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Abstract

Virtual power plants (VPPs) integrate distributed energy sources such as wind power, solar power,
controllable loads, energy storage systems, and electric vehicles (EVs) to participate in power supply
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and optimize grid load. This paper proposes a hierarchical game pricing strategy to maximize the
economic benefits of VPP operators and EV users. In the upper layer model, the operator uses the
game model to set the electricity price to promote grid stability. In the lower layer model, the EV
users are optimized to minimize the charging cost. The dual-layer game is transformed into a single-
layer mixed integer linear programming through linearization and Karush-Kuhn-Tucker (KKT) con-
ditions. The optimal pricing strategy and power dispatch plan are obtained, showing the advantages
of VPP in the V2G (vehicle-to-grid) mode, which can effectively smooth out grid load fluctuations
and improve user economic benefits.
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Figure 1. Structure of virtual power plant
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Figure 2. The price of electricity purchased and sold from the grid and the VPP TOU price
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Figure 3. Wind power, PV, base load power forecast curve
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Figure 4. VPP optimized scheduling results
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Figure 5. Electric vehicle charging and discharging power diagram
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Figure 6. Relationship between base load and EV charging and discharging price
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Figure 7. The load comparison diagram before and after optimization
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