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Development and Testing of Prototype-Scale Off-Grid Solar Power
Generation for Electric Charging Station
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Abstract: The demand of electricity that keeps increasing necessitates additional electricity generation. The highly
dependence of power generation on fossil fuels implies the intensive use of this resources that may cause them finish
sooner than predicted. On the other hand, the use of fossil fuels for transportation is quite dominant. The development
and use of electric transportation system is a solution for reducing fuel consumption. However, the electricity for
supplying the electric transportation system is mainly from the generation system that uses fossil fuels. For further
improvement, the energy supplied to the transportation system should come from the renewable energy generation. This
may lead to minimum use of fossil fuels besides giving minimum effect on environment. This paper presents the
development of renewable energy generation where the generated power is used to supply the storage that charges the
electric bicycle. The power is generated by solar photovoltaic panels and it is saved in a battery. The charging for the
bicycle is taken from the battery. The developed system is off-grid since the system may be placed in the non-electrified
area. This prototype will be a role model regarding the combination of renewable energy generation and green

transportation system.
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INTRODUCTION

Electrical power is expected to be the main and
important commodity in the future. There are some
reasons behind this prediction. This power may be
generated using various resources. The generated
power may be efficiently transmited across long
distance. From the consumer perspective, this power
may be used for different purposes depending on the
apparatus using this power. The increasing price of
fossil fuels is another reason why people move to use
electricity. As a result, the demand for electricity tends
to increase in the future [1].

The generation of electric power so far depends on
fossil fuels. Consequently, the more demand to fulfil,
the more fuel is required. Considering the quantity of
fossil fuels that may be more limited in the future,
electricity generation must use different resources
preferably renewable resources [2]. Besides economic
aspect, environmental conservation is another
consideration of using renewable resources [3].

It is broadly accepted that power generation using
renewable energy resources is the main issue for
sustainable energy supply. This is due to this is either
inexhaustible or non-polluting. There is a worldwide
trend to gradually include renewable energy generation
for fulfilling the electricity demand. Considering the
current growth rate of renewable energy generation, it
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is predicted that the goal of replacing fossil-fuel based
electricity generation with renewable energy generation
will be faster than expected. There are some practical
data indicating that the combination of some renewable
energy sources for electricity generation will reach
100% therefore completely eliminating the electricity
generation depending on fossil fuels [4].

In term of transportation system, people mobility is
one of the phenomena related with economic growth
and country development. This would be a common
challenge on how to enhance people mobility and, at
the same time, to reduce congestion, traffic accident
and air pollution. It is reported that urban road transport
is the main source of air pollution, which contributes
75% - 85% of pollutant emission [5]. Therefore, the
attempt of reducing gas emission may be carried out
while still letting the people move for their activities.
The need of reducing greenhouse gas from
transportation sector may lead to 2 innovations, electric
vehicle and car club. The last scheme enables fewer
car owner that may lead to use less fossil fuel. These
schemes are expected to enable gas emission control,
sustainable development, economic growth and energy
security [6].

Another issue regarding transportation sector is the
dominant use of vehicle or motorcycle powered by
fossil fuel-based engine. This sector is indicated to
cause intensive consumption of fossil fuel leading to
persistent reduction of fuel deposit. Together with other
sectors that also take fossil fuels, the trend of fuel
consumption will continue increase, which causes the
fuel deposit is predicted to finish faster. According to
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studies on 2019 carried out by international oil
companies and independent energy organizations, it is
predicted that oil reserves will be depleted in about 50
years. Some developed countries are taking studies on
how to completely fulfil energy demand for electricity,
heat and ftransportation from renewable energy
resources by 2050 [7]. On the other hand,
environmental effect of fossil fuel consumption is
another great concern. Transportation sector seems to
be the one responsible for both problem. In one hand
this sector takes much fuel causing considerable fuel
deposit reduction, and, on the other hand, this leads to
pollution problem [8]. It would be a dilemma, while
transportation sector is required by people, yet it may
lead to some drawbacks. Without a strategic
intervention, the problem of fuel consumption and CO,
emission may persist or even rapidly increase [9].
Looking for answers on how transportation system is
operated using resources other than fossil fuel that
concurrently implies minimum environmental problems
would be the best option in this situation [10].

Solar photovoltaic is prospective for future
application of energy generation due to the simplicity of
energy conversion and the lifetime of the device. These
advantages lead to the extensive use of solar
photovoltaic either in the form of stand-alone scheme
or grid-connected system [11]. The construction of
solar photovoltaic may be adaptable in the form of
ground-mounted, rooftop, building integrated, and roof-
jack mounting. On the other hand, the performance of
solar photovoltaic depends mainly on conversion
efficiency determined by the factor of material,
construction and spectrum [12]. For optimal energy
conversion, some strategies are further taken into
practice that may include providing heat exchanger, or
using an active cooling to avoid temperature increase
that may reduce the efficiency [13].

