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Circuit Model Equivalent for Load-Based Discharge of Supercapacitor Module 

Aditya S Senguptaa, Nikhat Anjumb, Bidyut K Bhattacharyyac, Mukesh Kumar Ojhad, Shaik Qadeere & Vijay Nathb* 
aDepartment of Electrical and Electronics Engineering, FST, ICFAI University Tripura, Kamalghat 799 210, India 
bDepartment of Electronics and Communication Engineering, Birla Institute of Technology, Mesra 835 215, India 

cDepartment of Electronics and Communication Engineering, National Institute of Technology, Agartala 799 046, India 
dDepartment of Electronics and Communication Engineering, Institute of Technology, Greater Noida 201 310, India 

eDepartment of Electrical Engineering, Muffakham Jah College of Engineering and Technology, Hyderabad 500 034, India 

Received: 9th June 2025; accepted:16th December 2025 

The discharge behaviour of the Supercapacitor module (SCM) when it supplies a certain load is simulated. In scenario 1, 
a constant power application is powered by the SCM via a buck circuit, resulting in a constant output voltage. The voltage of 
the SCM will decay depending on the power drawn by the application and the different components of the circuit. The 
constant output voltage is obtained from the buck circuit by using a control circuit that will change the duty ratio as a 
function of the SCM voltage. The output remains unaffected by current changes from 450 mA to 1.2 A. The decay 
characteristics of SCM, including duty ratio and output voltage, are recorded. In scenario 2, another buck topology is 
designed that generates a decaying voltage from a power supply, almost like the voltage of the SCM. This circuit is used to 
power the same DC application via a DC-DC converter, and the respective decaying voltage, output voltage, and other 
parameters have been recorded. The simulation results from both scenarios have been tallied, leading to the inference that 
the circuit in scenario 2 can be used as an alternative to SCM for DC applications, and the successful operation time, a 
probable characteristic of SCM, can be estimated. 
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1 Introduction 
Renewable energy has gained considerable 

momentum in recent years1-2. The use of supercapacitors 
in the field of renewable energy has become extensive, 
to the extent that supercapacitor technology is also 
utilised in renewable-based electric vehicle 
applications3-5. Even rural applications are catering to 
the use of renewable energy systems for storing 
energy generated from renewable sources. different 
energy storage systems like double-layered 
capacitors, batteries, and fuel cells are used, and these 
energy storage systems play an important role in this 
field6-11. As the use of supercapacitors has become 
widespread, they have recently become a preferred 
choice for energy storage in the field of energy12. 

Supercapacitors, often referred to as electrochemical 
double-layer capacitors (EDLC), were invented by 
scientists and patented in 1957 for use in recent 
technologies13-14. This supercapacitor technology is 
advantageous due to its short charging time, which has 
led to an increase in the number of applications 
associated with this technology15-16. Supercapacitor 

technology, to some extent, outperforms other 
existing technologies, such as battery technology. 
Therefore, several battery-powered applications are 
integrating supercapacitors into their designs17-18. 
Supercapacitors have a very high-power density, 
allowing them to supply the instantaneous power 
required for sudden changes in current, thereby 
facilitating the simultaneous balancing of fast-
changing power surges19-20. Most high-capacity 
supercapacitors available on the market have a very 
low terminal voltage. Therefore, a supercapacitor 
module, achieved by connecting a series-parallel 
combination of supercapacitors, is required for 
applications that require higher voltage and higher 
capacitance. Mega Farad Supercapacitors have also 
been designed to compensate for the high capacitance 
requirement21. It is quite evident from a prior article 
that charging supercapacitors is an efficient process 
and can increase the lifetime of applications22. 
Combined with its fast-charging capabilities, it 
supersedes other energy storage technologies in terms 
of powering different applications. The voltage from 
the SCM decays over time. Therefore, the power from 
supercapacitors is delivered via a DC-DC converter23-24. 
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5 Experimental Results 
The components used in the experiment are 

MOSFET IRF540N, op-amp LT1360CN8, Schottky 
diode 1N5819, and Zener diode 1N4732A. ‘VSCM’ 
was measured to be 11.34 V, ‘Vi’ was taken as 12 V 
and ‘CSCM=850 F’, ‘C2=4700 µF’ and ‘R2’ is a series 
combination of 2 MΩ, two 400 KΩ, one 27 KΩ, one 
10 KΩ and 1KΩ.  

5.1 Experimental Results for Figure 1 
From Fig. 8, the black solid line is the voltage of 

SCM with respect to time and is measured at node ‘A’ 
of Fig. 1. The dashed line is the respective output 
voltage of the converter measured at node ‘F’ of 
Fig. 1. The output voltage will fall to zero after 
approximately 156 minutes, as the peak voltage of the 
sawtooth wave will fall below the reference voltage of 
the PWM, as observed in Fig. 9. 

