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Abstract
Electric carsharing (e-carsharing) systems hold significant potential for promoting 
sustainable urban mobility in Central Europe, in this study particularly examined 
in Hungary, Slovakia, and Romania. Through a comparative analysis of carsharing 
models, charging infrastructure, and regulatory frameworks, this paper identifies 
key factors influencing the adoption of e-carsharing. The results demonstrate that 
while e-carsharing can substantially reduce carbon emissions and alleviate traffic 
congestion, its widespread implementation faces obstacles such as insufficient 
charging networks, limited governmental support, and consumer preferences for 
car ownership. In Central Europe, especially in the countries under examination, car 
ownership still holds great significance, which hinders the spread of e-carsharing 
services. Therefore, it is particularly important for e-carsharing services to be 
competitive, making government incentives necessary. Technological innovations 
like AI-based fleet management and Vehicle-to-Grid (V2G) systems are essential 
for improving operational efficiency and sustainability. Policy recommendations 
emphasize the need for robust government incentives, coherent energy policies, 
and targeted financial mechanisms to foster the growth and long-term viability of 
e-carsharing across the region.
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INTRODUCTION

Electric carsharing (e-carsharing) is becoming increasingly prominent in the 
evolution of sustainable transportation, combining the environmental advantages 
of electric vehicles with the flexibility inherent in shared mobility services. (Icaza et 
al., 2023; Rizopoulos et al., 2022; Sadhu et al., 2022; Venkatesh and Raslavičius, 2024; 
Yassine et al., 2024). E-carsharing allows users to access electric vehicles for short 
periods, avoiding the long-term financial commitments typically linked to vehicle 
ownership. (Amamra and Marco, 2019; Leal Filho et al., 2021; Ritter and Schanz, 
2021). This model proves especially advantageous in urban environments, where 
traffic congestion, air pollution, and limited parking space pose daily challenges 
(Alanazi, 2023; Hassler et al., 2021; Manso-Burgos et al., 2021; Ravi and Aziz, 2022; 
Venkatesh and Raslavičius, 2024).

The aim of this study is to provide a detailed overview of the carsharing 
networks in Budapest, Bucharest, and Bratislava, with a particular focus on electric 
carsharing systems. The various infrastructural and regulatory challenges in these 
cities have a significant impact on the adoption and sustainability of e-carsharing 
services. Additionally, the study seeks to analyze the technological advancements 
in electric carsharing and their effects on user experience.

E-carsharing models are inherently tied to the rapid expansion of the sharing 
economy, with a primary focus on environmental sustainability (Galan and Zuñiga-
Vicente, 2023). Leveraging innovative opportunities, providers can adopt emerging 
digital business models and essential sustainability tools (Briguglio and Formosa, 
2023; Malakhatka et al., 2024; Ritter and Schanz, 2021; Y. Wang et al., 2024; Yassine 
et al., 2024). In recent years, a growing number of consumers and urban dwellers 
have embraced shared economy models that prioritize access over ownership 
(Han and Sun, 2024; Yang et al., 2024). Carsharing is particularly appealing to 
users who drive less frequently and wish to avoid the costs and responsibilities of 
vehicle ownership. Integrating electric vehicles into carsharing systems provides 
a pathway to decarbonize the transportation sector and enhance the efficiency 
of the whole transport system (Huang et al., 2020; Sarsia et al., 2023; Shaban et al., 
2023; Venkatesan et al., 2024; Zhang et al., 2024a). E-carsharing systems offer major 
environmental benefits by reducing carbon emissions and local air pollution, 
contributing to sustainable urban transportation (Christensen et al., 2021; Luo et 
al., 2023; Sarsia et al., 2023). Moreover, e-carsharing fosters greater acceptance of 
electric vehicles by allowing users to experience the technology without the need 
for long-term commitment (Bohdanowicz et al., 2022; Hu and Han, 2023; Stanchev 
et al., 2023; Tiwari and Farag, 2022).

The integration of electric vehicles into the grid (Christensen et al., 2021; 
Huang et al., 2020; Neaimeh and Andersen, 2020; Pietracho et al., 2022; “Resilience 
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Enhancement of Urban Energy Systems via Coordinated Vehicle-to-grid Control 
Strategies,” 2023) alongside load management, requires advancements in energy 
distribution systems, particularly for expanding urban charging networks (Ahmed 
et al., 2023; Lewicki et al., 2024; Zenhom et al., 2023; Zhang et al., 2024a). Integrating 
electric vehicles into the grid serves as a strategy to mitigate the extremities, the 
peaks and lows, of grid usage (Letha et al., 2023; Malya et al., 2021; Salehimehr et 
al., 2024; Srivastava et al., 2023).

The distinct economic, infrastructural, and social conditions of Central Europe 
profoundly influence the development and expansion of e-carsharing models (Y. 
Wang et al., 2024). The availability of electric vehicles, government incentives, the 
development of charging infrastructure, beside public awareness of environmental 
and financial benefits collectively shape the success of e-carsharing services (Bridi 
et al., 2024; Jaman et al., 2023). In this region, the adoption of electric vehicles 
may be impeded by income disparities, shortcomings in charging infrastructure, 
and insufficient user awareness regarding the advantages of electric mobility 
(Ritter and Schanz, 2021). Simultaneously, there is substantial growth potential 
for electric carsharing in Central Europe, particularly in metropolitan regions 
where transportation challenges and sustainability demands are more acute (Ma 
and Fang, 2022; Pan et al., 2023; Y. Wang et al., 2024). The expansion of electric 
carsharing and charging infrastructure presents new opportunities for building 
energy management systems (Brhane et al., 2024; Hossain et al., 2023; Jiang et al., 
2023; Lewicki et al., 2024; Pedram et al., 2023). Electric vehicle charge control can 
not only contribute to building energy management systems but it also assists in 
balancing peak loads (Bhundar et al., 2023; Liu et al., 2023; Lu et al., 2023; Toniato 
et al., 2021). The sustainability of electric carsharing fundamentally depends on the 
efficiency of demand-side energy management (Bogdanova et al., 2023; Chen et al., 
2024; Dorji et al., 2023; Mahani et al., 2023). As smart grids advance, the application 
of effective energy management techniques is becoming crucial (Venkatesan et al., 
2024; Bakare et al., 2023; Muqbel et al., 2024; Esfandi et al., 2024; Kusznier, 2023; Ma 
et al., 2021; Mazhar et al., 2023).

Electric carsharing systems are progressively incorporating advanced 
technologies, such as mobile applications and real-time data management, to 
enhance user experience and optimize service efficiency (Briguglio and Formosa, 
2023; Malakhatka et al., 2024; Y. Wang et al., 2024). Optimizing user experience 
is essential for fostering the widespread adoption of e-carsharing, as intuitive 
platforms and streamlined rental processes contribute to positive user experiences 
and foster long-term loyalty (Ritter and Schanz, 2021; Yang et al., 2024).

The regulatory framework also plays a pivotal role in shaping the development 
of e-carsharing markets, as government incentives and support mechanisms 
can substantially influence the expansion of charging infrastructure and the 
enhancement of user awareness (Jaman et al., 2023; Rego et al., 2023; Yassine et 
al., 2024).
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Challenges of Electric Carsharing Systems

Electric carsharing offers benefits in both environmental sustainability and 
economic efficiency, yet it faces several critical challenges that may impede 
its broader adoption (Huang et al., 2020). On the other hand, there are a lot of 
challenges that service providers and users may face in the Central European 
context (Ghatikar and Alam, 2023). The following section enquires into these 
challenges.

Challenges in the Adoption of Electric Carsharing Systems

Despite the substantial environmental and economic benefits associated with 
e-carsharing, several challenges persist that may impede its widespread adoption, 
particularly within the Central European region (Bohdanowicz et al., 2022; Coban 
et al., 2022). A primary challenge lies in the construction and expansion of the 
charging infrastructure necessary for electric vehicle operation (Alanazi, 2023; Holly 
et al., 2020; Horváth et al., 2023). Efficient operation of e-carsharing services requires 
not only a sufficient number and the strategic placement of charging stations but 
also a continuous supply of clean energy to minimize the environmental impact of 
charging (Alanazi, 2023; “High Power Density EV Integrated Fast Battery Chargers 
Based on the General Torque Cancelation Law for Three-Phase Motors,” 2024; Pan 
et al., 2023; Reddy et al., 2023).

Inadequacies in charging infrastructure not only diminish the user experience 
but also escalate operational costs (Shipman et al., 2019). When users fail to park 
vehicles at designated charging points, providers may require two employees to 
relocate the vehicle: one to drive it to the charging station and another to transport 
the first employee back. This situation can result in substantial labor costs and 
operational inefficiencies for providers. Thus, it is in the long-term interest of service 
providers to establish extended charging points in urban areas, where additional 
services such as cleaning and vehicle inspections can be performed concurrently, 
optimizing operations (Dalyac et al., 2021).

Comparative Advantages of e-Carsharing Over Taxi Services

E-carsharing services provide numerous advantages over conventional taxi 
services, particularly with regard to flexibility and operational efficiency. Whereas 
taxi services entail a separate booking for each trip, e-carsharing enables users to 
drive a pre-booked vehicle at their convenience and pace, granting them more 
autonomy. Additionally, taxis frequently operate without passengers while waiting 
for new bookings, resulting in unnecessary fuel consumption and contributing to 
increased traffic congestion. In contrast, e-carsharing vehicles are utilized solely 
when required, facilitating more efficient energy use, particularly when vehicles 
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are stationed at charging points during periods of inactivity. This inherent flexibility 
and cost-efficiency render e-carsharing services especially appealing for urban 
transportation solutions.

Regulatory Challenges and Energy Efficiency in e-Carsharing Systems

Regulatory frameworks are pivotal in advancing the sustainability and widespread 
adoption of electric carsharing systems. To ensure the broad accessibility of 
e-carsharing, it is imperative to implement a supportive regulatory framework 
that promotes the integration of renewable energy sources and facilitates the 
development of essential infrastructure (Sousa and Costa, 2022; Sousa-Dias et al., 
2024; Yassine et al., 2024).

Government interventions, including tax incentives, financial subsidies, 
and regulatory measures supporting the establishment of electric charging 
infrastructure, are critical in fostering the proliferation of electric vehicles. 
Conversely, the lack of appropriate regulatory framework can impede the 
development and the expansion of charging infrastructure, consequently 
restricting the growth of e-carsharing services within urban areas (Annamraju and 
Nandiraju, 2019a; Mulder and Klein, 2024; Zhou et al., 2023).

It is crucial for governments and local authorities to formulate coherent and 
comprehensive energy policies that facilitate the integration of renewable energy 
sources into the electric charging infrastructure. This approach not only supports 
the provision of clean energy but also contributes to the reduction of urban air 
pollution (Ahmed et al., 2024; Alfaverh et al., 2023). The deployment of hybrid 
energy storage systems is equally critical, as these systems enhance energy 
efficiency, alleviate grid load, and minimize environmental impact (Hassan et al., 
2024; Tahir et al., 2024).

Beyond adequate government support, collaboration between public utilities 
and private enterprises is equally imperative for the development of effective 
regulatory frameworks. This is the only way to ensure that e-carsharing systems 
develop sustainably and present an attractive alternative to traditional car usage 
for users (Demirci et al., 2024; Salkuti, 2023; Xu et al., 2022).

To ensure the future development and the widespread adoption of 
electric vehicles, regulatory frameworks must remain flexible and adaptable, 
accommodating technological advancements and evolving user needs. Therefore, 
governments must prioritize the creation of support and incentive systems 
to ensure that sustainability-promoting e-carsharing truly achieves its goals 
(Adeyinka et al., 2024; Alpízar-Castillo et al., 2022; Berkes and Keshav, 2024; Li et al., 
2022; Payakkamas et al., 2023).
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Territorial Analysis of Carsharing Services in Central Europe

Electric vehicles (EVs) produce zero local emissions, given that they operate 
without the combustion of fossil fuels (Xu et al., 2024). Consequently, e-carsharing 
systems can contribute to the reduction of urban air pollution, a critical factor 
linked to serious health issues in metropolitan areas (Yang et al., 2024). This 
study aims to provide an in-depth examination of carsharing services across 
three Central European countries—Hungary, Romania, and Slovakia—focusing 
specifically on mapping their current state and sustainability dimensions. The 
analysis seeks to present a comprehensive overview of the current state of 
carsharing systems in the region, while identifying future development trajectories 
and potential growth opportunities (Briguglio and Formosa, 2023; Horváth et al., 
2023; Y. Wang et al., 2024). Sustainability initiatives, alongside technological and 
infrastructural innovations, play a crucial role, as these factors critically shape 
the future development of carsharing. The analysis accounts for local consumer 
habits and attitudes influencing demand for carsharing services, alongside region-
specific challenges and opportunities within the framework of sustainable mobility 
(Briguglio and Formosa, 2023; Horváth et al., 2023).

