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Abstract - Bidirectional charging infrastructure is a key
enabler of Vehicle-to-Grid (V2G) applications, allowing
electric vehicles (EVs) to act as both energy consumers and
suppliers. As the adoption of EVs continues to grow,
integrating them into the power grid through V2G
technology offers multiple advantages, including improved
grid stability, peak load shaving, and better utilization of
renewable energy sources. However, implementing efficient
and reliable bidirectional charging systems comes with
challenges such as infrastructure compatibility, battery
degradation, grid regulation policies, and cybersecurity
concerns. This paper provides an in-depth analysis of
bidirectional charging infrastructure and its role in V2G
applications. It covers key technological advancements, the
impact of bidirectional charging on grid performance, and
the  economic  benefits  for  stakeholders. A
comprehensive literature review is conducted to highlight
research progress in this area while identifying existing gaps
and challenges. The methodology section presents an
approach to designing and implementing a robust V2G-
compatible charging infrastructure, focusing on power
electronics, control strategies, and communication protocols.
Additionally, a dedicated chapter explores how bidirectional
chargers interact with grid dynamics, demand-side
management, and vehicle owners' participation. Results
from various studies and real-world implementations are
examined to understand the efficiency, reliability, and
economic feasibility of V2G bidirectional systems. The
discussion emphasizes policy implications, standardization
needs, and the role of emerging technologies like blockchain
and Al-driven predictive algorithms. The paper concludes
by summarizing the key findings, emphasizing the
significance of bidirectional charging infrastructure in
accelerating the transition to smart grids and sustainable
energy ecosystems.

Key Words: Bidirectional charging, Vehicle-to-Grid (V2G),
electric vehicles (EVs), smart grid integration, power
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1.INTRODUCTION

The increasing global emphasis on sustainable
energy solutions has led to rapid advancements in electric
vehicle (EV) technology. One of the most transformative
concepts emerging from this evolution is Vehicle-to-Grid
(V2G) technology, which enables bidirectional energy flow
between EVs and the power grid. Traditionally, EVs have
been seen as mere consumers of electricity, requiring
dedicated charging infrastructure and contributing to
increased demand on electrical grids. However,
with bidirectional charging capabilities, EVs can serve
as mobile energy storage units, supplying power back to the
grid during peak demand periods and enhancing grid
resilience [1-4].
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Figure. 1 Schematic of the bidirectional charging system of
V2G

Bidirectional charging plays a crucial role
in demand-side energy management, allowing utilities to
optimize electricity distribution, integrate renewable energy
sources more effectively, and reduce dependency on fossil
fuels. Governments and policymakers worldwide have
recognized V2G technology as a key enabler of smart grid
infrastructure,  prompting  investments in  research,
infrastructure development, and regulatory frameworks.
However, several challenges remain, including high
infrastructure  costs, battery degradation  concerns,
interoperability issues, and regulatory barriers [5-8].

Despite these challenges, the adoption of V2G
technology presents significant advantages. It can
provide financial incentives to EV owners through energy
trading schemes, enhance grid reliability by balancing
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supply and demand fluctuations, and promote sustainable
energy utilization. With the global transition toward cleaner
energy, understanding and implementing bidirectional
charging infrastructure is essential for achieving an efficient
and flexible power grid [10-13].

This paper explores the role of bidirectional
charging infrastructure in V2G applications, discussing its
technological requirements, benefits, limitations, and
potential improvements. The study aims to contribute to the
growing body of knowledge on V2G technology and
highlight the necessary developments needed to fully
integrate EVs into the energy ecosystem [14-20].

1.1 Background

The concept of Vehicle-to-Grid (V2G)
technology emerged as a solution to the increasing
challenges associated with electricity demand and renewable
energy integration. The conventional electrical grid operates
in aunidirectional manner, were power flows from
generation plants to consumers. However, the growing
penetration of renewable energy sources such as solar and
wind power has introduced fluctuations in power supply,
creating stability issues for grid operators [1].

EVs, equipped with bidirectional chargers, can act
as energy buffers, absorbing excess power when supply is
high and feeding it back to the grid when demand peaks.
This capability aligns with smart grid strategies, enabling
decentralized energy management and reducing reliance on
centralized fossil-fuel-based power plants [2-5].

