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Voltage collaborative control strategy for high proportion distributed
photovoltaic active distribution network

Cheng Hao', Zhang Zhenqing', Xu Fan', Qian Kaiji', Ren Weiyin', Li Xiaocong’

( 1. Lianyungang Zhiyuan Electric Power Design Co. , Lid. , Lianyungang 222000, Jiangsu, China;
2. Key Laboratory of Distributed Energy Storage and Micro-grid of Hebei Province, North China Electric Power University,
Baoding 071003, Hebei, China )

Abstract: With the increasing penetration of distributed photovoltaic generation in distribution networks, the randomness and fluctuation of
photovoltaic output, together with the mismatch between source and load power, can easily cause node voltage violations in active
distribution networks, thereby affecting the safe and stable operation of distribution networks. To improve the voltage regulation capability
under high-penetration photovoltaic integration, a two-layer reactive power and voltage regulation strategy for distribution networks based on
voltage-power sensitivity is proposed. The regulation mechanism of distributed photovoltaic output power on node voltage is analyzed, and
a descending-order coordinated control model based on photovoltaic voltage-power sensitivity is established. By real-time evaluation of the
voltage regulation capability of each photovoltaic source for voltage-violated nodes, the regulation targets and control sequence of distributed
photovoltaic sources are determined. The Louvain community detection algorithm is used to achieve adaptive partitioning of the active
distribution network, and a two-layer voltage regulation model including cluster-level reactive power control and centralized reactive power
control is established. Combined with a two-stage control mode of reactive power compensation and active power curtailment, the interactive
coordination between local regulation and global coordination is realized. Simulation results show that the proposed strategy can effectively
suppress node voltage violations and improve the accommodation capacity of distributed photovoltaic generation.

Keywords: voltage-power sensitivity; reactive voltage bilayer regulation; reduced sequence control; reactive power compensation; active
reduction
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Fig. 1 P-Q relationship curve of the photovoltaic

power source
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Two-level coordinated voltage control framework

Fig. 2

for distribution networks
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Fig. 4 Voltage-power sensitivity distribution

under the same grid-injected power
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