflation Exchange R               

4 0.80 Charging St. (Slow) Charging St. (Fast) Exchange R Interest R           

2 0.80 Charging St. (Slow) Interest R               

5 0.80 Charging St. (Slow) Charging St. (Fast) Diesel Gasoline GDPpc         

8 0.79 Charging St. (Slow) Charging St. (Fast) LPG Gasoline Inflation Exchange R Interest R GDPpc   

4 0.79 Charging St. (Fast) Inflation Exchange R GDPpc           

6 0.78 Charging St. (Slow) Charging St. (Fast) LPG Gasoline Exchange R GDPpc       

7 0.77 Charging St. (Slow) Charging St. (Fast) LPG Diesel Gasoline Exchange R Interest R     

5 0.77 Charging St. (Slow) Charging St. (Fast) LPG Exchange R GDPpc         

8 0.76 Charging St. (Slow) Charging St. (Fast) LPG Diesel Gasoline Inflation Exchange R GDPpc   

4 0.74 Charging St. (Slow) Charging St. (Fast) LPG Gasoline           

3 0.73 Charging St. (Slow) Diesel Interest R             

5 0.71 Charging St. (Slow) Charging St. (Fast) Inflation Exchange R Interest R         

2 0.68 Gasoline Inflation               

7 0.67 Charging St. (Fast) LPG Diesel Gasoline Inflation Interest R GDPpc     

7 0.66 Charging St. (Slow) Charging St. (Fast) LPG Diesel Inflation Exchange R GDPpc     

5 0.66 Charging St. (Fast) Diesel Gasoline Exchange R GDPpc         

8 0.64 Charging St. (Fast) LPG Diesel Gasoline Inflation Exchange R Interest R GDPpc   

6 0.64 Charging St. (Slow) Charging St. (Fast) LPG Gasoline Interest R GDPpc       

8 0.63 Charging St. (Slow) Charging St. (Fast) LPG Diesel Inflation Exchange R Interest R GDPpc   

4 0.62 Gasoline Inflation Interest R GDPpc           
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4.2.2.2. Classification Models 

Following the point estimation process, we categorized EV sales data using a range of 

algorithms and methodologies. The data was analyzed by dividing it into five distinct classes, 

each representing monthly sales increments of 5,000 EVs, as outlined in Table 4. 

 

Table 4. Classification of EV Sales 

Class Identity Class Interval (Monthly EV Sales) 

Class 1 5,000-10,000 

Class 2 10,000-15,000 

Class 3 15,000-20,000 

Class 4 20,000-25,000 

Class 5 25,000-30,000 

 

The EV classes serve as the dependent variable in the classification models, while the 

independent variables include factors such as the number of EV charging stations, EV prices, 

GDPpc, inflation, exchange rates, and interest rates. 

𝐸𝑉𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑙𝑒𝑠

= 𝑓(𝐶ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠𝑠𝑙𝑜𝑤  𝑎𝑛𝑑 𝑓𝑎𝑠𝑡 , 𝑃𝑟𝑖𝑐𝑒𝑠𝑙𝑝𝑔 𝑎𝑛𝑑 𝑑𝑖𝑒𝑠𝑒𝑙 𝑎𝑛𝑑 𝑔𝑎𝑠𝑜𝑙𝑖𝑛𝑒 , 𝐺𝐷𝑃𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 , …, 

… , 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛, 𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒, 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒) 

(5) 

The EV classes served as the dependent variable, with independent variables including EV 

charging stations, prices, GDPpc, inflation, exchange rates, and interest rates. Classification 

analyses used Gradient Boosted Learner, Random Forest, Multilayer Perceptron, and Naive Bayes 

algorithms, with results shown in Table 5. Cross-validation employed 80-20% and 50-50% train-

test splits. MLP achieved the highest accuracy at 87%, benefiting from hidden layers, followed 

by Random Forest at 83%. Notably, MLP maintained performance when the train ratio decreased, 

whereas Random Forest showed a decline. Overall, MLP excelled in classification modeling. 

