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Fig.5 Operation Results of Systems with Different
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Fig.6 Day-Ahead Scheduling Results of Multi-Energy
Complementary System
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Fig.7 Operational Status of Pumped Storage Units
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Uncertainty-Scenario-Based Day-Ahead Optimal Scheduling of
Wind-PV-Thermal-Pumped Storage Multi-Energy Complementary System

MEN Baohui, LI Anning, XIANG Lu, BIAN Zhongzheng
(School of Water Resources and Hydropower Engineering, North China Electric Power University, Beijing 102206)

Abstract: [ Objective] To address the multiple uncertainties in the novel power system and the scarcity of historical data
for newly constructed wind and solar power plants, this paper proposes a stochastic optimization scheduling framework
based on scenario generation. [Methods] Firstly, a scenario generation method for multiple power system uncertainties
based on an improved Time-series Generative Adversarial Network (TimeGAN) is proposed. This method achieves stable
generation of renewable energy output scenarios, load data, and electricity price data by learning from historical data. An
improved k-medoids clustering method is then employed for scenario reduction. Secondly, with the objective of
minimizing system operating costs, an optimization scheduling model for a wind-PV-thermal-pumped storage multi-energy
complementary system is constructed. Day-ahead optimal scheduling studies for this multi-energy complementary system
were conducted under scenarios involving both fixed-speed and variable-speed pumped storage units. [Results] The
results demonstrate that the improved TimeGAN effectively captures the intrinsic structure and patterns of real scenarios,
enabling stable generation of uncertainty scenarios. Pumped storage power plants can significantly enhance the system's
renewable energy accommodation rate, and variable-speed units can effectively reduce system operating costs. Increasing
the installed capacity of pumped storage plants reduces operating costs, but exhibits a diminishing marginal effect;
Allowing simultaneous pumping and generating operations for different pumped storage units can lower system operating
costs. [ Conclusion] Overall, the proposed stochastic optimization framework effectively addresses data scarcity and
uncertainty through the improved TimeGAN, and confirms that variable-speed pumped storage and flexible operating
modes can substantially improve system economic performance and renewable energy utilization. The findings provide
valuable decision-making references for renewable energy base planning and multi-energy complementary system
scheduling.

Keywords: Pumped-storage power station, Multi-energy complementarity; Optimal scheduling; TimeGAN;
Variable-speed pumped storage unit
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