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Abstract: Electric vehicles (EVs) play a vital role in the transition to renewable energy and decarboni-
sation, and there is increasing global interest in expanding their use. However, the growing number
of EVs poses challenges to the electricity grid due to increasing energy demand. Vehicle-to-grid (V2G)
technology can address these issues by allowing for EVs to charge and discharge energy, thus helping
to balance the grid when needed. Aggregating vehicles in designated parking areas optimises energy
transfer, making it crucial to identify suitable parking locations and forecast the energy available
from parked vehicles. A spatial–temporal framework ensures that V2G services operate efficiently
considering both the location and the timing of vehicle parking. This paper reviews studies on
temporal–spatial V2G parking demand, identifying high-demand areas such as shopping centres
and workplaces, where vehicles park for extended periods. Strategic locations of V2G hubs in these
areas ensures seamless integration into existing mobility patterns without disrupting users’ routines.
In addition, this review examines user acceptance, technical feasibility, and V2G’s role in reducing
grid demand peaks. The findings indicate the potential of effectively implemented V2G services to
enhance electricity grid stability and efficiency while minimising disruptions to EV users.

Keywords: electric vehicle; V2G; vehicle to grid; energy transfer; temporal–spatial parking demand;
controlled charging and discharging; parking lot

1. Introduction

The rapid acceleration of decarbonisation and the reduction of greenhouse gas emis-
sions, especially in the transport sector, have generated significant interest in electric
vehicles (EVs). EVs are now considered one of the most efficient tools for achieving
sustainability in urban mobility [1,2]. Recent studies on passenger transport in large Eu-
ropean cities indicate that a substantial part of the population uses a private vehicle to
commute [3,4]. Consequently, the high rate of passenger transport by road contributes to
traffic congestion and environmental pollution, with the highest emissions of CO, CO2,
and NH3 originating from traffic emission [5–7]. To address these challenges, the European
Union (EU) is implementing policies aimed at achieving full decarbonisation by 2050, in-
cluding the phasing out of internal combustion engine (ICE) vehicles, or traditional vehicles
(TVs), by 2035 [1,8,9]. This transition is expected to significantly increase the demand for
EVs as alternatives, leading to higher electric energy consumption; combined with the
rapid pace of urbanisation, where more than 68% of the global population is projected to
live in urban areas by 2050 [10], this underscores the urgent need for expanded energy
production and more efficient solutions to meet the growing demand. In this context,
researchers are increasingly exploring the potential of EVs not only as energy consumers
but also as energy providers, depending on the needs of the power grid [11,12]. Studies
show that vehicles used for systematic travel (e.g., home-to-work or home-to-school trips)
within urban and metropolitan areas are parked for approximately 6–8 continuous hours at
workplace parking lots or 95% of their average life cycle, with an average trip distance of
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less than 5 km [13,14]. This presents an opportunity to utilise EVs as distributed energy
stores (DESs), enabling their batteries to give back to the power grid.

Vehicle-to-grid (V2G) technology emerges as a critical innovation in this context, first
proposed by Kempton and Steven [15]. V2G facilitates bidirectional energy transfer between
the grid and EVs. In this system, EVs fulfil their owners’ mobility needs while supplying
surplus energy back to the grid during peak demand periods. This process provides
auxiliary services and offsets the variability of renewable energy sources. Technically, this
is facilitated through a bidirectional power inverter connected to the vehicle battery and the
grid [16]. However, for V2G to be effective, especially given that individual vehicles cannot
participate alone, it is essential to identify suitable parking locations where EVs can be
aggregated for energy transfer to the grid. This necessitates a temporal–spatial framework
that considers both the location and the timing of vehicle parking. By incorporating a
temporal dimension to the vehicle location, it becomes possible to determine when and
where parked vehicles can participate in V2G services effectively. This paper focuses
on temporal–spatial parking demand analysis, which is crucial for optimising controlled
charging and discharging processes in V2G services. Understanding parking demand
patterns helps identify high-demand zones where vehicles are likely to park for extended
periods, such as near shopping centres, workplaces, or other specific land use types [17].
V2G services can be integrated into existing systematic mobility patterns without requiring
users to significantly alter their daily agendas, enhancing the efficiency and feasibility of
V2G implementation.

