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Abstract: Distributed energy resources can be aggregated
as virtual power plant (VPP) to provide frequency regulation
services for managing the increasing system variability. To
actively engage VPP in the ancillary market, it is important
to enhance the value of VPPs for their owners. This study
proposes an optimal bidding strategy in frequency control
ancillary services (FCAS) market with the aim to maximize the
expected profit for VPP and then distribute the relevant profit
to customers. The VPP comprises residential photovoltaic
(PV) systems and battery energy storage systems (BESS).
Subsequently, a profit maximized cooperative scheme of VPP
and wind farms is incorporated into the optimal joint bidding
model. Moreover, the cycle life of battery is realistically
considered in both the bidding models. In addition, a payoff
allocation approach based on Nash—Harsanyi Bargaining
Solution is innovatively developed to distribute the augmented
profit of cooperation, which reflects the true value of VPP. The
simulation results verify the feasibility and effectiveness of the
proposed model and the payoff allocation approach.

Keywords: virtual power plant (VPP); frequency control
ancillary services (FCAS); battery cycle life; Nash—Harsanyi
bargaining solution (NHBS)
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Fig. 1 VPP components and steps to explore its value in FCAS market
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Nash-Harsanyif§iZ5 ., SRR R T AR Z
5E MR IRLAY 1o, TR 5T RS s &
¥ (risk preference, RP) BIVPPHIXH FIRLH bk %L
AU () FU(x), B (44D cFNb R R R
B B<0.5F RS HE RN IEA; f>05FKS
5B R R, R R4S R £ R HH TR A K
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1
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