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Modeling and Optimization of Virtual Power Plant Based on
Identifying Differences in Electrified Transportation Loads

Abstract
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School of Advanced Manufacturing and Robotics, Peking University, Beijing 100871, China

The high heterogeneity of electric vehicle charging loads poses a core challenge to modern power
systems. While virtual power plant (VPP) offers a viable solution, broad dispatch strategies that
ignore load diversity often lead to suboptimal economic performance. This paper directly
addresses this issue by proposing a refined VPP dispatch strategy based on load
differentiation. The research encompasses three main aspects. First, we employ a clustering
algorithm that accounts for discomfort costs to precisely classify charging behaviors, revealing
the distinct characteristics of different load types. Second, we construct a two-stage market
settlement model, covering day-ahead and real-time markets, to optimize VPP revenue. Finally,
we propose a differentiated optimal dispatch strategy tailored to different load types and develop
a load response model based on a bi-level optimization game. This achieves a strategic
equilibrium between the VPP and the loads through the interaction of incentives and regulation.
Results demonstrate that this differentiated load management approach, compared to
conventional methods, more accurately identifies and captures the unique demand
characteristics of different load groups, thereby significantly reducing the total VPP dispatch cost.
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Fig.1 Framework of VPP management system
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