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This contribution presents the design and functional validation of a novel Hybrid Energy Storage 

System (HESS) that integrates a Vanadium Redox Flow Battery (VRFB) with a Lithium-ion Battery 

(LiB), addressing the needs of distributed energy systems such as microgrids and energy 

communities. The system architecture leverages the complementary characteristics of the two 

technologies: the VRFB provides long-duration energy storage (10–15.5 V, up to 140 A), while the 

48 V, 5 kWh Li-ion battery ensures high power density and fast dynamic response. Bidirectional 

power converters interconnect the two subsystems and enable coordinated energy management, 

including peak shaving, load balancing, and backup functionality. Initial testing has successfully 

validated the core functionalities of the system, confirming its capability to operate as an integrated 

platform. The setup lays the groundwork for further development aimed at performance 

optimization, control strategy refinement, and long-term reliability assessments. This work 

introduces a flexible and scalable hybrid storage platform that supports the deployment of low-

carbon, decentralized energy infrastructures and contributes to the advancement of next-generation 

energy storage solutions. 
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