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ABSTRACT: [Objective] Amidst the dual pressures of energy scarcity and environmental pollution, the demand for
sustainable energy solutions is growing rapidly. To address the dispatch risks caused by the high uncertainty of renewable
energy in power systems with high wind and solar penetration, as well as the challenges regarding the willingness of flexible
loads to participate in demand response (DR), the fair allocation of economic benefits, and the sharing of system risks, this
paper proposes a day-ahead and intra-day DR optimization method for virtual power plants (VPPs) considering risk sharing.
[Methods] A coordinated scheduling strategy bridging day-ahead and intra-day stages is constructed to effectively mitigate
the uncertainty of renewable energy. Furthermore, an improved quasi-linear DR mechanism with dynamic incentive
coefficients is introduced to guide flexible loads in providing refined responses to grid requirements. A dispatch model
incorporating the conditional value-at-risk (CVaR) is established to quantify and optimize the risk losses caused by wind and
solar power fluctuations. Moreover, an improved Shapley value-based revenue allocation model, which integrates risk
preferences and response enthusiasm, is proposed to ensure the fair distribution of economic benefits and the sharing of risks
among flexible load resources. [Results] The proposed method demonstrates significant potential in improving the dispatch
efficiency and market competitiveness of VPPs, offering broad application prospects and considerable economic benefits.
[Conclusions] The proposed method effectively resolves the challenges of collaborative response, risk quantification, and fair
risk sharing for flexible loads within high-renewable-penetration VPPs. It significantly enhances the system’s dispatch

efficiency and risk resistance capability.
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Table 1 Time-of-use electricity price of main grid Jo/kWh

B JLGLERER i A
10:00—22:00 1.00 0.65
07:00—09:00,23:00—24:00 0.75 0.42
01:00—06:00 0.40 0.22

R2 RHBI—MELASHRTEAHE
Table 2 First-order equivalent thermal parameters and air-
conditioning unit counts in public buildings

Hi's R/CCKW)  CICC/KW) =PRI
1 50.82 10.19 70
2 21.18 11.00 75
3 29.08 7.50 60
4 28.54 9.96 72
5 30.38 11.64 75
6 42.10 10.46 65
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Fig.3 Photovoltaic and wind power output scenarios
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Table 3 Flexible load responsiveness under varying
revenue shares

Wi i L ok g 25 A DA A CIRTIPARS
0.01 0.812 0.835 0.856
0.10 0.765 0.814 0.836
0.30 0.526 0.775 0.816
0.50 0.381 0.557 0.789
0.70 0.135 0.365 0.584
0.90 0.091 0.256 0.356

x4 FTEEXT VPP IIFAEEAIMEH LB
Table 4 Cost—benefit analysis of VPP and renewable

energy in multi—operation scenarios JG
B VPP ULz G UV
1 17216 65 654
2 32 158 66 763
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