Fig. 1: The number of shared cars per 100,000 residents
Source: own editing according to (“Finally Here: MOL Limo Strengthens Fleet with Suzuki,” 2024;  
“MOL Limo Car-Sharing Service,” 2024; “MOL Limo Expands Fleet with Mercedes Vehicles,” 2018)
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There are significant differences in the development of carsharing markets 
between Western European and Central European countries. In Germany, where 
the carsharing market is the largest, there are 51 cars per 100,000 residents, in 
France there are 20 cars per 100,000 residents, and in the Netherlands, there are 
40 shared cars per 100,000 residents. In contrast, Hungary has 14 cars, Romania 
has 1 car, and Slovakia has no cars available per 100,000 inhabitants (“INVERS 
GmbH (2024): INVERS Mobility Barometer. European Car Sharing,” 2024; “The 
European Alternative Fuels Observatory provides comprehensive statistical data 
on all European Union member states,” 2024). Besides the number of cars per 
100,000 inhabitants, the countries involved in the current study are also lagging 
behind in other respects, as while there are car-sharing services available in 
several cities in Western European countries, in the countries we examined, such 
services can be found exclusively in the capital cities. Therefore, since car-sharing 
services can be utilized in urban transportation, this research will take a closer 
look at the car-sharing services in the capitals of the three examined countries.
The number of shared cars per 100,000 residents is shown in Figure 1. It can be 
stated that among the three examined cities, Budapest stands out, as there are 
nearly 85 cars per 100,000 people, while in Bucharest, there are 11 cars, and in 
Bratislava, significantly fewer, with not a single car available per 100,000 residents. 
In Bratislava, there is only one micro-enterprise, which has a limited fleet, indicating 
that the opportunities for e-carsharing in Bratislava are underutilized. It cannot 
provide a viable alternative for urban transport unless there is an emergence of 
more providers and a larger fleet. At the same time, even in the case of Budapest, 
85 shared cars per 100,000 residents prove to be quite inadequate. Overall, the 
figures show that all three examined cities require significant development in 
e-carsharing, which necessitates intervention from decision-makers and support 
for potential providers.

Comprehensive Overview of Budapest’s Transportation Situation

Budapest, the capital of Hungary, with a population exceeding 1.75 million, has 
experienced substantial transformations in its public transportation system in 
recent years. The city's transportation network is traditionally centered around 
buses, trams, trolleybuses, and metro systems; however, carsharing services have 
been gaining increasing prominence. Sustainability considerations are obtaining 
priority, paralleling the increased adoption of electric vehicles and the integration 
of multimodal transportation options. Carsharing services, including GreenGo, 
MOL Limo, and Wigo, have been attaining firm foothold among the city's residents.
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Growth of Carsharing Services in Budapest

In recent years, carsharing services have experienced significant growth in 
Budapest, in line with the city's commitment to promoting sustainable mobility. 
GreenGo, a carsharing provider exclusively offering electric vehicles, has steadily 
expanded its fleet since its launch in 2016 and currently it operates 470 fully electric 
vehicles across the city. In contrast, MOL Limo runs a mixed fleet, comprising both 
internal combustion engine (ICE) vehicles and electric cars. MOL Limo currently 
operates a fleet of 450 vehicles, 30% of which are electric, with the proportion of 
electric vehicles expected to increase in the coming years (“Finally Here: MOL Limo 
Strengthens Fleet with Suzuki,” 2024; “MOL Limo Car-Sharing Service,” 2024; “MOL 
Limo Expands Fleet with Mercedes Vehicles,” 2018). Wigo, the most recent provider, 
manages a fleet of 500 vehicles, consisting of both internal combustion engine 
(ICE) and battery electric vehicles (BEV). A notable advantage of Wigo is its young 
fleet, with an average vehicle age of 18 months (“Introduction to Wigo,” 2024).

The Expansion of Electric Vehicle Charging Networks and Infrastructure

The increasing adoption of electric vehicles poses new challenges for 
Budapest's urban infrastructure, particularly concerning the availability and 
density of charging stations. Many countries in the Central European region face 
comparable challenges, where regulatory gaps and underdeveloped infrastructure 
present significant obstacles (Horváth et al., 2023). According to EAFO data, in 2023 
there were more than 731 public electric charging points in Budapest. The capacity 
of the charging infrastructure has experienced substantial growth in recent years, 
with charging stations providing an average power output of 22-50 kW. Nationally, 
the growth rate of charging infrastructure expanded by 15% between 2022 and 
2023 (“The European Alternative Fuels Observatory provides comprehensive 
statistical data on all European Union member states,” 2024), A total of 3,960 
charging points were installed by Q3 2024, 21% of which are fast chargers. The 
most significant progress has been observed in Budapest (“MEKH Charging Points,” 
2024), particularly in the downtown areas where vehicle usage is the highest. In 
the future, the number of charging points is projected to continue increasing, with 
expanded coverage anticipated in suburban areas.

The Growth of Multimodal Transportation Options in Budapest

In Budapest, in addition to vehicle-sharing services, electric scooters and 
bicycles are assuming an increasingly significant role in urban transportation. 
The incorporation of electric scooters into urban transportation offers several 
advantages, particularly in addressing short-distance and rapid transit 
requirements. Electric scooters operate with zero emissions, thereby contributing 
to the enhancement of urban air quality (Pan et al., 2023). Their compact and easily 
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maneuverable design makes them particularly advantageous in congested urban 
areas and regions facing parking challenges. Moreover, electric scooters contribute 
to alleviating traffic congestion, offering a sustainable alternative to car usage and 
thus enhancing both the efficiency and environmental sustainability of urban 
mobility (Venkatesh and Raslavičius, 2024).

Budapest is home to two prominent electric scooter-sharing providers. Lime, 
one of the largest operators, currently offers over 500 electric scooters, primarily in 
the central urban areas. The Lime service provides a fast and efficient transportation 
solution, particularly advantageous in densely populated city regions, where 
parking and mobility present significant challenges (“Introduction to Lime,” 2024).

Tier is another major player in Budapest's electric scooter market. The 
company puts great emphasis on sustainability, with its scooters operating at 
zero emissions, thereby contributing to the reduction of environmental impact. 
The provider's electric scooters are primarily available in the city center, where 
they offer an effective alternative for short-distance transportation, addressing 
the growing demand for energy-efficient mobility solutions (Chou et al., 2023; 
“Introduction to Tier,” 2024). However, in 2024, the Blinkee scooter-sharing service 
ceased operations in Budapest, leading to a marked reduction in the availability 
of electric scooters across the city (“Blinkee megszűnése,” 2024). In the bicycle-
sharing domain, MOL Bubi is a leading service provider. Since its launch in 2014, 
its fleet has steadily grown and now consists of 2,460 bicycles available for rent 
at 211 stations throughout the city (“Introduction to MOL Bubi,” 2024; “MOL 
Bubi: Budapest’s Greenest Public Transport Solution,” 2024). In recent years, MOL 
Bubi has implemented significant upgrades, focused on modernizing its fleet 
and expanding its services. Future plans include the introduction of electric 
bicycles, which are anticipated to further increase the user base and enhance the 
system's attractiveness.

Sustainability and Strategic Future Directions In Budapest’s  
Transportation Policy

Sustainability and environmental protection are anticipated to assume an 
increasingly fundamentalrole in Budapest's transportation policy moving forward 
at present. However, low-emission zones (LEZ) have not yet been implemented, 
nor have congestion charges been introduced, despite both measures being 
integral components of the city's long-term plans. The primary objective of these 
initiatives is to contribute to the reduction of carbon dioxide emissions and 
mitigate transportation-related challenges. Promoting vehicle-sharing services 
and reassessing parking regulations could also be pivotal to advancing sustainable 
urban mobility, potentially enhancing the appeal of public transportation while 
simultaneously reducing road congestion.
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All three companies reported negative financial outcomes for the year 2023, 
albeit to varying extents. MOL Limitless Mobility Kft. experienced a comparatively 
smaller financial deficit, whereas WAMO and GreenGo Car Europe Zrt. faced 
more serious challenges, largely attributed to geopolitical and market dynamics. 
These outcomes underscore the precarious and uncertain economic landscape 
surrounding services focused on sustainable urban mobility (“Green Car Europe 
Zrt. Audited Annual Report,” 2023; “Mol Limitless Mobility Kft. Company Data,” 
2023; “Wigo (Wallis Autómegosztó Zrt.) Annual Report,” 2023).

In terms of workforce size, WAMO is the largest employer among the three, 
whereas GreenGo Car Europe Zrt. and MOL Limitless Mobility Kft. operate with 
comparatively smaller labor forces. This distribution of labor indicates that the 
various car-sharing providers adopt different approaches to organizing and 
developing their operations (“Green Car Europe Zrt. Audited Annual Report,” 2023; 
“Mol Limitless Mobility Kft. Company Data,” 2023; “Wigo (Wallis Autómegosztó Zrt.) 
Annual Report,” 2023).

All three companies are confronted with challenges, including elevated 
costs, geopolitical risks, and market volatility. However, they strive to maintain 
and expand their activities through continuous improvements, aligning well 
with Budapest's transportation policy objectives. Vehicle-sharing services can 
not only render urban transportation more sustainable but also contribute to 
the enhancement of transportation infrastructure and urban quality of life. 
Moving forward, the synergy between transportation policy advancements 
and electric vehicle-sharing services is poised to play a central role in realizing 
Budapest's sustainability objectives.

The Evolution and Future Trajectory of Slovakia’s Car-Sharing Market

In recent years, Slovakia’s car-sharing market, particularly in Bratislava, has 
experienced significant transformation, which earlier studies did not foresee. The 
initially optimistic scenarios for the proliferation of car-sharing and its anticipated 
impacts on urban transportation. However, the COVID-19 pandemic unexpectedly 
disrupted these projections, leading to significant economic challenges for the 
sector. At present, only one microenterprise, ShareCar, operates in Bratislava's car-
sharing market, offering a mere four electric vehicles (“Introduction to Sharecar.
sk,” 2024). This limited capacity is insufficient to address the city’s mobility needs 
and clearly illustrates that the considerable potential within the market remains 
untapped (Roblek et al., 2021; Stahl, 2021). In Slovakia, the charging infrastructure 
for electric vehicles (EVs) is undergoing continuous expansion; however, the 
distribution of charging points remains insufficient for widespread adoption. 
According to EAFO data, as of Q3 2024, there are a total of 2,699 charging points 
in the country, with 31% being fast chargers. Given the city's automotive traffic, 
the number of charging stations in Bratislava calls for further development, 
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rendering the expansion of charging infrastructure in the city critically important 
for advancing sustainable transportation. Increasing and optimizing the available 
charging points is essential (Dalyac et al., 2021), ensuring that users can easily 
access charging options, thereby supporting the proliferation of electric vehicles 
and the development of car-sharing services (“EAFO Number of Charging Points in 
Slovakia,” 2024; Shipman et al., 2019). According to Statista, the annual growth rate 
(CAGR) of the car-sharing market in Slovakia is 11.82%, and revenues are expected 
to reach €12 million by 2028, while the number of users could approach 92,000. 
These figures indicate that the opportunities within the sector are immense; 
nevertheless, the current situation does not reflect this potential (“Slovakia Car-
Sharing Report,” 2024). To promote sustainable transportation, it is essential to 
develop the transport infrastructure alongside the implementation of appropriate 
car-sharing services and the establishment of electric charging stations, which 
would enable the wider use of zero-emission vehicles (Roblek et al., 2021; Stahl, 
2021). According to a research by the Wuppertal Institute, the role of car-sharing 
becomes crucial for improving the sustainability of urban transportation, and 
optimizing existing models is necessary to enhance the efficiency of urban mobility 
(Rudolph et al., 2021).

The current market environment indicates an urgent need for governmental 
intervention, with the involvement of financially robust companies potentially 
representing a strategic approach to revitalizing the sector through concerted 
efforts. Car-sharing in Bratislava remains in its early stages, but if the necessary 
infrastructure and services expand, future growth could emerge as a realistic 
possibility.

The Current State and Future Prospects of Romania’s Car-Sharing Market

Based on Statista data for 2024, Romania's car-sharing market is projected to 
witness dynamic growth, with anticipated revenues of €9.9 million by 2028 and an 
estimated user base nearing 77,000. This trend highlights that car-sharing serves 
not only as an alternative mobility solution but also as a fundamental pillar of 
sustainable urban transportation (“Romania Car-Sharing Report 2024,” n.d.).

EAFO data for Q3 2024 indicates that Romania hosts a total of 3,922 electric 
vehicle charging points, with 36% classified as fast chargers (“EAFO Number of 
Charging Points in Romania,” 2024). The number of charging points in the country 
is continuously increasing, which is a positive sign for sustainable transportation. 
However, the proportion of fast chargers indicates that developing the charging 
infrastructure is particularly important for ensuring that users can conveniently 
and quickly access charging options. In Bucharest, the number of charging stations 
is still considered low in relation to the city's automotive traffic, which hinders the 
widespread use of electric vehicles and the proliferation of car-sharing services.
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Enhancing the city's charging infrastructure and optimizing the distribution of 
charging points are critical to advancing sustainable transportation (Dalyac et al., 
2021; Mulder and Klein, 2024). These steps could contribute to a greater adoption 
of zero-emission vehicles and enhance the user experience in urban transportation. 
Future challenges include changes in consumer behavior, increasing market 
competition, and establishing appropriate legal frameworks to support car-
sharing initiatives (Alanazi, 2023). The integration of urban transportation policies, 
increasing social acceptance, and the introduction of technological innovations 
are essential for the Romanian car-sharing sector to truly harness its potential and 
contribute to the development of sustainable urban mobility (Sarsia et al., 2023; 
Zhang et al., 2024b).

The situation of car-sharing services in Bucharest has undergone significant 
transformation in recent years. The initially launched GetPony and Spark services 
were suspended due to the COVID-19 pandemic and funding difficulties, 
leaving Citylink as the sole representative of the car-sharing segment in the 
market, with approximately 250 passenger cars (“Case study – Car Sharing,” 
2024). Citylink focuses on the use of hybrids, thereby prioritizing sustainability 
in urban transportation. In addition to car-sharing, Citylink also offers bicycle 
solutions, having deployed a total of 350 bicycles on the streets of Bucharest (“350 
Citylink bicycles on the streets of Bucharest,” 2024). The service aims to promote 
sustainable transportation while reducing urban traffic and air pollution. Users can 
easily rent cars and bicycles through a mobile application, allowing them to access 
transportation options conveniently and adapt flexibly to their needs.

The current landscape presents both challenges and opportunities, as 
Bucharest's car-sharing market remains in an early stage of development. 
Citylink's operations and the services it offers contribute to the sustainability of 
urban mobility, but the emergence of additional market players is also necessary 
to make car-sharing services more widely available and attractive to users. When 
developing future car-sharing models, it is imperative to account for the increasing 
demand for sustainable transportation solutions.

