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The cooperative scheduling model for frequency and power
balancing in heterogeneous virtual power plants based on
target cascade analysis

Wang Tao', Li Jiangnan®, Zhao Wenmeng', Ou Mingyu?, Mao Tian', Jiang Jiru>, Guo Ye’
(1.Electric Power Research Institute, China Southern Power Grid, Guangzhou 510530, China; 2.Shenzhen Power
Supply Company, Shenzhen 518000, China; 3.Tsinghua Shenzhen International Graduate School, Shenzhen
518000, China)

Abstract; Against the backdrop of global energy structure transformation and rapid development
of renewable energy, how to achieve efficient aggregation and optimized scheduling of
heterogeneous virtual power plants (VPPs) has become an important challenge. A heterogeneous
VPPs frequency and power coordination scheduling model based on target cascade analysis method
is proposed by improving the deep integration of clustering algorithm and control system.
Introducing a learning mechanism to optimize the clustering process of photovoltaic battery energy
storage systems (PVpBESSs) to meet the energy capacity requirements of a large number of power
sources. A distributed control system for PVpBESSs was designed and validated on IEEE 13 node
distributed photovoltaic power and energy storage systems. The experimental results show that
compared with traditional scheduling methods, the scheduling efficiency has been improved by
18%. The model stabilizes the voltage deviation within 1% and maintains the frequency deviation
at around 50 Hz; At the same time, the distribution of battery charging status is evenly
maintained at 30%~90% , and efficient collaborative scheduling of photovoltaic and energy storage
resources is achieved. Compared to methods that do not use learning mechanisms, the proposed
model has strong practicality and potential for expansion, providing a new path for the practical
application of virtual power plants.

Keywords: virtual power plant; clustering algorithm; frequency recovery; battery charging state
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