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Abstract: Developing renewable energy sources has gained
considerable attention recently. Solar energy is the fastest-
growing alternative renewable energy source. A solar en-
ergy harvesting-based built-in backpack charger is intro-
duced here. The proposed system aims to utilise the
surrounding solar energy and overcome the power limita-
tions of batteries installed in mobile phones in cases where
power sockets are unavailable. A 6 cm x 6 cm solar module is
employed. Additionally, current, voltage, and power were
measured under the two scenarios; the first scenario is when
the electrical load is 100 @, and the second scenario is when
the load is a power bank. The maximum harvested power
noticed in the first scenario of the resistive load was 140 mW
by the proposed system in the southeast direction from 10:30
a.m. to 4:30 p.m. Moreover, the top-generated output voltage
and current in this scenario were 3.6 V and 36 mA. On the
other hand, 55 mW was the top value for the second scenario
of the power bank as a load in the flat direction with the
highest generated output voltage and current of 4.1V and
13 mA, whereas 4.27 V was the highest generated voltage in
this scenario in the west direction.
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1 Introduction

Due to an increase in industrial activity and global popula-
tion growth, the world’s energy consumption has been rising
every day. Fossil fuels, which are now widely employed as
the primary energy source to supply this demand have
limited supplies. Additionally, widespread usage of these
types of energy will have unfavourable and hazardous in-
fluences on the environment and global climate by 2050
because of their high carbon dioxide emission levels. If this
continues long enough, the supply of fossil fuels will run out.
Consequently, the global ambient temperature is expected to
increase by approximately two °C by 2050 due to the
pollutant emissions caused by non-renewable energy re-
sources. For this reason, developing renewable energy has
received a lot of attention lately in order to solve these is-
sues; Quick action must be taken to reduce adverse envi-
ronmental effects and investigate cost-effective and efficient
renewable energy alternatives. Thus, the last century saw a
substantial diversification in fossil fuel usage, from 94 % of
overall energy consumption in 1990 to 79.6 % in 2015, pri-
marily phased out by renewables [1, 2, 5].

Solar energy is the fastest-growing alternative renewable
energy source since it is the most abundant of all renewable
energy sources. On average, around 10,000 TW of solar energy
strikes the earth’s surface daily, while, as of 2015, only 17.4 TW
of solar energy were claimed to be used [3]. The potential of
solar energy to solve present and future global energy needs
can always be emphasised when comparing the hourly solar
energy obtained with the present use. Considering the enor-
mous energy usage and demand on a worldwide scale, It
becomes necessary to unlock solar energy’s full potential.
Some nations, such as Germany, have switched to solar en-
ergy for about 38 % of their energy demands, intending to
replace nuclear with solar by 2050. However, developing
countries are yet to get their feet wet with solar technology. A
solar cell uses the photoelectric effect, which is present in
some semiconductor materials like silicon and selenium, to
convert the energy contained in sunlight’s photons into
electric current. Since the efficiency of PV panels depends on
the solar parameters of PV panel properties (temperature,
insolation, sunlight’s spectrum properties, etc.), successful
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solar power applications in a given location are influenced by
the region’s solar potential. Even though solar energy is
available to all countries, the Middle East boasts the most
solar resources on the world [3, 10].

Photovoltaic systems are generally categorised into two
main groups: grid-connected and stand-alone systems. Grid-
connected systems are those that are connected to the public
grid. On the other hand, stand-alone systems are not con-
nected to the grid since the energy produced by the system is
usually matched with the energy required by the load. Stand-
alone systems are typically supported by energy storage
systems, such as rechargeable batteries, to provide elec-
tricity without sunlight.

In the building sector, small photovoltaic power sys-
tems are frequently utilised for producing energy for ap-
pliances such as water heaters, TVs, refrigerators, and
lighting have a solar energy system that is sufficient to
operate all house appliances. Other typical applications for
standalone systems are solar-powered vehicles, boats,
remote cabins, houses, parking ticket dispenser machines,
traffic lights, applications in gardening and landscaping,
pump systems and desalination, and systems for micro-
wave communication networks. Since rural regions lack
connection to the public grid and the cost of connecting and
transmitting power to them is high, standalone solutions
appear to be required. Standalone systems rely on the
electricity produced from photovoltaic panels [4, 10].
Moreover, solar energy can power and recharge portable
and wearable devices to make them self-powered devices
[8, 9, 12, 17], especially in applications such as mobile
phones [13, 14, 15].

This study introduces a solar energy harvesting-based
built-in backpack charger. The proposed system aims to
utilise the surrounding solar energy and overcome the po-
wer limits of mobile phone batteries, especially when power
sockets are unavailable. The remainder of this paper is
organised as follows: Section 2 introduces the solar cell
model. The corresponding experimental setup is presented
in Section 3. Experimental results and analysis are provided
in Section 4. Finally, the study is concluded in Section 5.

2 Solar cell model

Figure 1shows a simple diode model of a solar cell in which a
current I; represents the amount of electrical energy (based
on the created current) produced by a photovoltaic panel
(PV) cell that is proportional to solar irradiation, and I is the
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Figure 1: A simple diode model of a solar cell.

output current. Moreover, a shunt resistance (Rg,) repre-
sents the leakage current in the figure. The internal resis-
tance is characterized by a series resistance (R). The
mathematical formulas that describe the PV cell are given as
follows:
Va
I=I-Is-—— 0))
Rsh
The expressions for photocurrent I; and diode current I,
are expressed as:

I = (Ise + K1 (T - Tref))/1 V]

since I, is the cell’s short circuit current at test conditions
(1000 W/m? and 25 °C), K; is the short circuit current coeffi-
cient, T,ris the cell reference temperature, and A is the solar
irradiance in unit W/ma2.