The use solar PV panels for electricity generation,
which is used for charging the electric vehicle or
motorcycle would be the more comprehensive
solutions for some aforementioned problems [14-15].

These include minimizing the use of fossil fuels for
power generation and for engine operation. This
scheme also reduction of air pollution.

This paper proposes the generation of electricity
using solar PV and the use of the generated power to
energize electric bicycle [16]. An accumulator is
employed to store the energy generated by solar
panels. The energy generated by the panels is not
always used and therefore it is necessary to save it in
the battery. The stored energy is used to charge the
electric bicycle when it is parked. The developed
system includes 4 components: (1) solar PV panels
that generate power, (2) solar charger controller (SCC)
that regulates the charging power and avoids over-
charging of battery, (3) battery that stores the energy
from the panels, and (4) inverter that converts the DC
power from the battery into AC power to energize the
bicycle.

The generating system is developed as off-grid or
stand-alone, which is not connected to the grid. The
main reason of this choice is because the size of the
system is small, and the generation system is only to
supply the charging system for electric bicycle [1].
Moreover, the system may be located at the area of
non-electrified. The system works well for generating
power sufficient to charge the electric bicycle.

SYSTEM DESIGN

The system includes solar PV panels that generates
power, and the output is regulated to charge the
battery. The inverter is employed to provide AC power
to charge the Li-ion battery of electrical bicycle. This
system is developed in form of parking station where
the bicycle is parked when it is not in use. This parking
station is portable that can be located at the place
where the electricity may be unavailable. However, it is
required to have sufficient sunlight during the daylight.
The diagram of the developed system is shown in
Figure 1. For safety, a number of fuses are inserted
between solar panels and SCC, between SCC and
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Figure 1: The scheme of solar PV power generation integrated with charging system.
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Figure 2: The design of parking station with solar panel on the top.

battery, between battery and inverter, and between
inverter and charging ports. Besides for charging the
Li-ion battery of electric bicycle, the system also
provides the charging for smartphone and laptop.

The design of parking station is given in Figure 2.
The main frames are made from metal with proper type
and size covered by fiber glass, as shown in Figure
2(a) and (b). The solar PV panels are placed on the top
of the parking station, as shown in Figure 2(c).

The support for the panels is made from metal with
the size of 200 cm x 67 cm. The back side of the

Figure 3: The box on the floor.

panels is elevated with 30 cm and is supported by a
metal. The design of the roof of parking station is
shown in Figure 2(c). On the right side of the floor, a
long box with the size of 100 cm x 30 cm x 15 cm is
placed. This consists of two compartments that are
used to put the battery in the front side and electric
panel in the back side. This box is designed to be
strong enough for the people to sit down. The box
design is shown in Figure 3. The electric panel is made
from aluminum plate with the size of 40 cm x 30 cm x
15 cm. This contains some electric devices. The design
of the panel is given in Figure 4.

RedEd

Figure 4: The electrical panel box.
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The electric bicycle will be automatically charged
when it is parked. The proper position of the bicycle will
make the connection of the bicycle charging socket
with the outlet of power source from the inverter. This
also locks the bicycle, which can only be unlocked
electronically using RFID Card. The locking and
charging port of the bicycle is shown in Figure 5.

Figure 5: The bicycle locking system with charging port.

SYSTEM IMPLEMENTATION

Following the design, the implementation on the real
system is given by the following. The whole system
consisting of the main frame, covered by fiber glass
with solar PV panel on top is given in Figure 6. There
are also some equipment and devices included in the
system.

The long box that is also used as a seat is placed
on the right-side floor as shown in Figure 7(a). Inside
the box, as shown in Figure 7(b) an accumulator is
placed in the front side and an electric panel is placed
in back side. As a stand-alone system some additional
facilities are also provided, including the charger ports
for mobile phone and laptop.

When the bicycle is not in use, it is parked in the
given place. There is locking system for the bicycle to
avoid this is stolen by people. Once the bicycle is
properly locked the socket of the bicycle is connected

Figure 7: The parking system with charging facilities.
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to the electricity outlet and the charging starts. The
charging system for the bicycle is shown in Figure 8.

Figure 8: The bicycle charging system that also lock the
bicycle.

