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Abstract. The rapid adoption of electric vehicles (EVs) in China has substantially increased the
electricity load during peak hours, creating significant challenges for grid stability and energy
distribution. This paper investigates the feasibility of integrating EV batteries into the grid
infrastructure to mitigate peak-hour power demand pressures. Reviewing existing literature and
analyzing market attitudes and control strategies, this study identifies key technical and consumer-
related barriers, including battery degradation concerns and insufficient automation control
technology. We further explore innovative methods such as smart charging algorithms, demand-
response management, and vehicle-to-grid (V2G) systems, demonstrating their potential in
optimizing energy utilization and preserving battery health. The findings underscore the need for
technological advancements, regulatory incentives, and consumer engagement strategies to realize
EV integration benefits fully. This approach provides practical implications for policymakers and
industry stakeholders seeking sustainable and reliable power distribution solutions.
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1. Introduction

The rapid growth of electricity demand, driven by urbanization and electrification, has increased
stress on power grids, particularly during peak load periods. Integrating flexible and distributed
energy resources has become essential for maintaining grid stability and reliability as energy systems
transition toward sustainability.

Meanwhile, electric vehicles, as a crucial component of new energy vehicles, have rapidly risen
in the Chinese market and have become an undeniable mode of transportation. Electric vehicles use
power batteries as energy storage components, typically with electric motors as the primary power
source, offering advantages such as zero emissions and low noise. The government has provided
strong support for the electric vehicle industry, including purchase subsidies, exemption from
purchase taxes, and the construction of charging infrastructure, significantly driving the popularity of
electric vehicles.

However, the practical implementation of EV battery integration into grid systems faces multiple
challenges, including infrastructure limitations, battery degradation concerns, regulatory uncertainty,
and user acceptance. Despite these hurdles, V2G and related strategies represent a promising direction
for peak demand reduction and grid modernization.

This paper explores the opportunities and challenges of leveraging EV batteries for grid load
management. By analyzing current technologies, policy frameworks, and real-world pilot projects,
we aim to assess the feasibility and future outlook of EV-grid integration as a tool for peak demand
mitigation.

2. Literature Review

Across the automotive industry, engineers have devoted tremendous efforts to addressing the
challenge of integrating electric vehicles into the power grid to alleviate grid stress. Through various
innovative approaches, they have sought methods to connect electric vehicles with the grid seamlessly.
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However, despite some progress, engineers still face several universal issues that pose substantial
technical and commercial challenges.

First, in terms of automated control, integrating electric vehicles into the grid remains highly
challenging. Although preliminary solutions and control codes have been proposed, the industry still
lacks a mature and widely accepted framework. For instance, electric vehicles must respond to real-
time grid demands, requiring rapid switching between charging and discharging modes, and vice
versa. Yet, current technology cannot guarantee the stability and safety of such rapid transitions.
Engineers are investigating advanced software algorithms and hardware designs to resolve this issue.
Still, it is a complex process that must account for the diversity of electric vehicles and the intricacies
of the grid.

Second, battery degradation is a critical concern. Each charge-discharge cycle contributes to
battery wear, reducing lifespan and maximum capacity. If electric vehicles are integrated into the grid,
mitigating the accelerated battery degradation from extensive usage becomes a pivotal challenge.
Battery health directly impacts vehicle performance and cost-effectiveness. Consequently, engineers
are exploring various methods to extend battery life, such as developing more advanced battery
management systems BMS and researching new battery chemistries to enhance durability and
efficiency.

Lastly, consumer willingness to allow their vehicles to participate in grid integration remains low
due to these technical challenges. Many worry that frequent grid interaction may damage their
vehicles, compromising performance and resale value. These concerns are not unfounded, as current
electric vehicle and grid technologies still lack sufficient safeguards. Therefore, ethnological
breakthroughs are necessary to improve consumer acceptance and potential policy incentives to
encourage participation in vehicle-grid interactions.

In summary, while integrating electric vehicles into the grid is theoretically a promising solution,
engineers must overcome a series of technical hurdles and address consumer concerns before this
vision can be fully realized. Although electric vehicles have achieved a high market share, their
automation technologies and consumer awareness remain insufficiently researched. Consumers
purchase them primarily for advantages such as appearance or affordability without understanding
their underlying principles.

3. Current Development of V2G
3.1 Market Survey

According to data from multiple reports, the ownership and export rates of electric vehicles in
China are proliferating, maintaining a growth rate of around 15% [1]. However, consumers have
gradually become aware that prolonged use and frequent charge-discharge cycles can cause
irreversible damage to the power batteries of electric vehicles, thereby reducing their service life. This
concern stems from a widespread understanding of battery performance degradation, as the capacity
of batteries gradually diminishes after hundreds or even thousands of charge-discharge cycles,
reducing the driving range of electric vehicles. Additionally, the internal chemical reactions within
the battery also degrade over time and with increased usage, further exacerbating the decline in battery
performance.

