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The decrease in fossil-based resources, the pollution of the environment and the threat of

sustainability constantly increase the interest in renewable energy sources. Solar energy is one of the

leading renewable energy sources due to its large capacity. Today, solar energy appears in many

applications. In this study, a photovoltaic-based solar pole design has been realized and a prototype

that can be applied almost anywhere in open-air conditions has been produced. The prototype

produced was tested and installed at Glimiishane University's Giimiishanevi Campus. The prototype
mobile phones produced have a fast charging feature with 5V-2A. In future studies, it is planned to
provide the solar tracking feature to the photovoltaic (PV) panel in the system, and it is aimed to

Received : November 01, 2021
Accepted : March 30, 2022
Keywords

Mobile Phone Charging
Photovoltaic Systems
Solar Energy

Solar Pole

bring such systems to the campus in general.

1. Introduction

Today, the use of solar energy has become possible in
almost every area where energy is needed. Electricity
generation from solar energy ranges from power levels of a
few kW to hundreds of MW [1]. Apart from this, solar-
powered bus stops, solar powered tents, solar-powered
backpacks, solar-powered led lighting equipment, electric
or hybrid vehicles equipped with solar panels and many
similar small powerful applications are commercially
applied today. Among these applications, solar-powered
charging stations are very popular, solar charging stations,
which usually only charge mobile phones, are very popular
in the streets, city centers or bus stops, in non-closed
environments where people wait and spend time.

There are many studies for solar energy applications.
In [2], LED lighting and irrigation pumps, where electronic
devices can be charged via USB, were supplied with a PV
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system isolated from the electricity grid. Different DC
voltage levels were obtained from step-down and step-up
converters in the system. Solar energy can be used for
charging mobile phones in wearable applications such as
arm bags. In such an application in [3], the efficiency
problem arises because the solar cells on the bag are
exposed to different radiations. In this study, five different
converter configurations were tested according to the
differential power processing strategy and the parallel DPP
converters were determined as the most suitable converter.
In another study, single-axis and double-axis solar tracking
systems were proposed to make maximum use of the sun
[4]. The solar panel can be used as an energy source in
mobile robot applications. PV system design and
implementation have been done for Mars rovers. The
tracking of a 20W solar panel was provided with a single
axis azimuth and elevation angle setting, and around 44%
more power was obtained with this tracking [5]. For
wireless sensor networks, PV systems can be a viable
energy source solution. In [6], a system in which the
current and voltage measurement of the battery and the
load of the microcontroller-based PV system was
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proposed. PV energy can be used at charging stations for
fast charging of electric vehicles. In [7], a model was
developed in MATLAB Simulink for the design and sizing
of solar charging stations. It is predicted that the proposed
system acts as a mobile power system and electric vehicles
can be charged at 80% capacity in 10.25 seconds. Three-
wheeler vehicles are one of the most cost-effective options
for short-distance transportation. In [8], an intelligent
energy management system for PV-based charging station
was proposed for such three-wheeled vehicles. Intelligent
energy management performs energy management by
using data such as PV data, user requirement and battery
charge. A solution offering parking reservation via mobile
application was proposed for these three wheeled taxi
vehicles. In another study [9], a PV charging system that
charges mobile phones with USB 3.0 technology with 5V -
2A values has been proposed. In a study [10], solar tree
application was proposed for charging mobile phones in
open urban areas. The solar tree consists of four leaves and
a total solar panel power of 200W. Solar tree has six USB
ports and two 110V-200W electrical outputs in total. In a
different study [11], one-year data was examined to
examine the performances of different types of solar
panels. According to the results, it has been seen that Cd-
Te type solar panels were less affected by temperature and
perform better. The work on the prototype of the solar
powered backpack was given in [12]. A study in which the
performance analysis of solar power plants was examined
and the performance data were analyzed over a sample
power plant was presented in [13], and the performance
ratio of the small power PV plant within Kocaeli
University was 87.5% - 98.1%.