 

Table 5. Classification Predictions for EV Sales 

Partitioning: 80% Train and 20% Test 

Learner Decision Tree Naive Bayes 
Multilayer 

Perceptron 

Gradient Boosted 

Trees 

Random 

Forest 

Trees 

Sensitivity 0.50 0.58 0.87 0.50 0.83 

Precision 0.50 0.56 0.67 0.56 0.75 

F-Measure 0.67 0.67 0.50 0.90 0.89 

Accuracy 0.50 0.60 0.50 0.60 0.75 

Partitioning: 50% Train and 50% Test 

Learner Decision Tree Naive Bayes 
Multilayer 

Perceptron 

Gradient Boosted 

Trees 

Random 

Forest 

Trees 

Sensitivity 0.25 0.40 0.53 0.33 0.29 

Precision 0.30 0.50 0.81 0.37 0.33 

F-Measure 0.46 0.57 0.80 0.66 0.54 

Accuracy 0.30 0.50 0.60 0.50 0.40 

 



Journal of Research in Economics, Politics & Finance, 2026, 11(2): 480-505 
 

 
499 

 

Unlike point estimation, classification models faced challenges in predicting EV classes, 

largely due to converting continuous data into discrete intervals and the limited time span of the 

monthly dataset. Shorter datasets can hinder an algorithm's learning capability compared to larger 

ones. 

We observed that classification models, particularly Multilayer Perceptron and Decision 

Tree algorithms, relied heavily on macroeconomic variables such as inflation, interest rates, 

exchange rates, and GDP per capita. However, fast-charging stations emerged as a key factor in 

boosting EV sales. 

Findings specific to Türkiye indicate that factors such as the number of EV charging 

stations, fuel prices (diesel, gasoline, gas), inflation, interest rates, exchange rates, and GDP per 

capita significantly influence EV sales. In 2022, regulatory changes by the EMRA, including the 

EV Charging Station Regulation, marked the start of large-scale EV sales. Prior to this, EV sales 

were minimal. The Ministry of Industry and Technology also introduced tax incentives for 

domestic vehicles like TOGG and provided grants for charging infrastructure, driving an increase 

in EV sales, as highlighted by Decision Tree models. 

However, Türkiye’s high inflation, rising exchange rates, stagnant GDP per capita growth, 

and costly vehicle financing have significantly constrained the adoption of EVs among middle- 

and lower-income segments of the population. The tax exemptions introduced in July 2024 are 

expected to attract foreign EV manufacturers, with domestic EVs at competitive prices potentially 

boosting sales further (Reuters, 2024). 

 

5. Policy Recommendations 

This section provides policy recommendations based on the MLP and ML results, 

emphasizing the importance of addressing climate change and advancing the energy transition. 

Key policies focus on boosting EV manufacturing and transforming the fossil-based road 

transportation system. Governance of the co-evolutionary process among industry, policymakers, 

and society is essential, as is the development of complementary structures, such as EV charging 

stations. 

Türkiye ratified the Paris Agreement in 2021 and seeks alignment with the EU Green Deal, 

given the EU’s role as its largest trading partner. Policies such as the CBAM place pressure on 

Türkiye to decarbonize its economy. Transitioning electricity generation to renewable sources 

like solar and wind is critical to decarbonizing the industrial and transportation sectors. Without 

clean electricity, electrifying transportation would merely increase fossil fuel demand. 

Strengthening international cooperation and investing in low-carbon technologies are 

crucial for advancing Türkiye's EV and battery industries. While domestic EVs like TOGG lead 

sales, EVs account for just 2.4% of the total car market. Türkiye must set clear production targets 

for EVs and batteries, supported by tax incentives and strategic factory locations. Import pathways 

should be optimized to ensure affordable EV access for consumers, aiding the conversion of 30 

million fossil-fuel vehicles to EVs by 2035 and 2053. 

Policymakers should promote cultural shifts in road transportation by fostering 

collaboration among industry, technology, markets, policymakers, and society. To enhance its 

current standing, Türkiye should establish a comprehensive framework grounded in good 
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governance principles, such as accountability, transparency, and inclusiveness, to foster the 

development of an EV market that answers the needs and preferences of diverse consumer 

segments. 

Overcoming the fossil-based lock-in requires transforming major actors in the 

sociotechnical system, such as oil companies, through incentive programs and partnerships. 