As a result, consumers hold reservations about contributing their vehicles to participate in grid
peak-shaving and load-balancing services. They worry that frequent use of their cars for grid services
will accelerate battery wear, affecting their long-term usability and resale value. These concerns are
not unfounded, as the battery's health is critical in evaluating used electric vehicles in the current
market.

For example, if an electric vehicle's battery health drops to 80%, its driving range will noticeably
decrease, directly impacting the owner’s daily driving experience. At the same time, the high cost of
battery replacement makes consumers more cautious when considering participation in grid services.
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They may fear that frequent charge-discharge cycles will accelerate battery aging, potentially leading
to expensive battery replacement costs.

Moreover, consumers are concerned that participating in grid services may cause other potential
damage to their vehicles. For instance, frequent charging and discharging could increase battery
temperatures, and prolonged exposure to high temperatures may accelerate battery degradation.
Additionally, grid services may require vehicles to provide power support at specific times, which
could interfere with the owners’ daily travel plans.

Therefore, although participating in grid services could theoretically provide specific financial
benefits—such as subsidies or discounts for offering demand response services—consumers
generally remain reluctant to contribute their vehicles to share the grid's burden. They prefer to protect
their investment by ensuring their electric vehicle batteries stay in optimal condition, extending the
vehicle's lifespan and preserving its value.

3.2 Automatically Control

The integration of renewable energy sources into the power grid introduces inherent variability
and uncertainty, particularly from wind and solar power, which intensifies frequency fluctuations in
the system. Unlike traditional thermal power plants, which have slower and more constrained
frequency modulation capabilities, electric vehicles (EVs) offer advantages in flexibility, scalability,
and responsiveness, making them a promising tool for ancillary services such as frequency regulation
[2]. Based on the in-depth analysis of this article, we can draw a clear conclusion: as an emerging
mode of transportation, electric vehicles not only possess significant characteristics such as large
scale and strong flexibility but also play a crucial role in promoting energy transition and reducing
environmental pollution. However, despite their outstanding performance in these aspects, certain
challenges and immaturities remain in the technology for integrating electric vehicles into the grid
for regulation. Specifically, the grid integration and regulation technology for electric vehicles needs
to address issues such as how to efficiently manage the large-scale charging demands of electric
vehicles and how to balance supply and demand during peak grid load periods.

To tackle these challenges, engineers in the industry are actively exploring and experimenting with
various control strategies. These strategies include, but are not limited to, smart charging technology,
demand response management, and vehicle-to-grid V2G technology. Smart charging technology
optimizes charging times and power to reduce grid impact and improve charging efficiency. Demand
response management encourages electric vehicle users to charge during periods of low grid load
through incentive measures, thereby balancing grid load. Meanwhile, vehicle-to-grid technology
allows electric vehicles to supply power under specific conditions, further enhancing grid flexibility
and stability.

Implementing these control strategies aims to improve the efficiency of electric vehicle automation
control, ensuring that while providing convenient transportation for users, electric vehicles can also
contribute to the stable operation of the grid. For example, smart charging technology allows electric
vehicles to automatically charge during low electricity prices at night, saving users costs and
alleviating grid pressure during peak daytime hours. Demand response management dynamically
adjusts the charging power of charging stations by monitoring grid load in real-time, ensuring reduced
charging demand during periods of high grid load and increased charging during periods of low load.

Furthermore, vehicle-to-grid technology enables electric vehicles to serve as mobile energy
storage units when not in use, providing auxiliary services to the grid, such as frequency regulation
and voltage support. This enhances the utility value of electric vehicles and offers grid operators new
management tools to address challenges posed by fluctuations in renewable energy generation.

In summary, although the grid integration and regulation technology for electric vehicles is
currently immature, through the relentless efforts of engineers and the implementation of innovative
strategies, electric vehicles in the future will be able to interact with the grid more intelligently and
efficiently, making greater contributions to the realization of a green and intelligent energy system.
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4. Smart Charging Approaches

Extensive analysis of existing literature has revealed the advantages and differences of various
control strategies through comparative studies using controlled variables. Research indicates that
integrating electric vehicles with other energy storage stations can significantly reduce costs [3].
Alternatively, electric vehicles can enhance the local power environment without requiring
connection to the main grid. For instance, users may connect their electric vehicles to their home
power energy network, enabling battery-stored electricity during peak hours and recharging the
battery during off-peak hours to reduce economic expenditures. Since the vehicle is connected to the
home network, economic losses due to energy dissipation become negligible, as the cost savings from
time-shifted power usage outweigh the minor losses associated with battery inefficiency [4].

