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ABSTRACT
In the automobile industry, nanocomposite technologies reduce weight and emissions, increasing vehi-
cle energy efficiency. The multipurpose structure of the electric vehicle, known as the structural super-
capacitor, is 35% lighter than steel and can produce electricity by trapping solar heat. This work developed
an electric double-layer structural supercapacitor (EDLC) using aqueous sodium sulphate (Na2SO4) as the
electrolyte, carbon fibre reinforcement conductive polymer (CFRP) and activated carbon zinc oxide (AC
ZnO) as the n-type and copper oxide (CuO) as the p-type. Different weight percentages (wt.%) of AC
ZnO/CuOcapacitors havebeen constructed and tested at 32°C solar temperatures. Compared to otherwt%
ACEDLC, the CFRP-EDLCwith 6wt%of AChas themaximumperformance,with a capacity of 18.56μF/cm2.
In comparison to other formulations, the 70wt% of epoxy, 6 wt.% weight AC and 30wt% ZnO/CuO EDLC
demonstrated superior charging in a shorter amount of time and discharging in a longer amount of time.
If the solar trapping heat rises beyond 32°, an AI power management system (AIPMS) has been built into
the EDLC EV body panel to prevent any mishaps. Depending on the current EDLC signal, AIPMS indicates
EDLC operation.
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1. Introduction

Electricity supply of electric vehicles from renewable sources
reduces greenhouse gas emissions by 80-95% by 2050 [Euro-
pean Union, EU-28]. However, the extra energy demand of elec-
tric vehicles (EVs) causes more carbon dioxide (CO2) emissions
and a scarcity of electricity in industry and residence. Renewable
energy resources can increaes the total capacity of the electricity
mix and decorabonise transportation. Thus, the right candidate
like a conductive polymer-based structural panel of EV could be
considered as a solar panel to generate and store electricity from
solar trapping radiation (heat). It contributes significantly to the
EV’s mileage extended by sourcing the power of the battery
recharge and by reducing the EV’s traction power consumption
by reducing the EV’s weight.

Current research on super-capacitors is focused on increas-
ing power and energy densities and lowering fabrication costs
using environment-friendly materials. The core materials stud-
ied for super-capacitor electrodes are carbons, metal oxides and
conducting polymers. Utra-capacitors are called electrochemi-
cal capacitors (ECs) (Chen et al. 2014) have been recently con-
sidered as a promising energy storage device and have been
applied in various technologies, such as hybrid electric vehi-
cles (HEV) power-supply devices (Rahman et al. 2023; Sun, Cao,
and Lu 2012). Nanotechnology is an enabling technology for
energy storage. Particularly, carbon nanotubes and graphene
sheets have been playing an important role in the development
of supercapacitors (Liu et al. 2010; Zhang et al. 2010). Activated
carbon materials have a high surface area but unfortunately a
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low porosity and, therefore, a limited capacitance due to low
electrolyte accessibility. A limited energy density (4–5Wh/kg)
andpower density (1–2 kW/kg) havebeenobtained for currently
available supercapacitors. Due to its large surface area, high
carrier transport mobility and excellent thermal/mechanical sta-
bility, graphene has recently been studied as an alternative
carbon-based electrode in super-capacitors (Lie, Michael, and
Henry 2013; Rahman et al. 2023). Theoretically, the double-layer
capacitance value of a graphene electrode can reach up to 550
F/g, the highest value of intrinsic capacitance among all carbon-
based electrodes (Carlson et al. 2011; Xia et al. 2009). Recently,
supercapacitors with high specific capacitance (276 F/g), power
density (20W/cm3, 20 timeshigher than that of theactivated car-
bon counterpart), energydensity (1.36mWh/cm3, 2 timeshigher
than that of the activated carbon counterpart) (El-Kady et al.
2012; Wu et al. 2010) or metal oxide (Dong et al. 2012) coat-
ing to introduce pseudocapacitance. Graphene is an expensive
and in this study, it is not considered. Alternatively, ZnO and C
nanopowder havebeendoped for then-type element of organic
capacitor.