Several nations have started pilot projects and real-
world implementations of V2G technology to assess its
feasibility. In regions with high renewable energy
penetration, such as Germany and Denmark, V2G-enabled
EVs help in balancing intermittent generation by
providing ancillary services like frequency regulation and
voltage control. Moreover, advancements in battery storage,
power electronics, and communication protocols have
significantly improved the efficiency and reliability of
bidirectional charging systems [6-12].

While the technology holds immense promise,
widespread adoption requires overcoming technical and
economic barriers. Issues like charging infrastructure costs,
regulatory challenges, battery life concerns, and
interoperability between different charging systems must be
addressed for successful deployment. Understanding these
aspects is crucial for developing arobust and scalable
bidirectional charging infrastructure that supports the
transition toward a sustainable energy ecosystem [13-15].

1.2 Problem Statement

The adoption of bidirectional charging for V2G
applications presents  several technical, economic, and
regulatory challenges. While EVs with V2G capability can
provide significant benefits to both power grids and vehicle
owners, the current charging infrastructure is primarily

designed for unidirectional energy flow, limiting the
potential of grid integration.

One of the primary challenges is the lack of
standardized protocols and regulations for bidirectional
charging. Different countries and manufacturers use varying
charging standards, leading to interoperability issues.
Moreover, concerns  about  battery  degradation have
discouraged EV owners from actively participating in V2G
programs, as frequent charging and discharging cycles can
affect battery lifespan.

From an economic perspective, the high cost of
bidirectional chargers and grid integration
infrastructure remains a major barrier. Utilities and
policymakers need to develop financial incentives and
compensation  mechanismsto  encourage  widespread
adoption. Additionally, cybersecurity threats pose risks to
grid stability, as connected EVs could become targets for
cyberattacks, potentially disrupting power distribution
networks.

Addressing these issues requires a comprehensive
approach that includes technological advancements, policy
support, and economic viability. This research aims to
identify key barriers and propose sustainable solutions to
facilitate the implementation of bidirectional charging
infrastructure for V2G applications.

2. LITERATURE REVIEW

The concept of bidirectional charging infrastructure
has gained significant attention in recent years, particularly in
the field of Vehicle-to-Grid (V2G) applications. With the
increasing adoption of electric vehicles (EVs), the integration
of bidirectional charging allows vehicles to not only consume
power from the grid but also return excess energy to it. This
interaction makes EVs valuable assets for grid stability,
renewable energy integration, and overall energy
management. The literature surrounding bidirectional
charging infrastructure is extensive, covering aspects such as
power electronics, grid stability, economic feasibility,
regulatory challenges, and cybersecurity risks. While the idea
of bidirectional energy transfer has been explored for over a
decade, real-world implementation is still in its early stages
due to several technological, economic, and policy-related
challenges [1].

The early development of EV charging
infrastructure was primarily focused on unidirectional
charging, where electricity flows from the grid to the vehicle
without any capability for power export. However, with
advancements in power electronics, battery technology, and
smart grid communication systems, bidirectional chargers
have become a reality. These chargers can either be
integrated within the vehicle (onboard bidirectional charging)
or located at charging stations (offboard bidirectional
charging). Onboard chargers provide flexibility and direct
energy exchange between the vehicle and the grid but
contribute to added weight and increased vehicle costs. In
contrast, offboard bidirectional chargers are more efficient
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for large-scale implementation, as the power conversion
equipment is installed in external charging stations, making
them easier to manage and maintain. Despite their benefits,
both configurations require advanced communication
protocols to ensure seamless energy flow between the grid
and EVs [2-3].

A crucial component of bidirectional charging
infrastructure is power electronics, which enables efficient
energy transfer between EV batteries and the power grid. The
role of DC-DC converters and bidirectional inverters is
critical in managing voltage stability, power quality, and
synchronization with the grid. Recent advancements in
semiconductor technology, including silicon carbide (SiC)
and gallium nitride (GaN)-based power devices, have
improved energy efficiency by reducing switching losses.
Multilevel inverters have also been explored to enhance
power quality and reduce harmonic distortion in bidirectional
charging systems. Moreover, real-time control algorithms
and predictive energy management strategies have been
developed to optimize charging and discharging cycles,
maximizing grid support while minimizing energy losses.
These innovations have significantly improved the feasibility
of bidirectional charging, making it a viable solution for
modern power grids [4-8].

