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Introduction: 
Battery systems offer pollution-free, compact and 
cost-effective solutions to store energy and 
provide emergency power back-up, peak shaving, 
frequency stability and load levelling to the main 
electricity networks. The battery energy storage 
system uses interfacing power converters for 
transferring electrical power between the battery 
units and the electricity grids. These interfacing 
power converters cause fluctuations in the 
charging/discharging currents and voltages, which 
eventually damage the conventional non-flow (e.g. 
lead-acid and lithium-ion) batteries. Although 
these current and voltage ripples can be 
suppressed using filters (inductors and 
capacitors), it leads to increased cost and bulky 
systems. Moreover, the use of large electrolyte 
capacitors significantly reduces system reliability. 
Another critical point is that the interfacing power 
converters generate kilo-hertz frequency range 
current and voltage ripples. For most redox flow 
batteries, the redox-reaction kinetics at the 
electrode/electrolyte interphase is significantly 
slower than the sweeping rate of the current 
ripples. Therefore,  high-frequency ripples may not 
significantly impact the battery system. Some 
preliminary results reported in [1, 2] support the 
claim that the VRB can handle ripple currents. 
Nevertheless, this earlier study was only confined 
to the positive-half cell. Studies on the effects of 
high-frequency ripple currents ripples on the 
complete vanadium flow cell have yet to be 
reported in the existing literature. This paper 
reports results from experimental studies 
conducted using a laboratory-scale single 
vanadium redox flow cell subjected to ripple 
currents during charging and discharging. 
Capacitor-less bidirectional synchronous buck-
boost dc-dc converters with different designs were 
developed to generate charging/discharging 
currents with fluctuations of different magnitudes 
and frequencies. This study will help understand 
the effect of ripple current on the VRB and thereby 

improve the design and control of power electronic 
devices for VRB systems. 
 
Experimental: 
A schematic diagram of the single vanadium redox 
cell is presented in Figure 1(a). A perfluorinated 
cation exchange membrane was used to separate 
the two half-cells. The vanadium cell comprised 
two graphite-felt electrodes with an active area of 
30 cm2. The felt electrodes were compressed up 
to 70% of their original thickness. Each electrolyte 
reservoir contained 150 mL of electrolyte, which 
comprised 1.6 M vanadium and 4 M total sulphate. 
A constant 65 mL/min flow-rate was maintained in 
both half-cells through two peristaltic pumps. An 
open-circuit cell was installed at the inlet of the 
operating cell for measuring the SOC in real-time. 
The high-frequency ripple currents were 
generated by a synchronous dc-dc converter 
prototype, as presented in Figure 1(b). 

 
Results and Discussion: 
The VRB system was charged/discharged with 
±3.0 A (current density 100 mA.cm2) with an 
extreme ripple (3.0 A peak-to-peak) condition to 

investigate the impact of ripple current on the 
performance of the VRB. The applied 
charge/discharge rippled current (100% ripple 
magnitude) is presented in Figure 2.  
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Figure 1. Schematic diagram of (a) the VRB cell 
and (b) the buck-boost dc-dc converter. 
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    Figure 3. VRB terminal voltage during 0-100 charge/discharge cycles. 
 

 
The cell terminal voltage was used as the cut-off 
parameter for shifting between the 
charge/discharge modes. The lower and upper 
cut-off voltage limits were set at 0.9V and 1.9V, 
respectively. The cell was cycled for 100 cycles, 
and the cell voltage was recorded in order to 
analyze the impact of ripple current. Extreme 
ripple current could have a detrimental effect on 
the electrodes if it leads to concentration 
overvoltage that causes the electrode potentials to 
go into overcharge. Under overcharge conditions, 
inactive oxygen functional groups may form on the 
positive electrode, and this could result in 
increased cell resistance. In extreme cases, 
overcharging could also lead to carbon dioxide 

evolution and disintegration of the positive 
electrode.  Figure 3 shows the vanadium flow cell 
voltage during the charge/discharge cycling in 
which the initial charge/discharge curves are 
compared with those for cycles 96-100. This 
comparison demonstrates a small capacity loss, 
mainly due to the differential vanadium ion and 
water transfer across the membrane. On the other 
hand, a negligible change in the cell voltage is 
observed during the 100 charge-discharge cycles, 
indicating that the cell resistance has not 
increased. These experimental results thus 
confirm that the impact of charging/discharging 
current ripples (even extremely high ripples) is 
negligible to the VRB system. 

 
  

 
Figure 2. The applied charging/dicharging current.  
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Conclusion and Future Work:  
 
This paper reports results on the effects of 
charging/discharging current ripples on a 
vanadium redox flow cell. Extreme ripple 
conditions were applied, and their effects 
investigated during charge-discharge cycling. The 
experimental results confirm that the effect of 
current ripples on the VRB is negligible under the 
conditions used in this study. However, more 
experimental studies with different ripple 

magnitudes and frequencies are currently being 
conducted to analyze any electrode deterioration, 
especially at high states of charge. Moreover, 
electrochemical impedance spectroscopy (EIS) is 
being performed to characterize any impedance 
variations due to the applied current ripples. The 
surface structure of the positive graphite-felt 
electrode will also be evaluated with scanning 
electron microscopy (SEM) and X-ray 
photoelectron spectroscopy (XPS) to investigate 
potential physical damage. 
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