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Reliability assessment of distribution network considering
uncertainty of distributed renewable energy

Liu Haixin', Lu Jiangang?, Pan Kaiyan'?, Zhao Ruifeng®, Li Haobin?, Liu Hua', Yang Mengmeng'
(1.Dongfang Electronics Cooperation, Yantai 264010, China; 2.Electric Power Dispatching and Control Center of
Guangdong Power Grid Co.,Ltd., Guangzhou 510000, China; 3.College of Intelligent Systems Science and
Engineering, Harbin Engineering University, Harbin 150000, China)

Abstract: With the increasing penetration of distributed energy in the power system and its
output uncertainty, the distribution system presents greater complexity and uncertainty, which will
have an impact on the reliability of the power network. In order to determine the optimal
installation location and capacity size of renewable units in the distribution network system, this
paper proposes a reliability assessment framework by combining the stochastic fuzzy expected
value operator and Markov Monte Carlo method. The model first establishes the multi —state
probability density functions of wind and PV outputs, and subsequently employs the stochastic
fuzzy expected value operator to simulate the uncertainties of power loss and voltage stability in
the distribution network. The stochastic nature of all non-source components in the distribution
system 1is modeled using the Markov Monte Carlo method to generate distribution network
component failure events and recovery times from an exponential distribution, considering the
topology of the distribution system. Three reliability indices, namely, average system outage
number, average system outage duration, and power shortage expectation, are evaluated on the
IEEE -33 node standard distribution network, and the experimental results demonstrate the
effectiveness of the proposed method.

Keywords: reliability assessment; Markov process; distributed generation; microgrid
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