1.1. Dielectric material’s impact on the capacitance

Themechanical and electrical properties of the dielectric capaci-
tors are affectedby thematerials of theelectrodes anddielectrics
and electric breakdown strength (EBD) (Carlson et al. 2011). Elec-
trical breakdown (EBD) occurs when the voltage applied across
an electrical insulator exceeds the breakdown voltage and
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current flows through it, which makes the insulator electrically
conductive. In the early stages of the research for structural
dielectric capacitors, the preliminary test for the energy stor-
age ability of these was demonstrated using carbon fibre rein-
forcement polymer (CFRP) for conductive electrodes and differ-
ent papers for dielectric separators. The CFRP electrode layers
were manufactured from 0.125mm thick prepreg weaves. The
prepregs were 245 g/m2 showing a capacitance of 0.193µF/m2

and an energy of 0.09 J/g (Carlson et al. 2010).
Themaingoal of thismanuscript is todevelopa carpanelwith

an organic CZnO/CuO solar supercapacitor as a potential source
of energy generation by trapping the solar heat. However, the
potentiality of this technology has been verified by developing
a laboratory-scale CZnO (p-type)/CuO (n-type) doped inorganic
material into the epoxy resin (ER) and paste over the carbon
fibre (CF). The aqueous separator has been sandwiched by the
n-type_ER and p-type_ER-doped CF elements.

2. Methodology

The active layer used in polymer solar cells consists of a
donor–acceptor blend, where a conjugated polymer acts as a
donor. Advancedpolymer (ER) has been synthesised for the solar
cell by filling the C-ZnO filler powder as a donor (N-type) and
the CuO filler polymer acts as an acceptor (p-type). The dielec-
tric material such as paper can be used in between the layers as
a partition. In the structure, there are two functional layers, the
thin carbon fibre reinforcement C-ZnO filler conductive polymer
(n-type) and an Electron Transport Layer (ETL), which conversely
has good electron mobility and carbon fibre reinforcement CuO
filler conductive polymer (p-type) Hole Transport Layer (HTL),
which is characterised by a good hole mobility that tends to act
as an electron acceptor.

The negative electrode of the super-capacitor C-ZnO acts as
an n-type electrode and has been used to reinforce the carbon
fibre. A 70gsm paper dielectric was placed on top and pressed
using weight and was left to cure for 24 h. After the n-type elec-
trode carbon fibre hardened, the next layer of carbon fibre patch
with wires was placed and the CuO-filled epoxy mixture was
pasted on it as a p-type electrode. Finally, CF has been placed
on it. A 7% of C doped with 5% ZnO in the negative electrode
(n-type) and 5% CuO in the positive (p-type) with CF and dielec-
tric film as a separator as a blocker of the electron mobility
through it. Figure 1 shows the schematic diagram of organic
supercapacitor.

The CFRP electrodes AC ZnO (n-type) with a band gap energy
of 3.2 to 3.4 eV and nano CuO (p-type) with a band gap of 1.2
to 1.8 eV when light falls on the surface. This statement is sup-
ported by the authors (Dhara et al. 2016; Carlson et al. 2010).
Zinc Oxide (ZnO) nanoparticles were supplied by Chemetal SDN,
BHD, Malaysia of size from 10 to 30 nm. The purity level of 99.9%
and bulk density of 0.46∼ 0.55 g/cm3 Copper (II) Oxide (CuO)
nanoparticles were from Sigma-Aldrich the size of 50 nm. The
separator materials: 70gsm paper of thickness 0.07mm for the
dielectric capacitor and 20 gsm paper of thickness 0.005mm
(soaked in Na2SO4 electrolyte) have been used for the EDLC.
The percentage of composition of fillers to make carbon fibre-
reinforced conductive polymer organic supercapacitor is shown
in Table 1.

Figure 1. Schematic diagram of the organic super-capacitor.

Table 1. Percentage composition of fillers to make polymer (epoxy) conductive.