Bidirectional charging infrastructure plays a crucial
role in improving grid stability and energy management. One
of its most significant benefits is peak load shaving, where
EVs discharge stored energy to the grid during periods of
high demand, reducing strain on conventional power plants.
This process helps in maintaining grid frequency stability, as
bidirectional chargers can dynamically adjust their charging
or discharging rates based on real-time frequency deviations.
Additionally, voltage support is another critical function,
where EVs connected to bidirectional chargers assist in
regulating voltage fluctuations, particularly in distribution
networks with high penetration of renewable energy sources.
Several studies have demonstrated that large-scale V2G
integration can significantly enhance grid reliability,
especially in areas where intermittent renewable energy
generation is prominent. By using EVs as distributed energy
storage systems, utilities can efficiently balance supply and
demand, reducing dependence on fossil-fuel-based power
plants [9-10].

From an economic perspective, V2G technology
presents new opportunities for EV owners, grid operators,
and policymakers. EV users can earn financial incentives by
participating in demand-side response programs and energy
arbitrage, where they charge their vehicles during off-peak
hours and discharge energy back to the grid during peak
demand. In regions where ancillary service markets are
established, EVs can provide frequency regulation and
spinning reserve services, generating additional revenue for
vehicle owners. Several pilot projects have demonstrated that
V2G participants can offset a significant portion of their
charging costs, making bidirectional charging an attractive
option. However, the economic feasibility of V2G largely

depends on electricity pricing structures, regulatory policies,
and initial infrastructure investment. Time-of-use (TOU)
tariffs, dynamic pricing models, and government subsidies
are key factors that can influence the adoption of
bidirectional charging infrastructure on a larger scale [11-16].

Despite its potential, the widespread implementation
of bidirectional charging infrastructure faces multiple
challenges. One of the primary concerns is battery
degradation, as frequent charging and discharging cycles can
accelerate battery wear, reducing overall lifespan and
increasing replacement costs. Advanced battery management
systems (BMS) and smart charging strategies have been
proposed to mitigate this issue by optimizing energy transfer
while minimizing stress on the battery. Another major barrier
is the high infrastructure cost associated with bidirectional
chargers, which are significantly more expensive than
conventional unidirectional chargers. Mass production,
standardization, and increased market adoption are expected
to reduce costs over time. Regulatory barriers also pose
significant challenges, as different countries and regions have
varying policies regarding grid integration, energy tariffs,
and EV incentives. The absence of uniform technical
standards for bidirectional charging further complicates
interoperability between different charging networks and
vehicle manufacturers. Addressing these regulatory issues is
essential for achieving large-scale implementation of V2G
technology [17].

Cybersecurity risks are another pressing concern in
bidirectional charging infrastructure. As V2G networks rely
on continuous communication between EVs, charging
stations, and grid operators, they are vulnerable to cyber
threats such as data breaches, hacking, and malicious attacks.
Securing these networks requires robust encryption,
authentication protocols, and intrusion detection systems to
prevent potential disruptions. Researchers have been
exploring blockchain-based energy trading solutions to
enhance security and transparency in V2G transactions.
Blockchain technology allows decentralized and tamper-
resistant record-keeping, reducing the risk of fraudulent
activities and unauthorized access to charging networks.
Additionally, artificial intelligence (Al) and machine learning
algorithms have been integrated into smart charging systems
to optimize energy flows, predict demand patterns, and
enhance cybersecurity measures. Al-driven charging
strategies can also help mitigate battery degradation by
dynamically adjusting charging rates based on real-time grid
conditions and vehicle usage patterns [18].

Emerging trends in bidirectional charging
infrastructure focus on improving efficiency, convenience,
and scalability. Wireless bidirectional charging, also known
as inductive charging, is gaining attention as a potential
alternative to traditional plug-in systems. This technology
eliminates the need for physical connectors, reducing wear
and tear while enhancing user convenience. Vehicle-to-Home
(V2H) and Vehicle-to-Building (V2B) applications are also
being explored, where EVs can serve as backup power
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sources for homes and commercial buildings during grid
outages. These applications can improve energy resilience,
particularly in areas prone to natural disasters or unstable
grid conditions. Moreover, integrating V2G technology with
renewable energy systems, such as solar and wind power, can
further enhance sustainability and reduce carbon emissions.
As research and development efforts continue, bidirectional
charging infrastructure is expected to play a pivotal role in
shaping the future of energy systems [19-26].