Due to the relevance of such a topic and the studies implemented for supporting
the real implementation of V2G, this paper proposes a new literature review aiming to
systematise the works developed and to identify the road ahead for supporting city planners
in its real implementation. In fact, the novelty of this literature review lies in its emphasis on
temporal–spatial parking demand studies to strategically implement V2G services in areas
with the highest potential for energy transfer. The existing literature on V2G is extensive,
covering aspects such as grid stability, user behaviour, and the environmental benefits of
integrating EVs into the power grid. For instance, Comi et al. [18] conducted a systematic
literature review highlighting the ecological transition and behavioural barriers affecting
V2G adoption. Their work underscored critical issues like battery degradation and user
privacy concerns, which hinder widespread adoption, but did not specifically address
the spatial–temporal aspects of EV aggregation. Similarly, Yuvaraj et al. [19] provided
a comprehensive analysis of optimal charging station placements and their impacts on
distribution networks; however, their emphasis was primarily on infrastructure allocation
rather than on temporal patterns of EV usage.

This review builds upon these foundational works by incorporating a temporal–
spatial dimension into the analysis, which is crucial for optimising controlled charging
and discharging processes in V2G services. By leveraging origin–destination data, stop
locations, and battery levels, the framework addresses key gaps in the literature by ensuring
that EVs participating in V2G retain sufficient energy for future trips while maximising
grid contributions. This approach goes beyond existing methodologies by integrating
V2G into established mobility patterns without requiring significant behavioural changes
from EV users. In doing so, it not only enhances the feasibility and efficiency of V2G
services but also mitigates user concerns about accessibility and convenience to this new
and advanced service.

The rest of this paper is structured as follows: Section 2 presents the proposed analysis
methodology. Section 3 discusses V2G activity in the context of technology and important
challenges. Section 4 deals with V2G implementation challenges through spatial–temporal
dynamics and the three main influencing categories on parking demand, i.e., land use
and physical environment, parking supply characteristics, and parking operations policies,
and management. The user acceptance for V2G and the impacts of V2G adoption are also
discussed. Finally, Section 5 concludes and summarises this paper.
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2. The Proposed Methodology of Analysis

This section describes the methodology used to search, compile, and categorise the
literature on the main challenges in implementing V2G services. The review points out
V2G demand from both temporal and spatial perspectives, with the goal of identifying
optimal locations that can be leveraged for V2G services. The analysis focusses on three
key categories, i.e., (1) the interaction between land use and trip characteristics; (2) parking
supply characteristics, and (3) parking operation policies, regulations, and management.
Additionally, this review examines user acceptance and V2G impacts.

The methodology uses a multi-step approach, as shown in Figure 1, consisting of the
following steps:

1. Search Step
It focuses on identifying and retrieving studies from established academic databases;
this yielded a total of 62 papers for initial consideration; specifically, it consists of
three main tasks:

• identification of databases; the task involves selecting the appropriate databases
to provide the literature on the topic; for this study, databases such as IEEE,
Scopus, and JSTOR were chosen due to their extensive coverage of engineering,
technology, and urban planning research;

• identification of keywords; this involves defining a set of keywords that align
with the research topic; the used keywords are (“V2G services” or “V2G infras-
tructure”) AND (“parking demand” or “land use” or “trip characteristics” or
“parking supply” or “user parking choices” or “parking operations policies”
or “parking regulations” or “parking management”), and, in addition, “V2G
impact”, “user acceptance”;

• search criteria for inclusion; this task filters the search results according to specific
inclusion criteria, outlined in Table 1, to ensure that the literature is relevant and
of high quality; criteria include factors like the type of document (peer-reviewed
journals, conference proceedings, or book chapters), with the time interval from
2013 to 2024;

2. Selection Step
In this step, the 62 retrieved papers from the search step undergo a screening process to
identify studies most relevant to this review; it includes the following:

• elimination of duplicates; initially, the retrieved papers are screened to remove any
duplicates given that more than one database has been used;

• screening and relevance assessment; after duplicates are eliminated, the remaining
papers are evaluated based on their titles, abstracts, and complete list of key-
words; this step assesses each paper’s relevance to the core topic of challenges
in implementing V2G services; only studies deemed relevant proceed to the
final selection.

Table 1. Inclusion criteria for literature review.

