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Virtual Power Plant Collaborative Planning Aggregating Multivariate and Flexible DER Balancing
Fairness and Efficiency

LIANG Bomiao', YANG Jiajia*, WEN Fushuan®, WANG Licheng', DONG Zhao Yang’, HOU Beiping'

(1. College of Automation and Electrical Engineering, Zhejiang University of Science & Technology, Hangzhou 310023, China;
2. College of Science and Engineering, James Cook University, QLD 4811, Australia; 3. College of Electrical Engineering,
Zhejiang University, Hangzhou 310007, China; 4. College of Information Engineering, Zhejiang University of Technology,
Hangzhou 310023, China; 5. Department of Electrical Engineering, City University of Hong Kong, Hong Kong SAR, China)

Abstract: Under the dual carbon goal, the function of virtual power plants (VPPs) in aggregating massive and diverse distributed
flexible resources is becoming increasingly prominent. Clarification of business model, key issues, and target demands of VPP will
exploit the potential of flexible DERs and virtual power plants, and facilitate the low-carbon and zero carbon construction of new
power systems. At the same time, social concerns about fairness are also increasing. Energy equity is closely related to basic
production and life, and the operation of flexible resources may involve different participants, leading to a much stronger demand
for fairness in VPP planning and scheduling compared to traditional scenarios. Therefore, this paper intends to introduce fairness
measurement standards in VPP planning, propose aggregation, invocation, and benefit distribution schemes that balance fairness
and efficiency. A medium and long-term scheduling and revenue model is first established comprehensively considering the VPP
market interaction and DER contract scheduling. Then the collaborative optimization of VPP portfolio optimization under uncertain
risks and DER decisions with fairness concerns are carried out. Afterwards, the problem is solved with a two-stage optimization
model based on the idea of “contract first, dispatch later”, and the optimization of DER renewal rate and the impacts of regional
capacity constraints are also explored. Finally, based on specific examples and data analysis, it can be concluded that fairness
concerns have limited compression on VPP’ s revenue space. However, it is still necessary to establish reasonable market-based
pricing for flexible resources such as energy storage and interruptible loads to avoid vicious competition and investment waste.
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