Policymakers should encourage these players to invest in renewable energy, EV technology, and 

infrastructure, ensuring the profitability of the EV sector surpasses that of fossil fuels. Developing 

a robust EV charging station network is critical, requiring support from transmission and 

distribution companies to enhance grid flexibility and efficiency. 

ML findings underscore the role of fuel prices, particularly diesel, in shaping EV adoption 

trends. Phasing out tax exemptions for fossil fuel vehicles and introducing carbon taxes could 

help better align vehicle pricing with their actual environmental and economic costs, thereby 

encouraging a shift away from fossil fuel dependency. 

Complementary sectors like maintenance and repair must also adapt. Türkiye should 

establish training programs to help these industries shift toward EV-related services, preventing 

unemployment and aligning with the broader transition. 

Expanding the EV charging station network is vital to supporting EV adoption. Charging 

infrastructure should precede large-scale EV sales, ensuring technical readiness and consumer 

confidence. Private investment in charging stations, coupled with operational and grid 

enhancements by transmission companies, will drive progress. A flexible electricity grid, 

supported by new investments and efficiency measures, forms the backbone of this 

transformation. 

In addition to expanding charging infrastructure, Türkiye should adopt more advanced grid 

integration and optimization strategies for EV systems. Efficient planning of transmission and 

distribution networks is essential to manage the increasing electricity demand associated with EV 

adoption. ML-based optimization models could be utilized to determine the optimal locations of 

charging stations according to hourly demand patterns, regional traffic density, and grid capacity 

constraints. Dynamic electricity pricing mechanisms, differentiated by time-of-use, could reduce 

peak-load pressures and improve grid flexibility by encouraging EV charging during off-peak 

hours. Furthermore, integrating local battery storage systems into charging stations would 

enhance system reliability and support renewable energy integration. In the longer term, vehicle-

to-grid (V2G) applications could enable EVs to function as distributed storage assets, contributing 

to frequency regulation, balancing services, and overall electricity system flexibility. 

Macroeconomic stability is another key factor. Variables such as inflation, interest rates, 

exchange rates, and GDP per capita significantly influence EV sales. While Türkiye has adopted 

rational monetary policies to restore financial stability, achieving balance takes time. A favorable 

macroeconomic climate is essential for EV manufacturers, dealers, and consumers. Competitive 

markets and affordable credit conditions will encourage manufacturers to invest in EV 

manufacturing and enable consumers to purchase EVs, fostering sustainable growth in the sector. 

A successful energy transition in road transportation requires coordinated efforts across 

energy, technology, and economic policies. Policymakers must create an environment conducive 

to long-term growth in the EV market, ensuring sustainable progress toward zero-carbon targets. 
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6. Conclusion 

Türkiye’s transition to clean energy in road transportation is vital to its broader energy 

policy, aligning with the Paris Agreement and aspirations for EU membership. While fossil fuel 

vehicles dominate the current landscape, recent developments in domestic EV manufacturing and 

expanding charging infrastructure signal progress toward cleaner transportation. 

The MLP framework offers a comprehensive view of Türkiye’s energy transition by 

analyzing interactions between regimes, landscapes, and niches. The entrenched fossil fuel-based 

system is resistant to change due to its established infrastructure and market dominance. However, 

the rise of EVs as a niche presents an opportunity for transformation. Co-evolution among 

industry, technology, policy, and society is gradually fragmenting this regime, paving the way for 

innovation. International pressures, such as the Paris Agreement and EU policies, play a critical 

role in driving these changes. 

ML models, including Perceptron and Decision Tree algorithms, highlight key drivers of 

EV adoption in Türkiye. The availability of charging stations emerged as the most significant 

factor, alongside rising diesel prices and favorable vehicle loan interest rates. Furthermore, 

government policies, such as subsidies for EV purchases and tax incentives, were identified as 

critical enablers in accelerating the transition to electric mobility. 

To accelerate the energy transition, policymakers should implement robust incentives, 

including tax benefits and subsidies, to support EV and battery production, especially for domestic 

manufacturers like TOGG. Expanding charging infrastructure nationwide, converting fossil fuel 

systems to clean energy, and raising public awareness about EV benefits are essential. A stable 

macroeconomic environment with low-interest financing will further sustain market growth. 
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