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Abstract

This research aims to study the effect of natural oils on the performance of the
solar cells after coating the front surface of the cell with a thin layer of oil. Three
types of natural oils were used; sesame oil, wheat germ oil and almond oil. The
experimental setup consists of solar panel, an artificial sun, and a measuring
system (voltmeter and ammeter) to measure the performance of the panel. First,
the background results of current and voltage readings without applying oils to
the cell were recorded in tables and graphs using Origin graphing program. From
the graphs, the maximum current and voltage were set. Also the value of open
circuit voltage and short circuit current were set. Then by applying the equations
of solar cell, the value of the maximum power and hence the efficiency of the
cell were calculated. The same steps were repeated after applying oils, each one
separately. The obtained results showed a reduction in the efficiency of the panel
except for the wheat germ oil; the efficiency increased compared to the

background efficiency.
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Chapter one

Introduction

1.1  Overview

Energy is defined as the capacity to do work; it has been centuries since people

used energy from burning coal to the invention of electricity [1].

There are different types of energy and they can be categorized into two broad
categories, Kinetic energy (the energy of moving objects) and potential energy
(energy that is stored). These are the two basic forms of energy. The different
types of energy include thermal energy, radiant energy, chemical energy, nuclear
energy, electrical energy, motion energy, sound energy, elastic energy and
gravitational energy [2]. Some energy sources are endless and cannot run out like
the sun, wind and water etc. These sources are called renewable sources [3]. And
the sources that can be run out are called nonrenewable energy sources like fossil
fuel such as coal, gas and oils which can be used for industrial and house hold
purposes. Without an alternative source of energy, we could soon be facing a

major energy crisis and a disaster for our planet's health [2].

1.2 Objective

e To experience the effect of oils on the efficiency of solar panels.

1.3 Problem Statement

Although there are many methods to enhance the performance of solar cells,
some of them are expensive and not affordable. In this research different types of

commercial oils were used.


https://www.solarschools.net/glossary#letter-c
https://www.solarschools.net/glossary#letter-e

1.4 Literature Review

Some researchers tried to improve the efficiency of solar panels using coconut
oil as a spectrum filter to decrease the temperature effect on the panels which

reduce the efficiency [4].

In other research, the front layer of the cell was coated with a fine layer of oil in
order to increase the amount of light transmitted to the cell and consequently its

efficiency [5].
1.5 Dissertation Layout

This research consists of five chapters. Chapter one represents an overview about
energy, objectives of the research and the problems statement. Information about
renewable energy is provided in chapter two. Chapter three represents the
concept of solar energy and solar cells. Chapter four focused on the instruments
and materials used in the experiment, the experimental setup, discussion of the
results and finally the conclusion. Recommendation and references are provided

in chapter five.



Chapter Two

Renewable Energy

2.1 Renewable Energy

Due to a growing world population and increasing modernization, global energy
demand is projected to more than double during the first half of the twenty-first
century and to more than triple by the end of the century. Future energy demands
can only be met by introducing an increasing percentage of alternative fuels.
Incremental improvements in existing energy networks will be inadequate to
meet this growing energy demand. Due to dwindling reserves and ever-growing
concerns over the impact of burning carbon fuels on global climate change, fossil
fuel sources cannot be exploited as in the past [5].

Renewable energy is obtained from natural sources. These resources can be used
to produce energy again and again e.g. Solar energy, wind energy, tidal energy

etc.

2.2 Types of Renewable Energy

e Tidal energy: Tidal energy is a form of hydropower that converts energy
obtained from tides into useful forms of power, such as electricity. Tides
are created by the gravitational effect of the moon and the sun on the earth
causing cyclical movement of the seas. One of the strengths of harnessing
power from tidal ranges and tidal streams over other forms of renewable

energy is that the process is entirely predictable. [6]

e Wind energy: Wind is used to produce electricity using the kinetic energy
created by air in motion. This is transformed into electrical energy using

wind turbines or wind energy conversion systems. Wind first hits a
3



turbine’s blades, causing them to rotate and turn the turbine connected to
them. That changes the kinetic energy to rotational energy, by moving a
shaft which is connected to a generator, and thereby producing electrical

energy through electromagnetism [7].

