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Optimization Control for Grid-Forming Photovoltaic Energy Storage Access
to Distribution Station Based on Chaotic PSO

ZHENG Shuang', GONG Yanjiang', GU Tiansong', FENG Xinzhen’
(1. State Grid Jibei Electric Power Co., Ltd., Tangshan Power Supply Company, Tangshan, Hebei 063000, China; 2. State
Grid Shanghai Energy Internet Research Institute Co., Ltd., Nanjing 201203, China)

Abstract: A grid-forming photovoltaic energy storage access optimization control strategy based on improved chaotic particle swarm
optimization is proposed to address the issues of voltage fluctuations, low utilization of renewable energy, and line losses caused by
the integration of traditional photovoltaic energy storage grid-forming inverters into active distribution stations. Firstly, a multi-
objective optimization model is constructed with the objectives of minimizing load voltage deviation, maximizing photovoltaic power
generation, and minimizing line losses. According to system requirements, the optimization priority for load voltage deviation is set
to be the highest and the line loss is the lowest. Multi-objective problems are transformed into three single objective optimization
problems through priority sorting. To improve the efficiency of solving, the initial parameter selection strategy of the chaotic particle
swarm algorithm is improved. The simulation results show that the proposed method has faster convergence speed and higher solu-
tion accuracy, which verify the effectiveness of the control strategy.
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Fig. 1 Schematic diagram of grid-forming photovoltaic energy
storage access to active distribution station
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Tab.2 Comparison results of four different algorithms

Bk S SYRIER SEXME PR 22
FEP 1.190 8 1.160 6 1.89x1072
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Fig.3 Power losses with different optimization algorithms when
the grid voltage is normal and P, .., = 4kW
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Tab.3 Optimal operation results of grid-forming energy storage
access to active distribution station under different working

conditions
e sH !
0.9 1.0 1.1 1.2
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! 0, /kvar 6.93 6.93 7.99
P, JkW 1.52 1.21 2.28
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P /KW 4 4 4 4
2 P, kW 3.75 1.96 1.85 -3.58
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Fig. 4 Voltage and current waveforms of proposed system
when £, =0 kW
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Fig.5 Power flow waveforms of proposed system when
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Fig. 6 Voltage and current waveforms of proposed system
when P, =6 kW
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Fig. 7 Power flow waveforms of proposed system when
P =6 kW
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Fig. 8 Operation results under different schemes with
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