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Abstract: With the rapid development and proliferation of New Energy Vehicles (NEVS),
the construction of charging infrastructure has become a crucial factor restricting their
growth. This paper discusses the technological routes for the construction of NEV charging
networks, focusing on the optimization of charging station layout, smart charging
technology, and key technologies for the interaction between the charging network and the
power grid. Multi-objective optimization algorithms are used to optimize the layout of
charging stations, Internet of Things technology is employed to enable intelligent
management of charging facilities, and demand-side management (DSM) along with
energy storage technologies are utilized to enhance the interactive performance of the
charging network and the power grid. The study indicates that a rational technological route
can effectively improve the service capacity and economic efficiency of the charging
network, while reducing the load impact on the power grid, providing technical support for
the sustainable development of NEVs.

1. Introduction

As the global energy crisis and environmental pollution issues become more severe, new energy
vehicles, as an important alternative to traditional fuel vehicles, have received widespread attention
globally. However, the inadequacy of charging infrastructure has become one of the bottlenecks in
the development of NEVs. This paper focuses on the technological routes for the construction of NEV
charging networks, aiming to propose a set of reasonable and effective technical solutions to promote
the development of charging infrastructure and support the healthy, sustainable development of the
NEV industry.

2. Optimization of Charging Station Layout
2.1. Market Demand Analysis

As the new energy vehicle (NEV) market expands rapidly, the demand for charging facilities is
growing, making market demand analysis a cornerstone of charging network construction. This
section delves into the diversity and dynamics of charging facility demands by analyzing data on
NEV users’ charging behavior characteristics, charging frequency, time preferences, and geographical
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distribution. Initially, from the perspective of charging frequency, users are categorized into daily
short-distance charging and long-distance travel emergency charging, determining the focus of
construction for charging stations in urban centers and along major transport routes. Time preference
analysis reveals a high demand for nighttime charging, posing challenges for regulating grid load and
time management of charging facilities. Furthermore, geographical distribution analysis underscores
the necessity of regional differentiation in charging facility deployment, such as in urban centers,
residential areas, industrial parks, and specific demands in rural areas. Additional insights into user
preferences for charging speed and methods (such as battery swapping, fast charging, etc.) can be
refined through user surveys, providing a basis for decisions on charging station layout and
technology selection[1]. This phase of analysis not only supports the planning of the charging network
but also lays the foundation for the development of subsequent optimization models.

2.2. Layout Optimization Model

Optimizing the layout of charging stations is key to efficiently configuring the charging network
and involves considering multiple factors such as the service capacity, cost-effectiveness, user
convenience, and impact on the power grid. This study employs a multi-objective optimization model
that iterates through algorithms to find an optimal solution that best balances these objectives.
Specifically, the model first defines a set of evaluation indicators, including the coverage area of the
charging stations, construction and operational costs, convenience for users reaching the stations, and
the impact of the charging process on grid stability. The model then quantifies these indicators using
a mathematical model and searches for the Pareto optimal set of solutions to the multi-objective
optimization problem using intelligent algorithms like genetic algorithms and particle swarm
optimization. In practical applications, the model also considers the integration of Geographic
Information System (GIS) data to accurately simulate the spatial distribution of charging demand,
further enhancing the model’s practicality and accuracy. This method can effectively guide the
rational layout of charging stations, meeting user charging demands while optimizing economic costs
and grid load, supporting the sustainable development of the charging network[2].

2.3. Case Study

To validate the effectiveness and practicality of the layout optimization model, a representative
city was selected for a case study. This case city faces a surge in charging facility demands due to
rapid growth in NEVs, coupled with significant pressure during peak grid load periods. The study
first collected and analyzed the city’s NEV usage data, charging demand distribution, and grid load
characteristics. The aforementioned layout optimization model was then applied to simulate charging
station layout planning. Simulation results show that the optimized charging station layout can
significantly enhance the efficiency of station usage, reduce user waiting times, and alleviate grid
load pressures during peak periods. Additionally, the case study considered construction and
operational costs, proving the economic feasibility of the optimized plan through a cost-benefit
analysis. This case study not only demonstrates the effectiveness of the layout optimization model
but also provides references and guidance for actual charging network construction, showcasing the
value of technological innovation in advancing the development of NEV charging networks.
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3. Intelligent Charging Technology
3.1. Application of 10T Technology in Charging Facilities

3.1.1. Real-time Monitoring and Management System

IoT technology enables real-time monitoring of charging stations by deploying sensors and
networked devices. This includes the real-time data collection of electricity, voltage, and current, as
well as monitoring the usage status of charging stations. By collecting this data, operators can
understand the operational status of charging stations in real time and adjust the operation strategies
of the charging facilities accordingly, such as adjusting power distribution and optimizing the
efficiency of the charging stations[3].

