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Abstract: As for such critical issues as reduced system inertia and insufficient damping caused by the high-
penetration renewable integration,which subsequently weakens grid frequency stability, an improved virtual
synchronous generator (virtual synchronous generator, VSG) control strategy is propsoed to enhance the
frequency regulation capability of photovoltaic - energy storage (PV - ES) systems. First, a complete VSG
model incorporating droop control, dual-closed-loop for voltage and current closed-loop regulation as well
as energy storage coordination is constructed. Then, a simulation platform for the PV-ES system combined
with power generation system is set up in MATLAB/Simulink to emulate such typical operating conditions as
grid frequency step disturbances and sudden irradiance fluctuations. Finally, the effectiveness of the
propsoed strategy is verified by comparing and analyzing dynamic responses of system.The simulation
results show that when the grid frequency drops abruptly by 0.1 Hz within 2 seconds, the proposed strategy

can effectively dispatche the energy storage unit to deliver approximately 10 kW of additional active power
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within 4 seconds, achieving successfully precise tracking of a 150 kW power reference while maintaining

the DC-link voltage fluctuation around the setting value (2 000 V). This research demonstrates that the

enhanced VSG control strategy significantly improves the primary frequency response speed and dynamic

stability of PV-ES systems, offering an effective a technical support for safe and stable operation of power

grids with high renewable penetration.

Keywords: virtual synchronous generator (VSG) ; photovoltaic generation; energy storage system; droop

control; frequency regulation
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Fig. 2 Frequency and voltage droop characteristics
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Fig.4 Schematic diagram of photovoltaic and energy storage power generation system
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