RESULT AND DISCUSSION

Table 1: The Specification of the Installed Solar PV
Panel
Model SP 120-18M
Peak Power (Pmax) 120 W
Cell Efficiency 21.50%
Max. Power Volt (Vmp) 19.2V
Max. Power Current (Imp) 6.25 A
Open Circuit Volt (Voc) 248V
Short Circuit Current (Isc) 6.65 A
Power Tolerance +-3%
Max. System Voltage 1000 V
Series Fuse Rating (A) 12
Number of bypass diode 3
Operating Temperature -4°C to 85°C
Max. System Voltage 1000 V DC
Standard Test Condition 1000 W/m?, 25°C, AM=1.5

The system implementation started with the
installation of solar panels followed by some
assessments for the generation performance. Some
alignments were carried out in term of panel
position/direction to assure that generation achieves
the maximum point. The measurements were carried
out for the generation panels for both sunny and cloudy
conditions. The specification of solar PV is given in
Table 1.

For the developed system, 2 panels are connected
in parallel and the measurement of solar PV
performance was carried out for the condition of sunny
and cloudy condition. There were 5 samples taken for
the measurement and the parameters measured for the
condition of sunny and cloudy are given in Table 2 and
3, respectively.

It may be observed from the measurements that at
the sunny condition, the output voltage of the panels is
higher than that at cloudy situation. While the data
were taken at the different day, they can still be roughly
compared. The average of output voltage from panels
at sunny and cloudy conditions when it is disconnected
to SCC is 21.06 V and 20.22 V, respectively. It may
also be observed from Table 2 dan Table 3 that the
output voltage of panels when it is connected to SCC at
sunny condition is slightly higher than that at cloudy
situation. The average of output voltage at sunny and
cloudy conditions is respectively 13.96 V and 13.59 V.

Consequently, the output current from the panels is
also higher at sunny condition than that at cloudy
situation. The average of output current from the
panels at sunny and cloudy condition is 7.996 A dan
7.226, respectively. Moreover, the output voltage of
SCC at sunny condition is higher than that at cloudy
situation. The average value of this is 13.34 V and
12.94 V, respectively. While these voltages are
different, both of them are higher than the voltage of

Table 2: The Measurement of Solar PV Performance at Sunny Condition

Panels Output SCC Output

No Time T(%g)p V-out disconnected from V-out connected from
SCC (V) scc (v) l-out (A) | P (W) | V-out (V) | l-out(A) | P (W)
1 10.00 38 20.86 13.90 8.68 120.65 13.5 10.1 136.35
2 11.00 40 21.35 14.01 9.04 126.65 13.5 10.4 140.40
3 12.00 39 21.39 14.05 8.70 122.24 13.4 9.8 131.32
4 13.00 39 20.76 13.88 7.30 101.32 13.2 8.3 109.56
5 14.00 40 20.93 13.95 6.26 87.33 13.1 7.2 94.32
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Table 3: The Measurement of Solar PV Performance at Cloudy Condition

Panels Output SCC Output

No | Time T((?’21)p V-out disconnected from | V-out connected from
SCC (V) scc (v) l-out (A) | P(W) | V-out(V) | l-out(A) | P (W)
1 10.00 38 19.86 13.54 7.71 104.39 12.7 7.2 91.44
2 | 11.00 30 20.44 13.68 7.92 108.35 12.9 7.7 99.33
3 | 12.00 31 20.67 13.70 7.67 105.08 13.1 8.5 111.35
4 | 13.00 32 20.39 13.62 7.02 95.61 13.1 7.9 103.49
5 | 14.00 25 19.74 13.41 5.81 77.91 12.9 6.2 79.98

battery. It is necessary to enable current flowing from
the SCC into the battery and to make the charging of
battery happens. This situation is shown in Figure 9
that indicates the reduction of output voltage at cloudy
condition for both panel and SCC.

It may be noted from the tables that the charging
current at sunny condition is higher than that at cloudy
situation with the average of 9.2 A and 7.5 A, for sunny
and cloudy condition, respectively. This implies that at
sunny condition the charging for the battery is faster
than that at cloudy condition. This may happen that, in
one day, the condition may change between sunny and
cloudy and, therefore, the charging speed may be
different according to the weather condition.

The tables also describe that, in general, the power
generated by panels at sunny condition is higher than
Cloudy

sunny Panel Output (Volt)

that at cloudy situation. The average of this is 111.64
W and 98.27 W, for sunny and cloudy condition,
respectively. This confirms that the output of solar PV
is affected by the level of sunlight, where the sunny
condition gives better performance than at the cloudy
situation.