Mixture (wt.%)

Mixture 1 Mixture 2 Mixture 3 Mixture 4 Mixture 5

Negative CF electrode
Epoxy+ hardener 95 90 70 64 60
ZnO 5 10 30 30 40
AC 6 10 15 20 25

Positive CFRP electrode
Epoxy+ hardener 95 90 70 64 60
CuO 5 10 30 30 40
AC 6 10 15 20 25

2.1. Mathematical modelling

During the charging periodwith a solar temperature of 30°C, the
energy conversion and storage efficiency as a function of time of
charge, t is defined as ηecs (t) = Estore(t)/Elight (t) where Estore is
the energy stored in the supercapacitor at time t and Elight (t)
light energy received by the solar cell. The light energy, Estore
(t) = Plight ∗ t where Plight is the solar power, the solar power in
this study is considered as 1000W/m2. The energy store can be
defined using the equation (Ataur and Golam 2020)

Estored(t) =
∫ t

0
vsc(τ ) • tc(τ )dτ (1)

where vsc (τ ) is the charging voltage of the capacitor which is
developed due to the variation of the solar temperature and
the fill factors of the cell and tc (τ ) is the charging time of the
supercapacitorwith solar power. Since the supercapacitor is also
considered to store the regenerative braking energy, the total
energy stored by the supercapacitor can be defined using the
equation (Ataur and Golam 2020)

ET(stored)(t) =
∫ t

0
vsc(τ ) • tc(τ )dτ +

∫ t

0
Prgb(τ )dτ (2)

where Prgb(τ ) is the regenerative braking power of the EV which
is generated by the motor during deceleration and downing
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from the slope. The regenerative braking energy (Ergb (τ )) is con-
sidered as 24% of 1

2 mV2 where V is the speed of the vehicle in
m/s. The current density can be defined (Rahman et al. 2017)

J =
[
(Nnμn + Npμp)E +

(
Dn

∂Nn

∂x
+ Dh

∂Np

∂x

)(e)
]

(3)

where n represents N-type and p represents P-type, μ the elec-
tron mobility of composite, D is the diffusion coefficient, e the
electron = 1.6× 10−19C. The diffusion coefficient is estimated
using Einstein’s equation, Nn and Np are the numbers of free
electrons. The diffusion coefficient is estimated using Einstein’s
equation, D = μkT/q, where k is Bolzmann’s constant and q
is the charge in Columb. Based on Culomb’s law, electric field
E induces by an isolate charge q at any point of the photo-
voltaic panel which can be defined as E = [q/4πεd2] where D
is the thickness of the composition of photovoltaic ZnO and
polymer and ε is the electrical permittivity of the photovoltaic
elements.

The efficiency of the energy conversion of the OPSC can
be defined using the following equation (Ataur and Golam
2020),

ηece(t) =
∫ t
0 Vsc(τ ) ∗ ic(τ )dτ

Plight ∗ t
∗ 100% (4)

The time of full charge can be estimated as tc = CVoc/Isc where
Voc is the open circuit voltage and Isc is the short circuit cur-
rent. The voltage generation of the solar cell can be estimated
as Vpv = Vsc + Rs Isc = Qsc/Csc+Rs Isc.

3. Result and discussion

Two types of organic capacitors have been made using 6% of C
and 5% of ZnO for n-type and 5% of CuO for p-type. A dielectric
capacitor with 70 gsm paper of thickness of 0.005mm as shown
in Figure 2(a) and 20 gms paper of thickness of 0.005mm soaked
withNa2SO4 for ultracapaciors, as shown in Figure 2(b). The sam-
ple’s energy storage performances were tested indoors (27°C,
fluorescent lamps). Initially, the terminals of the sample have
been short -ircuited to ensure no charge is stored in the capac-
itors. Both capacitors have been tested under bright sunlight of
30°C. Amultimetre was attached to the terminals of the samples
individually, as shown in Figure 3, voltage readings were taken
at an interval of 10 s for 5min.

