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ABSTRACT

The performance assessment of monocrystalline and polycrystalline silicon solar panels was
conducted in Owerri. The solar panels made in Germany were produced by Flames Company
and rated 100W. Both solar panels were subjected to the same weather conditions. The solar
panels were placed side by side on the roof top and the outdoor testing was carried out in both
the raining and dry season for 28days. Each of the solar panel was connected to 12V, 15A
charge controller and to a load of 400hms. The open-circuit voltage (Voc), short-circuit current
(Isc), load voltage (V.) and load current I, were measured using a digital multimeter. The
maximum power (Py) and load power (P.) were calculated from the Voc, Isc, VL and I.. The
results indicated that Voc for monocrystalline silicon solar panel was high during the early and
late hours of the day while V¢ for polycrystalline silicon solar panel increased as the insolation
increases for both season. The monocrystalline silicon solar panel produced more current than
the polycrystalline silicon solar panel. It was observed that both panels had high performance
between 10am and 3pm of the day in the rainy season. The polycrystalline silicon produced the
highest maximum power output of 96.80W while the monocrystalline had a maximum power
output of 94.24W. The solar panels had a low performance during the dry dusty harmattan
season as low sunlight weather condition was observed. (maximum power of 52.06W for the
monocrystalline silicon solar panel and 50.95W for the polycrystalline silicon solar panel).
Cloudy weather conditions affected the solar panel performance as both the voltage and current
dropped whenever it rained. The polycrystalline silicon solar panel also has a fairly constant
voltage (between 16.06V to 17.98V) while voltage for the monocrystalline silicon fluctuates
(between 15.01V to 17.99V). The study showed that the polycrystalline silicon solar panel is
widely used and cheaper even when the users may not have known the advantage of higher
power output than the monocrystalline silicon panel.

Keywords: Monocystalline, Polycrystalline, Voltage, Current, Solar panels, power output
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CHAPTER ONE

INTRODUCTION

1.1  Background Information

Solar energy is utilized in homes in two ways, one: using it to supply heat to warm up spaces
through solar collector, and two, using it to generate electricity through Photovoltaic (PV) cells.
Although the use of solar energy for heating water is relatively low cost and wide spread, PV
technology is relatively costly and its implementation is mostly limited to scientific processes. In
addition to its low cost nature energy produced by solar cells, is environmentally friendly, safe,

and has neither gas emissions nor generates noise. (Al-Salaymeh et. al, 2009).

A solar cell, or photovoltaic cell (PV), is a device that converts light into electric current using
the photoelectric effect. The crystalline solar cell can be classified into: monocrystalline,
polycrystalline and amorphous. This was based on the discovery by Alexandre-Edmond
Becquerel who noticed that some materials release electrons when light rays are incident on them
and electrical current is produced. Later, the first solar cell was constructed by Charles Fritts in
the 1880s. Although the prototype selenium cells converted less than 1% of incident light into
electricity, both Ernst Werner von Siemens and James Clerk Maxwell recognized the importance
of this discovery. Following the work of Russell Ohl in the 1940s, researchers, Gerald Pearson,
Calvin Fuller and Daryl Chapin created the silicon solar cell in 1954. These early solar cells cost

286 USD/watt and reached efficiencies of 4.5-6%. (Wikipedia encyclopedia, 2009).

The solar energy that is used in solar cell is renewable. Renewable energy system can be a useful

instrument to provide reliable power.



Solar thermal, however is already a well-tested technology and has almost universal appeal, but
through lack of education or human inertia is still under utilized in many developed and
developing countries. Domestic take-up of these panels differ dramatically from country to
country, with Germany having reached a level of 50% of domestic homes with solar thermal,
against the UK with around 2%. Nigeria is obviously negligible due to slow technological

advancement. (Oladokun and Adeshiyan 2012).

Meeting the power need of Nigeria has remained a serious challenge to government and the
crisis in the power sector has literally grounded the economy under this situation, solar cell
application and usage may provide a highly cost effective option and can provide power for a
wider range of uses too. The high cost of solar cells has become a major challenge for users of

solar cells as no funding is provided from developmental aid. (Oladokun and Adeshiyan 2012).

The three basic steps in the design of a PV system are;

1) Estimation of load and load profile,

2) Estimation of available solar radiation and

3) The design of solar system based on 1&2.

These steps which entails proposing a design concept that involves a fourth component is shown
in Figure 1.1. The fourth component is important in the design as it shows the PV modules,
battery bank, etc. that would be used during the design. The inclusion of a designed input into the

conventional solar installation helps to achieve a lower energy demand at a lower upfront cost.
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Figure 1.1: Input—Output (Demand Management) based solar power system
Source: (Oladokun and Adeshiyan 2012).

Solar cells convert light into electricity directly. When light shines on the surface of the solar
cell, electrons are liberated in the p-type region and holes produced in the n-type region; this
lowers the potential energy barrier at the junction. The separation of the charge carriers creates
the potential difference. A current flows and establishes an external potential difference. Solar
cells act in a way similar to the diode, so that current can flow in only one direction when the cell

is exposed to light.

1.2 STATEMENT OF PROBLEM

It has been observed that some of the solar panels mounted in our homes and streets do not live
up to the expected life time. To this effect, there is the need to investigate the types of solar
panels mounted on the streets and also determine the suitability of these solar panels in the

environment.



1.3  AIMS AND OBJECTIVES OF STUDY

The aim of this study is to investigate the types of solar panels used in our homes and streets

with particular emphasis in Owerri. Specifically, the objectives of the study are to;

(a) Carry out an outdoor testing of the available solar panel types in Owerri.

(b) Determine the optimum characteristics of each of the solar panel type.

(c) Determine the solar panel type that is more suitable to be used in Owerri, South Eastern

Nigeria.

1.4 Physics of solar cells

Solar cells rely on the photoelectric effect to function. The photoelectric effect can generate
electrons with the condition that the electrons do not leave the surface of the material. In most
materials, recombination of the electron with the hole is almost immediate. Recombination is a
process where excess charge carriers created in a semiconductor by absorption of light is
annihilated after the source of light is turned off. Only materials or devices in which it is possible
to prevent recombination are suitable for solar cell production or fabrication. Semiconductors
have been found very useful in fabricating solar cells. The most used semiconductor is the silicon

because of its advanced technology.

To prevent recombination, two different types of doped semiconductor are grown together to
make the solar cell. Pure silicon is grown in a furnace in the presence of silicon vapor. The
silicon vapor is doped with acceptors or donors (p-type or n-type semiconductors) to deposit
layers of p-type or n-type material. An acceptor atom is a dopant atom that is added to a

semiconductor to form a p-type region and donor atom is a dopant atom that is added to a



semiconductor to form an n-type region. A p-type semiconductor is a doped semiconductor that
contains mostly free holes and an n-type semiconductor is a doped semiconductor that contains
mostly free electrons. The extra electrons move around in the n-type material in response to an
external potential while in the p-type material, the holes move around in response to an external
potential (that is, an external electric field that is applied). Such materials therefore conduct

electricity.

When two different types of semiconductor are bonded together to form a p-n junction, there are
combinations of the electrons in the n-type region with the holes in the p-type in the region near
the boundary. The free charges are removed from the boundary and are set up in a region of
internal electric field inside the semiconductor thereby preventing any more charges from
moving. When an external electric field is applied, it could either act against the internal field or
in the same direction as the internal field at the boundary. A current can flow in response to an

external electric field in only the one direction in which the internal electric field is reduced.

1.5  Photovoltaic activity

According to Fig. 1.2 shown below, when the p-n junction is illuminated by solar energy,
electron-hole pair is generated by the photons that have energy greater than the band gap. The
number of electron—hole pair is proportional to the insolation. This is because of the electric field
in the depletion region. The presence of ionized impurity atoms causes the electrons to drift
toward the n-side and the holes toward the p-side in the depletion region. The electron—hole pairs
generated within a distance of diffusion length from the edge of the depletion region contribute

to the photo current because of the diffusion of excess carriers up to the space charge region.



When the p—n junction illuminated by solar energy is open-circuited as shown in Fig.1.2c,

voltage is generated due to the charge carrier separation. When the p- and n-side are short-

circuited, the current is called short-circuit current Isc and equals to the photo generated current

I_ if the series resistance is zero. When the p- and the n-side are isolated, electrons move toward

n-side and holes toward p-side, resulting in the generation of potential. The voltage developed is

called the open-circuit voltage Voc.
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Fig. 1.2(a): Schematic illustration of carrier flow in illuminated p-n junction in the case of
short- circuited and Energy band diagrams of illuminated p-n junction

Fig.1.2(b) is the short-circuited mode

Source: (Soga, 2006).

Figl.2(c) is the open-circuited mode



1.6 Classification of Solar Cells

Solar cells can be classified into two groups namely; inorganic and organic solar cells. Inorganic
solar cells are made up of silicon solar cells and non silicon solar cells such as cadmium

telluride, etc. Non silicon solar cells include thin films and concentrated photovoltaics.

