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Multi—Scale Modeling and Real-Time Optimization Control of a Solar—-Thermal Power
Generation System Based on Digital Twin

Li Bin

Shanghai New Energy Digital Technology Co., Ltd., China Shanghai 200241

Abstract: This paper proposes a multi-scale modeling and real-time optimization control method based on digital twins to
address the difficulties in the design, operation, and optimization of tower solar thermal power generation systems. Firstly, a
multi-level physics and data-driven hybrid model was constructed from a single heliostat to a group of heliostats, and then
to the entire heliostat field, achieving a global description of mirror orientation, focused heat flux, and system level energy
conversion. Aiming at the demand for tracking accuracy of the heliostat, a sun tracking control and correction control strategy
based on astronomical algorithms and high-precision correction is proposed. In terms of system architecture, a digital twin
platform integrating Vue front-end and SpringBoot back-end has been designed to achieve multi-dimensional interactive
visual monitoring and human-machine interface optimization. A digital twin simulation platform was built based on a tower
type solar thermal power station, achieving real-time fusion and simulation comparison of actual mirror field data. The results
indicate that the system can effectively improve tracking efficiency and system response speed, and optimize the output
performance of solar thermal power generation.

Keywords: Digital twin; Solar thermal power; Multi-scale modeling; Real-time optimization control; Sun-tracking algorithm,;

Data fusion; Visualization monitoring; System architecture
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