I, = 10<e% _ 1) 3)

where I, is the cell saturation current, and Vj is the voltage
drop between the anode and cathode of the diode. V7 is the
PV cell thermal voltage, which may be calculated as KT/q,
with K is the Boltzmann constant that is equal to 1.38 x 10,
T is the temperature of the PV cell in Kelvin, q is the electron
charge (1.6 x 107°C), and A is the diode ideality factor, which
depends upon the material doping [6, 7, 11, 16].

3 Methods

A 6cm x 6 cm PV solar module was used in this design. The small
dimensions of the PV module were adopted to fit the backpack size. The
standard generated voltage by the PV module is 4.5V, which is close to
the mobile phone’s charger output voltage. The PV module output can be
connected directly to the mobile phone or via the power bank. An LED as
an indicator is connected in series with a push button via the power
bank output, as shown in Figure 2. The PV solar module was mounted on
the back of the backpack, whereas the power bank, mobile phone, and
one LED connected to a push button were mounted inside the backpack,
as illustrated in Figure 3.
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The proposed system was tested under different conditions and
parameters, such as various hours of the day, load type, and different
motion directions, as a function of the measured current, the generated
voltage, and the harvested power, and the test period extended from
10:30 a.m. to 4.30 p.m. with a one-hour step. Moreover, the load tested
was either a 100 Q resistive load or a power bank. Measurements were
taken during motion in the directions east, west, south, and north.
Current, generated voltage, and harvested power were measured. The
used power bank brand TEVDY has a 2600 mA h charging capacity.

4 Results and discussion

Figure 4 shows the measured output voltage and current
when there is a resistive load. The measurements were

(b)

Mobile Phone

Figure 2: A block diagram for the proposed
solar energy harvesting-based built-in back-
pack charger.

Figure 3: Experimental setup of the proposed
system.

taken between 10:30 a.m. and 4:30 p.m. Five cases were
considered: the solar cell looking (a) east, (b) west,
(c) southeast, (d) flat, and (e) north. Looking east between
10:30 a.m. and 12:30 p.m., where the sun’s rays are normal to
the solar cell, gives high output. Looking west between 2:30
p-m. and 4:30 p.m., the sun’s rays are normal for the solar
cell, giving it a high output. When the solar cell is flat
(looking upwards) in the period 12:30 p.m.-2:30 p.m., the
sun’s rays are normal to the cell, and the output is high.
Looking southeast, the output is high in the morning and
decreases with time until it is very low at 4:30 o’clock.
Looking north, the sun’s rays are oblique to the cell;
therefore, the output is low all the time. The results are
summarised in Table 1 below.
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Figure 4: The measured output voltage and current for the resistive load of 100Q at different motion directions (a) east (b) west (c) southeast (d) flat

(e) north.

Table 1: The measured output voltage and current for the resistive load of 100Q at different motion directions.

Direction Voltage (V) Current (mA) Power (mW) Time
East 2.8 27 80 10-12
West 2.5 21 55 2-4
Southeast 3.6-1.5 36-12 140-20 10-4
Flat 35 35 120 10-2
North 0.7-0.9 7-8.5 7.5 10-2

Figure 5 shows the measured output voltage and power
for the resistive load of 100Q at different motion directions
(a) east, (b) west, (c) southeast, (d) flat, and (e) north. The power
variation with time follows the same trend as that of voltage.

Figure 6 shows the measured voltage and current for the
five cases when theload is a power bank. Table 2 summarises
the results.

Compared to the case of a 100 Q load (Table 1), the output
voltage is more or less constant at 4V, but the current is
reduced,; this is due to the high input impedance of the power
bank.

Figure 7 shows the measured voltage for the five cases
and power when the load is a power bank. The variation of
power with time follows the same trend as that of voltage.

5 Conclusions

When fixed to a backpack, a 6 cm x 6 cm solar module was
used to generate electric power. Voltage, current, and energy
were measured from 10:30 a.m. until 4:30 p.m. Five cases
were considered when the module was looking (a) east,
(b) west, (c) southeast, (d) flat, and (e) north. The results
showed that the output was high when the sun’s rays were
typical for the module. The measurements were taken when
theload was 100 ©, and the electrical load was a power bank.
The output voltage in the case of the power bank was nearly
constant at about 4 V, but the current was reduced compared
to the scenario of a 100 Q load. This was because of the high
input impedance of the power bank.
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Figure 5: The measured generated voltage and power for the resistive load of 100Q) at different directions (a) east (b) west (c) southeast (d) flat (e) north.
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Figure 6: The measured output voltage and current for the power bank as a load at different directions (a) east (b) west (c) southeast (d) flat (e) north.
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Table 2: The measured output voltage and current at different motion directions when the load is a power bank.
Direction Voltage (V) Current (mA) Power (mW) Time
East 4.1 5 22 10-12
West 4.27 1" 43 2-4
Southeast 41 10 40 10-12
Flat 4.1 13 55 10-2
North 4 1.4 5.5 10-2
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Figure 7: The measured output voltage and power for the power bank as a load at different directions (a) east (b) west (c) southeast (d) flat (e) north.
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