Key Challenges Facing e-Carsharing Adoption  
in the Central European Market

Electric carsharing presents potentials within the Central European transportation 
market, as examined in Hungary, Slovakia, and Romania. Recent research underlines 
both the advantages and challenges inherent in e-carsharing models. The primary 
aim of the conclusions and recommendations is to assist policymakers, service 
providers, and users in the effective development and widespread adoption of 
e-carsharing systems (Alanazi, 2023; Almutairi et al., 2023; Borghetti et al., 2023; 
Icaza-Alvarez et al., 2023).
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The expansion of e-carsharing systems across Central Europe, particularly 
in Hungary, Slovakia, and Romania, presents substantial opportunities for the 
development of sustainable transportation infrastructure. E-carsharing presents 
substantial economic benefits for both users and service providers (Demirci et al., 
2023), such as the purchase price, depreciation, insurance premiums, fuel expenses, 
and maintenance or repair costs (Shipman et al., 2019). Through e-carsharing 
services, users pay solely when they require a vehicle, leading to significant cost 
savings for individuals who utilize cars infrequently (Al-Ghaili et al., 2022; Hassan 
et al., 2024).

The advantages of such systems encompass reducing air pollution and 
alleviating traffic congestion, while simultaneously enhancing the efficiency of 
urban mobility (Jiang et al., 2023; Venkatesh and Raslavičius, 2024; Yassine et al., 
2024). The lower operating costs of electric vehicles (EVs)—including charging 
and maintenance expenses—also enhance the economic competitiveness of 
e-carsharing compared to internal combustion engine (ICE) vehicles (Alanazi, 
2023; Y. Wang et al., 2024). Nevertheless, the establishment and maintenance 
of adequate charging infrastructure, particularly in urban and suburban areas, 
represent a fundamental challenge to the widespread adoption and long-term 
viability of e-carsharing systems (Horváth et al., 2023; Shipman et al., 2019; Wu et 
al., 2024).

Consumer behavior and attitudes are pivotal in shaping the acceptance of 
e-carsharing. Proper information and education for consumers are essential for 
making car-sharing a part of their daily lives. Understanding the heterogeneous 
demand for electric vehicles (EVs) and the diverse user preferences is also a critical 
factor in the development of car-sharing services (Briguglio and Formosa, 2023; 
Dorji et al., 2023; Yang et al., 2024). User behavior, such as charging habits and car 
usage preferences, fundamentally influences the efficiency and sustainability of 
car-sharing systems (Esfandi et al., 2024; Zhang et al., 2024a).

The integration of electric vehicles into smart grids enhances both energy 
efficiency and grid stability, particularly through Vehicle-to-Grid (V2G) 
technologies, allowing electric vehicles to act as energy sources (Darani et al., 
2021; Mulder and Klein, 2024; Sora et al., 2024). The development of charging 
infrastructure should also consider energy storage solutions and smart charging 
technologies, which contribute to reducing grid load (Huang et al., 2020; Neaimeh 
and Andersen, 2020). Divergent regulatory environments, high initial investment 
costs, and shifts in consumer behavior may also present significant obstacles to 
the widespread adoption of e-carsharing (Giannelos et al., 2024; Jafari Kaleybar et 
al., 2024). Understanding consumer habits is fundamental to the success of electric 
car-sharing systems and to the conscious transition of drivers to the everyday 
use of car-sharing. It is particularly important to encourage car users towards 
shared vehicles while striving to minimize the temptation for public transport 
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users to switch to car-sharing (Dorji et al., 2023; Yang et al., 2024). Consumers 
who decide between public transport and car usage may be particularly 
sensitive to promotional offers and educational programs that can steer them 
toward e-carsharing. Although the development of infrastructure requires high 
initial costs, smart grids and appropriate charging systems play a key role in the 
sustainable development of car-sharing.

The benefits of car-sharing include not only economic advantages but also 
environmental gains, as electric vehicles help decarbonize the transportation 
system (Alanazi et al., 2024; Boudmen et al., 2024; Sultan et al., 2022). At the same 
time, the transition to shared cars does not come with benefits in every regard and 
aspect. It should be noted that the use of shared cars has a spatial limitation, as 
the services usually only extend within the defined boundaries of a city. Therefore, 
for intercity travel, using public transportation is essential for traveling without car 
ownership, which is not necessarily a more environmentally friendly mode of travel 
either (Pařil and Viturka, 2020).

User Habits and Attitudes

Consumer attitudes and behaviors are fundamental in the adoption and 
proliferation of electric carsharing systems. The increasing popularity of 
e-carsharing is closely linked to rising environmental consciousness, which 
concurrently drives demand for electric vehicles (Anastasiadou and Gavanas, 2022; 
Pan et al., 2023; Shipman et al., 2019; Wu et al., 2024). Predominantly, consumers 
continue to favor personal vehicle ownership, perceiving it as a symbol of 
autonomy and convenience.

The COVID-19 Pandemic changed numerous aspects of our lives – and urban 
mobility was no exception. Residents had to completely change their lifestyle 
and travel habits, some of which changes persisted even after the pandemic. For 
instance, the 15-minute city concept was created, the essence of which is that 
locations for everyday tasks should be accessible within 15 minutes – such as the 
workplace, shopping centers, and public spaces. The concept of the 15-minute 
city also helps to uplift the underdeveloped areas of the city (Mocák et al., 2022).
One important factor in this could be e-carsharing services, which enhance urban 
mobility.

E-carsharing presents substantial economic benefits for both users and service 
providers (Demirci et al., 2023), such as the purchase price, depreciation, insurance 
premiums, fuel expenses, and maintenance or repair costs (Shipman et al., 2019). 
Through e-carsharing services, users pay solely when they require a vehicle, 
leading to significant cost savings for individuals who utilize cars infrequently (Al-
Ghaili et al., 2022; Hassan et al., 2024).

For service providers, the lower maintenance costs of electric vehicles, coupled 
with reduced fuel expenses, provide additional economic advantages. Electric 
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vehicles possess fewer mechanical components compared to traditional internal 
combustion engine (ICE) vehicles, thereby reducing the likelihood of breakdowns 
and minimizing the need for repairs (Saha et al., 2022). Moreover, the charging 
costs of electric vehicles are generally lower than those associated with traditional 
fuels, particularly when renewable energy sources are used (Demirci et al., 2024; 
Jafari Kaleybar et al., 2024).

Enhancing consumer awareness and effectively demonstrating the benefits 
of e-carsharing are critical to its successful adoption. This requires the provision 
of reliable and easily accessible services, with a strong emphasis on optimizing 
user experience (Han and Sun, 2024; Ma and Fang, 2022; Yang et al., 2024). 
Vehicle availability and the simplicity of booking processes are fundamental to 
the proliferation of e-carsharing, as consumers seek convenient access to these 
services (Adnan et al., 2023; Chamberlain and Majeed, 2022; Luo et al., 2023).

Moreover, the flexible utilization of e-carsharing systems can incentivize 
consumers to rent vehicles outside peak periods, thereby alleviating urban traffic 
congestion. Dynamic pricing models and optimized vehicle utilization can not 
only reduce costs but also help mitigate the strain on transportation infrastructure 
(Singh et al., 2022; Venkatesh and Raslavičius, 2024; Wang and Zhou, 2023; Yao et 
al., 2023).

The successful implementation of future urban mobility solutions necessitates 
a thorough understanding of consumer habits and attitudes, as these factors 
critically influence the sustainability and diffusion of e-carsharing systems (Horváth 
et al., 2023; Jakimowicz, 2022). Electric carsharing is not only suitable for meeting 
individual mobility needs but also contributes to the transformation of urban 
transportation, which is essential for a sustainable future.

Flexible Tariffs and the Opportunities of Vehicle-To-Grid (V2G) Technology

The e-carsharing system presents a sustainable transportation alternative 
while simultaneously encountering emerging challenges and opportunities. 
To maintain system efficiency and sustainability, it is imperative for providers to 
implement flexible tariff structures that incentivize users to adopt conscious 
charging behaviors. Such tariff models enable providers to optimize fluctuations 
in electricity consumption by tailoring pricing mechanisms to vehicle charging 
patterns (Giordano et al., 2023; Gomes et al., 2020; Jiang et al., 2023; D. Li et al., 
2023). For instance, strategic scheduling of charging periods—during off-peak 
times such as daytime or night-time—can mitigate grid load, thereby bolstering 
the stability of urban energy systems (Ahmed et al., 2023; Mądziel and Campisi, 
2023; Sharida et al., 2024; Shipman et al., 2019; Venkatesan et al., 2024; Zahler et 
al., 2024).

The integration of Vehicle-to-Grid (V2G) technology represents a critical 
advancement for e-carsharing systems. This technology enables electric vehicles 
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to transition from mere energy consumers to dynamic energy sources, capable 
of feeding electricity back into the grid, thus alleviating grid strain during peak 
demand periods (Ali et al., 2024; Bernal-Sancho et al., 2023; Coban et al., 2022; 
Giannelos et al., 2024; Rao and Venkateshwarlu, 2024). Electric vehicles can reverse-
feed energy into the grid, not only mitigating peak loads but also facilitating the 
seamless integration of renewable energy sources into urban energy infrastructures 
(Arandhakar et al., 2022; Mojumder et al., 2022; Srivastava et al., 2023).

Introduction of Ai-Based Systems and Data-Driven Decision Making

Electric vehicle-sharing systems hold a pivotal role in advancing sustainable urban 
mobility. AI-driven systems are indispensable for optimizing energy consumption, 
facilitating real-time decision-making, and enhancing urban transportation 
efficiency. Leveraging these systems, the energy demands of vehicles can be 
precisely forecasted, enabling the optimization of charging cycles and more 
efficient utilization of urban infrastructure (Al-Chalabi and Banister, 2022; Benysek 
et al., 2022; Pai and Senjyu, 2022; Park et al., 2022; Strepparava et al., 2022). Smart 
charging systems provide solutions enabling vehicle charging during off-peak 
periods, thereby mitigating network overload and preventing unnecessary energy 
consumption spikes (El-Hendawi et al., 2022; Ghotge et al., 2022; Nepal et al., 2022).

AI-powered fleet management systems optimize vehicle operations, enable 
intelligent route planning, and precisely forecast charging demands (Lam et al., 
2022; Ouramdane et al., 2022). Intelligent fleet management enhances vehicle 
availability, reduces operational costs, and improves energy efficiency (Galan 
and Zuñiga‐Vicente, 2023; Goh et al., 2022; Saad et al., 2022). AI-driven fleet 
management enables real-time vehicle tracking, facilitating rapid responses to 
emergent maintenance needs and system faults (Czarnecka et al., 2022; Minhas et 
al., 2022; Vilathgamuwa et al., 2022).

The integration of AI technologies in urban mobility not only enhances energy 
efficiency but also bolsters the reliability of transportation networks. Intelligent 
urban systems enable dynamic management of energy consumption, optimal 
route planning, and more effective utilization of renewable energy sources, 
thereby contributing to the development of sustainable urban transportation 
(Bohdanowicz et al., 2022; Khan and Masood, 2022; Sousa and Costa, 2022).

Recommendations for Decision-Makers

The effective advancement of electric carsharing systems in Central Europe 
necessitates strategic collaboration among policymakers, service providers, 
and end-users. This research aims to offer actionable recommendations for 
policymakers, recognizing their pivotal role in facilitating the widespread adoption 
of e-carsharing systems. While users may exhibit environmental consciousness, 
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without robust government support, the economic feasibility of adopting these 
services remains compromised. Public policy objectives must be designed to 
incentivize car users to transition to e-carsharing systems, thereby reducing 
conventional vehicle reliance and advancing sustainable mobility.

Ensuring the long-term sustainability of electric carsharing necessitates the 
efficient integration of decentralized renewable energy sources (Adnan et al., 2023; 
Jafari Kaleybar et al., 2024; Luo et al., 2023; Mulder and Klein, 2024; Tomczewski et 
al., 2023; Z. Wang et al., 2024). The effective integration of these energy sources 
facilitates the development of sustainable transportation models (Chamberlain 
and Majeed, 2022; Korõtko et al., 2023; Lazović and Đurišić, 2023; Yao et al., 2023). 
These systems are confronted with growing uncertainties, particularly concerning 
renewable energy sources (Annamraju and Nandiraju, 2019a, 2019b; Fu et al., 
2022). These challenges encompass market fluctuations and rapid technological 
advancements (Ahmed et al., 2024; Michalski et al., 2024)

Proactively steering drivers towards carsharing is paramount, especially 
through the targeted development of infrastructure. The deployment of smart 
grids and energy-efficient charging infrastructures is crucial for ensuring the 
system's effective functionality, supported by targeted educational initiatives and 
promotional incentives (Demirci et al., 2023; Dorji et al., 2023; Icaza-Alvarez et al., 
2023; Tomczewski et al., 2023).

Optimizing the energy consumption of electric vehicles during connection 
enhances the efficiency of both residential and commercial energy management. 
Additionally, it contributes to reducing the carbon footprint of transportation, 
particularly when the electric energy is sourced from renewables such as solar, 
wind, or hydropower (Alfaverh et al., 2023; Boudmen et al., 2024; Hassan et al., 
2024; Umoren et al., 2023), (Al-Ghaili et al., 2022; Kunatsa et al., 2024; Saha et 
al., 2022; Tahir et al., 2024). The integration of renewable energy sources further 
strengthens the sustainability of electric vehicles by mitigating greenhouse gas 
emissions (Abdelsattar et al., 2024; Alam et al., 2023; Sinha et al., 2023).

