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Bi-Level Reactive Power Optimization for Wind Cluster Integrating the
Power Grid Considering the Reactive Power Potential of Wind Farm

MA Xiping, ZHEN Wenxi, LIANG Chen, DONG Xiaoyang, LI Yaxin
(Electric Power Research Institute, State Grid Gansu Electric Power Company, Lanzhou 730070, China)

Abstract: With the integration of large-scale wind power clusters into the power system, wind farms are increasingly involved in reac-
tive power regulation of the power grid. Based on this, an upper level optimization model is first established to minimize the active
power loss and voltage deviation in the power system. Subsequently, the model is solved to reduce system network loss and achieve
safe and energy-saving operation of the power grid. Additionally, a detailed analysis of the wind power cluster is conducted at a lower
level, estimating its reactive power potential. Taking the reactive power potential of the wind farm as the objective function and the
reactive power output of each wind turbine unit as the optimization variable, this study coordinates the reactive power output within
the wind farm cluster and employs an improved whale optimization algorithm to solve this bi-level optimization model. Finally, the
proposed optimization strategy and algorithm are verified through case studies to effectively reduce network losses and voltage devia-
tion in the power system while maximizing utilization of wind power’s reactive power potential.

Key words: multi-objective reactive power optimization; bi-level optimization; reactive power potential analysis; improved whale
algorithm
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Fig. 1 Topological diagram of wind power cluster
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Fig.2 Transmission line structure diagram
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