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Abstract
Solar energy is the richest stream of energy and has a large variety of renewable energy sources. It can
be converted to electrical energy with the help of photovoltaic array known as solar cell / panel. This cell
works on the principle of photovoltaic effect and has the light dependent electrical characteristics. Fixed
solar cells have low power conversion efficiency which can be increased by working on the practicable
approaches. Experiments were performed to work out for such possible approaches i.e. solar tracking,
MPPT solar charger and using convex lens with the solar panels. These experiments demonstrated that
efficiency can be increased to about 4% to 5%. Another experiment was performed to implement the GSM
based Remote Monitoring system to control certain features remotely. As a initial experimentation, two
features were taken into account to control them remotely. i.e. Battery status (low, medium and high) and
switching on/off the working load.
INTRODUCTION
Sun is a major source of energy. The earth obtains 174 pentawatt (PW) of the incoming solar energy at
the upper atmosphere. Approximately one third (Approx. 30%) of it is reflected back to the space while the
rest is absorbed by the clouds, oceans and land masses. A portion of it is utilized for the photosynthesis
process which is critical for the provisions of life on Earth. Man has tried to utilize this infinite source of
energy in the best possible way and has been able to work out only a negligible or a minute fraction of this
energy till today.
The broad categories of the large scale applications of the solar energy include the heating and cooling
of residential / commercial buildings, in agriculture & horticulture and solar power generation etc.
A solar cell is a device which converts the light energy into the electrical energy. This happens according
to the photovoltaic phenomena. In this phenomenon the voltage or current is generated in the material when
it is exposed to light. When the sunlight or any other light falls on the material surface, the electrons present
in the valence bands of the metallic atom absorbs energy and hence becomes excited. These excited
electrons jumps to the conduction band and becomes free. When these free electrons are attracted towards
the positive electrode, the current flows and hence the light energy gets converted to the electrical energy.
I.
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Experiments were performed in fo
four separate parts. In the first part solar tr
tracking scheme was
implemented to maximize the solar cel
ell efficiency by tracking the sun movement. In the second part the
effect on the power conversion efficienc
ncy of solar cell by experimenting it with convex
ex lens was studied. In
the third part MPPT solar charge control
roller was designed whereas in the fourth part GS
SM based Monitoring
system was design to control certain feat
atures of this solar system remotely.
SOLAR TRACKING SYSTEM
A solar tracker also known as solarr reflector
r
is used for orienting a day light reflecto
ctor, photovoltaic array
or concentrating solar lens towards thee sun.
s
The position and movement of sun variess seasons and the time
of day as the sun movies across the sky
ky. Solar powered equipment works at their bes
est when pointed at or
near the sun. So, a tracker can increase
se the effectiveness of such equipment over anyy pposition. Tracker can
be implemented in various ways dependi
ding upon the feasibility and sensitivity of the com
omponents used.
The tracking scheme implemented was
w a simple one using the LDR sensors, voltage
ge comparators and HBridge to run the dc motor. LDRs were
re oriented on the panel as follows:
II.

FIGURE 1
The sun tracking process flow is ass follows:
f

FIGURE 2
After tracking the movement of sun
su during the whole day, the panel will be ffacing the westward
direction. i.e. the sunset direction. On the next day sun will have to rise from the eastwar
ard direction. So there
must be some sort of logic system whic
ich will play its role in reverting the position off tthe panel back to the
eastward direction in order to initiate th
the tracking cycle on the next day. A simple re
relay logic circuit was
implemented to perform this resetting task
tas automatically when the sun is about to set in the evening.
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This designed tracking system was tested thoroughly and carefully and the collected results are
summarized as follows:

TABLE I
The Set/Reset system worked in a way that in the evening when the sun sets, the tracker will be in a
position that it will activate the limit switch which will perform the reverting process.
The result for this Set/Reset system is summarized as below:

TABLE II
So, from these results it is clear that this system worked as it should.
III. MAXIMUM POWER POINT TRACKING (MPPT)
MPPT or Maximum Power Point Tracking is an algorithm that included in charge controllers used for
extracting maximum available power from PV module under certain conditions. The voltage at which PV
module can produce maximum power is called ‘maximum power point’ (or peak power voltage) which
varies with solar radiation, ambient temperature and solar cell temperature.
The Perturb & Observe (P&O) is the most common approach adopted today because of its simplicity and
easy in implementation. It works sporadically by incrementing and decrementing the voltage of Photovoltaic
Array. The change in the Power drawn can then be observed. If the voltage shifts of PV array results in
increase in the output Power then it continues to shift in the same direction. On the other hand, if the power
decreases, the voltage shifting is in the opposite direction. This can be explained by the following flowchart.
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The major principle of MPPT is to extract the maximum available power from PV module by making
them operate at the most efficient voltage (maximum power point). MPPT checks output of PV module,
compares it to battery voltage then fixes what is the best power that PV module can produce to charge the
battery and converts it to the best voltage to get maximum current into battery. It can also supply power to a
DC load, which is connected directly to the battery.
The Perturb & Observe (P&O) is the most common approach adopted today because of its simplicity and
easy in implementation. It works sporadically by incrementing and decrementing the voltage of Photovoltaic
Array. The change in the Power drawn can then be observed. If the voltage shifts of PV array results in
increase in the output Power then it continues to shift in the same direction. On the other hand, if the power
decreases, the voltage shifting is in the opposite direction. This can be explained by the following flowchart.

FIGURE 3
The solar cell used in this experimentation has the following Power versus Voltage characteristics curve.

FIGURE 4

144

European International Journal of Science and Technology

Vol. 3 No. 7

September, 2014

It is clear from the above curve that there exists a point where there is maximum Power. This point needs to
be tracked in order to get the maximum Power drawn from the solar cells operating in the certain system.
So the MPPT based charge controller designed works perfectly in order to maximize the Power drawn
from the the solar cell used in the system.
IV. USING CONVEX LENS WITH SOLAR ARRAY

The Convex Lens works on the principle of physics by converging the light rays falling on it at a point
“F” which is a distance (Focal Length) from a point “O” on the radius of curvature of the lens. From the
scientific inference, it is concluded that when a convex lens with more surface area than that of proposed
photovoltaic array is placed at some distance over this array, it converges the falling light rays on the solar
panel thus by increasing the working power conversion efficiency of these solar arrays.
As, term irradiance is referred to the electromagnetic radiations produced by the sun. The irradiation
constant known as insolation figure for the Karachi is collected as below:

So, the experiments were performed and the Power is calculated while using and without using the
convex lens with our panel and the collected results are as follows:
A. Power calculated without convex lens.
The average power per day was calculated per day using the appropriately formula and the above
mentioned insolation figure which is given as follows:

TABLE III
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The average power per day calculated with convex lens is as follows:

TABLE IV
The resulting increase in the power efficiency is as follows:

TABLE V
Graphically shown as:

FIGURE 5
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It is to be noted that convex lens is placed at a distance equals to three times its length where the increase
in irradiance is about 3% to 4% because if we use it at exactly at its focal length, the temperature of the
panel will abruptly increase which can damage the panel. So we cannot use it on exactly its focal length.
From figure 5, it clarifies that the increase in power conversion efficiency is approximately 3% to 4%.
V. GSM BASED REMOTE MONITORING SYSTEM
The GSM based remote monitoring system was aimed to control certain features of the solar system
remotely. These features can be more complex but as initial work, we selected the two features. The first is
to check the status of the battery working in the system whether low, medium or high and second is to
switch on or switch off the load workin on this system. Following tables summarize the implemented system
and the collected results while testing.

TABLE VI
In case of switching, the switching of relay was also observed through its switching sound practically.
VI. CONCLUSION

The goal of this paper is to highlight certain approaches which can be practically implemented to
increase the power conversion efficiency of the solar panels. It is tried the level best to implement these
techniques as simple as possible. The solar tracking system contains the simplest components easily
available and it works fine by just positioning the respective LDR sensors at the exact suitable position. The
MPPT algorithm is the simplest and is very reliable and efficient. The Monitoring System is a very useful
technique to get remote control over the solar system and reliability. The experimentation with the convex
lens is also very useful technique to enhance or boost up the solar panel’s efficiency. The thing which
should be taken care of using lens is the analysis of the focal length and the exact positioning distance from
the photovoltaic array because these lenses abruptly increase the temperature which can cause damages to
the array. This technique can be very useful in the colder areas because these panels works at the maximum
possible efficiency if there temperature remains intact within the optimum range.
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