The successful realization of electric carsharing systems depends on 
policymakers and necessitates extensive infrastructure enhancement alongside 
political backing. Among the primary objectives is the expansion of the electric 
charging network, particularly in urban and suburban areas (Demirci et al., 2023; 
Dorji et al., 2023; Icaza-Alvarez et al., 2023; Tomczewski et al., 2023). The integration 
of smart grids and energy-efficient technologies, including Vehicle-to-Grid (V2G) 
systems, is vital for incorporating electric vehicles into the broader transportation 
ecosystem (Almutairi et al., 2023; W. Li et al., 2023; Yassine et al., 2024).

The role of policymakers is pivotal not only in facilitating infrastructure 
investments but also in streamlining and regulating the deployment of electric 
vehicles and charging stations (Horváth et al., 2023; Sousa-Dias et al., 2024). 
Moreover, it is essential to enact energy policy measures that incentivize the 
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adoption of sustainable energy sources, fostering both the stability and efficiency 
of energy systems (Tantau et al., 2024; Liang et al., 2022; L. Wang et al., 2024; Reddy 
et al., 2023). Data-driven smart grids enhance the efficiency of energy utilization for 
electric vehicles and contribute to reducing grid load (Darwish et al., 2024; Esfandi 
et al., 2024; Muqbel et al., 2024; Venkatesan et al., 2024).

Financial incentives and subsidies, including green loans, tax exemptions, and 
governmental backing for renewable energy initiatives, could further accelerate 
the proliferation of electric car-sharing (Ahsan et al., 2023; Darani et al., 2021; 
Shipman et al., 2019). These measures would enhance the sustainability of urban 
mobility while simultaneously reducing reliance on conventional car usage 
(Demirci et al., 2024; Jafari Kaleybar et al., 2024; Jiang et al., 2023; Wu et al., 2024). 
To expedite infrastructure development, policymakers must ensure that providers 
have access to streamlined and efficient permitting administration processes for 
the installation of charging stations, particularly at strategic urban locations (Al-
Ghaili et al., 2022; Annamraju and Nandiraju, 2019a; García et al., 2023; Hassan et 
al., 2024).

The smart city concept can positively influence the city from several aspects, 
including urban mobility. The establishment of a smart district has the potential 
to enhance the quality of life, thereby increasing its appeal. In the Czech Republic 
there is a smart city project, namely Špitálka, in Brno – the second biggest city of 
the country. This initiative aspires to mitigate mobility challenges by integrating 
housing units, social services, and shops within a single locale. Emphasizing 
sustainable mobility, the promotion of public transportation, as well as cycling 
and pedestrian pathways, is a critical element of urban revitalization. Through 
intelligent urban planning, reliance on private automobile travel is reduced 
through the establishment of essential facilities in proximity to residential areas. 
This strategy not only diminishes negative externalities such as environmental 
pollution but also decreases the time spent in transit (Neumannová, 2022). 
Overall, the smart city concept aims to enhance the efficiency and sustainability 
of transportation systems, thereby improving the quality of urban life. Therefore, 
government support for smart cities is essential, of which e-carsharing should be 
an important part.

The task of public policy decision-makers is to enhance the sustainability 
of the transportation system through the integration of electric vehicles and 
the reduction of traditional car usage. This requires comprehensive support for 
charging infrastructure, the development of the regulatory environment, and the 
introduction of innovative technological solutions and incentives that will result 
in a sustainable mobility system in the long term (Ahmed et al., 2024; Naidu et al., 
2024; Sun et al., 2020; Tahir et al., 2024; Xu et al., 2022).
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Future Research Directions

Central European countries, including Hungary, Slovakia, and Romania, exhibit 
distinct economic, social, and infrastructural conditions, all of which shape the 
efficiency and adoption of e-carsharing systems (Abdi, 2022; Borghetti et al., 2023; 
Icaza et al., 2023). Existing studies and data frequently offer generalizations that 
do not fully capture the region’s specific contexts. Consequently, further empirical 
research is required to examine the specific circumstances of individual countries 
and cities, considering local regulatory environments, charging infrastructure 
availability, economic incentives, and the evolution of public transportation 
habits and preferences (Briguglio and Formosa, 2023; Han and Sun, 2024). 
Examining the role of car ownership as a status symbol is particularly important, 
as it can represent a substantial barrier to the widespread adoption of e-carsharing 
systems. In Central European culture, car ownership carries significant prestige 
(Morton et al., 2016). Thus, a detailed analysis of consumer attitudes is essential, 
alongside strategies aimed at diminishing the importance of this status symbol 
and fostering openness to electric carsharing services (Dorji et al., 2023; Muqbel 
et al., 2024). Demand-side energy management systems are assuming increasing 
significance as smart grids become more widespread (Bakare et al., 2023; Esfandi 
et al., 2024; Wang et al., 2023). Moreover, public policy and regulatory frameworks 
oblige careful consideration, as they can profoundly influence the development 
of e-carsharing systems, particularly through localized incentives and regulations 
(Darani et al., 2021). The following research directions are likely to be critical for the 
continued development of the e-carsharing market (Zhang et al., 2024b).

Central Europe's distinct economic, infrastructural and social conditions exert 
a substantial influence on the development and dissemination of e-carsharing 
models. The proliferation of e-mobility in this region hinges primarily on 
government support, infrastructure development, and public attitudes (Alanazi, 
2023; Lu et al., 2024; Zhang et al., 2024b). Analyzing public policies and regulatory 
frameworks is crucial, as regulations, tax incentives, and other policy measures 
across different countries and cities can substantially influence the effectiveness of 
electric car-sharing systems (Mulder and Klein, 2024).

Future research must be grounded in comprehensive data collection, 
encompassing the analysis of vehicle usage patterns, charging behaviors, service 
demands, and cost-effectiveness (Abdi, 2022; Ghatikar and Alam, 2023). This 
approach would empower decision-makers and providers to implement targeted 
strategies for the development and optimization of e-carsharing systems, aligning 
with the specific challenges and opportunities within the region. For instance, 
localized data analyses could assist in identifying neighbourhoods with the 
highest demand for expanding charging infrastructure or regions where car-
sharing services could be most effectively implemented (Almutairi et al., 2023). 
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Moreover, it is essential to investigate the social impacts of e-carsharing systems, 
particularly with regard to ensuring equitable access for diverse social groups and 
their potential role in mitigating social inequalities (Singh et al., 2022).

Consumer attitudes and technological advancements are intrinsically 
connected to the future expansion of e-carsharing systems (Sun et al., 2020). 
In Central Europe, where car ownership traditionally carries high prestige, it is 
crucial to develop a deeper understanding of consumer behaviors and attitudes 
to facilitate the widespread acceptance and adoption of e-carsharing systems. 
Future research should focus on consumer behavior and preferences, particularly 
regarding the acceptance of electric vehicles and shared mobility services 
(Khan et al., 2024). The technological advancements and decreasing costs of 
electric vehicles significantly contribute to the future of sustainable mobility. 
The development of energy transfer technologies for electric vehicles promotes 
sustainability and cost reduction for fleet service providers (Rene and Fokui, 2024). 
Privacy issues and cybersecurity also require significant attention with the growth 
of e-carsharing systems, especially concerning the rise of AI and autonomous 
vehicles. This research provides recommendations for decision-makers, as they are 
the key participants in the success of e-mobility. Without adequate government 
support, e-carsharing services cannot be profitable, thus hindering providers from 
promoting the widespread adoption of e-mobility. For users, the economic viability 
holds equal importance alongside sustainability and environmental protection. 
Future research must concentrate on consumer behaviors and preferences, 
especially in relation to the acceptance of electric vehicles and shared mobility 
services.

CONCLUSIONS

Electric carsharing systems in Central Europe currently occupy a mixed and 
relatively minor role in advancing sustainable mobility, particularly in Hungary, 
Slovakia, and Romania. While e-carsharing systems offer substantial economic 
advantages, they also encounter numerous challenges in the region. The diffusion 
and acceptance of electric vehicles are shaped by diverse social, economic, and 
infrastructural factors specific to the area.

Infrastructure development plays a pivotal role in the success of electric 
car-sharing, particularly with respect to the expansion of charging networks 
and the integration of renewable energy sources. The study emphasizes that 
government regulation and support mechanisms are critical incentives for 
promoting market growth. An analysis of public policy and regulatory frameworks 
reveals how different approaches in various countries—such as state support and 
environmental regulations—directly influence the diffusion and effectiveness of 
e-carsharing services.
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Consumer attitudes heavily influence the acceptance of electric car-sharing. 
In Central Europe, where car ownership traditionally functions as a status symbol, 
this perception presents a significant barrier to the widespread adoption of 
e-carsharing. Gaining a deeper understanding of consumer behaviors and 
attitudes is crucial for providers to formulate strategies that mitigate the prestige 
attached to car ownership and foster openness toward electric car-sharing.

The study also highlights the potential for incorporating AI-based systems 
and data-driven decision-making in electric car-sharing. Intelligent energy 
management and fleet optimization will be key to future progress, enhancing 
both efficiency and cost-effectiveness. The deployment of artificial intelligence can 
significantly contribute to the sustainability of electric vehicles, optimizing energy 
use and aligning services more effectively with consumer demands.

In conclusion, the development of electric carsharing in Central Europe is 
a complex, multi-dimensional process shaped by a variety of economic, social, and 
technological dynamics. The findings indicate an urgent need for future research 
focused on localized data collection and analysis, which would enable decision-
makers and providers to effectively support the further expansion and sustainable 
evolution of e-carsharing systems. Successful integration will require an 
interdisciplinary approach that brings together technological innovation, changes 
in consumer behavior, and the management of regulatory and infrastructural 
challenges.

Acknowledgement
Supported by the University of Debrecen Program for Scientific Publication.

REFERENCES

350 Citylink bicycles on the streets of Bucharest (2024). Available at: https://evmarket.
ro/en/biciclete/350-de-biciclete-citylink-pe-strazile-din-bucuresti-7463/ (Ac-
cessed: 22 November 2024).

ABDELSATTAR, M. et al. (2024). Analysis of Renewable Energy Sources and Electrical 
Vehicles Integration Into Microgrid. IEEE Access, 12, pp. 66822–66832. Available 
at: https://doi.org/10.1109/ACCESS.2024.3399124.

ABDI, H. (2022). A Brief Review of Microgrid Surveys, by Focusing on Energy 
Management System. Sustainability, 15(1), p. 284. Available at: https://doi.
org/10.3390/su15010284.

ADEYINKA, A.M. et al. (2024). Advancements in hybrid energy storage systems for 
enhancing renewable energy-to-grid integration. Sustainable Energy Research, 
11(1), p. 26. Available at: https://doi.org/10.1186/s40807-024-00120-4.

ADNAN, M. et al. (2023). Transmission Network Planning in Super Smart Grids: A Sur-
vey. IEEE Access, 11, pp. 77163–77227. Available at: https://doi.org/10.1109/AC-
CESS.2023.3296152.



Citation:  ZAKAR, M., MÁTHÉ, C., SZEGEDI, S., VAS, O. O.,   HORVÁTH, G., Tamás TÓTH, T. 2024. 
Challenges and Opportunities for Advancing Electric Carsharing in Central Europe.  
The Role of Infrastructure, Policy and Consumer Behavior in the Adoption of E-carsharing  
in Central Europe. Folia Geographica 66(2), 83-119.

104 Folia Geographica 66(2), 2024 • ISSN 1336-6157 (hard copy) • ISSN 2454-1001 (online)

AHMED, I. et al. (2023). A Dynamic Optimal Scheduling Strategy for Multi-Charg-
ing Scenarios of Plug-in-Electric Vehicles Over a Smart Grid. IEEE Access, 11, pp. 
28992–29008. Available at: https://doi.org/10.1109/ACCESS.2023.3258859.

AHMED, S. et al. (2024). Technological Elements behind the Renewable Ener-
gy Community: Current Status, Existing Gap, Necessity, and Future Perspec-
tive—Overview. Energies, 17(13), p. 3100. Available at: https://doi.org/10.3390/
en17133100.

AHSAN, F. et al. (2023). Data-driven next-generation smart grid towards sustainable 
energy evolution: techniques and technology review. Protection and Control of 
Modern Power Systems, 8(1), p. 43. Available at: https://doi.org/10.1186/s41601-
023-00319-5.

ALAM, Md. et al. (2023). Solar and Wind Energy Integrated System Frequency Con-
trol: A Critical Review on Recent Developments. Energies, 16(2), p. 812. Available 
at: https://doi.org/10.3390/en16020812.

ALANAZI, F. (2023). Electric Vehicles: Benefits, Challenges, and Potential Solutions 
for Widespread Adaptation. Applied Sciences, 13(10), p. 6016. Available at: 
https://doi.org/10.3390/app13106016.

ALANAZI, M. et al. (2024). Developing a Transactive Charging Control Framework 
for EV Parking Lots Equipped With Battery and Photovoltaic Panels: A MILP 
Approach. IEEE Access, 12, pp. 108731–108743. Available at: https://doi.
org/10.1109/ACCESS.2024.3439212.

Al-CHALABI, M. AND BANISTER, D. (2022). The Missing Link? Insights from an Inno-
vative Feedback Exercise for Household Electricity and Travel Behaviour. Sus-
tainability, 14(15), p. 9115. Available at: https://doi.org/10.3390/su14159115.

ALFAVERH, K., ALFAVERH, F. AND SZAMEL, L. (2023). Plugged-in electric vehicle-as-
sisted demand response strategy for residential energy management. Energy 
Informatics, 6(1), p. 6. Available at: https://doi.org/10.1186/s42162-023-00260-9.

AL-GHAILI, A.M. et al. (2022). Can electric vehicles be an alternative for traditional 
fossil-fuel cars with the help of renewable energy sources towards energy sus-
tainability achievement?. Energy Informatics, 5(S4), p. 60. Available at: https://
doi.org/10.1186/s42162-022-00234-3.

ALI, A. et al. (2024). A Comprehensive Review on Charging Topologies and Pow-
er Electronic Converter Solutions for Electric Vehicles. Journal of Modern Pow-
er Systems and Clean Energy, 12(3), pp. 675–694. Available at: https://doi.
org/10.35833/MPCE.2023.000107.

