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Fig. 1 Framework of VPP participating in cloud-edge
collaborative scheduling
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Cloud-Edge Collaborative Scheduling Method for Virtual Power Plants Considering Consistency of
Electric Vehicle Parameters

HU Anni', ZHANG Tiance', LI (}engyz‘nl, CHEN Wez'jiaz, WANG Jianxiao®
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources
(North China Electric Power University), Beijing 102206, China; 2. State Grid Beijing Urban Power Supply Company,
Beijing 100032, China; 3. National Engineering Laboratory for Big Data Analysis and Application Technology
(Peking University), Beijing 100871, China)

Abstract: The disorderly integration of a large number of electric vehicles poses unprecedented challenges to the optimization
scheduling of the power system. The virtual power plant (VPP), as a solution that aggregates distributed resources such as electric
vehicles and photovoltaics at the edge of the cloud for participation in the scheduling of the transmission network, has great
application potential. However, the large-scale homogeneous electric vehicles have consistency in parameters such as charging and
discharging power, efficiency, and battery capacity, resulting in the same edge optimization strategies for responding the control
signals of the VPP. During the collaborative scheduling of the VPP, problems such as non-convergence of iterations and even
oscillations are prone to occur. Therefore, this paper constructs a cloud-edge collaborative optimization scheduling framework and
model for VPPs based on Lagrangian relaxation, reveals the mechanism of iteration oscillation caused by the consistency of
parameters of large-scale electric vehicles, and proposes a convergence acceleration algorithm based on the disturbing function. By
breaking the parameter consistency in the condition of maintaining the optimal solution unchanged, it achieves efficient
collaborative optimization of a large number of electric vehicles and the VPP. Through parameter sensitivity analysis, the closed
form of the disturbance limit is theoretically proved, and the effectiveness and efficiency of the proposed method are verified based
on the case of the users with various scales in Shenzhen, China.
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