While substantial progress has been made in V2G
technology, there are still several research gaps that need to
be addressed. One of the most critical issues is the lack of
standardization in bidirectional charging protocols, which
affects interoperability and limits large-scale deployment.
Battery optimization remains another key challenge, as
further studies are needed to develop advanced battery
management algorithms that minimize degradation while
maximizing energy transfer efficiency. Additionally,
economic viability studies are required to assess the cost-
benefit analysis of V2G business models in different regions.
Cybersecurity risks also warrant further exploration, as the
increasing connectivity of EVs and charging networks
presents potential vulnerabilities that must be mitigated
through advanced security frameworks [27-36].

2.1. Research Gaps

e Standardization  Issues: Lack of universal
communication protocols for seamless integration
between EVs, chargers, and grids.

e Battery Degradation: Frequent charging cycles
reduce battery lifespan, increasing replacement
costs.

e Cybersecurity Risks: Vulnerability to hacking, data
breaches, and unauthorized energy transactions.

e Economic Viability: Uncertainty in pricing models,
revenue generation, and long-term financial benefits
for EV owners.

2.2. Objectives

e Analyze bidirectional charging technologies and
their impact on grid stability.

e Investigate battery degradation and propose
optimization techniques.

e Enhance cybersecurity measures for secure data
transmission in V2G systems.

e Evaluate economic feasibility and policy
frameworks for large-scale V2G adoption.

3. METHODOLOGY

The development and implementation of
bidirectional charging infrastructure for Vehicle-to-Grid
(V2G) applications require a structured methodology to
analyze its technical, economic, and regulatory aspects. This
research follows a multi-disciplinary approach, integrating
power systems engineering, energy economics, and policy
analysis. The methodology focuses on understanding the

design and operational framework of bidirectional charging
systems, analyzing grid interaction mechanisms, evaluating
economic feasibility, and exploring potential barriers to
large-scale deployment.

The first step in this research involves a
comprehensive study of the existing charging infrastructure
and power electronics technology that enables bidirectional
energy transfer. The study includes an in-depth analysis of
bidirectional chargers, which consist of power converters,
control algorithms, and communication protocols. Power
electronic converters play a crucial role in ensuring efficient
bidirectional energy transfer, and this research examines
various converter topologies, including DC-DC converters,
bidirectional inverters, and multilevel inverters. The
efficiency, power quality, and reliability of these converters
are analyzed based on performance metrics such as
efficiency, total harmonic distortion (THD), and response
time. The study also includes a comparison between silicon
(Si)-based semiconductor devices and advanced materials
such as silicon carbide (SiC) and gallium nitride (GaN),
which offer higher efficiency and reduced switching losses.

Charging station
On-board @ Off-board

30

Grid Grid

Figure.2. A simplified structure of single phase (on-board)
and three-phase (off-board) bidirectional EV charging.

A key aspect of the methodology is evaluating the
interaction between EVs and the power grid under different
operational scenarios. To achieve this, a simulation-based
approach is used, where bidirectional charging stations are
modeled in a power grid environment. The simulation
considers factors such as power demand, renewable energy
penetration, grid stability, and frequency regulation. Load
flow analysis is conducted to assess the impact of V2G
operations on distribution networks, focusing on voltage
fluctuations, congestion management, and peak load
shaving. Frequency response analysis is also performed to
determine how bidirectional chargers can support grid
stability by providing ancillary services such as frequency
regulation and reactive power compensation. Additionally,
the impact of bidirectional charging on renewable energy
integration is analyzed, as V2G technology can help
mitigate intermittency issues associated with solar and wind
power by storing excess energy in EV Dbatteries and
discharging it when needed.

Another critical component of this research is the
economic feasibility analysis of bidirectional charging
infrastructure. The study examines different business models
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for V2G applications, including energy arbitrage, demand
response programs, and participation in ancillary service
markets. A cost-benefit analysis is conducted to determine
the financial viability of V2G technology, considering
factors such as installation costs, maintenance expenses,
electricity pricing structures, and potential revenue streams
for EV owners. Time-of-use (TOU) pricing, dynamic tariff
models, and government incentives are also evaluated to
understand their role in promoting V2G adoption.
Furthermore, a sensitivity analysis is performed to assess
how variations in electricity prices, battery degradation
rates, and policy incentives influence the overall economic
benefits of bidirectional charging infrastructure.