3.1.2. Fault Diagnosis and Remote Control

IoT technology also facilitates fault diagnosis and remote control of charging facilities. Using the
loT platform, data collected can be analyzed to promptly detect abnormalities in the equipment, such
as overload or overheating signals. Upon detecting faults or anomalies, the system can automatically
send alerts to maintenance personnel and remotely adjust or shut down the corresponding charging
stations to ensure charging safety and stable operation of the facilities.

3.2. Intelligent Charging Strategies

3.2.1. Demand Response on the User Side

Intelligent charging strategies implement demand response on the user side by analyzing user
behavior and charging needs. This includes dynamically adjusting charging strategies based on users’
charging habits and preferences, and the real-time status of charging stations. For example, users can
be incentivized to charge during off-peak hours through pricing incentives to balance grid load and
reduce charging costs. Additionally, the system can automatically schedule charging times based on
users' reservation demands to ensure that users’ charging needs are met.

3.2.2. Time-of-Use Charging Strategy

The time-of-use charging strategy divides the day into different charging periods and intelligently
adjusts the charging power and time based on grid load and electricity price changes. This strategy
can effectively reduce the burden on the grid during peak periods, enhance energy utilization
efficiency, and save charging costs for users. Through data analysis and processing on the IoT
platform, charging stations can automatically select the optimal charging periods, achieving the best
match between grid demands and charging needs.

3.3. Interconnectivity between Charging Networks and Electric Vehicles

3.3.1. Application of Vehicle-to-Grid Technology

Vehicle-to-Grid (V2G) technology facilitates the interconnectivity of information and energy
through real-time data exchange between charging networks and electric vehicles. This technology
allows electric vehicles and charging stations to communicate with each other, automatically
recognize identities and charging needs, and provide rapid charging services. Additionally, V2G
supports remote monitoring of the charging status of electric vehicles, providing users with updates
on charging progress and enhancing the user experience.
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3.3.2. Application of Electric Vehicles as Mobile Power Sources

Using electric vehicles as mobile power sources in the energy exchange between charging
networks and the electrical grid showcases the new potential applications of interconnectivity
between charging networks and electric vehicles. In this model, electric vehicles can not only draw
energy from the charging network but also feed electricity back into the grid during periods of high
electricity prices or high demand, facilitating bi-directional energy exchange. This not only enhances
energy utilization efficiency but also provides the grid with flexible adjustment resources, promoting
the broader use of renewable energy.

4. Interaction between Charging Networks and the Electrical Grid
4.1. Application of Demand-Side Management in Charging Networks

Demand-Side Management (DSM) plays a crucial role in the construction of electric vehicle (EV)
charging networks. Its core function is to adjust charging demands through intelligent means to
promote the balance of the electrical grid load and efficient operation of the charging network. Here
is a detailed analysis of the role and implementation strategies of DSM in charging networks[4].

4.1.1. The Role of Adjusting Charging Demands

Demand-side management is key in the construction of EV charging networks. Through the
application of intelligent charging scheduling systems, charging stations can dynamically adjust
charging demands in real-time based on user requirements, grid load conditions, and renewable
energy availability, optimizing the utilization of charging resources. This flexible scheduling
mechanism can balance the grid load to the maximum extent, effectively reducing the pressure on the
grid during peak periods, thereby enhancing the stability and reliability of the grid.

In intelligent charging scheduling systems, charging stations can schedule charging times and rates
reasonably based on grid load and user demands. For example, during periods of low grid load, the
system can automatically adjust the charging power to meet user demands while reducing the load on
the grid. During peak periods, the system can intelligently shift charging demands to times with lower
load to smooth the load curve and reduce the impact on the grid.

Furthermore, intelligent charging scheduling systems can also adjust according to the availability
of renewable energy. When there is an ample supply of renewable energy, the system can increase
charging power to make full use of clean energy. Conversely, when renewable energy is insufficient,
the system can appropriately reduce charging power to ensure the stable operation of the grid. This
dynamic adjustment effectively improves the energy utilization efficiency of the grid and promotes
the large-scale application of renewable energy.