Another device included in this system is inverter.
This is employed to provide AC power for different
purposes, including bicycle Dbattery charger,
smartphone charger, and laptop charger. However, the
main purpose is for charging the battery of bicycle. In
this study, the performance of the inverter was also
checked. The measurement results are given in
Table 4.

From the test, it may be observed that for the
condition of no load, there was a measured input

sunny Cloudy

SCC Output (Volt)

Figure 9: The output voltage of (a) panel and (b) SCC for sunny and cloudy condition

Table 4: The Measurement of Inverter

DC Input AC Output
Load
Voltage (V) Current (A) Power (W) Voltage (V) Current (A) Power (W)
No load 12.4 0.2 248 218 0 0
Battery Charger (72 W) 11.9 6.1 72.59 202 0.34 68.68
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current of 0.2 A and the power of 2.48 W. This is due to
the internal power use in the inverter e.g. fan. In
addition, there is internal losses in the device. When a
load of 72 W was applied to the inverter, the input
power of 72.59 W was measured. This again confirms
the losses of the inverter that results in additional
power at the input terminal. It may also be observed
that the voltage at both input and output terminal drops
due to this loading. This is because the current
increase that leads to the bigger voltage drop.

The charging process for the battery was also
observed in this study. The battery of electric bicycle is
36 Volt, 10 Ah. The charging progress of the bicycle
battery is shown in Table 5. The power that is used to
charge the electric bicycle is from the battery that
stores energy from the solar PV panels. The battery of
bicycle is normally not charged until it is fully charged
but bicycle is charged when it is parked and not in use.
In general, the charging process is running well, and
this indicates that the inverter works properly.

Table 5: The Charging Progress of Bicycle Battery

Charging Charging Power Stored Energy

Duration (Min) Current (A) (W) (Wh)
0 6.8 84.5 7
20 7.3 87.3 39.2
40 7.8 89.1 62.2
60 7.8 90.3 92.1
80 8.2 91.1 123.9
100 8.2 93.3 156.5
120 8.3 94.3 184.1
140 8.3 93.7 217.3
160 8.5 94.6 249.0
180 9.6 95.9 286.8

Power (W)
Current (x 0.1A)

CHARGING TIME (X 10) MIN
12 14 16 18

The fluctuation of charging current and the related
power is shown in Figure 10(a). This figure indicates
that the charging current varies due to factors affecting
the panel output. The power is basically related with
the current and therefore the power changes according
to the current. Please be noted that the curve of current
at Figure 10(a) is multiplied by 10 in order to have a
proportional plotting in the plane. The value of current
is comparatively small and therefore plotting together in
the same plane will make the figure unclear. The
progress of storing energy in battery is shown in Figure
10(b). The charging process of bicycle’s battery is
accumulative and, therefore, the energy stored in the
battery is about linear. Taking into account the average
of charging current of 8.08 Ampere and the battery
deficiency of 20%, for the battery of 100 Ah, it will be
fully charged after 10 hours. However, as previously
described, the battery will not be fully charged since it
may be used before it. On the other hand, the bicycle
will always be charged when it is parked in the station.

CONCLUSION

The generation system using solar PV panels is
developed as off-grid or stand-alone system. The
system is integrated with charging station for electric
bicycle. The power generated by the panels is
regulated by Solar Charger Controller (SCC). This
assures that the voltage is big enough and enables
current flowing from SCC to the battery. To provide
power for charging purpose, an inverter is employed to
convert the voltage from battery into AC voltage. From
the charging progress, it may be confirmed that the
inverter properly works. The weather condition affects
the performance of solar PV generation where for the
sunny condition, the generated voltage is higher and
the charging current is higher than that at cloudy
situation.

Charging time (x 10) min
12 14 16 18

Figure 10: (a) The charging current and the related power (b) the progress of storing energy.



96 Journal of Solar Energy Research Updates, 2022, Vol. 9

Ulinuha et al.

ACKNOWLEDGEMENT

The Authors would to gratefully acknowledge that
this work is supported by the Directorate of Research,
Technology and Community Development, The
Ministry of Education, Culture, Research and
Technology, The Government of Indonesia. This work
is under the research scheme of National Competitive
Basic Research. The Contract number s
158/E5/PG.02.00.PT/2022 year of 2022.