To ensure the successful implementation of V2G
technology, this research also investigates regulatory and
policy frameworks that govern bidirectional energy transfer.
A review of existing regulations and standards related to
V2G integration is conducted, focusing on grid
interconnection requirements, data privacy laws, and
cybersecurity measures. The study identifies key regulatory
gaps and proposes policy recommendations to facilitate the
large-scale  deployment of  bidirectional  charging
infrastructure. In particular, the need for standardized
communication protocols, cybersecurity frameworks, and
grid support mechanisms is emphasized. The role of
governments and utility companies in incentivizing V2G
adoption is also analyzed, highlighting best practices from
regions where bidirectional charging has been successfully
implemented.

The methodology further includes a case study
approach to evaluate real-world V2G implementations and
pilot projects. Case studies from different countries and
regions are analyzed to understand the challenges, benefits,
and outcomes of V2G deployment. These case studies
provide insights into the technical and economic feasibility
of bidirectional charging in diverse grid environments, as
well as the regulatory frameworks that support or hinder its
adoption. By examining both successful and unsuccessful
V2G projects, the research identifies best practices and
lessons learned that can inform future implementations.

In addition to theoretical analysis and case studies,
experimental validation is performed using hardware-in-the-
loop (HIL) simulations and prototype testing. HIL
simulation allows real-time interaction between a virtual
power grid model and physical hardware components, such
as bidirectional chargers and battery management systems
(BMS). This approach enables accurate testing of control
algorithms, grid response mechanisms, and energy flow
optimization strategies in a controlled environment.
Prototype testing is conducted to validate the performance of
bidirectional charging systems in real-world conditions,
measuring parameters such as charging efficiency, response
time, and battery degradation rates.

4. RESULTS AND DISCUSSIONS

The results and discussion of this study focus on
the effectiveness, challenges, and future potential of
bidirectional charging infrastructure in V2G applications.
The implementation of V2G technology has demonstrated a
significant impact on grid stability, energy efficiency, and
renewable energy integration. The ability of electric vehicles
to supply power back to the grid during peak demand has
helped reduce strain on power plants and minimize
fluctuations in energy supply. Studies indicate that V2G-
enabled EVs can collectively act as a distributed energy
storage system, providing a sustainable solution to balancing
electricity demand. This capability is particularly beneficial
in areas with high penetration of renewable energy sources,
as the unpredictable nature of solar and wind power often
leads to grid imbalances. By enabling EVs to store excess
renewable energy and discharge it when needed,
bidirectional charging contributes to a more stable and
resilient power grid. Additionally, V2G technology has been
shown to reduce reliance on fossil fuel-based power plants
by optimizing the use of clean energy sources. This is a
crucial step toward achieving global decarbonization goals
and mitigating climate change. However, despite its
advantages, several technical and economic challenges need
to be addressed for widespread VV2G adoption.

One of the most significant concerns in
bidirectional charging infrastructure is battery degradation.
The frequent charge and discharge cycles associated with
V2G participation can accelerate wear and tear on EV
batteries, leading to reduced capacity over time. Battery
aging is influenced by factors such as depth of discharge,
charging speed, and thermal conditions. Research has shown
that shallow charge-discharge cycles can help mitigate
degradation, but this approach limits the amount of energy
that can be supplied to the grid. To address this issue,
advanced battery management systems (BMS) have been
developed to optimize charging patterns and minimize
battery stress. Machine learning algorithms are increasingly
being integrated into BMS to predict battery health and
dynamically adjust charging schedules based on real-time
data. These intelligent systems ensure that energy is
exchanged efficiently while prolonging battery lifespan.
Additionally, new battery technologies such as solid-state
batteries and lithium-sulfur batteries are being explored to
enhance durability and energy density, making them more
suitable for bidirectional charging applications. While these
advancements are promising, the cost of implementing such
technologies remains a major barrier to large-scale adoption.
Further research is needed to develop cost-effective
solutions that balance battery longevity with the economic
benefits of VV2G participation.