1.6.1 Cadmium Telluride

Cadmium telluride (CdTe) is a stable crystalline compound formed from cadmium and tellurium.
It is mainly used as the semiconducting material in cadmium telluride photovoltaics and an
infrared optical window. It is usually sandwiched with cadmium sulfide to form a p-n junction
solar PV cell. In cadmium telluride solar cells, the lower electrode is made from a layer of
copper-doped carbon paste while the upper layer is made of tin oxide (SnO,) or cadium-based
stannous oxide (Cd,Sn0O,). Between the upper layer and the semiconductor cadmium telluride,

cadmium sulfide (CdS) is placed.

Solar panels based on CdTe are the first and only thin film photovoltaic technology to surpass
crystalline silicon PV in cheapness for a significant portion of the PV market, namely in multi-
kilowatt systems. The major advantage of this technology is that the panels are manufactured at

lower costs than silicon based solar panels. (http://www.solar-facts-and-advice.com)

CdTe panels have several advantages over traditional silicon technology.

The advantages include:

(a). Ease of manufacturing: Cadmium sulfide and cadmium telluride molecules produces the

necessary electric field that converts solar energy into electricity. A simple mixture of the



molecules produces the required properties and simplifies manufacturing compared to the joining

of two different types of doped silicon in a silicon solar panel.

(b). Good match with sunlight: Cadmium telluride absorbs sunlight at close to the ideal

wavelength thereby capturing energy at shorter wavelengths than is possible with silicon panels

(c). Cadmium is abundant: Cadmium is abundant, produced as a by-product of other important

industrial metals such as zinc. It has no price swings like the silicon

The drawbacks are:

(@). Lower efficiency levels: Cadmium telluride solar panel has a lower efficiency of 21.0%

compared to the efficiency of silicon solar cell which is 25.6%. (Green et al. 2016).

(b). Tellurium supply: While Cadmium is relatively abundant, Tellurium is not. Tellurium (Te) is
an extremely rare element. Most of it comes as a by-product of copper, with smaller byproduct
amounts from lead and gold. Therefore the availability of tellurium will eventually limit the

number of panels that can be produced with this material.

Since CdTe is now regarded as an important technology in terms of PV’s future impact on global
energy and environment, the issue of tellurium availability is significant. Recently, researchers
have added an unusual twist — astrophysicists identify tellurium as the most abundant element in
the universe with an atomic number over 40. (http://www.solar-facts-and-advice.com). This
surpasses heavier materials like tin, bismuth, and lead, which are common. Researchers have
shown that well-known undersea ridges (which are now being evaluated for their economic

recoverability) are rich in tellurium and by themselves could supply more tellurium than we



could ever use for all of our global energy. It is not yet known whether this undersea tellurium is
recoverable, nor whether there is much more tellurium elsewhere that can be recovered.

(http://www.solar-facts-and-advice.com).

(c). Toxicity of Cadmium
Cadmium is one of the top 6 deadliest and toxic materials known. However, CdTe appears to be

less toxic than elemental cadmium, at least in terms of acute exposure.

A study has shown that highly reactive surface of cadmium telluride quantum dots triggers
extensive reactive oxygen damage to the cell membrane, mitochondria, and cell nucleus.
(http://www.solar-facts-and-advice.com). In addition, the cadmium telluride films are typically

recrystallized in a toxic compound of cadmium chloride.

The disposal and long term safety of cadmium telluride is a known issue in the large-scale
commercialization of cadmium telluride solar panels. Serious efforts have been made to
understand and overcome these issues. Researchers from the U.S. Department of Energy's
Brookhaven National Laboratory have found that large-scale use of CdTe PV modules does not
present any risks to health and the environment, and recycling the modules at the end of their
useful life resolves any environmental concerns. During their operation, these modules do not
produce any pollutants, and furthermore, by displacing fossil fuels, they offer great
environmental benefits. CdTe PV modules appear to be more environmentally friendly than all

other current uses of Cd. (http://www.solar-facts-and-advice.com).



1.6.2 Copper Indium Gallium Selenide

Copper indium gallium (di) selenide (CIGS) is a semiconductor material consisting of copper,
indium, gallium, and selenium. The material is produced by a solid solution of copper indium
selenide (often abbreviated "CIS™) and copper gallium selenide. CIGS is a tetrahedrally bonded
semiconductor, with the chalcopyrite crystal structure, and a band gap varying continuously with
x from about 1.0 eV (for copper indium selenide) to about 1.7 eV (for copper gallium selenide).
A chalcopyrite crystal structure is a copper iron sulfide mineral that crystallizes in the tetragonal

structure. (Wikipedia encyclopedia, 2015).

So far the promise of CIGS solar cell technology has been greater than the reality, but certain

advantages of this technology are beginning to emerge, namely:

(@). The active layer (CIGS) can be deposited in a polycrystalline form directly onto
molybdenum coated glass sheets or steel bands. This uses less energy than growing large
crystals, which is a necessary step in the manufacture of crystalline silicon solar cells. Also

unlike crystalline silicon, these substrates can be flexible.

(b). One environmental advantage of CIGS solar cell technology have over Cadmium Telluride
solar cell panel is that it uses a much lower level of cadmium, in the form of cadmium sulfide.

Although in some designs, zinc is sometimes used instead of cadmium sulfide all together.

3. Like Cadmium Telluride panels, CIGS solar cell panels show a better resistance to heat than

silicon based solar panels.
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1.6.3 Copper Zinc Tin Sulfide

Copper Zinc Tin Sulfide (CZTS) is a quaternary semiconducting compound which has received
increasing interest since the late 2000s for applications in solar cells. The classes of related
materials include copper zinc tin selenide (CZTSe) and the sulfur-selenium alloy CZTSSe. CZTS
offers favorable optical and electronic properties similar to CIGS (copper indium gallium
selenide) making it well suited for use as a thin-film solar cell absorber layer, but unlike CIGS
(or other thin films such as CdTe), CZTS is composed of only abundant and non-toxic elements.
Concerns with the price and availability of indium in CIGS and tellurium in CdTe, as well as
toxicity of cadmium have been a large motivator to search for alternative thin film solar cell
materials. Recent material improvements for CZTS have increased efficiency to 12.0% in

laboratory cells, but more work is needed for their commercialization. (Wrinker et al. 2013)

1.6.4 Silicon Solar Cells

These are solar cells made from silicon. Silicon is a non toxic material and abundant in the earth
crust. Silicon is safe for the environment and one of the most abundant resources on Earth,
representing 26% of crustal material. The abundance and safety of silicon as a resource, grants
the silicon solar cell a prominent position among all the various kinds of solar cells in the PV
industry. An annual PV cell production of 100 GW,, is expected to be achieved by 2020, and the
silicon PV cell is the most viable material to meet this demand from the point of view of

suitability for large-volume production. (Tatsuo, 2010).

The silicon solar cells are fabricated from monocrystalline, polycrystalline and amorphous.

The PV cell is essentially a diode with a semiconductor structure, and in the early years of solar

cell production, many technologies for crystalline silicon cells were proposed on the basis of

11



silicon semiconductor devices. The synergy of technologies and equipment developed for other
silicon-based semiconductor devices, such as large-scale integrated circuits and the many
different kinds of silicon semiconductor applications, with those developed for PV cells
supported progress in both fields. Process technologies such as photolithography helped to
increase energy conversion efficiency in solar cells, and mass-production technologies such as
wire-saw slicing of silicon ingots developed for the PV industry were also readily applicable.
However, the value of a PV cell per unit area is much lower than that for other silicon-based
semiconductor devices. Production technologies such as silver-paste screen printing and firing
for contact formation are therefore needed to lower the cost and increase the volume of
production for crystalline silicon solar cells. To achieve parity with existing mains grid
electricity prices, known as ‘grid parity’, lower material and process costs are as important as
higher solar cell efficiencies. The realization of high-efficiency solar cells with low process cost
is currently the most important technical issue for solar cell manufacturers. Cutting the cost of
producing expensive high-purity crystalline silicon substrates is one aspect of reducing the cost
of silicon solar cell modules. This review covers the historical and recent technological advances

in crystalline silicon solar cells from the perspective of industrial application (Tatsuo, 2010).

Silicon solar cells are classified into three groups namely:

a. Monocrystalline solar cells

b. Polycrystalline solar cells

¢. Amorphous solar cells

12



1.6.4.1 Monocrystalline Solar Cells

Monocrystalline photovoltaic electric solar energy panels have been the go-to choice for many
years. They are among the oldest, most efficient and most dependable ways to produce electricity

from the sun.

Each module is made from a single silicon crystal, and is more efficient, though more expensive,
than the newer and cheaper polycrystalline and thin-film PV panel technologies. You can

typically recognize them by their color which is typically black or iridescent blue.
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Fig 1.3: Schematic diagram showing monocrystalline solar panel.

Source: (http://www.solar-facts-and-advice.com).
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In single crystal silicon, the molecular structure—which is the arrangement of atoms in the
material—is uniform because the entire structure is grown from the same crystal. This uniformity
is ideal for transferring electrons efficiently through the material. To make an effective PV cell,

however, silicon has to be "doped" with other elements to make n-type and p-type layers.

To create silicon in a single-crystal state, high purity silicon must first be melted. It is then
reformed or solidified slowly while in contact with a single crystal "seed.” The silicon adapts to
the pattern of the single crystal seed as it cools and gradually solidifies. Since it starts from a
seed, the process is called "growing" a new rod (often referred to as a boule) of single-crystal

silicon out of molten silicon.