In parallel, novel algorithms have been developed to reduce battery degradation during the
charging process. One such advancement is smart charging technology, which regulates charging
current and voltage to ensure the battery does not overheat or overcharge, extending its service life.
Smart charging algorithms can monitor the battery's status in real time, including temperature, voltage,
and charging current, and dynamically adjust the charging strategy based on this data. For instance,
when the battery temperature rises, the algorithm automatically reduces the charging rate to prevent
overheating, which helps protect the battery’s chemical structure and avoids performance degradation
caused by high temperatures.

Additionally, smart charging systems can learn users’ charging habits to predict optimal charging
times, thereby reducing stress on the battery when kept at full charge for extended periods. This
approach prevents the battery from remaining under high voltage for prolonged durations, slowing
the aging process. Smart charging technology can also employ fast-charging modes when the battery
level is low and switch to slow-charging modes as it nears full capacity. This reduces the battery's
time charging under high voltage, further minimizing degradation.

Smart charging algorithms can be embedded in smartphones, electric vehicles, and other
frequently charged devices in practical applications. For example, an electric vehicle's battery
management system can utilize smart charging algorithms to optimize charging schedules based on
usage patterns and battery health. During off-peak hours with lower electricity rates, the system can
schedule deep charging while reducing charging during peak daytime hours to save energy costs.
Smart charging technology can also be combined with renewable energy systems, such as solar or
wind power generation. When solar panels generate excess electricity, the smart charging system can
prioritize using this green energy to charge the battery, reducing reliance on the traditional power grid.
Meanwhile, the algorithm optimizes the charging process to ensure the battery operates optimally.

In summary, smart charging technology can significantly improve battery charging efficiency and
lifespan, reduce energy waste, and provide users with a more convenient and cost-effective charging
experience.[5]

5. Limits and Challenges

Despite comprehensive efforts to address the research topic, several limitations remain due to
constraints in available academic literature and methodological capacity. Certain perspectives
presented in this paper may be incomplete or lack depth, particularly in the discussion of automated
control technologies for integrating electric vehicles (EVs) with the power grid. Key technical
challenges persist, including intelligent scheduling during grid interaction, demand response
optimization, and the enhancement of charging infrastructure. These challenges are inherently
complex and require interdisciplinary collaboration and advanced technical investigation.

From a market perspective, consumer acceptance and willingness to purchase electric vehicles also
influence the transformation of the entire power structure. Currently, consumers remain hesitant about
investing in electric vehicles, fearing the depletion of their assets. Such concerns stem from electric
vehicles' high initial purchase cost and uncertainties regarding battery lifespan, charging convenience,
and future technological upgrades. If these issues can be effectively addressed—for example, through
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government subsidies, tax incentives, widespread and upgraded charging infrastructure, and extended
battery warranties—this would create a win-win scenario for both power structure optimization and
consumers.

Policy development must also reflect these challenges. Regulatory frameworks should consider
dynamic electricity pricing mechanisms that encourage off-peak charging behavior without
destabilizing grid operations. Additionally, legal instruments should promote collaboration between
EV manufacturers and grid operators to ensure technological compatibility and facilitate efficient
data sharing.

On the technical front, beyond the challenges of automated control, there are also data security and
privacy protection issues. As interactions between electric vehicles and the grid become increasingly
frequent, the volume of user data collected and processed will grow substantially. Ensuring the
security of this data and protecting user privacy from breaches are pressing concerns that must be
addressed. Therefore, future research must explore more efficient algorithms and protocols based on
data security to achieve intelligent and automated integration of electric vehicles with the power grid.

In conclusion, although the current study presents certain limitations, these challenges can be
addressed through continued research and multi-stakeholder collaboration. Future work will aim to
overcome existing technical and market barriers, promoting the development of a more efficient,
resilient, and sustainable power infrastructure that benefits both energy providers and consumers [6].

6. Conclusions

Utilizing electric vehicle batteries to connect to the power grid or micro-power structures within
local environments can significantly alleviate pressure on the electrical network and better achieve
supply-demand balance. At this stage, some programs capable of automating the control of these
batteries have emerged to accomplish this goal, but there is still some distance from fully mature
applications. Moreover, market research indicates that consumers are unwilling to contribute their
electric vehicles to relieve grid pressure, primarily due to concerns about battery degradation and
resulting economic losses. [7] For some time, engineers in the industry will still need to develop new
technologies to optimize the power structure and achieve a more efficient electricity supply.[8]
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