The performance investigation of the OSC both in charging
and discharging has been conducted at the time for the maxi-
mum values of SoC(t), power density and energy density. How-
ever, the different discharging times have been recorded for the
different wt.% of AC samples, as shown in Table 2.

Figure 4 shows the SoD(t) of the OSC for different wt.% of AC.
Thewt.%ofZnO for then-typehasbeenconsideredconstantbut
only varies the wt.% of AC. The result shows the difference both
in charging and discharging for the 5% and 6% of AC. It could
be concluded that higher wt.% of AC particles increases the sur-
face area and creates more pores and utilising the polymer (ER)
chains to wrap the CFs rather than impregnate AC pores: this
resulted in greater specific surface area, especially large micro-
pore area, which enhanced the specific capacitance. Therefore,

Figure 2. Organic capacitor (a) dielectric capacitor with 70 gsm paper of thick-
ness of 0.005mm (b) Ultra-capacitor with 20 gsm paper of thickness of 0.005mm
(soaked in Na2SO4).

Figure 3. AC-ZnO/CuO solar-dependent capacitor testing at 32°C solar heat.

Table 2. Performance of the ZnO/CuO organic capacitor at different levels of AC.

CF
electrodes

Mixture 1
(wt.%)

Mixture 2
(wt.%)

Mixture 3
(wt.%)

Mixture 4
(wt.%)

Mixture 5
(wt.%)

Epoxy &
hardener

95 90 70 64 60

ZnO/CuO 5 10 30 30 40
AC 2 3 4 6 7
Verdict Poor per-

formance
In the
middle

Best per-
formance

Mixed per-
formance

Did not
work

the OSC can hold the charge for a longer time than the lower
percentage of AC. The 40% nano-particle epoxy mixture was
too thick to work with mainly because 40wt.% of powders were
beyond the saturation point of the epoxy. Overall, the recom-
mended % composition was 30% ZnO in the negative electrode
and 30%CuO in the positive electrode.
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Figure 4. SOD (t) (a) Dielectric Capacitor (left), (b) EDLC (right).

Figure 5. Charging voltage of the OSC.

3.1. Energy storage parameters

All samples have been charged with solar heat at 32°c fraction
of a second. Solar charging voltage was taken for 1min in every
10 s. Discharging reading has been taken for 5min in every 10 s.
The capacitance measured is as follows.

Figures 5–6 show that the 6% Al-30% ZnO/CuO has the high-
est voltage in charging and voltage drop with respect to time
is the lowest among all compositions. This is due to the more
porosity and ionisation capacity of EDLC. It could be concluded
that wt.% of AC particles increases the surface area and creates
more pores and utilising the polymer (ER) chains to wrap the
CFs rather than impregnate AC pores: this resulted in greater
specific surface area, especially large micro-pore area, which

enhanced the specific capacitance. Therefore, the wt.% AC OSC
can hold the charge for a longer time than the lower percentage
of AC. Furthermore, the 40% nano-particle epoxy mixture was
too thick to work with mainly because of beyond the saturation
point (resistance) of the epoxy. Overall, the recommended 30
wt.% ZnO in the negative electrode and 30%CuO in the positive
electrode is the best for the organic capacitor.

Table 3 shows that EDLC can store much higher capacitance
than dielectric OSC. However, 6 wt%% AC 30wt% % ZnO/CuO
20 gsm paper soaked in Na2SO4 EDLC has a capacitance of 522
micro-Farad (μF) while 30wt%%ZnO/CuO 70 gsmpaper capac-
itance of 0.098 (μF). The EDLC has shown higher capacitance
due to the highermovement of an electron through the external
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Figure 6. Discharging voltage of OSC (c) Dielectric capacitor, (b) Ultracapacitor.

Figure 7. Current flow (a) Dielectric (b) EDLC.

Table 3. The capacitance of solar-dependent capacitor at 320C solar heat (Ataur
and Golam 2020).

