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Vanadium Redox Flow Batteries (VRFBs) have gained much attention for their intrinsic advan-
tages such as independent sizing of power and energy, long cycle life, and good energy efficiency,
low environmental impact, and inexpensive materials. However, the main drawback is due to its
relatively low power density. This aspect is caused by different sources of power losses and one
of the most important, limiting the peak performance, is due to the slow transport properties
within the liquid electrolyte (transport losses). In particular, in a VRFB the electrochemical
reactions occur in a porous conductive electrode where ions can exchange electrons at the mi-
croscopic surface structure of the electrode. When a high current intensity is required (peak
performance) the ion transport through the porous electrode becomes too slow causing a voltage
drop. The present work aims to experimentally characterize the effect of the electrolyte flow
rate on the electric performance of an instrumented 9 kW/27kWh Industrial-Scale Vanadium
Redox Flow Battery. The cell losses have been characterized by means of internal electric re-
sistance that has related to the state of charge, current intensity and electrolyte flow rate. The
crucial parameter, strongly influencing the performance, has been identified as the flow factor,
i.e. the ratio between the flow rate of the ion charge of electrolytes and the current intensity.
We show how the battery resistance depends on the flow factor and how it can be minimized for
optimal performance [1]. These results on the macroscopic behavior are strictly connected to
the microscopic structure of the porous electrode [2] and in particular, to the effective diffusion
provided by the porous medium [3]. This last aspect highlights how crucial could be a proper
microscopic design to increase the effective diffusion and in turns, the overall performance. All
these findings are not restricted to this experimented apparatus, thus offering new perspectives
for research towards the next generation of this technology.
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