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Control strategy optimization for electric heating molten salt system and its
coordinated peak-shaving and frequency regulation with a coal-fired unit
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Abstract: [Objective] Under China’s “dual carbon” goals, high-penetration renewable energy in the new power
system imposes severe challenges to the operational flexibility of coal-fired units, which must deliver faster peak
shaving and frequency regulation services. Electric-heated molten salt thermal energy storage is a promising
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flexibility solution owing to its high energy density and favorable thermal matching with thermal power systems.
However, coal-fired units suffer from large inherent thermal inertia and limited deep peak shaving capacity, while
molten salt electric heaters feature prominent time-delay. Conventional control methods fail to meet rapid power
regulation demands, and the coupling mechanism between storage systems and units lacks in-depth research. This
paper proposes a coupling scheme and optimized control strategy to improve the peak shaving and frequency
regulation performance of coal-fired units.[Methods] Taking a 660 MW supercritical coal-fired unit integrated with
electric-heated molten salt storage as the research object, this study designs the system configuration and defines
three operation modes: frequency regulation, deep peak shaving, and peak power supply. Refined dynamic
mechanism models of the electric heater and the unit are established based on conservation laws of mass, energy
and momentum, and validated with field operation data. A model predictive control (MPC) strategy is introduced
to address the large thermal inertia of the electric heater. The coupled system performance is evaluated via AGC
response tests and deep peak shaving simulations. [Results] Simulation results show that MPC markedly enhances
the electric heater’s control quality. Under power step disturbances, the maximum deviation of molten salt outlet
temperature is reduced by 42% and settling time shortened by 58% compared with PID control. The coupled system
lifts the average AGC load ramping rate from 0.83% Pe/min to 2.35% Pe/min (183% improvement), and effectively
alleviates overshoot and reverse regulation issues. The coordinated control strategy accelerates bidirectional load
change, with the ramp rate increased by 6.18% during load increase. Economically, off-peak electricity storage
delivers notable benefits: taking Shandong’s spot electricity market as an example, a typical peak shaving period
cuts low-price grid-connected power by 20.42 MWh, generating an extra revenue of about 11 000 yuan.
[Conclusion] The proposed electric-heated molten salt coupling scheme effectively improves the peak shaving and
frequency regulation flexibility of coal-fired units. The MPC strategy addresses the large inertia control problem of
electric heaters, and the coordinated strategy realizes complementary advantages between the storage system and
the unit. This study provides theoretical basis and technical support for the operation optimization and engineering
application of coal-fired power-thermal storage integrated systems.

Key words: molten salt thermal energy storage; coal-fired power unit; deep peak shaving; model predictive control;
operational flexibility
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Fig.11 Load variation curves of the unit under independent
response and the coupled system response during load
increase
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