Several processes can grow a boule of single-crystal silicon. The most established and

dependable are the Czochralski (Cz) method and the float-zone (FZ) technique.

1.6.4.1.1 Advantages of Monocrystalline Silicon Solar Cells
The advantages of monocrystalline silicon cells are listed below:
(a). Longevity

Monocrystalline solar panels being the first generation solar technology, has provided evidence
of their durability and longevity. The technology, installation and performance issues are all
understood. Single crystal panels can withstand the rigors of space travel and can last up to 25

years.

Although this type of solar panel can last a long time, a time will come when newer panels might
replace the monocrystalline panels especially if the efficiency of newer panels continues to

increase

14



(b). Efficiency

PV panels made from monocrystalline solar cells has an efficiency of 22 to 22.5%.
Consequently, Monocrystalline panels are a great choice for urban settings or where space is

limited.

(c). Other Environmental Concerns

. Monocrystalline solar panels are not hazardous to the environment. Some thin film solar
products uses cadmium telluride (CdTe). Cadmium is a heavy metal that accumulates in plant
and animal tissues. Cadmium is a 'probable carcinogen’ in humans and animals. While cadmium
telluride doesn't pose a threat while the panel is in service, disposal of this toxic waste when the
product reaches the end of its life could be harmful to the environment if it is not properly

handled

(d). Greater Heat Resistance

Like other types of solar panels, monocrystalline solar panel suffer a reduction in output once the
temperature from the sunlight reaches around fifty degrees Celsius/a hundred and fifteen degrees

Fahrenheit.

(e). More Electricity

Monocrystalline solar panels produce more electricity. Monocrystalline panels reduce the
amount of electricity needed from local power plants, reducing the dependence on fossil fuels.
The greater benefit is a reduction in the use of limited fuel sources and greenhouse gases being

pumped into the environment.

15



1.6.4.1.2 Disadvantages of Monocrystalline Solar Panels
1. Initial Cost

The process of making PV panels from single-cell silicon crystals is one of the most complex
and there are costly ones around. Also, the cost of making a single pure crystal is time-
consuming and therefore costly, PV panels from monocrystalline solar cells generally cost more
per panel than competing PV technologies. Based on the analysis, monocrystalline solar panels
are typically the most economical over the life of the installation (http://www.solar-facts-and-

advice.com)

1.6.4.2 Polycrystalline Solar Cells

Polycrystalline silicon solar cells are solar cells made from multiple crystals of silicon.
Polycrystalline cells are currently the most widely produced cells, making up about 48% of
world solar cell production in 2008. Standard polycrystalline industrial cells offer efficiencies of
15-17%, roughly 1% lower than for monocrystalline cells fabricated on the same production
lines. The efficiencies of polycrystalline cell modules, however, are almost the same as those for

monocrystalline cells (14%) due to the higher packing factor of the square polycrystalline cells.

They are the middle choice in the marketplace, almost as good as single cell monocrystalline

silicon panels but generally with a better efficiency than thin film solar panels.

Polycrystalline cells can be recognized by a visible grain, a “metal flake effect”. The solar cells
are generally square in shape, and may have a surface that looks somewhat like a mosaic. That’s

because of all the different crystals that make up the module.

16
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Fig 1.4: Schematic diagram showing polycrystalline solar panel.
Source: (http://www.solar-facts-and-advice.com).

Techniques for the production of polycrystalline silicon are simpler, and therefore cheaper, than
those required for single crystal material. However, the material quality of polycrystalline
material is lower than that of single crystalline material due to the presence of grain boundaries.
Grain boundaries introduce high localized regions of recombination due to the introduction of
extra defect energy levels into the band gap, thus reducing the overall minority carrier lifetime
from the material. In addition, grain boundaries reduce solar cell performance by blocking carrier

flows and providing shunting paths for current flow across the p-n junction.

Polycrystalline silicon can be produced in variety of ways. The most popular commercial
methods involve a process in which molten silicon is directly cast into a mold and allowed to

solidify into an ingot. The starting material can be refined lower-grade silicon while a higher-

17



grade semiconductor is required for single-crystal material. The cooling rate is one factor that
determines the final size of crystals in the ingot and the distribution of impurities. The mold is
usually square, which produces an ingot that can be cut and sliced into square cells that fit more
compactly into a PV module. (Round cells have spaces between them in modules, but square

cells fit together better with a minimum of wasted space).

1.6.4.2.1 Advantages of Polycrystaline Solar Cells
The advantages of polycrystalline solar cells are listed below:
(@). Lower Per Panel Costs

They are much simpler to produce, and cost far less to manufacture. This makes them much less

expensive for buyers, especially those with small to medium sized roofs.

(b). Durability and Longevity

Polycrystalline solar panels are durable and can provide solar power for consumers that cannot

afford the monocrystalline.

(c). Environmental Enhancements

The polycrystalline solar panel produce energy from the sun and thus help to reduce greenhouse

gases and related environmental problems of extracting fossil fuels .

(d). Lower Electric Bills

Polycrystalline solar panel lowers electric bills since it produces electricity.

18



1.6.4.2.2 Disadvantages of Polycrystalline Solar Cells

(a). Lower Efficiency

Polycrystalline solar modules are less efficient than those made from a single crystal.

(b). Fragile

Polycrystalline solar panels are somewhat fragile, and can be broken if hit by a falling branch of

a tree.

(c). Competitive

There is strong price competition between polycrystalline manufacturers, and this can be both a
good thing (in that it tends to keep prices low) or a bad thing (some manufacturers may not be
able to withstand the competition and won't be around to honor their product or performance

warranties) (http://www.solar-facts-and-advice.com)

1.6.4.3 Differences between Monocrystalline and Polycrystalline Solar Cells

Monocrystalline cells are black and even in colour while polycrystalline cells are blue-ish in

colour and have a characteristic metal hard pattern on the surface.

Monocrystalline cells are square with missing corners while polycrystalline cells are square

shaped.

Polycrystalline cells are of lower efficiency than monocrystalline cells.

Polycrystalline solar cells are more sensitive to heat, losing efficiency more quickly as

temperature rise and so produce slightly less energy each year.

Monocrystalline cells are made from single crystals grown in the shape of a round pillar while
polycrystalline silicon wafer is made by pouring molten silicon into a cube shaped mould and
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letting it cool and solidify. The solidified block of silicon is sliced into pillars and they are in turn

sliced into perfectly square cells.

1.6.4.4 Amorphous Solar Cells

Amorphous silicon is the non-crystalline form of silicon. It is the most well developed of the thin
film technologies having been on the market for more than 15 years. The word “amorphous”
literally means shapeless. The silicon material is not structured or crystalized on a molecular
level, as many other types of silicon-based solar cells are. It is widely used in pocket calculators,

but it also powers some private homes, buildings, and remote facilities.

Amorphous silicon panels are formed by vapor-depositing a thin layer of silicon material — about
1 micrometer thick — on a substrate material such as glass or metal. Amorphous silicon can also
be deposited at very low temperatures, as low as 75 degrees Celsius, which allows for deposition

on plastic as well.

In its simplest form, the cell structure has a single sequence of p-i-n layers. However, single
layer cells suffer from significant degradation in their power output (in the range 15-35%) when
exposed to the sun. The mechanism of degradation is called the Staebler-Wronski Effect, after its

discoverers.

Better stability requires the use of a thinner layer in order to increase the electric field strength
across the material. However, this reduces light absorption, hence cell efficiency. This has led
the industry to develop tandem and even triple layer devices that contain p-i-n cells stacked one

on top of the other.
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One of the pioneers of developing solar cells using amorphous silicon is Uni-Solar. They use a
triple layer system (see illustration in fig. 1.5) that is optimized to capture light from the full

solar spectrum).
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Fig 1.5: Schematic diagram showing amorphous solar cells.

Source: (http://www.solar-facts-and-advice.com)

As you can see from the illustration, the thickness of the solar cell is just 1 micron, or about

1/300th the size of mono-crystalline silicon solar cell.

While crystalline silicon achieves a yield of about 18 percent, amorphous solar cells’ yield
remains at around 7 percent. The low efficiency rate is partly due to the Staebler-Wronski effect,
which manifests itself in the first hours when the panels are exposed to sunlight, and results in a

decrease in the energy yield of an amorphous silicon panel from 10 percent to around 7 percent.
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1.6.4.4.1 Advantages of Amorphous Silicon

The principal advantage of amorphous silicon solar cells is their lower manufacturing costs,

which makes these cells very cost competitive.

One of the main advantages of a-Si over crystalline silicon is that it is much more uniform over
large areas. Since amorphous silicon is full of defects naturally, any other defects, such as

impurities, do not affect the overall characteristics of the material too drastically.

Amorphous silicon can be produced in a variety of shapes and sizes (e.g., round, square,
hexagonal, or any other complex shape. This makes it an ideal technology to use in a variety of
applications such as powering electronic calculators, solar wristwatches, garden lights, and to
power car accessories. Small solar cells used in pocket calculators have been made with a-Si for

many years.