e Geothermal energy: Geothermal energy has been used for thousands of
years in some countries for cooking and heating. It is simply power
derived from the Earth’s internal heat. This thermal energy is contained
in the rock and fluids beneath Earth’s crust. It can be found from shallow
ground to several miles below the surface, and even farther down to the

extremely hot molten rock called magma [8].

e Wave energy: Waves form as wind blows over the surface of open water
in oceans and lakes. Ocean waves contain tremendous energy [9].

e Solar energy: Solar power is energy from the sun that is converted into
thermal or electrical energy. Solar energy is the cleanest and most
abundant renewable energy source available. Solar technologies can
harness this energy for a variety of uses, including generating electricity,
providing light or a comfortable interior environment, and heating water

for domestic, commercial, or industrial use [10].

2.3 Advantages of Renewable Energy

The advantages of renewable energy are that it is sustainable, available (found all
over the world, as opposed to fossil fuels and minerals) and essentially non-
polluting. Note that wind turbines and photovoltaic panels do not need water for
electricity generation, as opposed to fossil fuel and nuclear power steam plants
[11].


http://www.universetoday.com/26750/earths-crust/
http://www.basicplanet.com/magma/

2.4 Disadvantages of Renewable Energy

The drawbacks of renewable energy are instability and low density, resulting in
higher initial costs in general. Other disadvantages or perceived problems for
different forms of renewable energy include visual pollution, odor from biomass,
avian and bat mortality from wind turbines, and brine from geothermal energy
[11].

2.5 The Future of Renewable Energy

As the world's population increases, so does the demand for energy to power our
homes, businesses and communities. Innovation and the growth of renewable
energy sources are crucial to sustaining sustainable energy levels and preserving
our world against climate change. Renewable energy sources make up 26% of
the world’s electricity today, but according to the International Energy Agency
(IEA) its share is expected to reach 30% by 2024. In the future, it’s expected that
the number of renewable energy sources will continue to increase as we see an

increase in demand for power [3].


https://www.bbc.co.uk/news/science-environment-52973089
https://www.bbc.co.uk/news/science-environment-52973089
https://www.bbc.co.uk/news/science-environment-52973089

Chapter Three

Solar Energy

3.1 Introduction

The source of solar energy is the nuclear interactions at the core of the sun,
where the energy comes from the conversion of hydrogen nuclei into helium
nuclei. This energy is primarily transmitted to the Earth by electromagnetic
waves, which can also be represented by particles (photons) [11].

3.2 Solar Radiation

The earth receives the solar energy in the form of solar radiation. The amount of
solar radiation that reaches any given location is dependent on several factors
like geographic location, time of day, season, land scope and local weather.
Because the earth is round, the sun rays strike the earth surface at different
angles (ranging from 0° to 90°). When sun rays are vertical, the earth’s surface

gets maximum possible energy.

Figure 3.1: Solar radiation
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The solar radiation that reaches the surface of the earth without being diffused is
called direct beam solar radiation. It is measured by instrument named as
pyrheliometer.

As sun light passes through the atmosphere, some part of it is absorbed, scattered
and reflected by air molecule, water vapours, clouds, dust and pollutants. This is
called diffuse solar radiation. The diffuse solar radiation does not have unique

path.

The sum of the direct and diffuse solar radiations is called total radiation or

global solar radiation.

Tilted

Surface

Earth Surface

Figure 3.2: Direct, diffuse and total solar radiation

If,
Rb- Beam Radiation (direct solar radiation)
Rd- Diffuse Radiation (solar radiation after diffusion)
Rr- Reflected radiation (solar radiation after reflection from surface)
Rt- Total solar radiation on tilted surface
Then,
Rt = Rb+ Rd + Rr (3.1)



3.3 Photovoltaic Energy

The term ‘‘photovoltaic’’ derives from the Greek (phos) meaning ‘‘light’’, and
‘““voltaic’’, meaning electric, to honor the name of the Italian physicist Volta
after whom the volt is named. The photovoltaic effect was first discovered in
1839 by French physicist A.E. Becquerel. In 1883 Charles Fritts coated selenium
with an extremely thin layer of gold, thus creating a PV device which was only
around 1% efficient. Russel Ohl patented the modern junction semiconductor
solar cell in 1946, which was discovered while working on the series of advances
that would eventually lead to the development of the transistor. In 1954, workers
at Bell Laboratories accidentally found that silicon doped with certain impurities
was very sensitive to light, and Daryl Chapin, along with Bell Labs colleagues
Calvin Fuller and Gerald Pearson, invented the first practical device for
converting sunlight into useful electrical power, with a sunlight energy

conversion efficiency of around 6% [13].