Capacitance of Al ZnO/CuO solar capacitor

(i) Dielectric capacitor with 70 gsm paper
2% AC 3% AC 5% AC 6% AC

ZnO/CuO ZnO/CuO ZnO/CuO ZnO/CuO

Capacitance(µF) 0.41 0.45 9.3 0.098

(ii) Ultra-capacitor 20 gsm paper soaked in Na2SO4 electrolyte
2% AC 3% AC 30% AC 30% AC

ZnO/CuO ZnO/CuO ZnO/CuO ZnO/CuO

Capacitance(µF) 357 476 503 522

circuit, greater specific surface area and aquous Na2SO4 accel-
erating the fast electrolysis compared with non-aqueous and
non-utilised AC.

Figures 7–8 show that 6%AC-30%ZnO/CuO EDLC has higher
performance in terms of current and current density compared
to the current density of dielectric capacitor. This happened due
to the higher charge transfer of ACZnO/CuO through the lower
resistance of aqueous Na2SO4 20 gsm paper.

Table 4 shows the overall performance of AC-ZnO/CuO con-
ductive polymer carbon fibre-reinforced OSC. Power density
and energy density are important causes compared to the size
and weight of the energy storage device. The performance
of 20% AC was poor because of the light film creation with
the ZnO this might affect the overall performance due to the
lowest interstitial space. The result shows the energy density
of the OSC decreases with increasing the wt.% of AC, which
closes the interstitial space of the filler of ZnO with the PVDF.
The result implies that due to the densely mixed AC, the



6 A. RAHMAN AND S. IHSAN

Figure 8. Current density (a) Dielectric, (b) EDLC.

Table 4. Overall performance of the AC electrode in different wt%.

C (%)
Voltage
(Voc)

Capacitance
C(µF/cm2)

Current
density

Jsc(A/cm2)

Power
density

Pms(kWkg−1)

Energy
Density

Ems(W.hkg−1)

6 2.414 13.356 2.234 18.691 5.198
10 2.349 12.356 2.013 17.747 4.707
15 2.338 12.156 2.084 17.859 3.85
20 2.154 11.27 1.312 5.863 1.623

Table 5. Different electrodes for EDLC and their properties.

Carbonaceous
material Electrolyte

Double-layer
capacitance
(µF/cm2)

Surface
Area g/m2 Reference

Published product
Activated
carbon

10% NaCl 19 1200 Iro, Subramani,
and Dash
(2016)

Carbon black 1 M H2SO4
3.1 wt.% KOH

8∼ 10 230

Graphite
powder

10% NaCl 35 4

Graphite cloth 0.168N NaCl 10.7 630
Carbon aerogel 4M KOH 23 650

Researcher products: (ACZnO/CuO with 20 gsm paper soaked in Na2SO4)
AC 6% 1M Na2SO4 18.56 1050 Authors

Experimental
Result

AC10% 13.35
AC15% 13.156
AC20% 11.27

micro-pore area became a film, thus it closed the energy gap
in electrons.

The performance of the developed OSC has been compared
with the published research work (Gupta and Miura 2006; Sha-
heer and Rahman 2021) as shown in Table 5. The AC for the
surface area 1200 g/m2 has shown a capacitance of 19 miF/cm2

(Iro, Subramani, and Dash 2016) which is slightly less than the

Table 6. Different electrodes for EDLC and their properties.

Electrode Electrolyte

Power
density
(kW/kg)

Energy
density
(Wh/kg) Reference

Published product [Porous carbon (PC), Surface area (SA)]
PC,
SA1496m2/g

6M KOH 4.2 3.3 Razaq et al.
(2012)

Graphene
aerogel

6M KOH 7 45 Pushparaj et al.
(2007)

B-doped rGO 0.5 M H2SO4 10 5.5 Yu et al. (2011)
Graphene
nanoribbon

1 M H2SO4 9.7 4.10 Chen et al.
(2011)

Researcher products [AC, Surface area (SA)]
AC6%,
SA1050m2/g

1M Na2SO4 18.691 5.198 Authors’
Experimental
Result

AC10%,
SA1050m2/g

16.74 7.707

AC 15%,
SA1050m2/g

15.85 8.85

Activated
Carbon 20%,
1050m2/g

5.863 1.623

Table 7. Comparison with other research.

