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Using the energy power supply concept, this paper proposes a DC voltage source with 
limited energy storage capacity, which models: the energy storage capacity of the 
batteries, the involved energy transfer process and the constant voltage output behavior 
when the battery has storage energy. Further, this circuit source is used for 
understanding the combined electrical–circuit based battery model (CECBM), which is 
commonly used (i.e. for designing of: portable electronic devices, hybrid electric vehicles 
and smart grid systems), because it is capable to predict accurately the DC voltage 
response, the runtime, the transient, and some nonlinear behaviors. These models have 
been used without a comprehensive development about the inspiration of its topology, 
and the simple energy flow process that models. This work uses the novel electric Energy 
Power Supply concept for understanding the behaviors captured by the CECBM.

The energy storage devices have a wide 
application span. Recently, the battery 
technologies have been receiving huge 
attention because three commercial 
applications: portable electronic devices, 
hybrid electric vehicles and smart grid 
systems [1]. Without battery models in 
hand, circuit designers cannot predict nor 
optimize either battery runtime or circuit 
performance.
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Adding three resistors and two capacitors 
to the model, the following behaviors of 
the real battery were captured: limited 
output power, relaxation effect, transient 
response, and internal voltage drop when 
it is loaded.

STATE OF ART OF THE CECBM

In conventional circuit theory the voltage source 
models can supply unlimited energy, therefore a 
direct battery model is unavailable, but using the 
circuit shown for modeling the battery, both its 
runtime and its DC I–V performance are captured.

The proposed DC voltage source with limited energy 
storage capacity was used for understanding the 
combined electrical circuit-based battery model. 
Further, it was presented a comprehensive state-of-
the-art review of the progress that has been made on 
this battery model. Furthermore, a comprehensive 
development of the energy power supply concept and 
the energy flow process was presented and used for 
comparison of the analyzed models.
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In order to increase the model accuracy,  tracking of the SoE is 
modeled by non linear relations (g and f) for describing the energy 
flow process. This approach allows capturing some nonlinear 
behaviors as: the C-rate effect and capacity fading effects.
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