In summary, demand-side management, through the application of intelligent charging scheduling
systems, can achieve flexible adjustment of charging demands, balancing the grid load to the greatest
extent and alleviating pressure during peak periods. This enhances the stability and reliability of the
EV charging network. The research and application of this technological approach are significant for
promoting the development of the new energy vehicle industry.

4.1.2. Implementation Strategies

Intelligent charging scheduling is one of the key implementation strategies in the charging network.
With the introduction of intelligent charging scheduling systems, charging stations can intelligently
arrange charging times and rates based on real-time grid load conditions and user charging demands.
This scheduling strategy not only maximizes the use of idle grid resources but also achieves a dynamic

44



balance of charging demands, helping to reduce the load pressure on the grid and enhance its stability
and reliability.

Differential pricing is another important implementation strategy. By setting different charging
prices for different times, users can be guided to charge during low-load periods, thus balancing the
load distribution of the grid. This pricing strategy can adjust user charging behavior through economic
incentives, effectively reducing the charging demand during peak periods, and thereby improving the
stability and operational efficiency of the grid.

On the other hand, the demand-side response mechanism is also a crucial part of the
implementation strategies. By providing incentives, users are encouraged to voluntarily reduce their
charging demands or shift their charging times during peak demand periods, actively participating in
grid load regulation. The implementation of this response mechanism can alleviate the pressure on
the grid to some extent, enhance the reliability and stability of the grid, and also increase user
participation in grid operations.

4.2. Integration of Energy Storage Technology

4.2.1. Configuration of Energy Storage Systems

Energy storage systems play a significant role in the construction of new energy vehicle (NEV)
charging networks, involving aspects such as capacity sizing, technology selection, and optimization
of charging and discharging efficiencies.

Appropriate capacity sizing of energy storage systems is key to ensuring the stable operation of
charging networks. Initially, it is essential to analyze the charging demands of the charging stations,
grid load conditions, and the availability of renewable energy sources. By considering these factors
collectively, the capacity of the energy storage system can be determined. Proper capacity sizing can
balance charging demands and grid supply, reduce dependency on the external grid, and enhance the
reliability and stability of the system.

Technology selection is another crucial aspect of configuring energy storage systems. Depending
on the scale and power requirements of the charging station, suitable energy storage technology needs
to be chosen. Common energy storage technologies include lithium-ion batteries and flow batteries.
For different application scenarios, it is necessary to consider factors such as cost, energy density, and
charge-discharge rates to make an informed choice. Selecting efficient energy storage technology can
improve the efficiency of energy storage and release, reduce operational costs, and enhance the
stability and reliability of the system.

Optimization of charging and discharging efficiency is also a critical component in the
configuration of energy storage systems. By optimizing the charging and discharging processes of the
energy storage system, energy conversion efficiency can be enhanced, and energy losses minimized,
thereby reducing operational costs. This includes optimizing the system control algorithms and
battery management systems to maximize system performance and stability. Through continual
optimization of charging and discharging efficiency, the overall energy utilization efficiency of the
energy storage system can be improved, providing more reliable support for the sustainable
development of the charging network.

In summary, the configuration of energy storage systems is a crucial element in the construction
of NEV charging networks. By properly managing capacity sizing, technology selection, and charging
and discharging efficiencies, the stability, reliability, and economic viability of the charging network
can be enhanced, providing solid technical support for the development of the new energy vehicle
industry[5].

Discussion on the integrated application of energy storage technology in charging stations,
including the configuration, management, and interaction modes with the grid.
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4.2.2. Management and Grid Interaction Modes

In the construction of new energy vehicle charging networks, the management and interaction
modes of energy storage systems with the grid are crucial. This includes intelligent energy
management, participation in grid services, and provision of backup energy supply.

Intelligent energy management is a significant mode of management. By incorporating intelligent
energy management systems, real-time monitoring of grid load, renewable energy supply, and
charging demand is achievable. Based on real-time data, the system can optimize the charging and
discharging strategies of the energy storage system to maximize energy utilization efficiency. The
intelligent management system can dynamically adjust the operation mode of the energy storage
system according to changes in grid load and charging demands, meeting grid requirements and
reducing operational costs of the charging network.

Another important mode is the participation of energy storage systems in grid services. Energy
storage systems can provide various ancillary services, such as frequency regulation and peak shaving.
By flexibly dispatching the energy storage system, flexible energy support can be provided to the grid,
enhancing grid stability and reliability. The participation of energy storage systems also improves the
quality of power supply and power stability, providing crucial support for grid operations.