Criterion Inclusion

Database IEEE, Scopus, JSTOR
Analysed field Titles, abstracts, keywords
Document type Journal papers, conferences proceedings papers, others 1

Time interval 2013–2024
1 book chapters and reports.

Following this multi-step process, a total of 42 papers were selected for an in-depth
review. Figure 2 provides the details on the frequency and distribution of studies over the
specified time interval.
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3. Vehicle-to-Grid Working Scheme: Background and Long-Term Perspective

V2G technology enables EVs to interact dynamically with the power grid. It leverages
the energy storage capabilities of EV batteries, allowing for a bidirectional flow of electricity.
Vehicles can charge from the grid (grid-to-vehicle, G2V) or discharge stored energy back
into the grid when demand is high V2G [20,21]. This concept transforms parked EVs into
mobile energy assets, offering a decentralised, flexible approach to energy management,
which is especially crucial as the adoption of renewable energy sources rises.

The primary function of V2G is to provide ancillary services to the power grid [22].
This includes frequency regulation, voltage stabilisation, and peak load shaving [23,24].
V2G helps maintain grid stability by acting as a supplementary energy source, especially
during times of high electricity demand [25]. Integration of renewable energy sources, such
as solar and wind, with V2G systems further enhances the reliability and efficiency of the
energy grid [26]. PHEVs (plug-in hybrid electric vehicles) [25,27] or full EVs connected
to V2G systems can discharge energy to nearby buildings or feed power directly into
the utility grid, assisting in voltage regulation and reducing the necessity for additional
power plants [28].

Vertical parking structures are particularly suitable for V2G deployment, as they
increase vehicle density and, consequently, the amount of available energy storage within a
limited ground footprint [24]. These structures, when integrated with V2G capabilities, can
be part of a community energy management system (CEMS) to optimise local energy use
and promote green energy solutions.

V2G services involve a series of steps, ensuring efficient energy transfer while main-
taining grid stability, as well as the maximisation of the total energy transferred to the grid
from the EVs parked at given parking lots, subject to some constraints such as the vehicle
availability timeframe, state of the charge (SOC), vehicle charging/discharging features,
V2G infrastructure features, and grid demand. Vehicle availability timeframe depends on
the arrival and departure times of each EV, enabling energy transfers only when the EV is
parked and remains parked for a timeframe compatible for V2G. The SOC ensures that EVs
maintain adequate charge for their mobility requirements after participation, accounting for
energy consumed before parking, energy transferred to the grid, and the reserve energy set
by users. Vehicle and infrastructure features refer to the capacity of transferring or taking
energy to/from the grid. Additionally, grid demand ensures that the energy transferred to
the grid does not exceed the grid demand.

Figure 3 illustrates the operational flow of a V2G-enabled system in a scheduled and
controlled energy transfer environment:

• vehicle energy input (EV in charging–discharging infrastructure); an EV enters a desig-
nated area equipped with V2G infrastructure, enabling both charging and discharging,
and the EV is plugged into V2G infrastructure;

• battery status check; the system checks the current battery status of the EV to determine
if there is enough charge to support energy transfer;

• sufficient charge,
• Yes—if the battery has sufficient charge, the system moves to the next step;
• No—if the battery does not have sufficient charge, the system prioritises charging the

vehicle or waits until there is adequate charge before energy transfer;
• grid demand signal for scheduled and controlled energy transfer: if the battery has

sufficient charge, the grid sends a demand signal to initiate energy transfer based on
current energy needs;

• grid request; the system receives the grid request and prepares to transfer energy from
the EV to the grid;

• energy transfer to the grid (V2G); controlled energy transfer occurs, allowing for the EV
to discharge energy back into the grid;

