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ABSTRACT

The growing penetration of renewable energy power in the electric grid has boost the development of
new technologies for stationary energy storage. All-vanadium redox flow batteries (RFB) exhibit a
very high potential for both medium and large scale applications. This is due to power/energy
independent sizing, high efficiency, room temperature operation, and long charge/discharge cycle
life. A number of challenges need to be tackled before commercialization, i.e. cell and stack design,
highly efficient materials, and optimal power management and control operations [1].

Numerical models are very important for designing control and monitoring systems, which are
needed for the electric grid interfacing. Both 1D and 2D finite element models have been developed
in order to reduce computing cost and allow for a real-time simulation of RFB operations [2]-[4]. In
this work a novel 1D steady-state finite-element model of an all-vanadium redox flow battery is
proposed. The reference cell geometry include: current collectors, positive and negative porous
electrodes where chemical reactions occur, and the polymer membrane for proton conduction. The
FEM model incorporates the following multiphysics phenomena: momentum, charge and species
conservation, mass transport (Nernst-Plank equation), electric conduction, charge generation (Butler-
Volmer equation) inside the porous electrodes, and the proton conduction inside the membrane. In
particular, for charge generation the effect of mass transport is taken into account by considering
surface concentration of the electrolytes, which differs from bulk concentration. This is of basic
importance for a proper representation of the actual RFB performance. The independent variables of
the model are: the electrode and electrolyte potentials and the ionic species concentrations in the
porous electrodes. From potentials the overall cell voltage is derived as a function of the State of
Charge (SoC) during charge and discharge cycles. Numerical results, showing the behaviour of the
cell voltage under different operating conditions, will be presented in the full paper. The proposed
model is expected to be a useful tool in driving and optimizing the stack design.
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