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* Lack of integration and coordination of Flow Batteries components = Leading to failures

» Lack of validation prior to deployment = Control Hardware in the Loop is underexplored

* Current practice: Flow Batteries models are oversimplified, not considering power
electronics components integration and control coordination.

* Opportunity: Advanced models, flexible controls, system-level management with
integration of electrical, hydraulic, and electrochemical aspects 2 Technology grow = A

TEMP LIMITS (C)
Max :50.0
Min :10.0

* Display key monitored variables, besides resource
status, flags for faults.

safe operation of Flow batteries for a safe future for the grid infrastructure. * Dashboard allows for sending setpoints, selecting
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CONCLUSIONS & IMPACT FUTURE DIRECTIONS

 Implemented a fully integrated Flow Battery Real Time platform

combining electrochemical models, power electronics, * |nvestigate the coupling of the real-time CHIL platform developed with a
" POWER embedded controls, optimization, with future converters highly detailed flow battery model, including failure mechanisms, to
INTERFACE INTEGRATION hardware implementation. study the impact of power electronic system control approaches on
* Developed an Agent-based and supervisory control framework battery degradation.

enabling coordinated operation of system components.

* Investigate the role of flow batteries for data centers, providing the
opportunity to scale the existing model while exploring different power
electronic topologies and architectures to meet data center

 Implemented a physics-informed optimization approach capturing SoC, flow rate, and
electrochemical constraints while remaining computationally tractable for energy arbitrage and
start-up.

* The work supports safer and smarter operation of long-duration energy storage systems for future requirements.
grid applications.

This material is based upon work supported by the U.S. Department of Energy, Office of Electricity (OE), Energy Storage Division.
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