• grid stabilisation; the energy provided by the EVs helps stabilise the electricity grid,
particularly during peak demand periods.
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This scheme allows for V2G systems to dynamically interact with the power grid;
however, it has to point out the time when starting the transfer from the EV, the transfer rate
allowed for by the technological feature of the EV, as well as the time when the EV leaves the
parking lot. Furthermore, the starting check can be integrated with the evaluation of energy
needed by users for not modifying their daily routines after participation in V2G [29]. For
example, if an EV is parked in a parking lot while the user is at work, the V2G system, in
order to forecast the energy that can be transferred from the vehicle assuring to maintain
the minimum level of charge, also has to take into account the time when the user will
come back to reuse his/her vehicle. By leveraging the energy storage capabilities of EV
batteries, vehicles can charge from the grid (grid-to-vehicle, G2V) or discharge stored energy
back into the grid during peak demand periods (vehicle-to-grid, V2G). This approach
transforms parked EVs into decentralised, mobile energy assets, offering a flexible solution
for energy management.
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Modern EVs, such as the Nissan Leaf, Hyundai Ioniq 5, and several Tesla models, are
equipped with V2G capabilities [25,30]. The Nissan Leaf, in particular, has been actively
utilised in V2G testing programmes in the United Kingdom due to its compatibility with
bidirectional chargers, with Nissan commercial V2G charger technology anticipated for
release in 2026. These chargers are essential for V2G operation, enabling energy exchange
between EVs and the grid. However, the deployment of bidirectional charging infrastruc-
ture remains limited, as the majority of current EV charging stations lack this functionality.

Despite existing limitations, numerous pilot projects have demonstrated the feasibility
and advantages of V2G technology. For example, the collaboration between OVO Energy
and Kaluza in the United Kingdom highlights the potential of V2G to optimise energy
flows by leveraging artificial intelligence and market signals. The project demonstrated that
EVs can charge during periods of low energy demand or high renewable energy generation
and discharge during peak demand, therefore stabilising the grid while offering financial
incentives to EV owners [31].
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By 2030, it is projected that the United Kingdom will have approximately 11 million
EVs on the road, with around half being V2G-enabled. This level of adoption could unlock
over 22 TWh of flexible discharging capacity annually, equivalent to approximately 16 GW
of daily grid support [31].

In the context of 2050, V2G technology is expected to play a transformative role in
global energy systems. Nations worldwide are striving to meet ambitious climate goals,
such as the “Fit for 55” initiative by the European Union, which aims to cut greenhouse
gas emissions by 55% by 2030. The integration of EVs into energy grids will become
indispensable in achieving these objectives. V2G is uniquely positioned to address critical
challenges, including the integration of renewable energy sources, the reduction of fossil
fuel dependency, and the mitigation of infrastructure expansion costs.

While V2G presents transformative potential, several challenges have to be addressed
to facilitate its widespread adoption:

• battery degradation; one of the most critical concerns related to V2G technology is the
impact of frequent charging and discharging on the lifespan of EV batteries; the cyclic
stress placed on batteries during energy exchanges can reduce their overall capacity
and efficiency, prompting the need for compensation mechanisms to encourage EV
owners to participate [28];

• state of charge (SOC) management; V2G systems should carefully manage the SOC
of connected EVs to ensure they retain sufficient energy for the vehicle primary
function transportation; real-time scheduling and dynamic energy management algo-
rithms are essential to maintain optimal battery levels without impacting the driver’s
needs; advanced building energy management systems (BEMSs) can forecast building
load demand and schedule EV charging or discharging accordingly to maintain grid
balance [11,23];

• energy infrastructure and grid compatibility; successful V2G deployment requires signifi-
cant upgrades to existing grid infrastructure; the grid has to be capable of handling
bidirectional energy flows and accommodating large-scale integration of distributed
energy resources, as pointed out by Ebrahimi et al. [32]; the complexity of synchronis-
ing energy flows between vehicles and the grid is a logistical challenge; additionally,
ensuring compatibility between different EV models, charging standards, and grid
systems is necessary for seamless V2G operation;

• spatial–temporal dynamics; identifying optimal locations and times for V2G implemen-
tation is crucial; high-density urban areas, where EVs are parked for long durations
(e.g., near office complexes or shopping centres), are ideal for V2G hubs; the method-
ology proposed in Aydinoglu et al. [33] emphasises the use of geographic information
systems (GIS) to analyse spatial data, identifying key zones for energy storage and
transfer based on parking patterns and trip characteristics; the interaction between
land use and parking demand plays a pivotal role in V2G planning [34];

• user acceptance and behavioural factors; convincing EV owners to participate in V2G
programmes hinges on several factors, including financial incentives, assurance of
vehicle availability, and minimal inconvenience; concerns such as range anxiety, a
fear of running out of charge, are exacerbated when participating in V2G services,
especially if vehicles are needed for unexpected trips; research by Esmaili et al. [35]
emphasises the need for systems that prioritise a minimum SOC to alleviate these
concerns and encourage greater participation;