ALMUTAIRI, A. et al. (2023). Electric Vehicle Load Estimation at Home and Work-
place in Saudi Arabia for Grid Planners and Policy Makers. Sustainability, 15(22), 
p. 15878. Available at: https://doi.org/10.3390/su152215878.

ALPÍZAR-CASTILLO, J., RAMIREZ-ELIZONDO, L. AND BAUER, P. (2022). Assessing the 
Role of Energy Storage in Multiple Energy Carriers toward Providing Ancillary 



Citation:  ZAKAR, M., MÁTHÉ, C., SZEGEDI, S., VAS, O. O.,   HORVÁTH, G., Tamás TÓTH, T. 2024. 
Challenges and Opportunities for Advancing Electric Carsharing in Central Europe.  
The Role of Infrastructure, Policy and Consumer Behavior in the Adoption of E-carsharing  
in Central Europe. Folia Geographica 66(2), 83-119.

105 Folia Geographica 66(2), 2024 • ISSN 1336-6157 (hard copy) • ISSN 2454-1001 (online)

Services: A Review. Energies, 16(1), p. 379. Available at: https://doi.org/10.3390/
en16010379.

AMAMRA, S.-A. AND MARCO, J. (2019). Vehicle-to-Grid Aggregator to Support Pow-
er Grid and Reduce Electric Vehicle Charging Cost. IEEE Access, 7, pp. 178528–
178538. Available at: https://doi.org/10.1109/ACCESS.2019.2958664.

ANASTASIADOU, K. AND GAVANAS, N. (2022). State-of-the-Art Review of the Key 
Factors Affecting Electric Vehicle Adoption by Consumers. Energies, 15(24), p. 
9409. Available at: https://doi.org/10.3390/en15249409.

ANNAMRAJU, A. AND NANDIRAJU, S. (2019a). Coordinated control of conventional 
power sources and PHEVs using jaya algorithm optimized PID controller for fre-
quency control of a renewable penetrated power system. Protection and Con-
trol of Modern Power Systems, 4(1), p. 28. Available at: https://doi.org/10.1186/
s41601-019-0144-2.

ANNAMRAJU, A. and Nandiraju, S. (2019b). Robust frequency control in a renew-
able penetrated power system: an adaptive fractional order-fuzzy approach. 
Protection and Control of Modern Power Systems, 4(1), p. 16. Available at: https://
doi.org/10.1186/s41601-019-0130-8.

ARANDHAKAR, S. et al. (2022). Emerging Intelligent Bidirectional Charging Strate-
gy Based on Recurrent Neural Network Accosting EMI and Temperature Effects 
for Electric Vehicle. IEEE Access, 10, pp. 121741–121761. Available at: https://doi.
org/10.1109/ACCESS.2022.3223443.

BAKARE, M.S. et al. (2023). A comprehensive overview on demand side energy 
management towards smart grids: challenges, solutions, and future direction. 
Energy Informatics, 6(1), p. 4. Available at: https://doi.org/10.1186/s42162-023-
00262-7.

BENYSEK, G. et al. (2022). Electric Vehicles Charging Algorithm with Peak Power 
Minimization, EVs Charging Power Minimization, Ability to Respond to DR Sig-
nals and V2G Functionality. Energies, 15(14), p. 5195. Available at: https://doi.
org/10.3390/en15145195.

BERKES, A. AND KESHAV, S. (2024). SPAGHETTI: a synthetic data generator for 
post-Covid electric vehicle usage. Energy Informatics, 7(1), p. 15. Available at: 
https://doi.org/10.1186/s42162-024-00314-6.

BERNAL-SANCHO, M. et al. (2023). Grid Impact of Frequency Regulation Provided 
by V2Gs Aggregated at HV, MV, and LV Level. IEEE Access, 11, pp. 76768–76780. 
Available at: https://doi.org/10.1109/ACCESS.2023.3296220.

BHUNDAR, H.S., GOLAB, L. AND KESHAV, S. (2023). Using EV charging control to pro-
vide building load flexibility. Energy Informatics, 6(1), p. 5. Available at: https://
doi.org/10.1186/s42162-023-00261-8.

BOGDANOVA, O., VISKUBA, K. AND ZEMĪTE, L. (2023). A Review of Barriers and Ena-
bles in Demand Response Performance Chain. Energies, 16(18), p. 6699. Availa-
ble at: https://doi.org/10.3390/en16186699.



Citation:  ZAKAR, M., MÁTHÉ, C., SZEGEDI, S., VAS, O. O.,   HORVÁTH, G., Tamás TÓTH, T. 2024. 
Challenges and Opportunities for Advancing Electric Carsharing in Central Europe.  
The Role of Infrastructure, Policy and Consumer Behavior in the Adoption of E-carsharing  
in Central Europe. Folia Geographica 66(2), 83-119.

106 Folia Geographica 66(2), 2024 • ISSN 1336-6157 (hard copy) • ISSN 2454-1001 (online)

BOHDANOWICZ, Z., KOWALSKI, J. AND BIELE, C. (2022). Intentions to Charge Elec-
tric Vehicles Using Vehicle-to-Grid Technology among People with Different 
Motivations to Save Energy. Sustainability, 14(19), p. 12681. Available at: https://
doi.org/10.3390/su141912681.

BORGHETTI, F. et al. (2023). A Quantitative Method to Assess the Vehicle-To-Grid 
Feasibility of a Local Public Transport Company. IEEE Access, 11, pp. 55644–
55656. Available at: https://doi.org/10.1109/ACCESS.2023.3279713.

BOUDMEN, K. et al. (2024). Electric vehicles, the future of transportation powered 
by machine learning: a brief review. Energy Informatics, 7(1), p. 80. Available at: 
https://doi.org/10.1186/s42162-024-00379-3.

BRHANE, G.Y., OH, E. AND SON, S.-Y. (2024). Virtual Energy Storage System Schedul-
ing for Commercial Buildings with Fixed and Dynamic Energy Storage. Energies, 
17(13), p. 3292. Available at: https://doi.org/10.3390/en17133292.

BRIDI, R.M. et al. (2024). The Propensity to Adopt Electric Vehicles in the United Arab 
Emirates: An Analysis of Economic and Geographic Factors. Sustainability, 16(2), 
p. 770. Available at: https://doi.org/10.3390/su16020770.

BRIGUGLIO, M. AND FORMOSA, G. (2023). Sharing Is Caring: An Economic Analysis 
of Consumer Engagement in an Electric Vehicle Sharing Service. Sustainability, 
15(6), p. 5502. Available at: https://doi.org/10.3390/su15065502.

Case study – Car Sharing (2024). Available at: https://cangomobility.com/use-cases/
case-study-car-sharing/ (Accessed: 22 November 2024).

CHAMBERLAIN, K. AND MAJEED, S.A. (2022). A Novel Model to Predict Electric Ve-
hicle Rapid Charging Deployment on the UK Motorway Network. Vehicles, 4(2), 
pp. 567–585. Available at: https://doi.org/10.3390/vehicles4020033.

CHEN, Y.-A. et al. (2024). Cost-Optimal Aggregated Electric Vehicle Flexibility for 
Demand Response Market Participation by Workplace Electric Vehicle Charg-
ing Aggregators. Energies, 17(7), p. 1745. Available at: https://doi.org/10.3390/
en17071745.

CHOU, C.-C. et al. (2023). Co-evolution of Smart Small Vehicles and Human Spa-
tial Experiences: Case Study on Battery-Sharing Electric Two-Wheelers Exper-
iment. Sustainability, 15(20), p. 15171. Available at: https://doi.org/10.3390/
su152015171.

CHRISTENSEN, K. et al. (2021). Methodology for identifying technical details of 
smart energy solutions and research gaps in smart grid: an example of elec-
tric vehicles in the energy system. Energy Informatics, 4(S2), p. 38. Available at: 
https://doi.org/10.1186/s42162-021-00160-w.

COBAN, H. et al. (2022). Electric Vehicles and Vehicle–Grid Interaction in the 
Turkish Electricity System. Energies, 15(21), p. 8218. Available at: https://doi.
org/10.3390/en15218218.



Citation:  ZAKAR, M., MÁTHÉ, C., SZEGEDI, S., VAS, O. O.,   HORVÁTH, G., Tamás TÓTH, T. 2024. 
Challenges and Opportunities for Advancing Electric Carsharing in Central Europe.  
The Role of Infrastructure, Policy and Consumer Behavior in the Adoption of E-carsharing  
in Central Europe. Folia Geographica 66(2), 83-119.

107 Folia Geographica 66(2), 2024 • ISSN 1336-6157 (hard copy) • ISSN 2454-1001 (online)

CZARNECKA, M. et al. (2022). Social Media Engagement in Shaping Green Energy 
Business Models. Energies, 15(5), p. 1727. Available at: https://doi.org/10.3390/
en15051727.

DALYAC, C. et al. (2021). Qualifying quantum approaches for hard industrial optimi-
zation problems. A case study in the field of smart-charging of electric vehicles. 
EPJ Quantum Technology, 8(1), p. 12. Available at: https://doi.org/10.1140/epjqt/
s40507-021-00100-3.

DARANI, Z.H. et al. (2021). Conceptualization of a new generation of smart energy 
systems and the transition toward them using anticipatory systems. European 
Journal of Futures Research, 9(1), p. 15. Available at: https://doi.org/10.1186/
s40309-021-00184-1.

DARWISH, A., ELGENEDY, M.A. AND WILLIAMS, B.W. (2024). A Review of Modular 
Electrical Sub-Systems of Electric Vehicles. Energies, 17(14), p. 3474. Available at: 
https://doi.org/10.3390/en17143474.

DEMIRCI, A. et al. (2023). A Comprehensive Data Analysis of Electric Vehicle User 
Behaviors Toward Unlocking Vehicle-to-Grid Potential. IEEE Access, 11, pp. 9149–
9165. Available at: https://doi.org/10.1109/ACCESS.2023.3240102.

DEMIRCI, A. et al. (2024). A Novel Electric Vehicle Charging Management With 
Dynamic Active Power Curtailment Framework for PV-Rich Prosumers. IEEE 
Access, 12, pp. 120239–120249. Available at: https://doi.org/10.1109/AC-
CESS.2024.3450799.

DORJI, S. et al. (2023). An Extensive Critique on Smart Grid Technologies: Recent 
Advancements, Key Challenges, and Future Directions. Technologies, 11(3), p. 
81. Available at: https://doi.org/10.3390/technologies11030081.

EAFO Number of Charging Points in Romania (2024). Available at: https://alterna-
tive-fuels-observatory.ec.europa.eu/transport-mode/road/romania/infrastruc-
ture (Accessed: 22 November 2024).

EAFO Number of Charging Points in Slovakia (2024). Available at: https://alterna-
tive-fuels-observatory.ec.europa.eu/transport-mode/road/slovakia/infrastruc-
ture (Accessed: 22 November 2024).

EL-HENDAWI, M., WANG, Z. AND LIU, X. (2022). Centralized and Distributed Opti-
mization for Vehicle-to-Grid Applications in Frequency Regulation. Energies, 
15(12), p. 4446. Available at: https://doi.org/10.3390/en15124446.

ESFANDI, S. et al. (2024). Smart Cities and Urban Energy Planning: An Advanced 
Review of Promises and Challenges. Smart Cities, 7(1), pp. 414–444. Available at: 
https://doi.org/10.3390/smartcities7010016.

Finally Here: MOL Limo Strengthens Fleet with Suzuki (2024). Available at: https://
www.suzuki.hu/corporate/hu/hirek/vegre-megerkezett-suzukival-erosit-a-mol-
limo (Accessed: 22 November 2024).

FU, X. et al. (2022). Planning of distributed renewable energy systems under uncer-
tainty based on statistical machine learning. Protection and Control of Modern 



Citation:  ZAKAR, M., MÁTHÉ, C., SZEGEDI, S., VAS, O. O.,   HORVÁTH, G., Tamás TÓTH, T. 2024. 
Challenges and Opportunities for Advancing Electric Carsharing in Central Europe.  
The Role of Infrastructure, Policy and Consumer Behavior in the Adoption of E-carsharing  
in Central Europe. Folia Geographica 66(2), 83-119.

108 Folia Geographica 66(2), 2024 • ISSN 1336-6157 (hard copy) • ISSN 2454-1001 (online)

Power Systems, 7(1), p. 41. Available at: https://doi.org/10.1186/s41601-022-
00262-x.

GALAN, J.I. AND ZUÑIGA‐VICENTE, J.A. (2023). Discovering the key factors behind 
multi‐stakeholder partnerships for contributing to the achievement of sustain-
able development goals: Insights around the electric vehicle in Spain. Corporate 
Social Responsibility and Environmental Management, 30(2), pp. 829–845. Availa-
ble at: https://doi.org/10.1002/csr.2391.

GARCÍA, M.A. et al. (2023). SGAM-Based Analysis for the Capacity Optimization of 
Smart Grids Utilizing e-Mobility: The Use Case of Booking a Charge Session. En-
ergies, 16(5), p. 2489. Available at: https://doi.org/10.3390/en16052489.

GHATIKAR, G. AND ALAM, M.S. (2023). Technology and economics of electric vehi-
cle power transfer: insights for the automotive industry. Energy Informatics, 6(1), 
p. 46. Available at: https://doi.org/10.1186/s42162-023-00300-4.

GHOTGE, R. et al. (2022). Use before You Choose: What Do EV Drivers Think about 
V2G after Experiencing It?. Energies, 15(13), p. 4907. Available at: https://doi.
org/10.3390/en15134907.

GIANNELOS, S. et al. (2024). Vehicle-to-Grid: quantification of its contribution to 
security of supply through the F-Factor methodology. Sustainable Energy Re-
search, 11(1), p. 32. Available at: https://doi.org/10.1186/s40807-024-00125-z.