Unlike crystalline solar cells in which cells are cut apart and the recombined, amorphous silicon
cells can be connected in series at the same time the cells are formed, making it easy to create
panels in a variety of voltages (e.g, for use in solar battery rechargers). Amorphous silicon solar

cells are sensitive to light and can also be used as light sensors (e.g., outdoor sensor lights, etc).

Some amorphous solar panels also come with shade-resistant technology or multiple circuits
within the cells, so that if an entire row of cells is subject to complete shading, the circuit won't
be completely broken and some output can still be gained. This is especially useful when

installing solar panels on a boat.

The development process of a-Si solar panels also renders them much less susceptible to
breakage during transport or installation. This can help reduce the risk of damaging one’s

significant investment in a photovoltaic system.
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Another principal advantage of this type of technology is greater resistance to heat. According to
a four year NREL study — it was observed that amorphous silicon PV modules experience higher

results as temperatures increase (http://www.solar-facts-and-advice.com).

The drawback of amorphous silicon solar cell is basically lower efficiency and shorter lifetime.
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CHAPTER TWO
LITERATURE REVIEW
2.1 Introduction
This chapter shall discuss some studies carried out by different investigators on silicon solar
panels where the effects of temperature, irradiance, humidity, angle of inclination or tilt angle

and dust scattering affected the performance of solar panels.

2.2 Effect of temperature on the performance of silicon solar panels

Temperature has a role to play in the performance of silicon solar cells. Researchers have
discovered that there is a direct relationship between the ambient temperature and power output
of solar panels. According to Sanusi et al. (2011), they carried out a research to determine the
effect of ambient temperature on performance of amorphous silicon at Ogbomoso, Nigeria. The
research was carried out by monitoring the variation in power output of the system with ambient
temperature of the area for three years. They concluded that the application of photovoltaic
technology in the conversion of solar energy to electricity is favorable during high ambient
temperature period than low temperature period.

Also Mustapha et al. (2013) carried out a research on performance evaluation of polycrystalline
solar photovoltaic module in weather conditions of Maiduguri, Nigeria. According to the
researchers, many solar PV modules exhibit significant loss in their expected performance due to
variations in weather conditions such as ambient temperature and solar irradiance which results
in inaccurate prediction of the module performance in the field. Obviously, the Standard Test
Conditions (STC) and the Nominal Operating Cell Temperatures (NOCT) do not represent real
operating conditions of PV module at the site of installation. The performance of a solar PV

module is strongly dependent on some environmental conditions such as solar irradiance and
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temperature. Mustapha et al. (2013) used KD 315 PV module which provides 315W maximum
power at STC and contain 80 polycrystalline Si solar cells connected in series. The model of the
PV module was implemented using a MATLAB program and the model parameters were
evaluated using daily data of temperature and solar irradiance obtained from Maiduguri for a
period of one year. From their research work, they observed that power generated varied with
seasons. For example more power was generated in the dry season (February to May) than in the
rainy season (June to September) for the year 2010. The sunniest month in the year which was
April had an average insolation of 0.8 kW/m?, which was about 37.5% more than the least sunny
month in the year that is August, which received an average insolation of 0.5 kW/mZ.

In conclusion, they discovered from their simulation results that there is a direct relationship
between solar irradiation, temperature, output current and output power of the photovoltaic
module.

Similarly, the effect of temperature on the 1-V characteristics of polycrystalline solar cell was
conducted by Karki (2015). He cooled the PV modules to lower its temperature below the
ambient temperature before the experiment. (Ideally less than 10°C). The experiments were
performed during an approximately half hour period around solar noon on a cloudless, clear day.
The researcher found out that current parameters of each module increase with increasing

temperature but voltage parameters of each module decrease with increasing temperature.

2.3  Effect of angle of inclination/tilt angle on the performance of silicon solar cells.

Angle of inclination/tilt angle is among the factors that affect the performance of silicon solar
cells. According to Salih and Kadim (2014), they carried out a research on effect of tilt angle
orientation on photovoltaic module performance. In their research, the effect of tilt angle

(azimuth and elevation) on PV performance was simulated. The simulation involves a PV

25



module tilted at 0°, 15°, 30°, 45°, and 60° (in both x and y directions). The researchers used a
Solara®-130 W PV module which provides a nominal maximum power of 130 W, and has 36
series-connected polycrystalline silicon cells. Data are based on measurements made in a solar
simulator under standard test conditions.

The effect of the tilt angle on the performance of a PV module was investigated in the x and y
directions. Incident solar radiation values on various inclined surfaces with different orientations
were calculated. In conclusion, they observed that the output power of the module could be
significantly affected by the angular difference in both azimuth and elevation. The maximum
power was obtained at 0° in the x and y directions. With the same values of tilt angles in the x
and y directions, the obtained power from the module in the x direction was greater than the
corresponding value in the y direction.

Also, Ihiara and Nishihara (2001) carried out a research on outdoor performance of amorphous
silicon solar cells. In this research, several solar modules were installed on the premises of Fuji
Electric Corporate Research and Development Limited in Yokosuka city and the power
generating status of the modules were measured in order to compare the amorphous solar cells to
the crystalline Si solar cells, compare the power generating performance of amorphous solar cells
with different device structures and evaluate the effects of module installation conditions
(azimuth and tilt angle). Each of the module was placed at the standard tilt angle of (31°). The
effects of installation conditions were evaluated using Ge tandem modules and the modules were
installed on the roof of research facilities. They were able to verify that the Si/Ge tandem
structure amorphous solar cell, currently being developed by Fuji Electric, provides 10% higher
generated power than crystalline Si solar cells. This is due to the excellent power generating

characteristics of amorphous Si solar cells at high temperatures.
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Ogueke et al. (2013) also carried out a research on the effect of seasonal variation and angle of
inclination on the performances of solar photovoltaic in south eastern Nigeria. They used three
photovoltaic panels, each with a rated capacity of 60 W in each of the locations considered.
Three installation positions considered were: horizontal, an angle equal to the local latitude of
location and an angle 5° greater than the local latitude of location. Power outputs from these
panels were measured at fixed time interval from dawn to dusk for 12 months. They found out
that solar panels perform at about 50% of their rated capacity in most cities in south eastern
Nigeria. Also, solar panel installation in the south east of Nigeria does not need to be at an angle
equivalent to the local latitude which is the current practice. A horizontally mounted panel will
perform better considering that solar radiation is predominantly diffuse in these locations. This is
also the case for any location that experiences more diffuse solar radiation than direct solar

radiation.

2.4  Effect of dust scattering on the performance of silicon solar cells.

Dust scattering on the surface of silicon solar panels affect the performance of the panels. A
research was conducted by Sanusi (2012) to determine the performance of amorphous Silicon
PV System under harmattan dust conditions in a tropical area. He used two amorphous silicon
photovoltaic systems of the same dimensions and materials set-up. One served as control
experiment which was constantly cleaned-up before each daily reading commenced, while the
other served as the test system for the period of the experiment. He observed that due to the daily
aggregation of dust particles on the surface of the system’s solar array, the performance of the
clean surface of the system was better than the unclean surface by 20% during harmattan periods
as a result of reduction in the solar flux intensity. This was as a result of absorption, scattering,

and reflection by dust particles common during the periods of the years. The obtained results
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show that the application of photovoltaic technology in the conversion of solar energy to
electricity within the region under study is not favorable during Harmattan period compared to
period of reasonable clean and clear atmosphere.

He concluded that harmattan dusts have a strong influence on the conversion efficiency of
photovoltaic system. However, it is advisable that for the better performance, especially during
harmattan dust period, cleaning device should be incorporated into the arrays of photovoltaic
systems.

Sulaiman et al. (2011) also carried out a research on effects of dust on the performance of
photovoltaic panels. They used a monocrystalline solar panel rated 50W and artificial dust (mud
and talcum) was used for the experiment. Experiments were performed by applying artificial
dusts on a layer of plastic sheet, prior to placing the set onto the solar PV panel. Tests were
conducted also with the clean plastic sheet and with bare panel in order to quantify the effects of
dust on the performance of the PV panel. They found out that accumulated dust on the surface of

solar photovoltaic panel can reduce the system’s efficiency by up to 50%.

2.5  Effect of irradiance on the performance of silicon solar panels.

Irradiance affects the performance of silicon solar cells. According to Bashir et al. (2015), they
carried out an experiment investigating the performance of photovoltaics in Pakistan. Three
commercially available photovoltaics which include: monocrystalline Si, polycrystalline Si and
single junction amorphous silicon were used for the outdoor testing and the purpose of the
research was to compare the performance of the three photovoltaics under the weather of
Pakistan in January. They found out that the monocrystalline Si and polycrystalline Si modules

perform better at high irradiance and show poor performance at low irradiance conditions.
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Amorphous Si solar module has shown better light absorption characteristics and performs better
in low irradiance.