3.4 PV Cells

An energy harvesting technology, that converts solar energy into
useful electricity through a process called the photovoltaic effect. There are
several different types of PV cells which all use semiconductors to interact with
incoming photons from the Sun in order to generate an electric current.

A photovoltaic cell is a p-n semiconductor junction. As light falls on solar panel,

a (dc) current is generated. The equivalent circuit is shown in Fig3.3 [14].


https://energyeducation.ca/encyclopedia/Energy
https://energyeducation.ca/encyclopedia/Technology
https://energyeducation.ca/encyclopedia/Solar_energy
https://energyeducation.ca/encyclopedia/Electricity
https://energyeducation.ca/encyclopedia/Photovoltaic_effect
https://energyeducation.ca/encyclopedia/Types_of_PV_cells
https://energyeducation.ca/encyclopedia/Semiconductor
https://energyeducation.ca/encyclopedia/Photon
https://energyeducation.ca/encyclopedia/Current

]J) I-‘-.ll

Figure 3.3: equivalent circuit of PV cell

Where

Vpy = PV module voltage (V).

Irv = PV module current (A).

Rs = series resistance (£2).

Ry, = shunt resistance ().

I, =load current (A).

A photovoltaic cell is comprised of many layers of materials, each with a
specific purpose. The most important layer of a photovoltaic cell is the specially
treated semiconductor layer. It is comprised of two distinct layers (p-type and n-
type—see Figure 3.4), and is what actually converts the Sun's energy into
useful electricity through the photovoltaic effect. On either side of the
semiconductor is a layer of conducting material which "collects" the electricity
produced. Note that the backside or shaded side of the cell can afford to be
completely covered in the conductor, whereas the front or illuminated side must
use the conductors sparingly to avoid blocking too much of the Sun's
radiation from reaching the semiconductor. The final layer which is applied only
to the illuminated side of the cell is the anti-reflection coating. Since all
semiconductors are naturally reflective, reflection loss can be significant. The
solution is to use one or several layers of an anti-reflection coating (similar to
those used for eyeglasses and cameras) to reduce the amount of solar radiation

that is reflected off the surface of the cell [15].


https://energyeducation.ca/encyclopedia/Semiconductor
https://energyeducation.ca/encyclopedia/P-n_junction
https://energyeducation.ca/encyclopedia/P-n_junction
https://energyeducation.ca/encyclopedia/P-n_junction
https://energyeducation.ca/encyclopedia/Solar_energy_to_the_Earth
https://energyeducation.ca/encyclopedia/Electricity
https://energyeducation.ca/encyclopedia/Photovoltaic_effect
https://energyeducation.ca/encyclopedia/Conductor
javascript:%20void(0)
javascript:%20void(0)
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Figure 3.4: the photovoltaic effect

3.5 PV Cells Types

PV cells can be manufactured in many different ways and from a variety of
different materials. Despite this difference, they all perform the same task of
harvesting solar energy and converting it to useful electricity. The most
common material for solar panel construction is silicon which
has semiconducting properties. Several of these solar cells are required to

construct a solar panel and many panels make up a photovoltaic.