• regulatory and policy frameworks; implementing V2G technology on a large scale re-
quires supportive regulatory frameworks and standardised protocols; policies have to
address energy fares, compensation for V2G participation, and data security measures
to protect user privacy [36].
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4. Analysis of V2G Implementation Challenges Through Spatial–Temporal Dynamics

Successful integration of V2G services into urban infrastructure requires a multifaceted
approach that considers various spatial and temporal factors. This analysis delves into five
critical categories:

• the interaction between land use and trip characteristics;
• parking supply characteristics;
• parking operation policies, regulations, and management;
• users’ acceptance;
• V2G impact.

Additionally, an analysis of the significant literature highlights that user acceptance
and the assessment of V2G impacts are essential for identifying optimal locations and
strategies for effective V2G deployment. These factors play a key role in implementing
successful V2G services.

4.1. Land Use and Trip Characteristics

Understanding land use patterns is pivotal in determining the feasibility and optimi-
sation of V2G services. High-accessibility areas, characterised by proximity to employment
centres and essential services, often exhibit increased parking facilities [37]. This suggests
that such areas present significant opportunities for V2G integration, as parked EVs can
serve as distributed energy resources for the grid.

The interaction between land use, the physical environment, and parking demand
varies across zones. For instance, residential areas typically experience peak parking
demand during evening hours, while commercial and office zones peak during business
hours [38]. This temporal variation aligns with energy demand patterns, indicating that
V2G services can be optimised by targeting specific land use types at appropriate times.
Tailored parking demand models that consider local land use patterns and transportation
options are essential for accurate forecasting [39]. Variables such as dwelling units, vehicle
ownership, and floor space have strong correlations with spatial–temporal parking demand.
By leveraging these models, planners can identify optimal locations with predictable long-
term parking, ideal for establishing V2G hubs.

Recently, GIS has played a crucial role in identifying optimal parking locations based
on spatial data and transportation networks [33], with new trends to integrate GIS with
temporal profiles of trips and parking demand data. Such an integration enables the
strategic placement of V2G infrastructure, ensuring that energy transfer capabilities are
aligned with areas of high demand.

Urban density also impacts EV parking and V2G potential, as dense areas typically
require fewer parking spaces due to better access to public transportation [40]. This charac-
teristic reduces the need for extensive parking infrastructure, allowing for a more efficient
use of existing spaces for V2G services without contributing to urban sprawl or congestion.

4.2. Parking Supply Characteristics

Parking supply characteristics, including accumulation, volume, capacity, turnover,
duration, and saturation, directly influence the potential for V2G services [17,40]. High-
turnover parking areas, particularly off-street facilities, present unique opportunities for
energy transfer between EVs and the grid [41]. These areas facilitate efficient V2G opera-
tions by minimising congestion and allowing for seamless vehicle movement.

Addressing parking supply shortages is critical, as imbalances between supply and
demand can exacerbate urban congestion and hinder participation in V2G [42]. Imple-
menting shared parking systems and dynamic allocation strategies can optimise parking
utilisation, enhancing the viability of V2G services in densely populated areas [43].

The impact of parking turnover on traffic delays underscores the importance of strate-
gically selecting V2G locations [44]. High-turnover zones enable frequent energy exchanges,
making them suitable for V2G integration. Furthermore, understanding user preferences
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on parking supply, through advanced gamification models and real-time data, can inform
the placement of V2G-enabled hubs, aligning the infrastructure with demand patterns [45].

User preferences are a critical factor in the successful implementation of V2G technol-
ogy; parking choices are influenced by socioeconomic factors, security concerns, conve-
nience, and access to real-time information [46,47]. Higher-income individuals often prefer
off-street, reserved parking, which can be equipped with V2G capabilities to attract users
willing to participate in energy exchange programmes.

Real-time parking information and reservation systems significantly impact user
choices by reducing uncertainty and enhancing the appeal of V2G enabled facilities [48].
Providing transparent and accessible information increases the likelihood of users opting
for parking options that are compatible with V2G services.

Demographic factors, such as age and education level, also play a role in parking
behaviour and EV adoption [49]. Tailoring V2G initiatives to specific user groups can
improve participation rates and maximise the benefits of this service.