Ugwuoke and Okeke (2012) also carried out a research on performance assessment of three
different modules as a function of solar insolation in south eastern Nigeria using Nsukka as a
case study. Three silicon photovoltaic modules of Siemens product (55WP monocrystalline Si,
50WP polycrystalline Si and 10WP amorphous silicon modules) were simultaneously deployed
outdoor to evaluate their performances as a function of solar radiation. They found out that the
maximum power output and efficiencies of the modules tested were significantly lower than their
rated performances. At irradiance of 1000 W/m?, the power output reduced by about 31.88%,
42.32% and 30.6% of the manufacturer’s specifications for the monocrystalline Si,
polycrystalline Si and amorphous silicon PV modules respectively. Maximum efficiencies of
12.97%, 9.67% and 4.94% were achieved at irradiance of 600W/m? for the monocrystalline Si,
polycrystalline Si and amorphous silicon modules respectively. However, at irradiance of
1000W/m?, the efficiencies dropped to 9.61%, 7.65% and 3.62% for the monocrystalline Si,
polycrystalline Si and amorphous silicon PV modules respectively. These results indicate that the
design of photovoltaic systems for use in our local environment based on the rated performances

would be very much in error.

Also, Parthasarathy et al. (2013) carried out investigations on the outdoor performance
characteristics of multicrystalline silicon solar cell and module. Multicrystalline silicon solar cell
and its module with 18 cells connected in series were mounted on an inclined rack tilted 12°
South were used in the course of the research. Solar irradiance was measured using an optical
Pyranometer. Results shows that the cell and module output voltage got saturated at a critical

value of illumination, which is ~46.3% of the STC value for the module and 17.3% of the STC
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value for the cell. Moreover, this critical illumination was found to increase to 47.1% for module
and 25.3% for the cells, respectively, in the evening hours. The researchers argued that this
increase in the critical illumination may be related to the effective temperature losses incurred
upon exposure to the outside. In conclusion, the demonstrated stability in output voltage
indicates that the solar cell and modules can be operated for ~9.10 hours and 7.18 hours in the

voltage-stabilized mode, respectively.

2.6  Effect of humidity on the performance of solar panels.

Humidity affects the performance of silicon solar cells. A study was conducted by Panjwani and
Narejo (2014) to determine the effect of humidity on the efficiency of solar cell in Pakistan. A
50W BP solar panel was used for the experiment and hygrometer was used to calculate the
humidity.. They found out that the power produced from the solar panel decreases up to 15 —
30% when the humidity level remains high thereby affecting the performance of the solar panel.
Ettah et al. (2012) also carried out a research on the effect of relative humidity on the efficiency
of solar panels in Calabar, Nigeria. They used an 18W solar panel and digital weather meter to
measure the relative humidity during the experiment. They found out that low relative humidity
between 69% and 75% show an increase in output current from solar panels. VVoltage output also
increased with decrease in relative humidity but stabilized between relative humidity values of
70% and 75%. This means that efficiency of solar panel is high during low humidity period.
Therefore, relative humidity affects efficiency of solar panel as it affects the current of solar

panels but has little effect on the output voltage.
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2.7  Outdoor testing/ performance of solar panels.

Outdoor testing of solar panels have been carried out to determine the performance of the panels.
According to Ali et al. (2016), an outdoor testing of photovoltaic modules was carried out during
summer in Taxila, Pakistan. The modules used in this outdoor testing include: monocrystalline
Si, polycrystalline silicon and single junction amorphous silicon. The hourly performance data of
three commercially available PV modules were reported for three summer months and are
compared with the already published data of peak winter month for the same site. Results show
that crystalline silicon modules are more sensitive to the incident light showing sudden decrease
of output power at low light conditions (low irradiance). The output of amorphous Si module is
more stable as it performs better in low light as well. It was found that module temperature has
significant effect on the output of PV modules. In the analysis of summer months,
monocrystalline Si module showed average module efficiency of 11.4% which is higher than the
other modules used in this study. The amorphous Si module showed low module efficiency but
has shown higher average performance ratio. The module efficiency and performance ratio of PV
modules decreased with the increase of solar irradiance and module temperature.

Maluta (2011) also carried out an outdoor testing of amorphous and crystalline silicon solar
panels at Thohoyandou. The outdoor testing was conducted to measure solar radiation, open-
circuit voltage, short circuit current, current-voltage (I-V) curve, fill-factor and conversion
efficiency and hence to compare the performance of the two types of panels. The researcher
observed that the measured values of open-circuit voltage and short-circuit current for crystalline
and amorphous modules reveals that these values are very close to the values given by the

manufacturer under STC. However, in the crystalline module, the variation is more prominent in
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comparison with an amorphous module. The fill factor and the sharpness of the I-V curves are
almost similar for the crystalline and amorphous modules.

Also, Agroui et al. (2011) carried out an indoor and outdoor photovoltaic performance based on
thin film solar cells. The thin film modules used in this research were amorphous Si triple
junctions and copper imdium selenide. Tests were operated in outdoor exposure and under
natural sunlight of URAER located in Saharan region of Ghardaia and these tests have shown
that the STC values quoted by manufacturers for their amorphous PV modules do not necessarily
match those observed in STC measurements.

So far the measured maximum power values have remained within the values guaranteed by the
manufacturers. Also for the US64 PV module (3j: a-Si) the deviation was more varied with the
IEC 60891method than the J. Anderson and G. Blaesser methods.

The work of Abdelkader et al (2010) was on the comparative analysis of the performance of
monocrystalline Si and multicrystalline Si PV Cells in semi arid climate conditions, the case of
Jordan. He concluded that the comparison of the efficiency of the multicrystalline Si and mono-
crystalline Si PV panels indicates that despite similar behavior of both PV modules in the
selected days and months, monocrystalline Si panel efficiency was higher than that of the multi-
crystalline Si panel.

Chukwu et al. (2016) did a study on the comparative study of photovoltaic modules and their
performance in the tropics, a case study of Lagos, Nigeria. They used four commercially
available photovoltaic (PV) modules namely: polycrystalline silicon , triple junction amorphous
silicon , monocrystalline silicon and copper-indium-selenide. The experiment was carried out

for three consecutive days. They found out that the monocrystalline Si and polycrystalline Si
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perform better under hot sun and the amorphous Si while the triple junction amorphous and
copper-indium-selenide perform better at cloudy weather conditions.

Kalu et al. (2016) also did a work on comparative study of three different photovoltaic
technologies. They used a simulation approach for the comparative analysis three different
photovoltaic technologies which are the monocrystalline silicon, polycrystalline silicon and thin
film PV. They found out that array efficiency of the polycrystalline Si was higher than that of the
monocrystalline Si while the thin film PV has lower array efficiency. They preferred the
polycrystalline Si because it has a very high array efficiency and a very low area (space
requirement for the installation).

In conclusion, several factors considered from these researches carried out have effect on the
performance of solar panels. This research is necessary to determine the solar panel that works
optimally in the South Eastern Nigeria using Owerri as a case study so as to guide would-be

users of solar panels on the type of solar panel to purchase.
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CHAPTER THREE

METHODOLOGY

3.1 Introduction

The methodology involved an outdoor testing of the monocrystalline Si and polycrystalline Si
solar panels which was conducted to measure the open-circuit voltage, load voltage, short circuit

current, load current and hence to compare the performance of the two types of panels.

The solar panels were purchased in the open market having the following ratings.

Specification Monocrystalliine Si Polycrystalline Si
Manufacturer Flames Flames

Peak power (Pmax) (W) 100 100

Maximum power voltage (Vmax) (V) 17.5 17.5

Maximum power current (Imax) (A) 5.72 5.72
Open-circuit voltage (Voc) (V) 22.05 22.05
Short-circuit current (Isc) (A) 6.40 6.40

The outdoor testing was carried out at Egbeada in Owerri having latitude 5° 29" 0" N and

longitude 7° 2' 0" E.

The experiment was carried out for both the rainy and dry season. The duration of the

experiments conducted during the rainy and dry season was 26th of June to 9" of July 2016 and
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6" January, 2017 to 19" January, 2017 respectively (two weeks each). Two different solar panels
namely; 100W monocrystalline silicon solar panel and 100W polycrystalline silicon solar panel
were used for both experiments. The solar panels were mounted on a roof top facing the sun
using a ladder. The monocrystalline silicon solar panel was placed beside the polycrystalline
silicon solar panel on the roof top and each of the solar panel was connected to a 12V 15A
charge controller and the charge controller was connected to a 13A switch. The DC fan was
connected across the switch for each of the solar panels .The block diagram of the set up is

shown in Fig 3.1
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Fig 3.1: Block diagram showing the solar panel connected to load through the charge
controllers.

(a) is for monocrystalline solar panel while (b) is for polycrystalline solar panel

A DT9205A digital multimeter was used to measure the open circuit voltage (\Voc), load voltage
(VL), short circuit current Isc and load current (I.) generated by the solar panels. Readings were
taken daily from the solar panels at an interval of one hour (1hr) between 07:00 and 18:00 hrs

local time. For each of the readings taken, the switch was turned OFF for the open circuit voltage
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and short-circuit current for each of the panel to be recorded while the switch was turned ON for

the load voltage and load current to be recorded.
3.2 Description of the Experimental Set Up

A solar panel consists of a number of solar cells that convert solar energy to electrical energy.
The terminal of the solar panel was connected to the charge controller. A charge controller limits
the amount of current from the solar panel to the load. The terminals of the charge controller
were connected to 13A switch. The load which was a DC fan was connected to the switch. The
digital multimeter was connected at the terminal of the charge controller to record the readings of
the open-circuit voltage Voc when the switch was turned OFF. The load voltage V| was recorded

when the switch was turned ON.