Furthermore, as a backup energy supply device, the energy storage system plays a key role during
grid failures or emergencies. Through backup energy provision, the energy storage system can offer
continuous energy support, ensuring the electricity needs of critical facilities and users are met. This
mode significantly enhances the grid's resilience to disturbances and emergency response capabilities,
ensuring safe and stable grid operations.

In summary, the management and grid interaction modes are vital for the construction of new
energy vehicle charging networks. The application of intelligent energy management, participation in
grid services, and backup energy provision can enhance the energy utilization efficiency, stability,
and reliability of the charging network, providing robust support for the healthy development of the
new energy vehicle charging network.

4.3. Prospects of Microgrid Technology Application

Combining charging networks with microgrid technology can further enhance the reliability and
stability of charging networks, promoting the sustainable development of new energy vehicle
charging networks. The prospects for the application of microgrid technology are mainly reflected in
local energy optimization, reliability and stability, and the integration of new energy sources.

4.3.1. Potential and Advantages

The integration of charging networks with microgrid technology brings multiple advantages and
new possibilities for development:

4.3.1.1. Local Energy Optimization

By integrating charging networks with microgrid technology, local energy optimization and
management can be achieved. This means that by integrating charging facilities, distributed energy
resources, and energy storage systems, energy utilization efficiency can be improved, and energy
waste can be reduced. This optimization not only increases energy efficiency but also helps reduce
energy costs and promotes sustainable energy utilization.
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4.3.1.2. Reliability and Stability

The application of microgrid technology can significantly enhance the reliability and stability of
charging networks. By supporting local energy supply and energy storage systems, dependency on
external power grids can be reduced, thereby decreasing operational risks. This localized energy
supply method enhances the grid's ability to resist disturbances, improving its safety and reliability,
especially in the face of emergencies or grid failures, allowing for a quicker restoration of power

supply.
4.3.1.3. Integration of New Energy

The integration of charging networks with microgrid technology facilitates the integration and
utilization of new energy sources. For example, renewable energy sources such as photovoltaic and
wind energy can be combined with charging facilities to achieve self-sufficiency or partial self-supply
at charging stations. By integrating various energy sources, carbon emissions can be reduced,
promoting sustainable development, and providing more options for the stable operation of the
charging network.

In summary, the integration of charging networks with microgrid technology not only improves
energy utilization efficiency and grid reliability but also promotes the integration of new energy
sources, thus opening up new possibilities and advantages for the development of new energy vehicle
charging networks.

4.3.2. Implementation Methods and Potential Challenges

The integration of charging networks with microgrid technology brings not only abundant
opportunities but also faces a series of implementation challenges.

4.3.2.1. System Integration

Achieving the integration of charging networks with microgrid technology requires system
integration. This involves technical support for device interconnectivity and energy dispatching.
Appropriate integration plans must be designed and implemented to ensure the coordinated operation
of all components, thereby guaranteeing the system's stable operation and efficient performance[6].

4.3.2.2. Management and Operations

Successful application of charging networks with microgrid technology necessitates the
establishment of effective management and operational mechanisms. This includes control of energy
flows and design of operational models. The complexity of system operations must be fully
considered, and scientific and reasonable management strategies must be formulated to ensure the
system's long-term stability.

4.3.2.3. Regulations and Policies

In the process of integrating charging networks with microgrid technology, it is essential to
consider the impact of relevant regulations and policies on the system. Compliance with these
regulations is crucial to ensure the system operates legally while addressing potential legal and policy
risks. Therefore, close cooperation with regulatory bodies and adherence to relevant regulations and
policies are critical for advancing the development of the technology.

Overcoming these challenges and achieving a seamless integration of charging networks with
microgrid technology requires collaborative efforts from all stakeholders and active exploration of
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innovative solutions. This will help advance the research on the technological pathways for the
construction of new energy vehicle charging networks.

5. Conclusion

This paper comprehensively analyzes the key technical issues in the construction of new energy
vehicle charging networks and proposes technical pathways for optimizing charging station layouts,
smart charging technologies, and interactions between charging networks and the power grid. The
research results indicate that through technological innovation and system optimization, the
performance of charging networks can be effectively enhanced to meet the rapidly growing demands
of new energy vehicles, providing significant support for achieving energy transformation and
sustainable development goals. Future research should further explore the economic viability,
reliability, and environmental impacts of charging networks, as well as the prospects for integrating
new technologies.
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