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Fig.1 A flexible operation strategy architecture based on
cloud-edge collaborative
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Fig.2 Alternative charging schemes generation method
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Fig.5 Cloud-edge collaborative computing flowchart
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Flexible operation strategy for fast charging station aggregators participating in
frequency regulation auxiliary service based on cloud-edge collaboration

HU Zhuoyi', WANG Gang', WANG Longjun', ZENG Dehui’, LIU Shenquan'
(1. School of Electrical Power, South China University of Technology, Guangzhou 510640, China;
2. Guangzhou Jiayuan Electric Power Technology Co., Ltd., Guangzhou 510610, China)

Abstract: Aiming at the limited revenue sources of fast-charging electrical vehicle aggregation (FEVA), a flexible operation
strategy, based on cloud-edge collaboration for fast charging stations (FCS), is proposed to participate in frequency regulation
ancillary service. The proposed strategy, which takes the cloud platform and edge terminal as the core, guides the electric
vehicle (EV) owners participating in frequency regulation and improves aggregator revenue while ensuring the charging
experience for EV owners. Alternative charging schemes are solved for EV owners to choose from, which take the relationship
between the maximum charging power of EV and the state of charge as the constraint. The cloud platform decomposes the
frequency regulation signals to FCS and collaborates with them to participate in frequency regulation. The scene state machine
is utilized to describe the FCS scenes and their transformation relationship. The refined mathematical models around each scene
are established. While, edge terminal manages FCS locally by distributing EV power in the FCS and encouraging EV owners to
end charging in advance. A deep learning model is employed to predict the next day's frequency regulation capacity for
declaration. The numerical case verifies that the proposed strategy can accurately predict the frequency regulation capacity,
satisfy the diversified charging demand of EV owners, and significantly improve aggregator revenue. Moreover, the cloud-edge
collaborative architecture is more suitable for the frequency regulation auxiliary service.

Keywords: electric vehicle (EV); fast charging station (FCS); frequency regulation auxiliary service; owner's willingness;

cloud-edge collaboration; state machine; flexible operation strategy
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