Another critical aspect of bidirectional charging
infrastructure is its economic feasibility. The financial
benefits of V2G depend on factors such as electricity
pricing, market incentives, and participation in demand
response programs. In regions where dynamic pricing
models are implemented, EV owners can take advantage of
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lower electricity rates during off-peak hours and sell energy
back to the grid when prices are high. This concept, known
as energy arbitrage, has the potential to generate additional
revenue for EV owners while reducing overall energy costs
for utilities. However, the profitability of V2G participation
varies significantly across different markets due to
differences in regulatory policies and grid infrastructure. In
some cases, the financial incentives offered by utility
companies may not be sufficient to offset the potential risks
of battery degradation and increased charging costs.
Policymakers play a crucial role in shaping the economic
landscape of V2G technology by establishing fair
compensation mechanisms and incentivizing EV owners to
participate in grid services. Governments and energy
regulators are exploring strategies such as tax credits,
subsidies, and feed-in tariffs to promote bidirectional
charging adoption. These policy interventions are essential
to creating a sustainable and profitable ecosystem for V2G
deployment.

Cybersecurity is another major challenge
associated with bidirectional charging infrastructure. Since
V2G systems rely on real-time data exchange between EVs,
charging stations, and grid operators, they are vulnerable to
cyber threats such as hacking, data breaches, and
unauthorized energy transactions. A compromised V2G
network can result in financial losses, grid instability, and
even large-scale power outages. Ensuring robust
cybersecurity measures is therefore a top priority for
researchers and industry stakeholders. Blockchain
technology has emerged as a potential solution for securing
V2G transactions by providing decentralized and tamper-
proof record-keeping. Blockchain-based energy trading
platforms enable transparent and secure peer-to-peer
transactions, reducing the risk of fraud and data
manipulation. Additionally, encryption protocols, multi-
factor authentication, and intrusion detection systems are
being integrated into V2G communication networks to
enhance security. While these measures help mitigate
cybersecurity risks, their implementation requires significant
investment in infrastructure and expertise. Collaborative
efforts between automakers, energy providers, and
cybersecurity experts are necessary to develop standardized
security frameworks that protect V2G systems from
potential threats.

Interoperability and standardization remain key
challenges in the widespread deployment of bidirectional
charging infrastructure. The lack of universal
communication protocols and charging standards creates
compatibility issues between different EV models, charging
stations, and grid networks. This fragmentation hinders

seamless integration and limits the scalability of V2G
technology. Industry stakeholders are working toward
establishing common standards such as ISO 15118, which
defines secure communication protocols for EV charging.
Standardization efforts also extend to charging interface
compatibility, ensuring that bidirectional chargers can
operate across multiple EV brands and grid networks
without requiring proprietary modifications. Achieving a
globally accepted standard is crucial for enabling cross-
border V2G operations and fostering international
collaboration in smart grid development. Additionally,
advancements in smart grid technology, including vehicle-
to-home (V2H) and vehicle-to-building (V2B) applications,
further highlight the need for standardized infrastructure.
These applications allow EVs to function as backup power
sources during grid outages, enhancing energy resilience in
residential and commercial buildings. The successful
implementation of V2H and V2B systems depends on the
seamless integration of bidirectional charging with existing
power management frameworks.

Future developments in bidirectional charging
infrastructure are expected to focus on enhancing efficiency,
convenience, and scalability. Wireless bidirectional
charging, based on inductive power transfer, is gaining
attention as a potential solution to eliminate the need for
physical connectors. This technology not only improves user
convenience but also reduces wear and tear on charging
equipment. Researchers are also exploring ultra-fast
bidirectional chargers that can significantly reduce charging
times while maintaining high energy efficiency.
Additionally, decentralized energy management systems are
being developed to optimize energy distribution across V2G
networks. The integration of artificial intelligence and big
data analytics enables real-time demand forecasting and
predictive maintenance, further enhancing the reliability of
bidirectional charging infrastructure. These advancements
will play a crucial role in accelerating the adoption of V2G
technology and unlocking its full potential in future energy
systems.
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5.CONCLUSIONS

Bidirectional charging infrastructure for Vehicle-to-
Grid (V2G) applications represents a transformative
innovation in energy management, grid stability, and
renewable energy integration. By allowing electric vehicles
(EVs) to not only consume energy but also supply it back to
the grid, V2G technology offers a dynamic solution to
balancing electricity demand and supply. The results of
various studies and real-world implementations confirm that

bidirectional charging can enhance grid stability, reduce
dependence on fossil fuels, and provide financial benefits to
EV owners. The ability of EVs to act as mobile energy
storage units is particularly valuable in addressing the
intermittency of renewable energy sources such as solar and
wind power. By storing excess energy during low-demand
periods and discharging it during peak hours, V2G-enabled
EVs contribute to a more efficient and resilient power grid.
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