e Monocrystalline Silicon Cell

The first commercially available solar cells were made from monocrystalline
silicon, which is an extremely pure form of silicon. To produce these, a seed
crystal is pulled out of a mass of molten silicon creating a cylindrical ingot
with a single, continuous, crystal lattice structure. This crystal is then
mechanically sawn into thin wafers, polished and dopedto create the
required p-n junction. After an anti-reflective coating and the front and rear
metal contacts are added, the cell is finally wired and packaged alongside
many other cells into a full solar panel. Monocrystalline silicon cells are
highly efficient, but their manufacturing process is slow and labour intensive,

making them more expensive [15].
10


https://energyeducation.ca/encyclopedia/Solar_energy
https://energyeducation.ca/encyclopedia/Electricity
https://energyeducation.ca/encyclopedia/Silicon
https://energyeducation.ca/encyclopedia/Semiconductor
https://energyeducation.ca/encyclopedia/Solar_panel
https://energyeducation.ca/encyclopedia/Doping
https://energyeducation.ca/encyclopedia/Photovoltaic_effect
https://energyeducation.ca/encyclopedia/Solar_panel
https://energyeducation.ca/encyclopedia/Solar_cell_efficiency

Figure 3.5: Mnocrystalline silicon cell

e Polycrystalline Silicon Cell
Polycrystalline silicon (also called: polysilicon, poly crystal, poly-Si or
also: multi-Si, mc-Si) are manufactured from cast square ingots, produced
by cooling and solidifying molten silicon. The liquid silicon is poured into
blocks which are cut into thin plates. The solidification of the material
results into cells that contain many crystals, making the surface of the
poly-Si/ mc-Si cell less perfect than its mono-Si counterpart. Due to these
defects, polycrystalline cells absorb less solar energy, produce
consequently  less electricity and are thus less efficient
than monocrystalline silicon (mono-Si) cells. Due to their slightly lower
efficiency, poly-Si/ mc-Si cells are conventionally a bit larger, resulting in
comparably larger PV modules, too. This factor has to be considered if
space is limited. Nevertheless, the advantage of poly-Si/ mc-Si cells is that

they are easier and thus cheaper to produce [16].
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Figure 3.6: Polycrystalline silicon cell

e Thin Film Cells

Although crystalline PV cells dominate the market, cells can also be made
from thin films—making them much more flexible and durable. One type
of thin film PV cell is amorphous silicon (a-Si) which is produced by
depositing thin layers of silicon on to a glass substrate. The result is a very
thin and flexible cell which uses less than 1% of the silicon needed for a

crystalline cell [15].

Figure 3.7: Thin film cell

3.6 Solar Cell Equations

In order to derive the ideal current-voltage characteristics of a p—n junction diode

when illuminated by light, mathematical results from the ideal diode equation are

12


https://energyeducation.ca/encyclopedia/Silicon

combined with the illuminated characteristics of the solar cell. The ideal diode

law is expressed as the following equation:

I =1, (exp (;—VT) — 1) 3.2

B

Where I,ythe saturation current density, is given by

I = A (L2en 4 12 3.3

LeNg LpNp

Where

N, = the acceptor concentration in the p-region.
N, = the donor concentration in the n-region.
n;=intrinsic carrier concentration.

D,, = diffusion coefficient of the holes.

D, = diffusion coefficient of the electrons.

L, =Diffusion length (how far into the material before electrons diffuse) of the
electrons.

L;, = Diffusion length of the holes.

A = the cross-sectional area of the diode.

g =The magnitude of the electronic charge.

Ky = Boltzmann’s constant.

I = I,(exp (% — 1) -1 3.4
I, is related to the photon flux incident on the cell and is dependent on the
wavelength of the incident light. The illuminated characteristics of the current
are the same as the regular diode (or dark) characteristics, but shifted down by
the current/, . A majority carrier is the charge carrier that determines current.
Majority carriers in a p-type material are holes and therefore its minority carriers
are electrons. Majority carriers in an n-type material are electrons and its

13



minority carriers are holes. An intrinsic carrier is a semiconductor with valence

band holes and conduction band electrons present in equal numbers.

3.7 Solar Cell Characterization

For the characterization of solar cell performance, three parameters are used:
short circuit current (Isc), open circuit voltage (Voc), and fill factor (FF). In
order to find open circuit voltage, | in Equation 3.4 is set to 0 (meaning short

circuit current) to give the ideal value as follows:

_ KgT, (I
Voo = “Z-In (Io + 1) 3.5
FF = M 3.6
VOCISC

Where V},,,,is the maximum voltage and I,,,,,is the maximum current.
The energy conversion efficiency for solar cells is calculated using the following

equation:

_ VmplmpFF

i — 3.7
Where P, is the total power in the light incident on the cell. This equation
demonstrates the dependency of efficiency calculations on the fill factor.
Figure 3.8 shows a graphical illustration of Isc, Voc, Imp and Vmp and also

illustrates the difference between light and dark current [5].