The following parameters were recorded during the outdoor testing which include the: open-
circuit voltage Voc, load voltage V|, short circuit current Isc and load current I,.. The maximum

power was calculated by multiplying Voc and Isc, according to equation (3.1a)

Maximum power,
R‘d‘ = Vocx}.s'c (3la)

The load power was also calculated by multiplying the load voltage and the load current, as
shown in equation (3.1b)

PL = VL.'X-'I_L (Slb)
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.0 RESULTS AND DISCUSSION

The following results were obtained for each day during the outdoor testing of the solar panels
for the rainy season.

Day 1

Table 4.1: Experimental results of open-circuit voltage (Voc), load voltage (V) and short-
circuit current (Isc) of monocrystalline and polycrystalline Si solar panels for
day one (26" June, 2016).

Monocrystalline Si Polycrystalline Si
Time Voc(V)  Vi(V)  Isc(A) Pu(W) IL(A)  P(W) Voc(V)  ViV)  Isc(A)  IL(A)  Pu(W)  P(W)
7am 1328 593 015 199 010 0.59 13.04 348 015 0.08 1.96 0.28
8am 16.78 16.48 0.92 1544 030 494 17.12 1529 0.69 029 1181 443
9am 16.52 16.26 1.18 1949 033 537 16.09 15.78 0.90 032 1448 5.05
10am 15.67 15.48 1.78 27.89 039 6.04 17.69 17.08 1.70 0.38 30.07 6.49
1lam 15.90 1539 3.73 59.31 0.38 5.85 17.93 17.49 3.70 0.37 66.34 6.47
12pm 15.24 15.10 2.10 32.00 034 513 17.30 16.72 1.96 0.34 3391 568
1pm 16.02 1554 2.36 3781 036 559 16.78 16.18 2.16 035 36.24 5.66
2pm 16.96 16.72 2.16 36.63 035 585 16.96 16.47 2.10 0.34 3562 5.60
3pm 16.99 16.06 1.70 28.88 031 4.98 17.30 16.74 1.61 030 2785 5.02
4pm 15.50 1495 0.65 10.08 029 434 16.25 15.60 0.60 0.28 9.75 4.37
5pm 15.92 1442 0.22 3.50 0.16 231 15.14 13.95 0.20 0.12 3.03 1.67
6pm 7.19 346 0.06 043 0.04 0.14 6.24 203 005 003 031 0.06
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4.1 Discussion

Table 4.1 shows experimental results recorded during the outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panel for Day 1(26™ June, 2016).
Also fig.4.1 (a-c) represent the time history of the measured parameters; Fig.4.1a shows the (Voc

- t) plot, fig.4.1b shows the (Isc - t) plot while fig.4.1c shows the (Py - t) curve.

The open-circuit voltage Voc recorded for both the monocrystalline Si and polycrystalline Si
showed similar trends. The polycrystalline Si had a higher Voc from 9am to 4pm and is fairly

constant while Voc for monocrystalline Si varied and was high at 5pm.

The short-circuit current Isc for both the monocrystalline Si and polycrystalline Si also showed
similar trend. The short-circuit current for monocrystalline Si was higher than that of the
polycrystalline Si. It increased from 7am and peaked at 11am before decreasing gradually from

12pm and increased again at 1pm before declining.

The maximum power, Py is dependent on the current. For this particular day, the maximum
power for the monocrystalline Si was 59.31W and that of the polycrystalline Si was 66.34W and
this happened at 11am at the very time the current reached its maximum. Both solar panels show
similar trend with the monocrystalline Si being high from 7am to 10am but the polycrystalline Si
solar panel produced a higher maximum power output (Py) than the monocrystalline Si for the

first day.
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Day 2

Table 4.2: Experimental results of open-circuit voltage (Voc), load voltage (V) and short-

circuit current (Isc) of monocrystalline Si and polycrystalline Si solar panels for
day two (27" June, 2016).

Monocrystalline Si

Polycrystalline Si

Time Voc(V) ViV)  Isc(A)  IL(A)  Pu(W)  PL(W) Voc(V)  Vi(V) Isc(A)  IL(A) Pu(W)  P(W)
7am 1568 1305 020 013 314 1.70 15.04 566 019 011 286 062
8am 1793 1751 045 028 807  4.90 16,50 1144 041 026 677  2.97
9am 1660 1633 074 040 1228 653 1721 1543 070 038 1205 5.86
10am 16.98  16.00 1.38 037 2343 592 1744 1667 130 036 2267 6.00
11am 16.63 1599 470 039 7816 6.24 1715 1625 450 037 7718 6.01
12pm 1547 1533 266 035 4115 537 1750 1699 255 034 4463 578
1pm 1556 1542 3.26 038 5073 586 1750 1699 276 035 4838 595
2pm 16.98 1693 211 036 3583 6.09 1721 1662 202 034 3476 565
3pm 16.76 1656 1.47 0.28 2464 4.64 16.98 1616 127 025 2156 4.04
4pm 1631 1608 090 022 1468 354 1606 1549 076 020 1221  3.10
5pm 17.95 1766 065 0.15 1167 2.65 16.68 1478 065 010 1221 148
6pm 1215 636 011 008 134 051 11.76 318 010 005 118  0.16
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4.2 Discussion

Table 4.2 shows experimental results recorded during the 2" day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (27" of June 2016). Also
fig.4.2 (a-c) represent the time history of the measured parameters; Fig.4.2a shows the (Voc - t)

plot, fig.4.2b shows the (Isc - t) plot while fig.4.2c shows the (Py - t) curve.

For the monocrystalline Si, the open-circuit voltage fluctuated more from 8am to 5pm compared
to the polycrystalline Si. This shows that the voltage was more sensitive to the intensity of the

sun for the monocrystalline Si panel.

The short circuit current increased gradually from 8am and peaked at 11am for both panels. It
can be said that the irradiance that hit the solar panels was high at 11am and the trend for both

solar panels was similar as shown in figure 4.2

The maximum power, Py, for the monocrystalline Si was 78.16W and that of the polycrystalline
Si was 77.18W and this happened at 11am at the very time the current reached its maximum. The
both panels also show the same trend. This is because the voltage for both panels seems to be

constant and they depend on the current.

For the 2nd day, the monocrystalline Si solar panel produced a high maximum power output than

the polycrystalline Si.
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Day 3

Table 4.3: Experimental results of open-circuit voltage (Voc), load voltage (V) and short
circuit current (Isc) of monocrystalline Si and polycrystalline Si solar panels for
day three (28" June, 2016).

Monocrystalline Si Polycrystalline Si
Time Voc(V) Vi(V) Isc(A) 1(A) Pu(W) P(W) Voc(V) Vi) Isc(A) 1L(A) Pu(W) PL(W)
7am 1476 12.15 0.16 0.02 2.36 0.24 1436 465 016 001 230 0.05
8am 1577 1563 243 022 3832 3.44 17.79 1724 160 020 2846 3.45
9am 15.91 1501 143 028 2275 4.20 17.98 1761 136 025 2445 440
10am 15.63 15.17 536 047 8378 7.13 17.90 1753 516 045 9236 7.89
1lam 17.92 17.03 146 036 26.16 6.13 16.36 1555 115 035 1881 5.44
12pm 16.97 16.02 165 0.38 28.00 6.09 17.16 1652 158 036 27.11 595
Ipm 15.52 1548 200 036 3104 557 17.60 1696 179 034 3150 5.77
2pm  16.98 1693 426 030 7233 5.08 17.46 1723 409 029 7141 5.00
3pm  16.55 1642 136 031 2251 5.09 17.41 16.63 203 030 3534 4.99
4pm  16.20 1591 120 033 1944 525 17.23 1695 115 0.32 1981 542
5pm  17.42 1465 092 025 16.03 3.66 16.61 16.10 090 0.24 1495 3.86
6pm 12.05 4.52 015 0.03 181 0.68 1150 362 012 002 138 0.07
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4.3 Discussion

Table 4.3 shows experimental results recorded during the outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (28" June 2016). Also fig.4.3
(a-c) represent the time history of the measured parameters; Fig.4.3a shows the (Voc - t) plot,

fig.4.3b shows the (Isc - t) plot while fig.4.3c shows the (Py - t) curve.

For the open-circuit voltage, the polycrystalline Si has a higher Voc from 8am to 10am and
12pm to 4pm while the monocrystalline Si was only high at 11am and 5pm. From figure 4.3, the
Voc for the polycrystalline Si was fairly constant from 1lam to 5pm while the Voc for the

monocrystalline Si was fairly constant from 7am to 10am and varied after then.

The short-circuit current Isc for both the monocrystalline Si and polycrystalline Si showed
similar trend. The short-circuit current for monocrystalline Si was higher than that of the
polycrystalline Si. The short-circuit current for both panels increased from 7am and peaked at
10am then decreased from 11am and further increase again at 2pm before decreasing gradually.

The decrease was as a result of cloudy weather condition. .

