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A Reliability Assessment Model for Distribution Network Photovoltaic Systems Based on

Stochastic Diffusion Processes
ZHANG Bin, LI Guoqing, LIU Dagui, SHI Wei, XIAO Guilian
(State Grid Xinjiang Electric Power Co.,Ltd., Urumgqi 830017, Xinjiang , China)

Abstract: Reliability assessment of distribution systems is a crucial foundation for maintaining their power
supply continuity. For existing distribution network photovoltaic systems, solar irradiance modeling was limited to
its exponential autocorrelation. To enhance the reliability assessment through accurate prediction of photovoltaic
power generation and considering the autocorrelation sinusoidal wave characteristics of solar irradiance influenced
by cloud events, a reliability assessment model was proposed for distribution network photovoltaic systems based
on stochastic diffusion process (SDP). Firstly, a Monte Carlo simulation based on SDP was used to build solar
irradiance and temperature prediction models. Secondly, transient clouds were modeled using jump diffusion
processes integrated into SDP. Then, a reliability assessment model for photovoltaic system components and a
photovoltaic power generation prediction model were constructed based on failure physics reliability models and
historical data. Finally, the stability and reliability of the proposed model were verified on an actual distribution
network. Experimental results demonstrate that the model effectively addresses the uncertainties of distribution
networks, enabling a more efficient assessment of the reliability of photovoltaic systems.
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Fig.1  Flowchart of photovoltaic system forecasting reliability model
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Tab.3  SAIFI and SAIDI without/including photovoltaic

generation at 100% photovoltaic penetration rate

SAIFI SAIDI
UNEPIRIN 0.101 45 3.89105
ST CTHINPI RN 0.065 94 221801
2SS H Y% 35.00 43.00
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SAIFIF0 SAIDI

Tab.4  SAIFI and SAIDI for historical and predicted photovoltaic

data at 100% photovoltaic penetration rate

SAIFI SAIDI
E S RIEXE 0.065 94 2.218 01
LT A 0.064 24 2.218 30
2 H 5% 2.58 -0.01
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Tab.5 SAIFI and SAIDI with/without considering cloud

transients at 100% photovoltaic penetration rate

SAIFI SAIDI
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2557 % -10.11 -9.64
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Tab.6  SAIFI and SAIDI with/without considering cloud
transients and component reliability at 100%

photovoltaic penetration rate

SAIFI SAIDI
N [ WS AN AT S 0.064 24 2.218 30
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