4.3. Parking Operation Policies, Regulations, and Management

Effective parking management policies and regulations are instrumental in shaping
user behaviour and optimising parking resources for V2G deployment. Differentiated
pricing strategies can balance parking demand across various zones, incentivising EV
owners to park in locations conducive to V2G participation [50]. By adjusting parking
fees based on demand, cities can encourage EV owners to use V2G-equipped facilities in
high-demand areas.

The implementation of intelligent parking systems (IPSs) and parking guidance sys-
tems (PGSs) leverages technology to reduce cruising times and congestion by directing
drivers to available spaces equipped with V2G infrastructure [51,52]. These systems en-
hance the efficiency of parking operations, ensuring that EVs are readily available for
energy exchange without contributing to traffic bottlenecks.

Urban planning initiatives that limit parking supply and enforce maximum parking
caps can support V2G integration by reducing TV dependency and promoting sustainable
mobility [53]. By reallocating space from traditional parking to V2G-enabled facilities,
cities can foster a more resilient and flexible energy grid. These measures not only alleviate
congestion, but also encourage the use of alternative transportation modes.

Dynamic pricing and flexible operating hours for points of interest can optimise
parking turnover and availability aligning parking patterns with the temporal aspects of
energy demand [41].

4.4. User Acceptance of V2G

The commercialisation of V2G technology depends heavily on user acceptance, as
the willingness of EV owners to participate is essential for system success. Financial
compensation emerges as a primary motivator, as users are more likely to participate in
V2G services if adequately remunerated for the energy provided to the grid [54]. Ensuring
that the financial benefits outweigh the perceived inconveniences that can significantly
increase participation rates.

Battery degradation concerns also significantly affect user acceptance. Frequent charg-
ing and discharging cycles associated with V2G operations can lead to increased wear on
EV batteries [55]. Addressing these concerns through technological advancements that
mitigate degradation, or compensation for battery wear, can alleviate users’ concerns and
encourage participation.

Range anxiety, defined as the fear of depleting the EV battery before reaching a
charging station or destination, is another critical factor influencing acceptance [56]. Imple-
menting smart energy management systems that ensure a minimum state of charge can
reduce this anxiety, making users more comfortable with their vehicles participating in
V2G services without compromising their mobility needs.
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Other factors influencing acceptance such as user interface design, control over charg-
ing and charging processes, privacy, trust, and perceived societal contribution of V2G
systems play key roles in user acceptance [54].

Clear communication, transparency, and user-friendly platforms can improve trust
and encourage broader adoption of V2G technology. Furthermore, empowering users
with control over their data and charging preferences promotes a positive user experience,
thereby increasing participation.

4.5. V2G Impact

V2G technology offers significant benefits for power grid stability and renewable
energy integration. As the number of EVs increases, the potential strain on the power grid
due to higher electricity demand also rises. V2G addresses this challenge by enabling EVs
not only to consume, but also to supply electricity back to the grid, effectively functioning
as distributed energy storage units [57].

By facilitating bidirectional energy flow, V2G systems help balance supply and de-
mand, smoothing out fluctuations in grid demand [58]. During peak demand periods, EVs
can discharge stored energy to support the grid, reducing the need for additional generation
from Peaker plants. Conversely, during periods of low demand or high renewable energy
production, EVs can absorb excess energy, preventing waste and enhancing renewable
resource utilisation [25].

V2G technology contributes to voltage and frequency stability within the power
grid. Studies have shown that integrating V2G systems can maintain voltage levels and
reduce frequency deviations, even under varying load conditions and high EV penetration
rates [58]. This stabilisation prevents blackouts and ensures consistent power quality.

In addition to technical benefits, V2G supports the global mission to combat climate
change by optimising the use of renewable energy and reducing fossil fuel dependency.
By enabling more EVs to connect to the grid without causing congestion, V2G systems
facilitate the integration of clean energy sources, thereby contributing to a reduction in
greenhouse gas emissions [57].