Composite
Voc
(V)

Isc
(A/m2)

Efficiency
(%) Reference

AC-ZnO/CuO (6%AC
ZnO / CuO)

0.779 220.59 5.71 Authors’ results

CuO/ZnO 0.63 180 4.48 Dhara et al. (2016)
SnS/ZnO 0.12 0.4 0.003 Dhara et al. (2016)
CdS/SnS 0.26 96 1.3 Dhara et al. (2016)

authors’ experimental result for 1050 g/m2 shows the capaci-
tance of 18.56miF/cm2. It could bemainly for the surface area of
14% less of authors compared (Khan et al. 2023; Niu et al. 2012).

Table 6 shows the difference between the EDLC (authors)
with the published works. The authors’ EDLC has shown better
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performance than the authors’ (Lu, Li, andTong2015; Razaqet al.
2012; Zhang and Zhao 2009) except the author product SWNT.

Table 7 shows the performance comparison of the authors’
EDLC of wt.% 6 AC wt.%30 ZnO/CuO in terms of VOC, ISC, and
efficiency is found better than the authors’ (Dhara et al. 2016).
However, an extensive experimental study is required to test the
EDLC with the EV as a body panel for its validation.

4. Power management system (PMS): ANFIS

4.1. Algorithm of ANFIS Control solar OSSC

Artificial Intelligence (AI) is a branch of computer science able
to analyse large-scale data. ANNs, ANFIS techniques and FLC are
types of AI techniques. The two methods of ANN training, are
supervised training and unsupervised training. Supervised train-
ing needs a set of inputs and the desired output of the network,
while unsupervised training requires only the input of the net-
work andANN is supposed to classify thedataproperly (Rahman,
Afroz, and Jafar 2019).

ANFIS is a kind of ANN that is based on the Takagi–Sugeno
fuzzy inference system. Since it combines both neural networks
and fuzzy logic principles, it can capture the benefits of both in
a single framework. Its inference system corresponds to a set of
fuzzy IF-THEN rules that have the learning capability to estimate
nonlinear functions. Hence, ANFIS is considered to be a universal
estimator. ANFIS control is a hybrid method consisting of two
parts which are the gradient method applied to calculate input
membership function parameters and the least square method
applied to calculate the parameters of the output function. The
structure of ANFIS is shown in Figure 9.

ANFIS is a simple machine learning technique, where Fuzzy
Logic is utilised to transform random inputs into a specified out-
put via extremely interconnected Neural Network processing
information and element connections. Then these are weighed
tomap thenumerical inputs into anoutput. InANFIS,NeuralNet-
work learningmethods are utilised to regulate the parameters of
a Fuzzy Inference System (FIS). A first-order Sugeno model with

two fuzzy ‘If-Then’ rules can express the ANFIS configuration
with the following rules and equations:

Rule(1) : IFxisa1ANDyisb1, THEN
f1 = p1x + q1y + r1

(5)

Rule(2) : IFxisA2ANDyisB2, THEN
f2 = p2x + q2y + r2

(6)

where xi and yi are the inputs,ai andbi are the fuzzy sets, fi are the
outputs specifiedby the fuzzy rule andpi,qi, and ri are thedesign
parameters that are determined during the training process.

The configuration of ANFIS is fixed with many parameters,
which causes a tendency for the system to overfit the data
on which it is trained, especially with a large number of train-
ing epochs. The trained FIS may not adapt effectively to other
independent data sets if overfitting occurs. For an ideal situa-
tion, the efficiency of the converters is 0.9. For solar power, it is
represented as an equation.

IdealPsolar = [Vmax∗VSeries]∗[Imax∗Nparallel] (7)

where Psolar is the power generated by solar panels, Vmax is the
maximumvoltage,Nsries is the number of solarmodules in series,
Imax is the maximum current and Nparallel is the number of solar
modules in parallel.