GIORDANO, F., DIAZ-LONDONO, C. AND GRUOSSO, G. (2023). Comprehensive Ag-
gregator Methodology for EVs in V2G Operations and Electricity Markets. IEEE 
Open Journal of Vehicular Technology, 4, pp. 809–819. Available at: https://doi.
org/10.1109/OJVT.2023.3323087.

GOH, H.H. et al. (2022). Orderly Charging Strategy Based on Optimal Time of Use 
Price Demand Response of Electric Vehicles in Distribution Network. Energies, 
15(5), p. 1869. Available at: https://doi.org/10.3390/en15051869.

GOMES, I., MELICIO, R. AND MENDES, V. (2020). Comparison between Inflexible 
and Flexible Charging of Electric Vehicles—A Study from the Perspective of 
an Aggregator. Energies, 13(20), p. 5443. Available at: https://doi.org/10.3390/
en13205443.

Green Car Europe Zrt. Audited Annual Report (2023). Available at: https://webshop.
opten.hu/greengo-car-europe-zrt-c0110141666.html (Accessed: 22 November 
2024).

HAN, H. AND SUN, S. (2024). Identifying Heterogeneous Willingness to Pay for New 
Energy Vehicles Attributes: A Discrete Choice Experiment in China. Sustainabili-
ty, 16(7), p. 2949. Available at: https://doi.org/10.3390/su16072949.

HASSAN, M.H. et al. (2024). Stochastic Optimal Power Flow Integrating With Re-
newable Energy Resources and V2G Uncertainty Considering Time-Varying De-
mand: Hybrid GTO-MRFO Algorithm. IEEE Access, 12, pp. 97893–97923. Availa-
ble at: https://doi.org/10.1109/ACCESS.2024.3425754.



Citation:  ZAKAR, M., MÁTHÉ, C., SZEGEDI, S., VAS, O. O.,   HORVÁTH, G., Tamás TÓTH, T. 2024. 
Challenges and Opportunities for Advancing Electric Carsharing in Central Europe.  
The Role of Infrastructure, Policy and Consumer Behavior in the Adoption of E-carsharing  
in Central Europe. Folia Geographica 66(2), 83-119.

109 Folia Geographica 66(2), 2024 • ISSN 1336-6157 (hard copy) • ISSN 2454-1001 (online)

HASSLER, J. et al. (2021). Optimization and Coordination of Electric Vehicle Charg-
ing Process for Long-Distance Trips. Energies, 14(13), p. 4054. Available at: 
https://doi.org/10.3390/en14134054.

‘High Power Density EV Integrated Fast Battery Chargers Based on the General 
Torque Cancelation Law for Three-Phase Motors’ (2024) CSEE Journal of Power 
and Energy Systems [Preprint]. Available at: https://doi.org/10.17775/CSEE-
JPES.2022.00140.

HOLLY, S. et al. (2020). Flexibility management and provision of balancing servic-
es with battery-electric automated guided vehicles in the Hamburg container 
terminal Altenwerder. Energy Informatics, 3(S1), p. 26. Available at: https://doi.
org/10.1186/s42162-020-00129-1.

HORVÁTH, G. et al. (2023). A Comprehensive Review of the Distinctive Tendencies 
of the Diffusion of E-Mobility in Central Europe. Energies, 16(14), p. 5421. Availa-
ble at: https://doi.org/10.3390/en16145421.

HOSSAIN, J. et al. (2023). A Review on Optimal Energy Management in Commer-
cial Buildings. Energies, 16(4), p. 1609. Available at: https://doi.org/10.3390/
en16041609.

HU, R. AND HAN, X. (2023). Toward a “Smart-Green” Future in Cities: System Dynam-
ics Study of Megacities in China. Energies, 16(17), p. 6395. Available at: https://
doi.org/10.3390/en16176395.

HUANG, Z., FANG, B. AND DENG, J. (2020). Multi-objective optimization strategy 
for distribution network considering V2G-enabled electric vehicles in building 
integrated energy system. Protection and Control of Modern Power Systems, 5(1), 
p. 7. Available at: https://doi.org/10.1186/s41601-020-0154-0.

ICAZA, D. et al. (2023). Analysis of Smart Energy Systems and High Participation of 
V2G Impact for the Ecuadorian 100% Renewable Energy System by 2050. Ener-
gies, 16(10), p. 4045. Available at: https://doi.org/10.3390/en16104045.

ICAZA-ALVAREZ, D. et al. (2023). Smart Energy Planning in the Midst of a Technolog-
ical and Political Change towards a 100% Renewable System in Mexico by 2050. 
Energies, 16(20), p. 7121. Available at: https://doi.org/10.3390/en16207121.

Introduction to Lime (2024). Available at: https://www.li.me/why/sustainability (Ac-
cessed: 22 November 2024).

Introduction to MOL Bubi (2024). Available at: https://molbubi.hu/hu/about/ (Ac-
cessed: 22 November 2024).

Introduction to Sharecar.sk (2024). Available at: https://www.sharecar.sk/en/about-
us/ (Accessed: 22 November 2024).

Introduction to Tier (2024). Available at: https://www.tier.app/hu/sustainability (Ac-
cessed: 22 November 2024).

Introduction to Wigo (2024). Available at: https://www.wigomobility.com/en/car-
sharing/get-to-know-wigo (Accessed: 22 November 2024).



Citation:  ZAKAR, M., MÁTHÉ, C., SZEGEDI, S., VAS, O. O.,   HORVÁTH, G., Tamás TÓTH, T. 2024. 
Challenges and Opportunities for Advancing Electric Carsharing in Central Europe.  
The Role of Infrastructure, Policy and Consumer Behavior in the Adoption of E-carsharing  
in Central Europe. Folia Geographica 66(2), 83-119.

110 Folia Geographica 66(2), 2024 • ISSN 1336-6157 (hard copy) • ISSN 2454-1001 (online)

INVERS GmbH (2024): INVERS Mobility Barometer. European Car Sharing (2024). Avail-
able at: https://invers.com/en/press-releases/invers-mobility-barometer-re-
ports-14-fleet-size-growth-in-european-car-sharing-market/ (Accessed: 22 No-
vember 2024).

JAFARI KALEYBAR, H. et al. (2024). Smart AC-DC Coupled Hybrid Railway Microg-
rids Integrated with Renewable Energy Sources: Current and Next Generation 
Architectures. Energies, 17(5), p. 1179. Available at: https://doi.org/10.3390/
en17051179.

JAKIMOWICZ, A. (2022). The Energy Transition as a Super Wicked Problem: The En-
ergy Sector in the Era of Prosumer Capitalism. Energies, 15(23), p. 9109. Availa-
ble at: https://doi.org/10.3390/en15239109.

JAMAN, S. et al. (2023). Development and Validation of an Integrated EV Charg-
ing Station With Grid Interfacing Inverter for Residential Application. IEEE 
Access, 11, pp. 115751–115774. Available at: https://doi.org/10.1109/AC-
CESS.2023.3323219.

JIANG, X. et al. (2023). Optimized Dispatching Method for Flexibility Improvement 
of AC-MTDC Distribution Systems Considering Aggregated Electric Vehicles. 
Journal of Modern Power Systems and Clean Energy, 11(4), pp. 1857–1867. Availa-
ble at: https://doi.org/10.35833/MPCE.2022.000576.

KHAN, H. AND MASOOD, T. (2022). Impact of Blockchain Technology on Smart Grids. 
Energies, 15(19), p. 7189. Available at: https://doi.org/10.3390/en15197189.

KHAN, M.R. et al. (2024). A Comprehensive Review of Microgrid Energy Manage-
ment Strategies Considering Electric Vehicles, Energy Storage Systems, and 
AI Techniques. Processes, 12(2), p. 270. Available at: https://doi.org/10.3390/
pr12020270.

KORÕTKO, T. et al. (2023). Assessment of Power System Asset Dispatch under Differ-
ent Local Energy Community Business Models. Energies, 16(8), p. 3476. Availa-
ble at: https://doi.org/10.3390/en16083476.

KUNATSA, T., MYBURGH, H.C. AND DE FREITAS, A. (2024). Optimal Power Flow Man-
agement for a Solar PV-Powered Soldier-Level Pico-Grid. Energies, 17(2), p. 459. 
Available at: https://doi.org/10.3390/en17020459.

KUSZNIER, J. (2023). Influence of Environmental Factors on the Intelligent Manage-
ment of Photovoltaic and Wind Sections in a Hybrid Power Plant. Energies, 16(4), 
p. 1716. Available at: https://doi.org/10.3390/en16041716.

LAM, A.Y.S., ŁAZARZ, B. AND PERUŃ, G. (2022). Smart Energy and Intelligent Trans-
portation Systems. Energies, 15(8), p. 2900. Available at: https://doi.org/10.3390/
en15082900.

LAZOVIĆ, Đ. AND ĐURIŠIĆ, Ž. (2023). Advanced Flexibility Support through 
DSO-Coordinated Participation of DER Aggregators in the Balancing Market. 
Energies, 16(8), p. 3440. Available at: https://doi.org/10.3390/en16083440.



Citation:  ZAKAR, M., MÁTHÉ, C., SZEGEDI, S., VAS, O. O.,   HORVÁTH, G., Tamás TÓTH, T. 2024. 
Challenges and Opportunities for Advancing Electric Carsharing in Central Europe.  
The Role of Infrastructure, Policy and Consumer Behavior in the Adoption of E-carsharing  
in Central Europe. Folia Geographica 66(2), 83-119.

111 Folia Geographica 66(2), 2024 • ISSN 1336-6157 (hard copy) • ISSN 2454-1001 (online)

LEAL FILHO, W. et al. (2021). Framing Electric Mobility for Urban Sustainability in 
a Circular Economy Context: An Overview of the Literature. Sustainability, 
13(14), p. 7786. Available at: https://doi.org/10.3390/su13147786.

LETHA, S.S. et al. (2023). Power Quality Issues of Electro-Mobility on Distribution 
Network—An Overview. Energies, 16(13), p. 4850. Available at: https://doi.
org/10.3390/en16134850.

LEWICKI, W., COBAN, H.H. AND WRÓBEL, J. (2024). Integration of Electric Vehi-
cle Power Supply Systems—Case Study Analysis of the Impact on a Selected 
Urban Network in Türkiye. Energies, 17(14), p. 3596. Available at: https://doi.
org/10.3390/en17143596.

LI, D. et al. (2023). Research on Fractional Order Modeling and PI λ Control Strategy 
of V2G Two-Stage Bidirectional Converter. IEEE Open Journal of Power Electron-
ics, 4, pp. 716–726. Available at: https://doi.org/10.1109/OJPEL.2023.3241782.

LI, J., Xing, Y. and Zhang, D. (2022). Planning Method and Principles of the Cloud 
Energy Storage Applied in the Power Grid Based on Charging and Discharg-
ing Load Model for Distributed Energy Storage Devices. Processes, 10(2), p. 194. 
Available at: https://doi.org/10.3390/pr10020194.

LI, W. et al. (2023). Tech Giants’ Responsible Innovation and Technology Strategy: 
An International Policy Review. Smart Cities, 6(6), pp. 3454–3492. Available at: 
https://doi.org/10.3390/smartcities6060153.

LIANG, Y., WANG, Z. AND ABDALLAH, A.B. (2022). V2GNet: Robust Blockchain-Based 
Energy Trading Method and Implementation in Vehicle-to-Grid Network. 
IEEE Access, 10, pp. 131442–131455. Available at: https://doi.org/10.1109/AC-
CESS.2022.3229432.

LIU, T. et al. (2023). Operation-area-constrained Adaptive Primary Frequency Sup-
port Strategy for Electric Vehicle Clusters. Journal of Modern Power Systems 
and Clean Energy, 11(4), pp. 1982–1994. Available at: https://doi.org/10.35833/
MPCE.2023.000233.

LU, D. et al. (2023). An Application Designed for Guiding the Coordinated Charg-
ing of Electric Vehicles. Sustainability, 15(14), p. 10758. Available at: https://doi.
org/10.3390/su151410758.

LU, Z. et al. (2024). Mobile Energy-Storage Technology in Power Grid: A Review of 
Models and Applications. Sustainability, 16(16), p. 6857. Available at: https://doi.
org/10.3390/su16166857.

LUO, Y. et al. (2023). Energy Storage Dynamic Configuration of Active Distribution 
Networks—Joint Planning of Grid Structures. Processes, 12(1), p. 79. Available at: 
https://doi.org/10.3390/pr12010079.

MA, T.-Y. AND FANG, Y. (2022). Survey of charging management and infrastructure 
planning for electrified demand-responsive transport systems: Methodologies 
and recent developments. European Transport Research Review, 14(1), p. 36. 
Available at: https://doi.org/10.1186/s12544-022-00560-3.



Citation:  ZAKAR, M., MÁTHÉ, C., SZEGEDI, S., VAS, O. O.,   HORVÁTH, G., Tamás TÓTH, T. 2024. 
Challenges and Opportunities for Advancing Electric Carsharing in Central Europe.  
The Role of Infrastructure, Policy and Consumer Behavior in the Adoption of E-carsharing  
in Central Europe. Folia Geographica 66(2), 83-119.

112 Folia Geographica 66(2), 2024 • ISSN 1336-6157 (hard copy) • ISSN 2454-1001 (online)

MA, Z., CHRISTENSEN, K. AND JØRGENSEN, B.N. (2021). Business ecosystem archi-
tecture development: a case study of Electric Vehicle home charging. Energy 
Informatics, 4(1), p. 9. Available at: https://doi.org/10.1186/s42162-021-00142-y.

MĄDZIEL, M. AND CAMPISI, T. (2023). Energy Consumption of Electric Vehicles: 
Analysis of Selected Parameters Based on Created Database. Energies, 16(3), p. 
1437. Available at: https://doi.org/10.3390/en16031437.

