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Abstract: To address the issue of deviations from day-ahead plans caused by the uncertainty in output from
large-scale electric vehicles (EVs) and wind power in the real-time energy and frequency regulation (FR)
market, the paper proposes a real-time bidding model. The model incorporates a power-capacity deviation
assessment mechanism to enable EVs and wind power to participate effectively in the energy-FR market. A
dynamic scheduling boundary model and a rapid power allocation model for electric vehicles are established
to ensure that EV agents can make timely decisions in the real-time market. A power-capacity deviation
penalty mechanism is introduced based on the game dynamics among market participants. A bidding strategy

is proposed for EVs and wind power in the real-time energy-FR market, and a two-level optimization model
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is established. The upper-level objective minimizes the deviation assessment costs for individual EVs or wind

power units, while the lower-level objective minimizes the overall system operating cost. An example analysis

is conducted to examine the dynamic boundaries and power allocation results for EVs, as well as the impact

of the deviation assessment mechanism on the intraday optimization and bidding strategies of EVs and wind

power. The results show that the proposed strategy achieves real-time power balance while optimizing

returns for both.

Keywords: electric vehicles; wind power; energy-frequency regulation market; real-time bidding; deviation

assessment
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