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Multi-stage transmission expansion planning with consideration

of large-area outage risk
CAO Yijia',CAO Lihua',LI Yong',ZHANG Yudong®
(1. College of Electrical and Information Engineering, Hunan University ,Changsha 410082, China;
2. Electric Power Research Institute of Sichuan Power Company of
State Grid Corporation of China,Chengdu 610072, China)
Abstract: A method of multi-stage TEP(Transmission Expansion Planning) considering large-area outage risk
is proposed and an index of PTR(Power-law Tail Risk) is defined. The large-area outage risk is evaluated
by the variation trend of outage area tail distribution. An OPA model is developed based on the SOC (Self-
Organized Criticality) theory to obtain the statistic outage data corresponding to multi-stage TEP,which
considers the coupling relation between adjacent stages in the slow dynamics and the hidden failures in the
fast dynamics,respectively reflecting the impact of the TEP behaviors in the long time scale and the
cascading failure behaviors in the short time scale on the global dynamic characteristics of power system.
The long-term evolutionary behaviors based on the average effect are cancelled in the slow dynamics and
the Monte Carlo simulation is used in the fast dynamics to obtain sufficient statistic outage data. The
importance sampling technique and bi-level optimization strategy are applied in the proposed method to
lower the computational load of each level. Case study for Garver 6-bus system confirms its effectiveness.
Key words:
outages; self-organized criticality; optimization; OPA model

electric power transmission networks; expansion; planning; multi-stage; risk assessment;