MAHANI, K., ANGIZEH, F. AND JAFARI, M.A. (2023). EV Parking Lots for Flexible 
Energy Sourcing. IEEE Access, 11, pp. 38770–38782. Available at: https://doi.
org/10.1109/ACCESS.2023.3268028.

MALAKHATKA, E. et al. (2024). From use cases to business cases: I-GReta use cas-
es portfolio analysis from innovation management and digital entrepreneur-
ship models perspectives. Energy Informatics, 7(1), p. 7. Available at: https://doi.
org/10.1186/s42162-024-00310-w.

MALYA, P.P. et al. (2021). Electric vehicles as distribution grid batteries: a reality 
check. Energy Informatics, 4(S2), p. 29. Available at: https://doi.org/10.1186/
s42162-021-00159-3.

MANSO-BURGOS, Á. et al. (2021). Local Energy Communities in Spain: Economic 
Implications of the New Tariff and Variable Coefficients. Sustainability, 13(19), p. 
10555. Available at: https://doi.org/10.3390/su131910555.

MAZHAR, T. et al. (2023). Electric Vehicle Charging System in the Smart Grid Using 
Different Machine Learning Methods. Sustainability, 15(3), p. 2603. Available at: 
https://doi.org/10.3390/su15032603.

MEKH Charging Points (2024). Available at: https://terkep.mekh.hu/elektromobili-
tas/ (Accessed: 22 November 2024).

MICHALSKI, M., POLAŃSKI, J. AND NEMŚ, M. (2024). Storing Electric Energy Gener-
ated by a Photovoltaic Installation to Increase Profit from Its Sale—Case Study 
in Poland. Sustainability, 16(13), p. 5635. Available at: https://doi.org/10.3390/
su16135635.

MINHAS, D.M., MEIERS, J. AND FREY, G. (2022). Electric Vehicle Battery Storage Con-
centric Intelligent Home Energy Management System Using Real Life Data Sets. 
Energies, 15(5), p. 1619. Available at: https://doi.org/10.3390/en15051619.

MOCAK, P. MATLOVICOVA K., MATLOVIC R., PENZES J., PACHURA P., MISHRA P. K., KO-
STILNIKOVA K., DEMKOVA M. (2022). 15-Minute City Concept as a Sustainable 
Urban Development Alternative: A Brief Outline of Conceptual Frameworks and 
Slovak Cities as a Case. Folia Geographica 64(1), pp. 69–89.

MOJUMDER, MD.R.H. et al. (2022). Electric Vehicle-to-Grid (V2G) Technologies: Im-
pact on the Power Grid and Battery. Sustainability, 14(21), p. 13856. Available at: 
https://doi.org/10.3390/su142113856.

MOL Bubi: Budapest’s Greenest Public Transport Solution (2024). Available at: 
https://bkk.hu/fejlesztesek/osszes-fejlesztesunk/mol-bubi-budapest-legzold-
ebb-kozossegi-kozlekedesi-eszkoze.8007/ (Accessed: 22 November 2024).



Citation:  ZAKAR, M., MÁTHÉ, C., SZEGEDI, S., VAS, O. O.,   HORVÁTH, G., Tamás TÓTH, T. 2024. 
Challenges and Opportunities for Advancing Electric Carsharing in Central Europe.  
The Role of Infrastructure, Policy and Consumer Behavior in the Adoption of E-carsharing  
in Central Europe. Folia Geographica 66(2), 83-119.

113 Folia Geographica 66(2), 2024 • ISSN 1336-6157 (hard copy) • ISSN 2454-1001 (online)

Mol Limitless Mobility Kft. Company Data (2023). Available at: https://www.nemzet-
icegtar.hu/mol-limitless-mobility-kft-c0109303981.html (Accessed: 22 Novem-
ber 2024).

MOL Limo Car-Sharing Service (2024). Available at: https://molgroup.info/hu/terme-
kek-es-szolgaltatasok/autosok/mol-limo-kozossegi-auto (Accessed: 22 Novem-
ber 2024).

MOL Limo Expands Fleet with Mercedes Vehicles (2018). Available at: https://www.
ujbuda.hu/ujbuda/mercedessel-bovul-a-mol-limo-flottaja (Accessed: 22 No-
vember 2024).

MORTON, C., ANABLE, J. AND NELSON, J.D. (2016). Assessing the importance of car 
meanings and attitudes in consumer evaluations of electric vehicles. Energy 
Efficiency, 9(2), pp. 495–509. Available at: https://doi.org/10.1007/s12053-015-
9376-9.

MULDER, S. AND KLEIN, S. (2024). Techno-Economic Comparison of Electricity Stor-
age Options in a Fully Renewable Energy System. Energies, 17(5), p. 1084. Avail-
able at: https://doi.org/10.3390/en17051084.

MUQBEL, A.M., AL-AWAMI, A.T. AND AL-BUKHAYTAN, A.S. (2024). A Planning Mod-
el for an Electric Vehicle Aggregator Providing Ancillary Services to an Unbal-
anced Distribution Network Considering Contract Design. IEEE Access, 12, pp. 
29035–29048. Available at: https://doi.org/10.1109/ACCESS.2024.3368038.

NAIDU, S. et al. (2024). Electricity Consumption, Renewable Energy Production, and 
Current Account of Organisation for Economic Co-Operation and Development 
Countries: Implications for Sustainability. Sustainability, 16(9), p. 3722. Available 
at: https://doi.org/10.3390/su16093722.

NEAIMEH, M. AND ANDERSEN, P.B. (2020). Mind the gap- open communication 
protocols for vehicle grid integration. Energy Informatics, 3(1), p. 1. Available at: 
https://doi.org/10.1186/s42162-020-0103-1.

NEPAL, J.P. et al. (2022). Blockchain-Based Smart Renewable Energy: Review of Op-
erational and Transactional Challenges. Energies, 15(13), p. 4911. Available at: 
https://doi.org/10.3390/en15134911.

NEUMANNOVÁ, M. (2022). Smart Districts: New Phenomenon in Sustainable Urban 
Development. Case Study of Špitálka in Brno, Czech Republic. Folia Geographica 
64(1), pp. 27–48.

OURAMDANE, O. et al. (2022). Home Energy Management Considering Renewable 
Resources, Energy Storage, and an Electric Vehicle as a Backup. Energies, 15(8), 
p. 2830. Available at: https://doi.org/10.3390/en15082830.

PAI, L. AND SENJYU, T. (2022). A Yearly Based Multiobjective Park-and-Ride Control 
Approach Simulation Using Photovoltaic and Battery Energy Storage Systems: 
Fuxin, China Case Study. Sustainability, 14(14), p. 8655. Available at: https://doi.
org/10.3390/su14148655.



Citation:  ZAKAR, M., MÁTHÉ, C., SZEGEDI, S., VAS, O. O.,   HORVÁTH, G., Tamás TÓTH, T. 2024. 
Challenges and Opportunities for Advancing Electric Carsharing in Central Europe.  
The Role of Infrastructure, Policy and Consumer Behavior in the Adoption of E-carsharing  
in Central Europe. Folia Geographica 66(2), 83-119.

114 Folia Geographica 66(2), 2024 • ISSN 1336-6157 (hard copy) • ISSN 2454-1001 (online)

PAN, R. et al. (2023). Environmental and Health Benefits of Promoting New Energy 
Vehicles: A Case Study Based on Chongqing City. Sustainability, 15(12), p. 9257. 
Available at: https://doi.org/10.3390/su15129257.

PAŘIL, V. AND VITURKA, M. (2020). Assessment of Priorities of Construction of High-
Speed Rail in the Czech Republic in Terms of Impacts on Internal and External 
Integration. Review of Economic Perspectives, 20(2), pp. 217–241. Available at: 
https://doi.org/10.2478/revecp-2020-0010.

PARK, S.-J. et al. (2022). Development of a Fault-Diagnosis System through the Pow-
er Conversion Module of an Electric Vehicle Fast Charger. Energies, 15(14), p. 
5056. Available at: https://doi.org/10.3390/en15145056.

PAYAKKAMAS, P., DE KRAKER, J. AND DIJK, M. (2023). Transformation of the Urban 
Energy–Mobility Nexus: Implications for Sustainability and Equity. Sustainabili-
ty, 15(2), p. 1328. Available at: https://doi.org/10.3390/su15021328.

PEDRAM, O. et al. (2023). A Review of Methodologies for Managing Energy Flexi-
bility Resources in Buildings. Energies, 16(17), p. 6111. Available at: https://doi.
org/10.3390/en16176111.

PIETRACHO, R. et al. (2022). Multi-Criterial Assessment of Electric Vehicle Integra-
tion into the Commercial Sector—A Case Study. Energies, 16(1), p. 462. Available 
at: https://doi.org/10.3390/en16010462.

RAO, J.V.G.R. AND VENKATESHWARLU, S. (2024). Soft-switching dual active bridge 
converter-based bidirectional on-board charger for electric vehicles under ve-
hicle-to-grid and grid-to-vehicle control optimization. Journal of Engineering 
and Applied Science, 71(1), p. 49. Available at: https://doi.org/10.1186/s44147-
024-00384-z.

RAVI, S.S. AND AZIZ, M. (2022). Utilization of Electric Vehicles for Vehicle-to-Grid 
Services: Progress and Perspectives. Energies, 15(2), p. 589. Available at: https://
doi.org/10.3390/en15020589.

REDDY, G.H. et al. (2023). Simultaneous Placement of Multiple Rooftop Solar 
PV Integrated Electric Vehicle Charging Stations for Reliability Benefits. IEEE 
Access, 11, pp. 130788–130801. Available at: https://doi.org/10.1109/AC-
CESS.2023.3335093.

REGO, N., CASTRO, R. AND SILVA, C.S. (2023). Assessment of Current Smart House 
Solutions: The Case of Portugal. Energies, 16(22), p. 7469. Available at: https://
doi.org/10.3390/en16227469.

RENE, E.A. AND FOKUI, W.S.T. (2024). Artificial intelligence-based optimal EVCS inte-
gration with stochastically sized and distributed PVs in an RDNS segmented in 
zones. Journal of Electrical Systems and Information Technology, 11(1), p. 1. Avail-
able at: https://doi.org/10.1186/s43067-023-00126-w.

‘Resilience Enhancement of Urban Energy Systems via Coordinated Vehicle-to-grid 
Control Strategies’ (2023) CSEE Journal of Power and Energy Systems [Preprint]. 
Available at: https://doi.org/10.17775/CSEEJPES.2022.05270.



Citation:  ZAKAR, M., MÁTHÉ, C., SZEGEDI, S., VAS, O. O.,   HORVÁTH, G., Tamás TÓTH, T. 2024. 
Challenges and Opportunities for Advancing Electric Carsharing in Central Europe.  
The Role of Infrastructure, Policy and Consumer Behavior in the Adoption of E-carsharing  
in Central Europe. Folia Geographica 66(2), 83-119.

115 Folia Geographica 66(2), 2024 • ISSN 1336-6157 (hard copy) • ISSN 2454-1001 (online)

RITTER, M. AND SCHANZ, H. (2021). Carsharing Business Models’ Strategizing Mind-
sets Regarding Environmental Sustainability. Sustainability, 13(22), p. 12700. 
Available at: https://doi.org/10.3390/su132212700.

RIZOPOULOS, D. et al. (2022). 5G as an Enabler of Connected-and-Automated Mo-
bility in European Cross-Border Corridors—A Market Assessment. Sustainability, 
14(21), p. 14411. Available at: https://doi.org/10.3390/su142114411.

ROBLEK, V., MEŠKO, M. AND PODBREGAR, I. (2021). Impact of Car Sharing on Urban 
Sustainability. Sustainability, 13(2), p. 905. Available at: https://doi.org/10.3390/
su13020905.

Romania Car-Sharing Report 2024 (no date). Available at: https://www.statista.com/
outlook/mmo/shared-mobility/car-sharing/romania (Accessed: 22 November 
2024).

RUDOLPH, F., WERLAND, S. AND JANSEN, U. (2021) Sustainable mobility in Bratisla-
va : an indicator-based assessment ; a short expertise for Greenpeace in Central 
&amp; Eastern Europe [application/pdf ]. Wuppertal Institut für Klima, Umwelt, 
Energie, p. 794 KB, 32 pages. Available at: https://doi.org/10.48506/OPUS-7761.

SAAD, M., KHAN, M.K. AND AHMAD, M.B. (2022). Blockchain-Enabled Vehicular Ad 
Hoc Networks: A Systematic Literature Review. Sustainability, 14(7), p. 3919. 
Available at: https://doi.org/10.3390/su14073919.

SADHU, K. et al. (2022). Optimal joint operation of coupled transportation and 
power distribution urban networks. Energy Informatics, 5(1), p. 35. Available at: 
https://doi.org/10.1186/s42162-022-00249-w.

SAHA, D., SAIKIA, L.C. AND RAHMAN, A. (2022). Cascade controller based mode-
ling of a four area thermal: gas AGC system with dependency of wind turbine 
generator and PEVs under restructured environment. Protection and Control of 
Modern Power Systems, 7(1), p. 47. Available at: https://doi.org/10.1186/s41601-
022-00266-7.

SALEHIMEHR, S., MIRAFTABZADEH, S.M. AND BRENNA, M. (2024). A Novel Machine 
Learning-Based Approach for Fault Detection and Location in Low-Voltage DC 
Microgrids. Sustainability, 16(7), p. 2821. Available at: https://doi.org/10.3390/
su16072821.

SALKUTI, S.R. (2023). Advanced Technologies for Energy Storage and Electric Vehi-
cles. Energies, 16(5), p. 2312. Available at: https://doi.org/10.3390/en16052312.

SARSIA, P. et al. (2023). Driving the Energy Transition: Large-Scale Electric Vehicle 
Use for Renewable Power Integration. in RAiSE-2023. RAiSE-2023, MDPI, p. 106. 
Available at: https://doi.org/10.3390/engproc2023059106.

