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Abstract 

This study focuses on V2G-based coordinated scheduling strategies for enhancing the flexibility of distribution networks 

using electric vehicles (EVs). Through a systematic review of relevant literature from databases such as IEEE Xplore and 

CNKI, we analyze existing research on technical approaches such as algorithm optimization, real-time control, and system-

level coordination such as equipment integration and multi-agent collaboration. Key challenges are identified, including 

the lack of standardized cross-brand protocols, conflicts of interest among multiple stakeholders, and stability risks under 

high EV penetration. We propose future research directions, such as developing dynamic matching mechanisms, designing 

universal benefit-sharing schemes and building robust scheduling models. This work provides theoretical insights for in-

depth studies on EV-grid synergy. 
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1. Introduction 

Global electricity generation is showing a significant upward trend. According to the International Energy Agency (IEA), 

the average annual growth rate of global electricity generation was 2.5% between 2013 and 2023. In 2024, electricity 

generation increased by 4.3% compared to 2023, and this growth rate is expected to remain at a robust 3.9% during the 

forecast period. The strong growth in annual electricity generation has led to a significant decline in energy costs in many 

countries. In the European Union, India, the United Kingdom, and the United States, wholesale prices in 2024 decreased 

by 20% compared to the previous year [1]. 

Meanwhile, governments worldwide continue to increase their financial investments and focus on sustainable development 

and environmental protection. For example, as the primary contributor to the 54% annual growth in electricity generation 

in 2024, the People's Republic of China (PRC) plans to achieve a proportion of approximately 39% of non-fossil energy in 

national electricity generation by the end of 2025[2]. In 2024, the PRC invested a total of 548.9 billion yuan in energy 

conservation and emissions reduction [3]. 

With the annual decline in global electricity prices [4] and the continued rise in global environmental awareness, the 

widespread adoption of new energy vehicles, especially electric vehicles (EVs), has become an irreversible trend. 

However, this trend has two sides. On the one hand, the widespread adoption of electric vehicles can reduce exhaust 

emissions and mitigate the greenhouse effect. On the other hand, traditional power grids are facing the challenge of a sharp 

increase in load. If this issue is ignored, it may lead to power supply problems. Therefore, it is necessary to develop a 

possible solution to the problems caused by the connection of electric vehicles to the power grid through coordinated 

vehicle-to-grid (V2G) scheduling. 

V2G technology is a technology that enables electric vehicles to transmit electricity to the grid [5]. Its core objective is to 

utilize the onboard energy of a large number of electric vehicles to achieve grid energy balance: during periods of low grid 

load, electric vehicle batteries store excess electricity generated by power plants to prevent energy waste; during periods 

of high grid load, electric vehicles reverse the electricity back to the grid to alleviate supply pressure. This “store during 

off-peak hours, discharge during peak hours” model effectively achieves peak shaving and valley filling for the grid, 

reducing resource waste while alleviating operational pressure on the grid. 

However, the charging and discharging protocols for existing electric vehicle models are not standardized, making it 

difficult to achieve cross-brand coordination in V2G scheduling. For example, some automakers use proprietary 

communication protocols, which create data exchange barriers with grid operators' scheduling systems, significantly 

reducing the efficiency of large-scale EV fleets participating in V2G and potentially causing control errors on the grid 
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side. Additionally, the charging and discharging characteristics of electric vehicle batteries (such as cycle life and power 

response speed) vary significantly. A considerable number of older models lack the functionality to discharge through their 

charging interfaces, and the absence of unified technical standards further complicates grid scheduling. The uncertainty of 

user demand is another major challenge. In practice, users' electric vehicle usage times are unpredictable. How to ensure 

that vehicles have sufficient energy during periods when users abruptly terminate discharging due to unexpected travel 

needs, or when charging habits deviate from scheduling plans, leading to significant discrepancies between grid-side load 

forecasts and actual conditions, affecting peak shaving and valley filling effects, and potentially exacerbating grid 

fluctuations, among other issues, remain to be resolved. 

 

2. Method 

Through literature review methods, including searching, screening, and in-depth reading of core literature (covering 

databases such as IEEE Xplore, ScienceDirect, and China National Knowledge Infrastructure), this study systematically 

reviews the research progress of V2G cooperative scheduling strategies in enhancing the flexibility of distribution grids. 

Classify the literature into “technical methods” and “system coordination,” extract relevant indicators related to distribution 

network flexibility (such as peak-to-valley difference reduction rate, voltage deviation, renewable energy consumption 

rate, etc.) and performance data and quantify the advantages and limitations of different strategies. It identifies the core 

technological pathways in this field (such as algorithm optimization, real-time control, and system coordination), typical 

cases (such as representative achievements from universities and research institutions), and key conclusions. Then, using 

the inductive summary method, the literature is categorized, and finally, each category of literature is summarized in this 

review, with an outlook of future development trends. 

 

3. Literature Review 

In recent years, due to the growth in energy demand for electric vehicles (EVs), scholars have recognized the role of V2G-

related strategies in regulating grid load and improving grid flexibility. 

