5§ 52% 557 1 LA R Vol.52 No.7
2024 4 A1 H Power System Protection and Control Apr. 1, 2024

DOI: 10.19783/j.cnki.pspc.230934

AT ENEEMENS 558 T ESHIHRITERTS

BARE, AT, REANR REE B OR RAR, INBR, BRI

Q. FEHH>RG AEEER TS, AR M 510530; 2. BEMIEE5HRABREL LR T
(Ged A RF LA 0T TSR, #Hik KX 430074)

WE: BHLH] (virtual power plant, VPP)F] LA £ 0 544 73 A1 U BRI (distributed energy resource, DER) RS 5
WA, BZMH2 0 E BT A E YERIRZM, VPP 1E H HT L7 17 34 TG TR AR 75 SR As AR o
NFRIRZ TG T R AN E AR E R T VPP R BRI, 3R —Fh VPP RiEr BAhnskng .
B, T omARRET R 7RI R G R I T, AEF R H P RIS B,
FATTRE R0 73 X TAN K VPP RGE 4y B bn sing . JR5, M 7RI 25 1Ty IR T 48 n i 2 I 2%
BRL, BLSEIL VPP as Mokt s IR oK AL o 55, SR A SR (R BRI AR M2 ST 20 AR 178 (equilibrium
problems with equilibrium constraints, EPEC)¥ 1t J9 iR & 8 £ 4 MK 7] (mixed integer linear program, MILP)3K
fitto SAISE R, VPP R RIG /BB Kg 2 5 Har B sy, WUARS R AT, PREE AR
RAEB R, BRIEH T VPP U KAl 2 -

EHEIR: AL JAHENE; BRRES: EEZE

Bidding strategy for a virtual power plant participating in a multiple competitive
market based on the Stackelberg game

PENG Chaoyi', XU Suyue®, GU Huijie', ZHOU Huafeng', HU Rong', NIE Yongquan', SUN Haishun?, CHEN Wenzhe®
(1. China Southern Power Grid Dispatching & Control Center, Guangzhou 510530, China; 2. State Key Laboratory of Advanced
Electromagnetic Engineering and Technology (School of Electrical and Electronic Engineering,

Huazhong University of Science and Technology), Wuhan 430074, China)

Abstract: Virtual power plants (VPP) can aggregate multiple heterogeneous distributed energy resources (DER) to
flexibly participate in the energy market. However, because of the uncertainty of bidding strategies of market participants,
VPPs face potential risks of bidding failure in the day-ahead energy market. To solve the problem of VPPs’ optimal
bidding strategy given the uncertainty of electricity price and quantity in the multiple competitive electricity market, a
VPP flexible segmented bidding strategy is proposed. First, VPPs’ aggregated regulation capacity estimation method is
constructed based on the operational characteristics of DERs, and a flexible segmented bidding quantity range of VPP is
proposed considering power balance demand. Then, a VPPs’ day ahead energy market bidding model based on the
Stackelberg game is established to realize the maximization of VPP profit and social welfare. Finaly, strong duality theory
and the ‘big-M’ method are introduced to transfer the equilibrium problems with equilibrium constraints (EPEC) into a
mixed integer linear program (MILP). The results of case studies indicate that the adoption of the flexible segmented
bidding strategy in the day ahead electricity market can fully exploit VPP regulation capacity, ensure the effective bidding
of electricity quantity demand, and increase VPP profit and social benefit.
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