In this study, a single solar panel solar pole
application for charging mobile phones was carried out at
the Faculty of Engineering and Natural Sciences in
Gilimiishane University Glimiishanevi Campus. With the
42W solar panel and the energy stored in the 12V 9Ah lead
acid battery, 5V-2A fast charging is provided thanks to two
USB outputs. The number of USB outputs can be
increased thanks to the modular structure. The study was
carried out within the scope of the undergraduate thesis,
and in the next section, the basis and general
characteristics of solar energy are mentioned. Then, the
solar energy potential for Giimiishane province is given
within the framework of basic information. In the fourth
chapter, the mechanical and electrical details of the design
are given and the results of the study are given in the last
section.

2. Materials and Methods

Solar energy is one of the cleanest renewable energy
sources on earth, without any gas emissions. Radiation

energy is formed because of some chemical events that
occur in the sun. Solar radiation can be converted into
electrical energy with PV modules. Systems that use the
energy from the sun to generate electricity are called PV
systems. PV systems have many uses. Some of these are;
roof-integrated systems, solar energy systems for lighting
purposes, large-powered solar fields, auxiliary energy
source in electric vehicles, mobile robots, mobile devices,
calculators, backpacks and many wearable applications.
Among the listed PV applications, there are solar
panels as a power source, a charge controller USB module
for battery charging, a battery for storage, in the structure
of systems where mobile devices can be charged.
Examples of PV systems that allow charging mobile
devices are given in Figure 1 and Figure 2. As can be seen
in the examples, the solar panels are positioned at different
angles in order to make the best use of the solar irradiation.

- -

PV system example-1

Figljré 1. [14]

Figur 2. PV systm example-2 [14].

Solar energy systems are generally divided into two
groups as grid-connected and off-grid systems. In grid-
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connected systems, the electricity produced is directly
consumed or some of it is transferred to the grid. In
systems that are not connected to the grid, the energy
produced can be used instantly, or it can be stored in
batteries and used for use when solar electricity is low.

2.1. Solar Energy Potential in Giimiishane

Solar energy is one of the most common renewable
energy sources on earth. Electrical energy and heat energy
can be obtained from this type of energy. On the other
hand, since the costs of PV panels are higher than fossil
fuel-based production, only 0.04% of the solar energy
coming to the earth is used by people.

Turkey is lucky compared to many countries in terms
of its solar energy potential due to its geographical location
and structure. According to the study made by using the
data of sunshine duration and solar irradiation measured in
1966-1982 at the General Directorate of Meteorology
Affairs, the average annual total sunshine duration of
Turkey. It was determined that the duration of the study
was 2.640 hours (7.2 hours in total per day), and the
average total intensity of heating was 1.311 kWh/m? per
year (total 3.6 kWh/m? per day). In Turkey, which has a
high solar energy potential of 110 days, there is potential to
produce an average of 1.100 kWh of solar energy per
square meter per year if the necessary investments are
made (Energy Sector Report, GEKA).

The sunshine duration (hour-year) of Giimiishane
province is 2.349. The radiation value (KWh/m?2-year) is
between 1.400-1.600. The map in Figure 3 shows the solar
energy potential of the Giimiishane province as kWh/m?-
year. As can be seen on the map in Giimiishane province,
the highest solar energy potential is seen in Kelkit and the
least in Kiirtiin region.

Figure 3. Solar energy potential map of Giimiighane.

2.2. Photovoltaic Pole System

The electrical materials required for solar pole design
can be listed as solar panel, battery, charge controller and
USB module. The solar pole has been planned to have four
USB modules, and since the charging voltage and current
for mobile phones are determined as 5V-2A, 10W power
will be needed for a mobile phone during charging. If 4
USB modules are used in the system, the total power
requirement will be 40W. At the same time, 8A current
should be obtained from the battery instantly for four USB
outputs. The solar panel will need to produce 40Wh energy
per hour. Although the determination of the battery
capacity is relative, the excess capacity offers technical
advantages when a cost is not taken into account. For
example, when solar radiation is low, batteries cannot
benefit from solar energy sufficiently. In this case, the
battery capacity is high, allowing the user to charge their
mobile phones without power interruption [15].