14



T Illuminated

Figure 3.8: 1V curve of solar cells.

3.8 PV Cells Applications

e Solar Farms
Many acres of PV panels can provide utility-scale power—from tens of
megawatts to more than a Giga watt of electricity. These large systems, using

fixed or sun-tracking panels, feed power into municipal or regional grids.

e Stand-Alone Power
In urban or remote areas, PV can power stand-alone devices, tools, and meters.
PV can meet the need for electricity for parking meters, temporary traffic signs,
emergency phones, radio transmitters, water irrigation pumps, stream-flow

gauges, remote guard posts, lighting for roadways, and more.

e Building-Related Needs
In buildings, PV panels mounted on roofs or ground can supply electricity. PV
material can also be integrated into a building’s structure as windows, roof tiles,
or cladding to serve a dual purpose. In addition, awnings and parking structures
can be covered with PV to provide shading and power.

15



e Military Uses
Lightweight, flexible thin-film PV can serve applications in which portability or
ruggedness is critical. Soldiers can carry lightweight PV for charging electronic

equipment in the field or at remote bases [17].

16



Chapter Four

Calculations and Results

4.1 Introduction

In this chapter the experiment setup is represented, including the instruments,

materials, and results of the performance of the solar cell before and after

applying oils.
4.2 Instruments

e Ammeter

An ammeter is a measuring instrument used to measure the current in a

circuit.

Figure 4.1: Ammeter

e \oltmeter

A voltmeter is an instrument used for measuring electric potential

difference between two points in an electric circuit.

17



Figure 4.2: Voltmeter

e Artificial Sun (Table Lamp)

Figure 4.3: Artificial sun
« Solar Cell
A solar cell, or photovoltaic cell, is an electrical device that converts the
energy of light directly into electricity by the photovoltaic effect.

Figure 4.4: solar cell

18



4.3 Materials

e Sesame oil: is an edible vegetable oil derived from sesame seeds (density
at 25 C is 0.9140-0.9190).

e Wheat germ oil: Wheat germ oil is extracted from the germ of the wheat
kernel.(density at 25 C is 0.9250-0.9330)

e Bitter almond oil. Extracted from almond tree seeds (density at 25 C is
1.4640-1.4700). [18]

4.4 Theories

Pmax = Imax X Vmax 4.1

Pmax, Imax and Vmax represent maximum power, current and voltage,

respectively.

FF — Pmax 42
IscxVoc
Where FF, Isc and Voc represent the fill factor, short circuit current, open
circuit voltage, respectively.
FF

n Represents the efficiency of the solar cell, A represents area (and [ is the
intensity of radiation (I = 1.3 W /m?).

4.5 Results

The characteristics readings of the solar panel were recorded to give the results

as follows:

e Background

From figure 4.5 and Eq. (4.1, 4.2, 4.3)
19



Pmax =3.735%x33x 1073 =123 x 1073 W

o 123 x 1073 _ o1
T 44%x10-3x3.895
071 _ 054

T=13x1

e Sesame Oil
From figure 4.6 and Eq. (4.1, 4.2, 4.3)
Pmax = 4.145x33x 1073 =136 x 1073 W

136 x 1073

FF =
425 %x 1073 x 46

= 0.699

e Wheat Germ Oil
From figure 4.7 and Eq. (4.1, 4.2, 4.3)
Pmax = 4.118x37 x 1073 =152%x 1073 W

152 x 1073

424 x 1073 x 46

= 0.60

T 13x1
e Bitter Almond Oil

From figure 4.8 and Eq. (4.1, 4.2, 4.3)

Pmax = 4136 X33 x 1073 =136 X 1073W

20



FF

_ 136x1073
T 423 %1073 x 46

= 0.53

T 13x1

= 0.70

Table 4.1 and Figure 4.5 show the background performance of the cell

Table 4.1: background results

V/Volt I/mA V/Volt I/mA
3.89 12 3.77 28
3.88 14 3.75 30
3.86 16 3.74 32
3.85 18 3.72 34
3.83 20 3.69 36
3.82 22 3.67 38
3.8 24 3.64 40
3.78 26 3.62 42

” "~ background
-

= ,,;._ .‘l\

£ Ll

£ 25 ] m.

