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Modelling and simulation considering external characteristics of large
scale VFB energy storage system
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Abstract: The Energy Storage System (ESS) external characteristics of Vanadium Flow Battery (VFB) are studied, and
the ESS is simulated based on the VFB electrochemical properties in this paper. Based on the systematic analysis of the
actual operation data of ESS and the evaluation of the influence of the overload operation of ESS on the scheduling
control, the function relationship is obtained by combining the key parameters such as State of Charge (SOC),
electromotive force and equivalent resistance. On this basis, the Thevenin’s equivalent circuit is used as the main circuit
of the simulation model, and the state parameter change is fed back to the main circuit in real time by means of controlled
source and controlled resistance, and the running characteristics of the overload operation of ESS are embedded in the
model. Finally, the proposed model is built and simulated by Matlab/Simulink. The comparison between the simulation
results and the measured data show that the model can effectively describe the external characteristics of ESS and has
high engineering application value.
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Fig. 1 Operating schematic diagram of VFB
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Fig. 2 Equivalent circuit model of VFB
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Fig. 3 Diagram of single cell-stack E,. and SOC
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Table 1 Function coefficient of Eqc and SOC
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Fig. 4 Diagram of ESS discharge equivalent resistance change
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Table 2 Function coefficient of equivalent resistance as discharging
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Fig. 5 Diagram of ESS charge equivalent resistance change
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Table 3 Function coefficient of equivalent resistance as charging
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Table 4 Evaluation index of parameter fitting

WAV IE bR JBCH L BHALL A A
SSE 2.43e-05 3.429¢-05
R-square 0.999 8 0.988 9
Adjusted R-square 0.999 8 0.988 9
RMSE 6.511e-05 6.957e-05
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Fig. 6 Distribution diagram of ESS’ SOC bound as

overload operation
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Fig. 7 Flow chart of ESS model simulation running
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