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Adjusting Power Characterization and Frequency Support Strategies
for Electric Vehicles Considering Characteristics and Willingness
Yang Dejian' Lu Xuexuan' Wang Xiao* Yan Gangui'

(1. Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology
Ministry of Education Northeast Electric Power University Jilin 132012 China
2. School of Automation Wuhan University of Technology Wuhan 430070 China)

Abstract As electric vehicles (EVs) achieve higher penetration, their potential as mobile energy storage
systems for auxiliary frequency control becomes increasingly evident. However, uncertainties in EV user
behaviors, such as irregular charging patterns and diverse preferences, present challenges to fully utilizing their
frequency regulation capabilities. This study proposes a power boundary description model and frequency support
strategy for EVs, integrating user-specific characteristics and preferences to address these issues.

The research begins with a detailed analysis of uncertainties related to EV user behaviors, battery capacities,
and charging/discharging rates. A Gaussian mixture distribution method is employed to model these uncertainties,
capturing the probabilistic variability inherent in user behavior. To further refine the model, a Logit framework
predicts the schedulability of EVs, accounting for user willingness to participate in grid services based on factors
such as charging convenience and state-of-charge (SOC) preferences.

Building on this foundation, the study develops a dynamic EV regulation boundary model that reflects user
preferences and behavior characteristics. By adjusting the upper and lower limits of power fluctuations, the model
defines flexible boundaries tailored to individual user needs. This approach ensures an upward trend in users’ SOC
during participation in grid services, preventing excessive battery depletion and enhancing user satisfaction. The
regulation strategy dynamically adjusts to user-defined constraints, enabling effective participation in grid
frequency control while respecting user autonomy.

To validate the feasibility of the proposed method, simulations are conducted under various scenarios. The
results demonstrate that the regulation strategy significantly improves frequency stability metrics. Compared to
conventional methods, the proposed approach reduces maximum and minimum frequency deviations by 13.91%
and 29.27%, respectively, and decreases the root mean square frequency deviation by up to 29.59%. The method
also shortens the duration of extreme frequency deviations by 42.69%, showcasing its ability to enhance grid
frequency stability while minimizing disruptions to user operations.

This study also examines the broader implications of integrating user-specific characteristics into EV
frequency regulation. By ensuring a balance between grid stability and user satisfaction, the proposed strategy
highlights the potential of EV fleets as flexible and reliable grid resources. The findings emphasize the role of EVs
in supporting renewable energy integration, mitigating the challenges posed by the variability of wind and solar
power. In conclusion, the study provides a comprehensive framework for characterizing EV power boundaries and
developing frequency support strategies. By incorporating user behavior and preferences into the control process,
the proposed method offers a practical solution to the challenges of large-scale EV integration. These results
contribute to the advancement of smart grid technologies and provide valuable insights for policymakers and grid
operators aiming to maximize the benefits of EV participation in modern power systems.

Keywords: Electric vehicles, frequency regulation, user characteristics, user willingness, power boundary
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