The maximum power, Py, is dependent on the current. For the 3" day, the maximum power for
the monocrystalline Si was 83.78W and that of the polycrystalline Si was 92.36W and this
happened at 10am at the very time the current reached its maximum. Both solar panels show
similar trend with the monocrystalline Si being high at 8am while the polycrystalline Si solar

panel produced the high maximum power output for the 3" day.
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Day 4

Table 4.4: Experimental results of open-circuit voltage (Voc), load voltage (V) and short-
circuit current (Isc) of monocrystalline Si and polycrystalline Si solar panels for
day four (29" June, 2016).

Monocrystalline Si Polycrystalline Si
Time  Voc(V) VUV) Isc(A) IL(A) Pu(W) PLW) | Voc(V) ViV)  Isc(A)  1L(A)  Pu(W)  Py(W)
7am 17.33 1250 0.34 0.20 5.89 2.50 16.26 6.46 0.33 0.18 5.37 1.16
8am 16.08 13.48 051 0.28 8.20 3.77 16.66 13.17 045 0.26 7.50 3.42
9am 17.04 16.46 2.02 0.33 3442 5.43 17.70 1745 161 0.30 28,50 5.24
10am 15.73 15.64 3.05 0.39 47.98 6.10 16.95 16.21  2.09 0.37 3543 6.00
1lam 16.74 16.58 1.93 035 3231 5.80 16.97 16.45 1.08 0.34 18.33 5.59
12pm 16.78 16.52 3.25 0.36 5454 595 17.49 1711 321 035 56.14 5.99
1pm 16.92 16.54 3.48 0.37 5888 6.12 16.98 16.64 3.32 036 56.37 5.99
2pm 16.90 16.09 3.72 0.40 62.87 6.44 17.08 17.02 3.08 0.38 52.60 6.47
3pm 15.11 1501 261 0.32 3944 480 17.20 17.13 2.60 031 4472 5.31
4pm 16.05 1576 144 0.29 2311 4.57 17.16 17.04 143 0.28 2453 4.77
5pm 17.50 13.34 053 0.27 9.28 3.60 16.48 16.27  0.59 025 9.72 4.07
6pm 12.60 3.75 0.12 0.06 151 0.23 12.34 6.44 0.12 0.05 1.48 0.32
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4.4 Discussion

Table 4.4 shows experimental results recorded during the 4™ day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (29" of June 2016). Also
fig.4.4 (a-c) represent the time history of the measured parameters; Fig.4.4a shows the (Voc - t)

plot, fig.4.4b shows the (Isc - t) plot while fig.4.4c shows the (Py - t) curve.

For the monocrystalline Si, the open-circuit voltage fluctuated more from 8am to 5pm compared
to the polycrystalline Si. This shows that the voltage was more sensitive to the intensity of the
sun for the monocrystalline Si panel. The polycrystalline Si has a higher voltage than the

monocrystalline Si from 8am to 4pm.

The short circuit current increased gradually from 8am and peaks at 2pm for both panels. The
monocrystalline Si produced a higher current than the polycrystalline Si from 8am to 2pm. Both

solar panels had the same trend as shown in figure 4.4

The maximum power, Py, for the monocrystalline Si was 62.87W and that of the polycrystalline

Si was 52.60W and this happened at 2pm at the very time the current reached maximum.

For the 4™ day, the monocrystalline Si solar panel produced a high maximum power output than

the polycrystalline Si. The fourth day was fairly a clear day with no cloudy weather
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Day 5

Table 4.5: Experimental results of open-circuit voltage (Voc), load voltage (V) and short-
circuit current (Isc) of monocrystalline and polycrystalline Si solar panels for
day five (30™ June, 2016).

Monocrystalline Si Polycrystalline Si

Time Voc(V) ViU(V) Isc(A) IL(A) Pu(W) PL(W) | Voc(V) Vi(V) Isc(A) IL(A) Pu(W) PL(W)

7am 16.15 715 028 015 4.52 1.07 1545 1470 025 015 3.86 2.21
8am 16.60 16.42 170 024 2822 3.94 17.40 1722 118 023 2053 3.96
9am 1573 15.07 435 035 6843 527 1779 1772 425 034 7561 6.02
10am 17.74 17.00 163 038 2892 6.46 16.13 16.07 150 036 2420 5.79

1lam 1695 1643 556 042 9424 6.90 1717 1713 542 040 93.06 6.85

12pm 1690 1619 323 039 5459 6.31 1723 17.08 297 038 5117 6.49
lIpm 1794 1675 148 036 26.55 6.03 1737 1720 146 033 2536 5.68
2pm 1753 16.44 258 037 4523 6.08 17.16 1710 228 035 39.12 5.99
3pm 16.79 16.15 2.08 033 3492 533 16.98 1692 296 032 50.26 541
4pm 16.71 1644 213 035 3559 575 1712 17.02 213 034 36.47 579
5Spm 17.05 1539 0.70 033 11.94 5.08 16.48 1628 0.69 031 1137 5.05

6pm 1209 3.05 012 0.08 1.45 0.24 1256  6.71 012 005 151 0.34
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4.5 Discussion

Table 4.5 shows experimental results recorded during the outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (30" June, 2016). Also fig.4.5
(a-c) represent the time history of the measured parameters; Fig.4.5a shows the (Voc - t) plot,

fig.4.5b shows the (Isc - t) plot while fig.4.5c shows the (Pyv - t) curve.

For the open-circuit voltage, the polycrystalline Si was high from 8am to 9am while the
monocrystalline Si was only high at 10am. From figure 4.5, the polycrystalline Si was fairly

constant from 10am to 5pm while the monocrystalline Si varied from 9am to 5pm.

The short-circuit current Isc for both the monocrystalline Si and polycrystalline Si showed
similar trend. The short-circuit current for monocrystalline Si was higher than that of the
polycrystalline Si. The short-circuit current for both panels increased from 7am and peaked at
11am then varied before decreasing gradually. The decrease was as a result of cloudy weather

condition. .

For the 5 day, the maximum power for the monocrystalline Si was 94.24W and that of the
polycrystalline Si was 93.06W and this happened at 11am at the very time the current reached its
maximum. Both solar panels show similar trend. The monocrystalline Si solar panel produced a
high maximum power than the polycrystalline Si. The fifth day was fairly a clear day with no

cloudy weather.
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Day 6

Table 4.6: Experimental results of open-circuit voltage (Voc), load voltage (V) and short-
circuit current (Isc) of monocrystalline and polycrystalline Si solar panels for
day six (1% July, 2016).

Monocrystalline Si

Polycrystalline Si

Time  Voc(V) Vi(V) lsc(A) 1L(A) Pu(W) PL(W) Voc(V) Vi(V) Isc(A)  1L(A)  Pu(W) PL(W)
7am 1638 1331 063 027 1032 359 16.73 1644 048 0.26 8.03 4.27
8am 1622 1540 066 0.29 10.70 4.47 1690 16.61 061 028 1031 4.65
9am 1791 1727 166 032 29.73 553 16.16  16.07 135 030 2182 4.82
10am 17.74 17.03 122 035 2164 596 1691 1674 114 034 19.28 5.69
1lam 16.67 16.03 166 038 27.67 6.09 1742 1737 159 036 2770 6.25
12pm 1698 1643 526 039 8931 641 1737 1730 412 038 7156 6.57
lIpm 1646 1620 285 037 4691 599 1710 17.05 280 035 4788 597
2pm 1666 1560 143 034 2382 5.30 17.04 16.07 100 032 1704 5.4
3pm 1670 1542 246 037 4108 571 1752 17.05 257 036 4503 6.14
4pm 1795 1557 091 031 1588 4.83 1698 1671 092 030 1562 5.01
5Spm 1717 1638 039 020 6.70 3.28 16.06 1568 040 0.18 6.42 2.82
6pm 1013 395 010 0.06 1.01 0.24 5.05 405 007 004 035 0.16
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4.6 Discussion

Table 4.6 shows experimental results recorded during the 6™ day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (1% of July, 2016). Also fig.4.6
(a-c) represent the time history of the measured parameters; Fig.4.6a shows the (Voc - t) plot,

fig.4.6b shows the (Isc - t) plot while fig.4.6¢ shows the (Py - t) curve.

For the open-circuit voltage, both solar panels were fairly constant from 11lam to 3pm but the

polycrystalline Si had a higher voltage than the monocrystalline Si within the time frame.

The short circuit current increases gradually from 8am and peaked at 12pm for both solar panels.
The monocrystalline Si produced a higher current than the polycrystalline Si from 8am to 2pm

and similar trend was observed for both solar panels as shown in figure 4.6.

The maximum power, Py, for the monocrystalline Si was 89.31W and that of the polycrystalline

Si was 71.56W and this happened at 12pm at the very time the current reached maximum.

For the 6™ day, the monocrystalline Si solar panel produced a high maximum power output than

the polycrystalline Si.
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Day 7

Table 4.7: Experimental results of open-circuit voltage (Voc), load voltage (V) and short-
circuit current (Isc) of monocrystalline and polycrystalline Si solar panels for
day seven (2" July, 2016).