. "
) .

wvoltage (W)

Figure 4.5: background
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Table 4.2 and Figure 4.6 show the performance of the solar cell coated with

sesame oil.
Table 4.2: sesame oil
V/Volt I/mA V/Volt I/mA

4.25 14 4.16 30
4.24 16 4.15 32
4.23 18 4.13 34
4.22 20 4,12 36
4.2 22 4.11 38
4.19 24 4.1 40
4.19 26 4.09 42
4.17 28 4.08 44

i5 _—-m__.\

10 ] “u, sesame oil

-.3--.:-—= .\.\

g 30 4 -\.\
E 25 3 ‘HF
-\
0 3 .HH"‘"-\
15 3 -\l\T
405 410 '.ﬂlt;.-;:n. 420 425

Figure 4.6: sesame oil
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Table 4.3 and Figure 4.7 show the performance of the solar cell coated with

wheat germ oil

Table 4.3: wheat germ oil

V/IVolt I/mA V/IVolt I/mA
4.24 14 4.16 30
4.24 16 4.15 32
4.23 18 4.14 34
4.21 20 4.13 36
4.2 22 4.11 38
4.19 24 4.1 40
4.18 26 4.08 42
4.17 28 4.07 44

ij _.\-\'m_\ wheat germ oil
=] R'x_\_\
S -
. s
. |

LB L e e L e L e L s )
404 406 403 410 412 414 416 418 420 427 424 426

voltage {v)
Figure 4.7: wheat germ oil

Table 4.4 and Figure 4.8 show the performance of the panel coated with bitter
almond oil

23



Table 4.4: bitter almond oil

V/Volt I/mA V/Volt I/mA
4.23 14 4.15 30
4.22 16 4.14 32
4.21 18 4.13 34
4.2 20 4.11 36
4.19 22 4.1 38
4.18 24 4.09 40
4.17 26 4.07 42
4.16 28 4.06 44

o . bitter almond oil
=
R 35 3 lx,,\.\
g *3- .\l\.\
E
o 25-—5 l\.\.\\.\
15 4 I\T

. =y ey
woltage (v}

Figure 4.8: bitter almond oil

4.6 Discussion

The experiment aims to study the effect of natural oils (sesame oil, wheat germ
oil, and bitter almond oil.) on the efficiency of the solar cell and to compare the
results to the background efficiency. The cell was coated with a thin layer of oil;

the current and voltage results were recorded in tables and plotted in graphs

24



using Origin graphing program. From the figures, the maximum current and
voltage, the short circuit current and the open circuit voltage were recorded in
order to calculate the efficiency using the solar cell equations. Coating the cell
with sesame oil reduced the efficiency from 54% to 53%, the exact results for
almond oil. The only oil that enhanced the performance of the panel was wheat

germ oil, the efficiency increased from 54% to 60%.

25



Chapter Five

Conclusion and Recommendations

5.1 Conclusion

In this study, a solar panel was coated with oils to study the impact of the oils on
the efficiency. Three types of commercial natural oils were examined (sesame
oil, wheat germ oil and bitter almond oil.) after applying sesame oil the voltage
results fell and also the same thing for almond oil, this caused a reduction in the
efficiency of the panel, except for wheat germ oil, the efficiency increased.
Comparing the results of the panel before and after coating, wheat germ oil
results gave the highest efficiency (n=0.60) and the performance of the panel
after applying the two other oils showed a reduction in the efficiency (n=0.53

using bitter almond oil, and n=0.53 using sesame oil).
5.2 Recommendation
For future studies the following is suggested:

e Use pure oils with experimentally measured properties.
e After applying oils, try to avoid dust formation which reduces the
efficiency.

e Use a cooling system to avoid the effect of high temperatures.
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