From Fig. 9, the black solid line curve is the peak 
value of sawtooth wave for PWM measured at node ‘C’ 
of Fig. 1. The black dashed line is the reference voltage 
of PWM and is measured at node ‘D’ of Fig. 1. 

5.2 Experimental Results for Figure 2 
From Fig. 10, the black solid line is a voltage 

profile similar to the voltage of SCM (modelled 
voltage of SCM) and is generated using the portion of 
the circuit in Fig. 2 bordered by dashed lines. This 
voltage profile is measured at node ‘A’ of Fig. 2. The 
black dashed curve in Fig. 10 is the output voltage of 
the converter when powered by the modelled SCM 
voltage profile and is measured at node ‘F’ of Fig. 2. 

In Fig. 11, the black dashed curve represents the 
reference voltage of the PWM converter used to 
produce a voltage profile like that of a discharging 

Fig. 8  Input voltage of SCM and Output Voltage of the
converter 

Fig. 9  Input voltage of SCM and Output Voltage of converter 

Fig. 10  Modelled SCM voltage and Output Voltage of the
converter 

Fig. 11  Reference Voltage and Peak Voltage of Sawtooth Wave
for generating modelled SCM voltage 
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SCM. This voltage is the voltage of Capacitor C2  
pre-charged to 5V and now discharging under the 
influence of R2. This voltage is measured across C2. 
The black solid line represents the peak voltage of a 
constant sawtooth wave at 5V. These two waveforms 
are compared by op-amp A3 to produce a PWM 
signal with a decreasing duty ratio.  

6 Discussion 
If ‘ESCM’ is the energy supplied from SCM, ‘Po’ 

power consumed by the application, ‘Pdiss’ is the 
power dissipated in the ESRs of SCM and ‘Ploss’ is the 
other cumulative losses in the circuit are given, then 
the time ‘t’ for which the application would run can 
be found out using Eq. (3).  

ESCMt
P P Po diss loss
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This time ‘t’ is also the time needed by the SCM 
voltage to decay from its initial value ‘VSCM-initial’ to its 
final value ‘VSCM-final’. The time constant ‘τ’ of this 
voltage decay can be calculated from Eq. (2). After 
this, the values of R2 and C2 are not supposed to be 
calculated but rather chosen such that Eq. (5) is 
satisfied, as the product of R2 and C2 is the time 
constant ‘τ’ for the voltage decay of SCM. Now, these 
R2 and C2 may be used in the portion of the circuit in 
Fig. 2, inside the black dashed border, to model the 
discharge behaviour of SCM. For the calculation of 
other parameters frequency of the switching pulse ‘fs’ 
provided to the MOSFET of the buck converter 
should be known. The other parameters, like 
inductance value, should be calculated using Eq. (4), 
and the capacitance value must be chosen to be a 
value higher than calculated using Eq. (6) as per the 
reference given 43-44. The value of ‘ΔiL’ Eq. (7) should 
be taken to be 10 % of the output current, and ‘ΔV0’ is 
the amount of ripple to be allowed in the output. 
‘Dmin’ is the duty ratio corresponding to the highest 
input voltage for constant output voltage and the 

lowest output voltage for constant input voltage. This 
methodology for calculating the operation time of any 
application running on an SCM is applicable to any 
SCM of any rating and can also be used to model the 
discharge characteristic of an SCM. 

6.1 Analysis 
The model for implementing a DC-DC converter-

based circuit that generates the behavior of a 
discharging supercapacitor has been simulated and 
verified experimentally. This model does not 
incorporate temperature dependencies, primarily 
because it is an RC-based circuit; however, it can be 
concluded that SCM will discharge at a comparatively 
faster rate at higher temperatures (45-46). The current 
model does not deal with the ageing effect on SCM. 
But it is evident from47 that ageing of SCM would 
decrease its effective capacitance to some extent, and 
the equivalent series resistance (ESR) of SCM should 
increase linearly. The discharge characteristics are not 
linear but rather exponential, as evident from both the 
simulation and experimental results. Thus, 
nonlinearities are already part of the SCM discharge 
characteristics. Although the actual discharge 
characteristics and the modelled characteristic are 
similar but not exact, to better understand the 
characteristics, the absolute percentage deviation 
between the values of voltage of the original 
supercapacitor characteristic and that modelled using 
dc-dc converter at different time instants has been
graphically shown below:

From Fig. 12, it can be seen that the absolute 
percentage deviation in values of actual SCM voltage 

Fig. 12  Absolute percentage deviation between actual SCM
voltage and modeled SCM voltage 
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and modeled SCM voltage ranges between 0.18 % 
and 14.17 %. 

