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Review of Dynamic Aggregation and Coordinated Scheduling Technologies
for Multi-type Energy Storage Oriented to Optimized Operation of Virtual

Power Plants
GE Leijiao, WANG Yuning, LU Rubo, MENG Zhouyue, ZHUO Yue, WU Yuyang

(School of Electrical Automation and Information Engineering, Tianjin University, 300072, Tianjin)

Abstract: To address the challenges of characterizing heterogeneous energy-storage resources, time-varying
aggregation boundaries, and cross-timescale scheduling in virtual power plants with high penetrations of distributed
renewable energy and emerging loads, the paper adopts “resource characteristics—dynamic aggregation—scenario
modeling—coordinated scheduling—algorithmic solution” as its main analytical framework and examines optimal
operation technologies for multi-type energy storage. Storage functions and application scenarios are reviewed
according to differences in power—energy characteristics, response speed, state of charge, and degradation. Dynamic
aggregation models are analyzed from three perspectives: dynamic grouping/member selection, feasible
regions/equivalent boundaries, and market/revenue-driven mechanisms. Scenario-modeling methods are classified as
deterministic, fuzzy, stochastic, robust/distributionally robust, and interval-based. Scheduling constraints are
summarized in terms of economic performance, renewable-energy accommodation, and technical security, while
multi-objective, multi-level, and multi-stage models and their solution algorithms are compared. The results indicate
that an energy-storage aggregation approach combining dynamic grouping with feasible-region equivalencing,
distributionally robust rolling optimization within a day-ahead-intraday-real-time multi-stage framework, and
coordinated solution by mathematical programming, decomposition-based algorithms, and safety-constrained
intelligent algorithms provides favorable overall performance for the coordinated scheduling of multi-type energy
storage. Stakeholder benefit interactions in multiple virtual power plant markets are also briefly discussed. The results
show that revenue-driven dynamic energy-storage aggregation and multi-level game-theoretic models have promising
application prospects. Based on a systematic analysis of virtual power plant’s development trends, it is further
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concluded that future dynamic aggregation and coordinated scheduling technologies for multi-type energy storage

should integrate degradation-aware dynamic aggregation, distributionally robust rolling correction of multi-source

uncertainty scenarios, multi-market benefit coordination, and safety-constrained reinforcement learning combined

with conventional optimization. Such integration is expected to promote the transition toward state-aware, value-

assessable, and securely controllable aggregation.

Keywords: virtual power plant; multi-type energy storage; dynamic aggregation; coordinated scheduling; uncertainty
modeling; multi-time-scale optimization; multi-market joint optimization
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Fig. 2 Framework of multi-type energy storage dynamic aggregation technology for VPP
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Table 2 Applicable scenarios, advantages and limitations of
dynamic aggregation algorithms
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Fig. 3 VPP scenario modeling method
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