SHABAN, F., SISKOS, P. AND TJORTJIS, C. (2023). Electromobility Prospects in Greece 
by 2030: A Regional Perspective on Strategic Policy Analysis. Energies, 16(16), p. 
6083. Available at: https://doi.org/10.3390/en16166083.



Citation:  ZAKAR, M., MÁTHÉ, C., SZEGEDI, S., VAS, O. O.,   HORVÁTH, G., Tamás TÓTH, T. 2024. 
Challenges and Opportunities for Advancing Electric Carsharing in Central Europe.  
The Role of Infrastructure, Policy and Consumer Behavior in the Adoption of E-carsharing  
in Central Europe. Folia Geographica 66(2), 83-119.

116 Folia Geographica 66(2), 2024 • ISSN 1336-6157 (hard copy) • ISSN 2454-1001 (online)

SHARIDA, A. et al. (2024). Enhanced Inverse Model Predictive Control for EV Charg-
ers: Solution for Rectifier-Side. IEEE Open Journal of the Industrial Electronics So-
ciety, 5, pp. 795–806. Available at: https://doi.org/10.1109/OJIES.2024.3435862.

SHIPMAN, R. et al. (2019). Learning capacity: predicting user decisions for vehi-
cle-to-grid services. Energy Informatics, 2(1), p. 37. Available at: https://doi.
org/10.1186/s42162-019-0102-2.

SINGH, P.P. et al. (2022). Electric Vehicles Charging Infrastructure Demand and De-
ployment: Challenges and Solutions. Energies, 16(1), p. 7. Available at: https://
doi.org/10.3390/en16010007.

SINHA, P. et al. (2023). Comprehensive Review Based on the Impact of Integrating 
Electric Vehicle and Renewable Energy Sources to the Grid. Energies, 16(6), p. 
2924. Available at: https://doi.org/10.3390/en16062924.

Slovakia Car-Sharing Report (2024). Available at: https://www.statista.com/outlook/
mmo/shared-mobility/car-sharing/slovakia (Accessed: 22 November 2024).

SORA, J., SERBAN, I. AND PETREUS, D. (2024). Enhancing Microgrid Operation 
Through Electric Vehicle Integration: A Survey. IEEE Access, 12, pp. 64897–64912. 
Available at: https://doi.org/10.1109/ACCESS.2024.3397587.

SOUSA, C. AND COSTA, E. (2022). Types of Policies for the Joint Diffusion of Electric 
Vehicles with Renewable Energies and Their Use Worldwide. Energies, 15(20), p. 
7585. Available at: https://doi.org/10.3390/en15207585.

SOUSA-DIAS, D. et al. (2024). Enhancing Trust in Transactive Energy with Individu-
ally Linkable Pseudonymous Trading Using Smart Contracts. Energies, 17(14), p. 
3568. Available at: https://doi.org/10.3390/en17143568.

SRIVASTAVA, A., MANAS, M. AND DUBEY, R.K. (2023). Electric vehicle integra-
tion’s impacts on power quality in distribution network and associated mitiga-
tion measures: a review. Journal of Engineering and Applied Science, 70(1), p. 32. 
Available at: https://doi.org/10.1186/s44147-023-00193-w.

STAHL, B.C. (2021). Introduction. in B.C. Stahl (ed.) Artificial Intelligence for a Better 
Future: An Ecosystem Perspective on the Ethics of AI and Emerging Digital Technol-
ogies. Cham: Springer International Publishing, pp. 1–5. Available at: https://doi.
org/10.1007/978-3-030-69978-9_1.

STANCHEV, P., VACHEVA, G. AND HINOV, N. (2023). Evaluation of Voltage Stability 
in Microgrid-Tied Photovoltaic Systems. Energies, 16(13), p. 4895. Available at: 
https://doi.org/10.3390/en16134895.

STREPPARAVA, D. et al. (2022). Privacy and Auditability in the Local Energy Market 
of an Energy Community with Homomorphic Encryption. Energies, 15(15), p. 
5386. Available at: https://doi.org/10.3390/en15155386.

SULTAN, V. et al. (2022). Integration of EVs into the smart grid: a systematic litera-
ture review. Energy Informatics, 5(1), p. 65. Available at: https://doi.org/10.1186/
s42162-022-00251-2.



Citation:  ZAKAR, M., MÁTHÉ, C., SZEGEDI, S., VAS, O. O.,   HORVÁTH, G., Tamás TÓTH, T. 2024. 
Challenges and Opportunities for Advancing Electric Carsharing in Central Europe.  
The Role of Infrastructure, Policy and Consumer Behavior in the Adoption of E-carsharing  
in Central Europe. Folia Geographica 66(2), 83-119.

117 Folia Geographica 66(2), 2024 • ISSN 1336-6157 (hard copy) • ISSN 2454-1001 (online)

SUN, D. et al. (2020). Integrated human-machine intelligence for EV charging 
prediction in 5G smart grid. EURASIP Journal on Wireless Communications and 
Networking, 2020(1), p. 139. Available at: https://doi.org/10.1186/s13638-020-
01752-y.

TAHIR, M., HU, S. AND ZHU, H. (2024). Advanced Levelized Cost Evaluation Method 
for Electric Vehicle Stations Concurrently Producing Electricity and Hydrogen. 
Energies, 17(11), p. 2682. Available at: https://doi.org/10.3390/en17112682.

TANTAU, A. et al. (2024). Identification and Analysis of the Key Factors That Influence 
Power Purchase Agreements on the Road to Sustainable Energy Development. 
Sustainability, 16(8), p. 3202. Available at: https://doi.org/10.3390/su16083202.

The Blinkee scooter-sharing service in Budapest has been discontinued (2024). Avail-
able at: https://telex.hu/belfold/2024/03/02/megszunik-a-blinkee-city-robo-
gomegoszto-szolgaltatasa-budapesten (Accessed: 22 November 2024).

The European Alternative Fuels Observatory provides comprehensive statistical data 
on all European Union member states (2024). Available at: https://alternative-fu-
els-observatory.ec.europa.eu/transport-mode/road (Accessed: 22 November 
2024).

TIWARI, A. AND FARAG, H. (2022). Analysis and Modeling of Value Creation Oppor-
tunities and Governing Factors for Electric Vehicle Proliferation. Energies, 16(1), 
p. 438. Available at: https://doi.org/10.3390/en16010438.

TOMCZEWSKI, A. et al. (2023). Multicriteria Optimisation of the Structure of a Hy-
brid Power Supply System for a Single-Family Housing Estate in Poland, Taking 
into Account Different Electromobility Development Scenarios. Energies, 16(10), 
p. 4132. Available at: https://doi.org/10.3390/en16104132.

TONIATO, E. et al. (2021). Peak load minimization of an e-bus depot: impacts of us-
er-set conditions in optimization algorithms. Energy Informatics, 4(S3), p. 23. 
Available at: https://doi.org/10.1186/s42162-021-00174-4.

UMOREN, I.A., SHAKIR, M.Z. AND AHMADI, H. (2023). VCG-Based Auction for Incen-
tivized Energy Trading in Electric Vehicle Enabled Microgrids. IEEE Access, 11, pp. 
21117–21126. Available at: https://doi.org/10.1109/ACCESS.2023.3249469.

VENKATESAN, M. et al. (2024). Fuzzy Logic Controlled Pulse Density Modulation 
Technique for Bidirectional Inductive Power Transfer Systems. IEEE Access, 12, 
pp. 55184–55200. Available at: https://doi.org/10.1109/ACCESS.2024.3388491.

VENKATESH, N.H. AND RASLAVIČIUS, L. (2024). A National Innovation System Con-
cept-Based Analysis of Autonomous Vehicles’ Potential in Reaching Zero-Emis-
sion Fleets. Technologies, 12(2), p. 26. Available at: https://doi.org/10.3390/tech-
nologies12020026.

VILATHGAMUWA, M. et al. (2022). Mobile-Energy-as-a-Service (MEaaS): Sustainable 
Electromobility via Integrated Energy–Transport–Urban Infrastructure. Sustain-
ability, 14(5), p. 2796. Available at: https://doi.org/10.3390/su14052796.



Citation:  ZAKAR, M., MÁTHÉ, C., SZEGEDI, S., VAS, O. O.,   HORVÁTH, G., Tamás TÓTH, T. 2024. 
Challenges and Opportunities for Advancing Electric Carsharing in Central Europe.  
The Role of Infrastructure, Policy and Consumer Behavior in the Adoption of E-carsharing  
in Central Europe. Folia Geographica 66(2), 83-119.

118 Folia Geographica 66(2), 2024 • ISSN 1336-6157 (hard copy) • ISSN 2454-1001 (online)

WANG, L. et al. (2024). Blockchain-Based Joint Auction Model for Distributed Ener-
gy in Industrial Park Microgrids. Energies, 17(13), p. 3140. Available at: https://
doi.org/10.3390/en17133140.

WANG, L. AND ZHOU, B. (2023). Optimal Planning of Electric Vehicle Fast-Charg-
ing Stations Considering Uncertain Charging Demands via Dantzig–Wolfe De-
composition. Sustainability, 15(8), p. 6588. Available at: https://doi.org/10.3390/
su15086588.

WANG, X. et al. (2023). A Trading Mode Based on the Management of Residual Elec-
tric Energy in Electric Vehicles. Energies, 16(17), p. 6317. Available at: https://doi.
org/10.3390/en16176317.

WANG, Y. et al. (2024). Carsharing Worldwide: Case Studies on Carsharing Develop-
ment in China, Europe, Japan, and the United States. Sustainability, 16(10), p. 
3994. Available at: https://doi.org/10.3390/su16103994.

WANG, Z. et al. (2024). Overview of Isolated Bidirectional DC–DC Converter Topolo-
gy and Switching Strategies for Electric Vehicle Applications. Energies, 17(10), p. 
2434. Available at: https://doi.org/10.3390/en17102434.

Wigo (Wallis Autómegosztó Zrt.) Annual Report (2023). Available at: https://www.
nemzeticegtar.hu/nemzeticegtar/cegadat/0110141923/WALLIS-AUTOMEGO-
SZTO-Zrt (Accessed: 22 November 2024).

WU, W. et al. (2024). Data Drive—Charging Behavior of Electric Vehicle Users 
with Variable Roles. Sustainability, 16(11), p. 4842. Available at: https://doi.
org/10.3390/su16114842.

XU, B. et al. (2022). Reactive power optimization of a distribution network with 
high-penetration of wind and solar renewable energy and electric vehicles. Pro-
tection and Control of Modern Power Systems, 7(1), p. 51. Available at: https://doi.
org/10.1186/s41601-022-00271-w.

XU, X. et al. (2024). Distributed Source-Load-Storage Cooperative Low-carbon 
Scheduling Strategy Considering Vehicle-to-grid Aggregators. Journal of Mod-
ern Power Systems and Clean Energy, 12(2), pp. 440–453. Available at: https://doi.
org/10.35833/MPCE.2023.000742.

YANG, A. et al. (2024). Charging Behavior Portrait of Electric Vehicle Users Based 
on Fuzzy C-Means Clustering Algorithm. Energies, 17(7), p. 1651. Available at: 
https://doi.org/10.3390/en17071651.

YAO, R., HU, Y. AND VARGA, L. (2023). Applications of Agent-Based Methods in Mul-
ti-Energy Systems—A Systematic Literature Review. Energies, 16(5), p. 2456. 
Available at: https://doi.org/10.3390/en16052456.

YASSINE, Z., MARTIN, E.W. AND SHAHEEN, S.A. (2024). Can Electric Vehicle Car-
sharing Bridge the Green Divide? A Study of BlueLA’s Environmental Impacts 
among Underserved Communities and the Broader Population. Energies, 17(2), 
p. 356. Available at: https://doi.org/10.3390/en17020356.



Citation:  ZAKAR, M., MÁTHÉ, C., SZEGEDI, S., VAS, O. O.,   HORVÁTH, G., Tamás TÓTH, T. 2024. 
Challenges and Opportunities for Advancing Electric Carsharing in Central Europe.  
The Role of Infrastructure, Policy and Consumer Behavior in the Adoption of E-carsharing  
in Central Europe. Folia Geographica 66(2), 83-119.

119 Folia Geographica 66(2), 2024 • ISSN 1336-6157 (hard copy) • ISSN 2454-1001 (online)

ZAHLER, J., VOLLMUTH, P. and OSTERMANN, A. (2024). Unlocking the Potential: An 
In-Depth Analysis of Factors Shaping the Success of Smart and Bidirectional 
Charging in a Cross-Country Comparison. Energies, 17(15), p. 3637. Available at: 
https://doi.org/10.3390/en17153637.

ZENHOM, I.A., SHAABAN, M.F. and OMRAN, W.A. (2023). Grid Interactive Charging of 
EVs in PV-Powered Parking Lots Considering Uncertainties. IEEE Access, 11, pp. 
111292–111301. Available at: https://doi.org/10.1109/ACCESS.2023.3322201.

ZHANG, C. et al. (2024). Environmental Awareness and Social Sustainability: Insights 
from an Agent-Based Model with Social Learning and Individual Heterogeneity. 
Sustainability, 16(17), p. 7853. Available at: https://doi.org/10.3390/su16177853.

ZHANG, C., KITAMURA, H. and GOTO, M. (2024). Exploring V2G Potential in Tokyo: 
The Impact of User Behavior Through Multi-Agent Simulation. IEEE Access, 12, pp. 
118981–119002. Available at: https://doi.org/10.1109/ACCESS.2024.3449448.

ZHOU, F. et al. (2023). Cooperative Game Cooperative Control Strategy for Electric 
Vehicles Based on Tariff Leverage. Energies, 16(12), p. 4808. Available at: https://
doi.org/10.3390/en16124808.