REFERENCE

[1] A. Shrivastava, R. Sharma, M. Kumar Saxena, V.
Shanmugasundaram, M. Lal Rinawa, and Ankit, "Solar
energy capacity assessment and performance evaluation of
a standalone PV system using PVSYST," in Materials Today:
Proceedings, 2021.
https://doi.org/10.1016/j.matpr.2021.07.258

[2] M. Li, N. M. Hamawandy, F. Wahid, H. Rjoub, and Z. Bao,
"Renewable energy resources investment and green finance:
Evidence from China," Resour. Policy, vol. 74, p. 102402,
Dec. 2021.
https://doi.org/10.1016/j.resourpol.2021.102402

[3] K. Rahbar, C. C. Chai, and R. Zhang, "Energy cooperation
optimization in microgrids with renewable energy integration,"
IEEE Trans. Smart Grid, vol. 9, no. 2, pp. 1482-1493, 2018.
https://doi.org/10.1109/TSG.2016.2600863

[4] J. Zhong, M. Bollen, and S. Rénnberg, "Towards a 100%
renewable energy electricity generation system in Sweden,"
Renew. Energy, vol. 171, pp. 812-824, Jun. 2021.
https://doi.org/10.1016/j.renene.2021.02.153

[5] M. Leroutier and P. Quirion, "Air pollution and CO2 from daily
mobility: Who emits and Why? Evidence from Paris," Energy
Econ., vol. 109, p. 105941, May 2022.
https://doi.org/10.1016/j.enec0.2022.105941

[6] N. Bergman, T. Schwanen, and B. K. Sovacool, "Imagined
people, behaviour and future mobility: Insights from visions of
electric vehicles and car clubs in the United Kingdom,"
Transp. Policy, vol. 59, pp. 165-173, Oct. 2017.
https://doi.org/10.1016/j.tranpol.2017.07.016

[7] B. Dogan and D. Erol, "The Future of Fossil and Alternative
Fuels Used in Automotive Industry," in 3rd International

(8]

&l

[10]

(1]

2]

(3]

[14]

(18]

[16]

Symposium on Multidisciplinary Studies and Innovative
Technologies, ISMSIT 2019 - Proceedings, 2019, pp. 1-8.
https://doi.org/10.1109/ISMSIT.2019.8932925

|. de Blas, M. Mediavilla, I. Capellan-Pérez, and C. Duce,
"The limits of transport decarbonization under the current
growth paradigm," Energy Strateg. Rev., vol. 32, p. 100543,
Nov. 2020.

https://doi.org/10.1016/j.esr.2020.100543

K. Vohra, A. Vodonos, J. Schwartz, E. A. Marais, M. P.
Sulprizio, and L. J. Mickley, "Global mortality from outdoor
fine particle pollution generated by fossil fuel combustion:
Results from GEOS-Chem," Environ. Res., vol. 195, p.
110754, Apr. 2021.
https://doi.org/10.1016/j.envres.2021.110754

K. J. Shah et al.,, "Green transportation for sustainability:
Review of current barriers, strategies, and innovative
technologies," J. Clean. Prod. vol. 326, p. 129392, Dec.
2021.

https://doi.org/10.1016/}.jclepro.2021.129392

M. Ergin and M. E. Sahin, "Energy Management and
Measurement of Computer Controlled Solar House Model for
Rize City," Guimishane Universitesi Fen Bilim. Derg., vol. 10,
no. 2, pp. 404-414, Apr. 2020.

C. Heras et al, "Atmospheric attenuation measurement
system for commercial solar plants based on optical
spectrum analysis," Sol. Energy, vol. 236, pp. 782-789, Apr.
2022.

https://doi.org/10.1016/j.solener.2022.03.057

W. Charfi, M. Chaabane, H. Mhiri, and P. Bournot,
"Performance evaluation of a solar photovoltaic system,"
Energy Reports, vol. 4, pp. 400-406, Nov. 2018.
https://doi.org/10.1016/j.egyr.2018.06.004

Z. Atika et al., "Development A Portable Solar Energy
Measurement System," in Journal of Physics: Conference
Series, 2021, vol. 1962, no. 1, p. 012049.
https://doi.org/10.1088/1742-6596/1962/1/012049

H. A. Gabbar, "A Robust Decoupled Microgrid Charging
Scheme Using a DC Green Plug-Switched Filter
Compensator," Springer Nat., pp. 89-116, 2022.
https://doi.org/10.1007/978-3-031-09500-9_6

AM. Sharaf and ME. Sahin, "A Flexible PV-Powered Battery-
Charging Scheme for Electric Vehicles," Springer Nat., vol.
34, no. 2, pp. 133-143, Mar. 2022.
https://doi.org/10.1080/02564602.2016.1155420

Received on 02-10-2022

DOI: https://doi.org/10.31875/2410-2199.2022.09.09

© 2022 Ulinuha et al.; Zeal Press.

Accepted on 05-12-2022

Published on 18-12-2022

This is an open access article licensed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution and reproduction in any medium,

provided the work is properly cited.