5. Conclusions

An in-depth review of the key challenges and opportunities associated with the imple-
mentation of V2G services is provided, with particular emphasis on their integration into
urban network planning. Given that EVs cannot participate alone in such a service, empha-
sis is placed on the planning of parking lots as a means of aggregation. The dual role of EVs
as both transportation assets and distributed energy resources creates a unique opportunity
to address energy grid challenges, particularly in managing peak electricity demand and
enhancing renewable energy integration. V2G systems facilitate the bidirectional energy
transfer between EVs and the grid, where parked vehicles can provide energy during peak
hours and store energy during periods of excess electricity demand and of high numbers of
parked EVs. This can sustainably contribute to the grid’s stability and support renewable
energy integration without compromising the mobility needs of vehicle owners.

The effective deployment of V2G services relies on the spatial–temporal dynamic,
therefore, the review underscores the importance of identifying strategic locations for
V2G compatible parking lots, especially in high-demand zones such as workplaces, shop-
ping centres, and residential areas. By leveraging areas with consistent parking patterns
and longer durations, V2G infrastructure can be optimised to provide substantial energy
support to the grid. Findings indicate that urban areas with extended EV parking dura-
tions, such as residential neighbourhoods or business districts, are particularly suitable for
implementing V2G, as these locations align well with grid energy demand cycles.

Summarising, V2G helps build a greener, more efficient, and resilient energy system
that is aligned with global sustainability goals, with significant benefits, i.e., support to the
electricity grid (i.e., it balances energy supply and demand, reducing the impacts due to
consumption peaks, which could require extra effort by the energy production), economic
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benefits (i.e., it allows for electricity providers to reduce/optimise the production costs
as well as EV owners to sell excess energy to the grid, generating revenue and reduc-
ing operational costs), integration of renewables (i.e., it uses electric vehicles as “mobile
batteries” to store and return renewable energy), city sustainability (i.e., it contributes to
the decarbonisation of the energy system by reducing the use of fossil fuels for obtaining
energy in particular time periods), innovation (i.e., it allows for EVs to return energy to
the grid, helping to make smart grids more efficient and supporting a more sustainable
decentralised energy system).

However, several challenges remain to be addressed for widespread V2G adoption.
User acceptance is a critical barrier, often influenced by concerns about battery degradation,
range anxiety, and the need for sufficient financial compensation. Users fear that frequent
battery cycling could decrease battery lifespan, and there is hesitation about whether
participating in V2G services might leave vehicles without enough charge for unexpected
trips. To encourage user participation, well-designed compensation business models,
improved charging management systems, and advances in battery technology are essential.
Additionally, regulatory frameworks must evolve to support the integration of V2G services
within existing energy markets, ensuring that both grid operators and EV owners derive
mutual benefits.

Technological advancements are also necessary to support V2G implementation. Park-
ing facilities equipped with bidirectional charging capabilities are a fundamental require-
ment, yet such infrastructure is not yet widely available. The integration of IPSs can play a
pivotal role in dynamically managing parking spaces and optimising energy transfer. By
incorporating real-time data for parking availability, pricing, and energy needs, an IPS can
help ensure the most effective use of V2G enabled parking lots.

The potential benefits of V2G are vast. These systems can significantly improve energy
efficiency, reduce dependence on traditional power plants, and support the integration of
renewable energy by balancing fluctuations in electricity supply. In densely populated
urban centres, V2G-equipped parking hubs can provide dual benefits: supporting mobility
needs while acting as energy storage units. Such parking hubs can provide ancillary
services to the grid, such as frequency regulation and peak shaving, contributing to a more
stable and resilient energy system.

Looking ahead, future research should explore detailed spatial–temporal mapping to
identify zones with high V2G potential; for instance, GIS and real-time data analytics could
pinpoint optimal parking hubs in urban centres, taking into account the EV parking patterns
and peak energy demand periods. To fully harness the potential of V2G, future research
should also focus on refining dynamic pricing models to incentivise user participation,
improving EV battery longevity to address degradation concerns, and developing robust
infrastructure capable of managing the complex demand for bidirectional energy flows.
Integrating advanced technologies such as real-time parking information systems, dynamic
pricing, and autonomous vehicles will be instrumental in shaping the future of V2G hubs,
improving both flexibility and sustainability. Additionally, shared and vertical parking
facilities, especially in high-density urban areas, should be considered to meet parking
demand and facilitate V2G services. By aligning research on parking infrastructure with
the development of V2G systems, urban planners and policymakers can create efficient,
resilient, and sustainable energy systems while addressing the growing mobility needs of
urban environments.
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