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Distribution network voltage state assessment with distributed generation
based on probabilistic power flow method

MAO Rui', YUAN Kanglong®, ZHONG Jiefeng?, CHEN Sisi’, LIN Chuang’
(1. Zhaoqing Power Supply Bureau of Guangdong Power Grid Corporation, Zhaoqing 526000, China; 2. China Energy
Construction Group Guangdong Electric Power Design and Research Institute Co., Ltd., Guangzhou 510660, China)

Abstract: To overcome the blind zone in the evaluation method of the operation status of the traditional distribution
network caused by the high penetration of distributed power, this paper studies the state quantitative evaluation method of
distribution network voltage quality which takes the random characteristics of distributed generation into account. In this
paper, a method based on the invariant and Gram-Charlier series to calculate the probability power flow is introduced, and
the evaluation system including the average over-limit probability of system voltage, the voltage confidence interval of
node voltage and the maximum over-limit probability of node voltage is established. Then taking the distributed
photovoltaic as the representative, the probabilistic model whose active output follows Beta distribution is proposed and
an improved index of photovoltaic permeability that includes the photovoltaic fluctuation characteristics is defined so as
to quantitatively evaluate the influence of different photovoltaic permeability on the voltage quality of the distribution
network. Finally, the feasibility of this algorithm for the assessment of voltage quality status of distribution network is verified.
This work is supported by Science and Technology Project of China Southern Power Grid Co., Ltd (No.
031200KK52160003).
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m’ m’ m’ m’ FE  E BEX

200 200 200 800 1 13% 10.42%
400 400 400 1600 1 13%  20.83%
600 600 600 2400 1 13%  31.25%
800 800 800 3200 1 13%  41.67%
1 000 1000 1000 4000 1 13%  52.08%
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Table 2 Confidence interval of photovoltaic grid-connected node under different photovoltaic permeability
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32 W RO [0.951,0.974] [0.954,0.994] [0.956,1.013] [0.958,1.032] [0.961,1.050]
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34 5 ROGIREEN [0.951,0.974] [0.954,0.994] [0.956,1.013] [0.958,1.032] [0.961,1.050]
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Table 3 Average and maximum limit probability of the system voltage under different photovoltaic permeability
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TR R G PR 28.643%(34) 28.643%(34) 28.643%(34) 28.643%(34) 28.643%(34)
TP N R G f Kk PR A 1.098%(34) 0.0689%(34) 0.0112%(17) 0.0515%(17) 2.218%(34)
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Fig. 5 Comparison of probability density curves of active power
for 32-34 branches calculated by CM and MC method
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power for 32-34 branches calculated by CM and MC method
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