3.1 Algorithm Optimization for V2G Scheduling: Load Regulation and Decision-Making Support 

At the technical methodology level, algorithm optimization and real-time control technology have become the focus of 

research. In 2022, a research team from Yanshan University proposed a microgrid distributed energy management system 

based on consistency. In simulation experiments, they successfully increased the total grid load during electric vehicle 

charging from the original 120 kilowatts to 129.266 kilowatts, while reducing the total load during electric vehicle 

discharging from 149 kilowatts to 140.8857 kilowatts, thereby achieving peak-valley energy regulation [6]. Meanwhile, A 

research team from Tsinghua University employed deep reinforcement learning Atechnology based on the K-means 

clustering method to assess the energy status of electric vehicles to support scheduling decisions. They defined relaxation 

times for each electric vehicle to evaluate its scheduling potential and meet charging requirements at departure. This method 

fully tapped the flexible power scheduling potential of electric vehicles, stabilizing grid-side node voltages and returning 

them to specified ranges, reducing peak-valley load differences, and avoiding transmission line congestion issues. The load 

fluctuation rate on the aggregator side decreases, and the benefits are significantly improved. Additionally, electric vehicles 

can reach the expected state of charge (SOC) value after the auxiliary service ends. Therefore, this method achieves a 

balance of interests among the grid side, aggregators, and electric vehicle users [7]. Furthermore, according to the latest 

research from the Hong Kong Polytechnic University, by integrating the dual learning mechanism with the priority replay 

method, the challenge of solving the high-dimensional state-action space in V2G systems is effectively addressed. The 

research team established a V2G experimental platform comprising 100 electric vehicles based on real-world urban grid 

data and conducted multi-scenario evaluations of the method under different load conditions and renewable energy 

integration levels. The results showed that its performance improved by 10%-15% compared to traditional methods [8]. 

Although this study has significantly improved scheduling efficiency at the algorithm level, from the perspective of system 

coordination, it is still limited to idealized scenarios and has not yet solved the actual coordination problems across entities 

and devices. This also reveals the limitations of most current algorithm research: emphasizing performance optimization 

while neglecting the complexity of system-level implementation and multi-party coordination. 

3.2 Real-Time Control Technologies: Enhancing Voltage Stability and Response Efficiency 

Real-time control technology has also become a trend of research in the domain of V2G since algorithms provide 

scheduling decision schemes, while real-time control ensures the dynamic stability of the power grid during 
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implementation. Together, they form the “decision-execution” technology chain for V2G scheduling. In related research, 

Xiong et al. (2017) proposed a distributed real-time control algorithm optimized for bidirectional charging of electric 

vehicles to enhance the operational performance of distribution networks. Experiments demonstrated that this approach 

achieved up to 30% peak shaving, reduced voltage drops by over 2%, and significantly decreased transmission line currents 

by approximately 40%. This indicates that real-time dispatch control holds significant potential for enhancing grid stability 

and peak shaving capabilities [9]. 

3.3 System-Level Coordination: Device Integration and Multi-Entity Collaboration 

At the system coordination level, coupling optimization across multiple entities and devices has emerged as a new research 

direction. 

3.3.1 Device Integration for V2G Stability 

In 2024, research conducted by the National Institute of Technology, Calicut, India, demonstrated that integrating a three-

phase inverter and a CLLLC resonant converter into a vehicle-mounted charger model can improve current quality and 

achieve current balance with minimal total harmonic distortion (THD), even under complex conditions of grid voltage 

imbalance, thereby ensuring the stable operation of V2G [10]. However, it is easy to find that the study is mainly focused 

on charging of single car instead of more, which leads to the lack of verification of large-scale car fleet coordination. 

3.3.2 Grid Support Control for Coordination Reliability 

Concurrently, the University of Pisa and the Polytechnic University of Turin in Italy explored the application of droop 

control and virtual synchronous machine (VSM) grid formation (GFM) control in medium-voltage distribution grids for 

high-power electric vehicle charging stations (HPCS). Through simulations of five representative cases, it was found that 

GFM converters not only maintain isolated grids, support black start procedures, and provide voltage/ frequency regulation, 

but also enhance the charging station's resilience to short-circuit faults and recovery capability after power outages 

compared to traditional grid-following inverters, significantly improving system coordination reliability [11]. However, the 

research is mainly on simulation so hardware system building for this is needed. Besides, the GFM converters have more 

influence on the partial grid stability but are not fit for other flexible resources such as distributed photovoltaic and energy 

storage. 

In summary, international research has made significant progress in algorithm optimization and system coordination for 

V2G scheduling, providing diverse technical approaches to enhance the flexibility of distribution grids. 

 

4. Conclusion 

This review systematically examined recent progress on vehicle-to-grid (V2G) coordinated dispatch strategies for 

enhancing the flexibility of distribution grids. At the methodological level, algorithm optimization and real-time control 

approaches have demonstrated the ability to improve dispatch efficiency, stabilize node voltages, and balance the interests 

of grid operators, aggregators, and users. At the system coordination level, advances in equipment integration and novel 

control strategies such as grid-forming converters highlight the potential of V2G to provide ancillary services and 

strengthen grid resilience. 

Despite these promising developments, several challenges remain. First, the lack of standardized communication protocols 

across different EV manufacturers and grid operators limits large-scale interoperability. Second, conflicts of interest 

among stakeholders are not yet fully resolved, with limited progress on transparent and sustainable benefit-sharing 

mechanisms. Third, the uncertainty of user behavior and the risks of instability under high EV penetration continue to 

hinder practical implementation. 

Future research may focus on three key areas: first, promoting the standardization of cross-brand electric vehicle charging 

and discharging protocols to overcome technical barriers in multi-party collaboration; second, deepening the modeling of 

the coupling between user behavior randomness and renewable energy fluctuations to enhance the robustness of scheduling 

strategies, for instance, build a mixed-integer linear programming model via photovoltaic power prediction and storage 

SOC optimization could help on improving; Third, exploring the potential of “V2G+” concepts, such as a global 

optimization framework for “V2G+ multi-energy systems,” combined with advanced control technologies like GFM, to 

achieve safe, economical, and flexible operation of distribution grids in high penetration scenarios. Fourth, dynamic pricing 

or tiered incentive mechanisms could be designed to increase user willingness to participate in V2G scheduling; empirical 

studies suggest such approaches can raise participation rates by 10-15%. 
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