The ideal power of the battery is determined by the fol-
lowing equation and the ideal power of the supercapacitor is
determined by the equation:

IdealPbattery = Vbattery∗Ibattery (8)

IdealPsc = Vsc∗Isc (9)

Power simulation has been conducted for the body panel of
EV made with EDLC (6wt.% AC 30 wt.% ZnO/CuO) using the
Simulink model, as shown in Figure 10. It is assumed that the
power of the EV such as starting system, lighting system, instru-
mentation system, wiper motor, power windows motor and air-
conditioning power will be met by the power of the EDLC body

Figure 9. Architecture of the ANFIS system.
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Figure 10. Simulation model (Ataur and Golam 2020).

Figure 11. ANFIS simulation for Psolar (Ataur and Golam 2020).
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Figure 12. Simulation of the Pbattery ANFIS System (Ataur and Golam 2020).

Table 8. Solar power simulation results from simulink (OSSC size of 9.75m2) (Ataur
and Golam 2020).

Input parameter Output parameter

Temperature(°C) Irradiance(W/m2) Psolar (W)

25 1000 957.1
25 800 729.1
25 600 584.1
25 400 388.4
25 200 180.8

panel. Solar power is simulated by the product of solar panel
voltage (VOC) and current density (ISC). To test the efficiency of
the solar supercapacitor in the real-life cycle, input irradiance
is set as variable irradiance in the range of 200–2000W/m2 at
25°C to get the output power from the solar supercapacitor in
the range of 180–1000W, as presented in Table 8. The main
objective of the power management system of the EDLC is to
protect the n-type (AC ZnO) and p-type (CuO) semi-conductive
elements from overheating due to the higher electro-chemical
reaction and heat development. Thus, if the PMS_ANFIS make
the EDLC connect to the ground, the excessive power will go
to the ground and make EDLC friendly to generate and store
energy as an auxiliary battery required, as shown in Figure 11.

The simulated result that has been obtained from the
Simulink model based on the organic structural solar

Table 9. Battery power simulation results from simulink (Ataur and Golam 2020).

Input parameters Output

Irradiance (W/m2) Load (W) Pbattery Discharge (W)

1000 500 −375.6
1000 400 −453.4
1000 300 −525.4
1000 200 −610.8
1000 100 −705.3

super-capacitor panel and, the constant temperature of 25°C,
solar input irradiance in the range of 200–1000W/m2 has pre-
sented Table 9 while using the output parameter the ANFIS
structure, as shown in Figure 12. There are two inputs, irradiance
and load and one output, Pbattery. Irradiance input has 5 mem-
bership functions (constant 1000W/m2) and Load input has 5
membership functions based on the load of the EV’s electrical
system (500∼ 100W).

For real-life applications of solar supercapacitors, input irra-
diance will vary for the geographical location of the application.
The solar irradiance profile is set as 1000W/m2 for 30% of total
time, 600W/m2 for 30% of total daytime, 200W/m2 for 30% of
the total day time and 0W/m2 (No Sunlight) for 10% of the total
day time. Signal statistics from Simulink show that the mean
solar power over one specific period is 495.4W, as shown in
Figure 13.
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Figure 13. Solar power at different irradiance settings by ANFIS.

5. Conclusion

The development of EV body panels using organic n-type (AC
ZnO) and p-type (CuO) semi-conductive elements has been
studied. The conclusions have been provided based on the
research output of this study:

• Organic EDLC discharging takes a longer time than charg-
ing which is due to ER doped with AC ZnO /CuO holding the
charge for a longer time into its larger micro-pore area.

• The maximum strength of the organic EDLC has been veri-
fied comparedwith someof the publishedworks and found it
has enough to sustain with any external load. Thus, this study
shows that it has a unique novelty in generating and storing
the energy from trapping the solar heat without interrupting
its performance in any instant of solar heat-trapping.

• A power management system (PMS) has been incorporated
with an EDLC body panel to avoid if any incident happens
due to the high trapping of solar heat. AI _PMS will signify
the operation of the EDLC based on the current signal of the
EDLC.
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