As seen in Figure 4, the system includes a solar panel,
charge controller, battery and USB module. In this type of
system, the rays coming from the sun are produced on the
panel and electrical energy in DC form. This energy is
stored in batteries. However, the voltage obtained at this
stage should be converted to the voltage level at which the
battery can be charged, and at the same time, full charge
and full discharge of the battery should be prevented. For
this purpose, a converter circuit or charge controller is
needed. The connection of the charge controller is made
between the panel group and the battery group. Voltage
converter circuits are used between the battery connection
and the USB modules.

Solar Pole Schematic Diagram

Solar Panel

!
NN

Charge Controller

USB Output
Figure 4. Schematic diagram of solar pole.

Battery
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3. Results and Discussion

Within the scope of this study, the drawing of the
targeted system was created with the help of SketchUp
program. According to this drawing, the front, back and
side views of the system are given in Figure 5.

As seen in Figure 5, since there will be a charge
controller and battery in the section behind the solar panel,
this section has been closed. The purpose of this process is
to prevent damage to the battery and charge controller
located under the solar panel in bad weather conditions. In
addition, the sheet on the back of the solar panel is
produced in a structure that can be opened easily so that it
can be easily intervened in case of any malfunction or
material change. Then, the system carrying the solar panel
was fixed on the top of the iron pole to be used. At this
stage, the anchorage system was finally made to the base
of the pole. The purpose of the anchor system is to fix the
substrate on the concrete and to mount the lower base of
the pole to this structure. Specifications of the solar pole
are listed in Table 1.

[ 1
Pl

Figure 5. Technical drawing of the solar pole.

In the next step, the necessary electrical connections
were made. In this part, the battery and charge controller
are connected first. This is because the charge controller
must recognize the battery type. Afterwards, the solar
panel and the charge controller were connected. Then, a
connection was applied from the device and the USB
modules were connected to the system. Connection
procedures are given in Figure 6.

Table 1. Specifications of the solar pole.

Maximum power 42W

Open circuit voltage 22.1V

Short circuit current 2.58A

Maximum power voltage 18V

Maximum power current 2.58A
Dimensions 670x430x25mm
Weight 3.8kg

Battery capacity 12V-9Ah
Recommended charge current | 900mAhx10 hours

Figure 6. Electrical connection and testing of the system.

Finally, some improvements were made to the
system. First, the output slot was designed with the help of
a 3D printer in order to protect the connection parts of the
USB modules. This design is shown in Figure 7. This
design was placed on the body of the iron pole, which gets
ready, by opening a suitable area. Thus, the system was
completed and fixed on the concrete surface.

Different mobile devices were charged on the system
for test purposes, and no technical problems were detected.
In addition, it has been determined that there is a need for
security protection against weather events such as rain and
snow in the section where the USB modules are located.
For this purpose, a design was made and a protection
equipment was produced with the help of a 3D printer.
Figure 8 shows the design of this part created in the
SOLIDWORKS program.
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Figure 8. Image of the 3D design of the USB holder.

In Figure 9, the 3D printer output of this designed
part is shown. Finally, this part is fixed on the part where
the USB modules are located with the help of silicon,
ensuring the safety of the system against weather
conditions. Because of all these processes, the system has
become completely ready. The image of the system in the
planned area is given in Figure 10.

Figure 9. Image of the USB holder

4. Conclusions

Solar energy systems have become highly preferred
systems with the widespread use of renewable energy
sources. Harnessing these systems efficiently provides
advantages in terms of energy production. Therefore,
attention should be paid to factors that will increase
efficiency. In this study, the solar pole was designed and
constructed in such a way that it faces south with an
inclination angle of 25°, considering the geographical
conditions of Gilimiishane province. In the solar pole, a
42W solar panel, a 12V-9Ah lead-acid battery, a 10A
charge controller and two dual-output USB modules were
used in the system. The purpose of establishing this system
is to perform the charging process of mobile devices that
can be charged with 5V, and this aim has been achieved. In
the continuation of the study, a solar tracking system will
be implemented in order to benefit more from solar energy.
Thus, more energy will be obtained from a single PV
module.
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