A comparative study can be conducted based on 
several parameters, such as the basic concept of the 
work and the methodologies used. In this article, a 
comparative study is conducted based on the 
specifications of the supercapacitor used, the type of 
circuit equivalent, the power dissipation element, and 
the application type, among others. Only ESR is 
considered for the power dissipation element. In this 
work, the SCM is a series combination of four identical 
supercapacitors, each with a 2.9 V voltage and a 3400 
F capacitance, and an ESR of 0.23 mω. The total power 
dissipation amounts to approximately 0.15 mW. The 
different parameters based on which comparisons have 
been made are listed in Table 1. In only one 
supercapacitor cell, having a capacitance of 100 F and 
a voltage of 2.7 V, is modelled using an RC-based 
transmission line model and using a characterization 
setup, different characteristics of the supercapacitor are 
found out, and those characteristics are put in a 
MATLAB Simulink model to get a finalized equivalent 
model36. This is entirely different from the work 
demonstrated here, in which SCM is used by 
connecting supercapacitor cells in series. After running 
a constant power application from this SCM via a buck 
circuit, the discharge characteristic is determined and 
eventually modelled using another buck circuit. In the 
two-branch model, supercapacitors of different 
specifications are tested, and the values of their power 
loss elements are determined; however, the equivalent 
circuit is not used to supply a constant power load37-38. 
An equivalent circuit model for a supercapacitor with a 
2.7 V and 650 F rating was developed. The power loss 

element values in this model were also determined; 
however, this equivalent model for a supercapacitor 
has not been used to supply any constant power-
drawing load. An RC-based transmission line model 
for a 2.7 V, 2600 F supercapacitor is designed, and its 
various parameters are determined for self-discharge 
analysis. The model is verified using MATLAB and 
LabVIEW; however, the circuit equivalent has not 
been verified for load-dependent discharge of 
supercapacitor39. In an RC-based circuit equivalent, a 
supercapacitor of 2.7 V, 3000 F is modelled, and the 
equivalent model is shown to be valid only for a 
resistive load. Based on this, the power loss elements 
of the equivalent model have been calculated. All the 
above-described works have no similarity to the work 
given in this article. 

7 Conclusion 
For recreating the discharge profile of SCM using a 

power electronic circuit under different constant power 
applications as load, an SCM of 850 F and nearly 11.6 
to 11.34 V is used to supply a constant power drawing 
application via a power electronic converter, and the 
voltage decay characteristic of SCM is recorded in Fig. 
3 along with the output voltage of the converter circuit 
which is given in Fig. 5. Thereafter, the operation time, 
as determined from the simulation results in Fig. 2, and 
the time constant of voltage decay are estimated 
mathematically using Eqs. (1) and (2). Then, a 
combination of resistance and capacitance values is 
chosen for the time constant, and this combination is 
used in the PWM switching circuit of another buck 
topology, which uses the battery as input, as shown in 
Fig. 2. This Buck topology is used in place of the SCM 

Table 1  Comparative Analysis 

Reference Number Operating Voltage 
(V) 

Capacitance (F) Power Dissipation 
Element  

Model Build Load Condition 

[36] 2.7 100 8.1 mΩ and 8.7 mΩ  RC based transmission line 
model 

Resistive load 

[37] 2.5 110 0.0100478 and 17.4976 two Branch model no load 
2.5 200 0.0088521 and 8.767 
2.5 350 0.0048032 Ω and 5.55652 

Ω  
2.7 600  0.002848 Ω and 3.09927 Ω  

[38] 2.7 650 098 mΩ, 2.54 Ω and 43.79 
Ω, 

Three branch RC model no load 

[39] 2.7 2600 0.5 mΩ Simulation model no load 
[41] 2.7 3000 290 µΩ RC model simple resistive 

This Work 11.6 850 0.23 mΩ Power Electronic model Constant Power 
Draw 
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as the source to power the entire circuit of Fig. 1. The 
SCM voltage decay modelled by the circuit equivalent 
of SCM (shown by the portion of the circuit in Fig. 2 
bordered by black dashed lines) is recorded in Fig. 6. It 
has been found to closely match the actual voltage 
decay characteristic of SCM, as shown in Fig. 3. The 
output voltage of the circuit in Fig. 1 (Given by a black 
line in Fig. 5) is found to be almost identical to the 
output voltage of the circuit given in Fig. 2 (given by a 
black line in Fig. 7). Also, the operating time is almost 
2 hours and 45 minutes. Hence, it can be concluded 
that the circuit equivalent of SCM can be used as a test 
circuit in place of the SCM to supply a constant power 
application, and the different parameters, like circuit 
operation time, etc., can be accurately estimated, 
especially because the output voltages of both circuits 
in Figs. 1-2 are found to be almost identical. The 
experimental results further validate the model, as the 
output voltage of the converter is almost identical 
(Figs. 8 and 10) for both cases: when the converter is 
powered from the SCM and when it is powered from 
the modelled voltage of the SCM. Although there is a 
deviation in the actual voltage profile of SCM (Fig. 8) 
and the one modelled using a DC-DC converter (Fig. 
10), the absolute % deviation in values is quite small, 
with the highest being approximately 14.17 %. 
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