Monocrystalline Si Polycrystalline Si
Time Voc(V) VUV) Isc(A) 1L(A) Pu(W) PL(W) Voc(V) Vi(V) Isc(A) IL(A) Pu(W)  PL(W)
7am 1527 515 0.18 0.08 275 0.41 14.41 1226 0.18 0.06 2.59 0.74
8am  16.61 16.44 0.79 032 1312 5.26 17.18 17.02 0.78 030 1340 5.11
9am  17.27 16.06 041 022 7.08 3.53 16.10 1572 038 020 6.12 3.14
10am 16.45 16.35 0.79 036 13.00 5.89 17.06 1692 0.78 035 1331 592
1lam 16.98 16.64 200 038 3396 6.32 17.58 1742 178 036 3129 6.27
12pm 16.94 16.31 250 037 4235 6.03 17.55 1751 248 035 4352 6.13
1pm 16.78 16.65 398 035 66.78 5.83 17.31 1721 373 034 6457 5.85
2pm  16.70 1656 225 034 3758 5.63 17.46 17.38 218 033 38.06 5.74
3pm 17.14 17.00 1.14 0.32 1954 5.44 17.11 16.98 1.12 0.32 19.16 5.43
4pm  17.02 1248 047 031 8.00 3.87 16.58 1622 045 031 7.46 5.03
5pm  5.64 2.96 0.08 0.05 045 0.15 06.96 394 008 004 0.56 0.16
6pm 5.15 210 0.07 003 0.36 0.06 0580 312 0.06 0.02 0.35 0.06
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4.7 Discussion

Table 4.7 shows experimental results recorded during the 7" day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (2" of July, 2016). Also
fig.4.7 (a-c) represent the time history of the measured parameters; Fig.4.7a shows the (Voc - t)

plot, fig.4.7b shows the (Isc - t) plot while fig.4.7c shows the (Py - t) curve.

For the open-circuit voltage, both solar panels were fairly constant from 10am to 4pm but the
polycrystalline Si had a higher voltage than the monocrystalline Si within the time frame and

similar trend was observed for both solar panels as shown in figure 4.7.

The short circuit current increases gradually from 9am and peaks at 1pm for both panels. The
monocrystalline Si produced a higher current than the polycrystalline Si from 11am to 1pm and

similar trend was observed for both solar panels as shown in figure 4.7.

The maximum power, Py, for the monocrystalline Si was 66.78W and that of the polycrystalline

Si was 64.57W and this happened at 1pm at the very time the current reached maximum.

For the 7" day, the monocrystalline Si solar panel produced a high maximum power output than

the polycrystalline Si solar panel.
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Day 8

Table 4.8: Experimental results of open-circuit voltage (Voc), load voltage (V) and short-
circuit current (Isc) of monocrystalline and polycrystalline Si solar panels for
day eight (3" July, 2016).

Monocrystalline Si Polycrystalline Si

Time Voc(V) VU(V) Isc(V) [IL(A) Pu(W) PLW) | Voc(V) Vi(V) lscA) IL(A) Pu(W) PL(W)

7am 1126 354 010 0.06 1.13 0.35 5.15 415 008 0.04 041 0.33

8am 1652 6.01 028 012 4.63 0.72 1552 1492 026 010 4.04 1.49
9am 16.10 1578 0.90 030 1449 473 1743 1728 095 029 1656 5.01
10am 17.05 1646 0.78 0.29 13.30 4.77 16.29 16.16 0.77 0.27 1254 4.36
1lam 17.75 1738 112 035 19.88 6.08 17.02 1609 1.04 034 1770 547
12pm 16.71 16.38 0.92 031 1537 5.08 1691 1671 091 030 1539 501
lpm 1717 17.02 166 035 2850 5.95 1703 1695 160 034 2725 576
2pm 1693 1613 222 037 3758 5097 17.07 1700 221 036 37.72 6.12
3pm 1560 1503 3.05 039 4748 5.86 1778 1774 311" 038 5530 6.74

4pm 1796 1462 059 026 10.60 3.80 16.34 16.02 051 025 8.33 4.01
S5pm  6.00 318 0.07 0.03 042 0.22 6.28 399 007 0.03 044 0.12

6pm  7.39 285 006 002 044 0.06 6.77 305 006 002 041 0.06
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4.8 Discussion

Table 4.8 shows experimental results recorded during the outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (3 July, 2016). Also fig.4.8
(a-c) represent the time history of the measured parameters; Fig.4.8a shows the (Voc - t) plot,

fig.4.8b shows the (Isc - t) plot while fig.4.8c shows the (Py - t) curve.

For the open-circuit voltage, the polycrystalline Si was high from 9am and 3pm while the
monocrystalline Si was high from 10am to 11am and 4pm. From figure 4.8, the polycrystalline

Si was fairly constant from 10am to 3pm while the monocrystalline Si varied from 8am to 4pm.

The short-circuit current Isc for both the monocrystalline Si and polycrystalline Si showed
similar trend from figure 4.8. The short-circuit current for both solar panels varied from 8am and
peaked at 3pm before decreasing gradually. The decrease was as a result of cloudy weather

condition.

For the 8" day, the maximum power for the monocrystalline Si was 47.58W and that of the
polycrystalline Si was 55.30W and this happened at 3pm at the very time the current reached its
maximum. Both solar panels show similar trend. The polycrystalline Si solar panel produced a

high maximum power output than the monocrystalline Si solar panel.
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Day 9

Table 4.9: Experimental results of open-circuit voltage (Voc), load voltage (V) and short-
circuit current (Isc) of monocrystalline and polycrystalline Si solar panels for
day nine (4™ July, 2016).

Monocrystalline Si Polycrystalline Si
Time  Voc(V) VUV) Isc(A) IL(A) Pu(W) PL(W) | Voc(V) ViV) Isc(A) 1L(A) Pu(W) PL(W)
7am  15.64 6.12 024 015 375 0.92 15.12 14.06 0.22 0.14 3.33 1.97
8am 1662 615 031 020 5.15 1.23 1540 1454 030 017 4.62 247
9am  17.78 1626 115 030 2045 4.88 16.55 16.42 1.07 025 1771 411
10am 16,52 16.04 551 043 91.03 6.90 1760 1755 550 040 96.80 7.02
1lam 17.99 16.08 147 035 2645 5.63 16.17 16.07 140 031 22.64 498
12pm 15.54 15.03 222 038 3450 571 17.54 1747 211 036 37.01 6.29
lpm 1690 16.15 3.05 034 5155 5.49 17.70 1725 3.00 033 5310 5.69
2pm  16.46 16.27 424 039 69.79 6.35 17.68 1756 460 037 8133 6.50
3pm  17.03 1192 044 022 7.49 2.62 15.78 1548 041 0.21 6.47 3.25
4pm  17.98 1529 140 0.28 2517 4.28 17.08 17.53 0.92 0.26 1571 4.56
5pm  16.26 16.11 094 024 1528 3.87 16.79 16.64 090 024 1511 3.99
6pm  17.59 1401 057 021 10.03 294 16.33 16.08 054 021 8.82 3.38
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4.9 Discussion

Table 4.9 shows experimental results recorded during the 9" day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (4™ of July, 2016). Also
fig.4.9 (a-c) represent the time history of the measured parameters; Fig.4.9a shows the (Voc - t)

plot, fig.4.9b shows the (Isc - t) plot while fig.4.9c shows the (Py - t) curve.

For the open-circuit voltage, both solar panels varied from 9am to 6pm but the monocrystalline
Si had a higher voltage than the polycrystalline Si at 9am, 11am and 4pm and similar trend was

observed for both solar panels as shown in figure 4.9.

The short circuit current increases gradually from 8am and peaked at 10am for both panels, it
decreases between 10am and 11lam due to change in weather condition and increased gradually
to 2pm before declining due to cloudy weather condition. A similar trend was observed for both

solar panels as shown in figure 4.9.

The maximum power, Py, for the monocrystalline Si was 91.03W and that of the polycrystalline

Si was 96.80W and this happened at 10am at the very time the current reached maximum.

For the 9™ day, the polycrystalline Si solar panel produced a high maximum power output than

the monocrystalline Si solar panel.
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Day 10

Table 4.10: Experimental results of open-circuit voltage (Voc), load voltage (V) and
short-circuit current (Isc) of monocrystalline and polycrystalline Si solar panels
for day ten (5" July, 2016).

Monocrystalline Si Polycrystalline Si
Time  Voc(V) Vu(V) Isc(A) IL(A) Pu(W) PL(W) | Voc(V) ViV) IscA) IL(A) Pu(W) PL(W)
7am 1732 0545 034 0.16 5.89 0.87 16.16 1573 032 014 517 2.20
8am 17.14 0556 0.37 020 6.34 111 1592 1543 036 0.18 5.73 2.78
9am  17.97 13.68 051 032 9.16 4.38 16.31 1591 043 030 7.01 4.78
10am 16.68 1622 161 035 2685 5.68 17.51 1741 149 034 26.09 592
1lam 16.78 1656 155 0.38 26.01 6.29 17.09 1698 138 037 2358 6.28
12pm 15.70 1513 315 040 4946 6.05 17.78 1764 294 039 5227 6.88
1pm 16.72 16.08 2.05 037 3428 595 17.14 17.03 204 036 3497 6.13
2pm  16.83 1626 185 036 3114 585 17.45 1720 180 035 3141 6.02
3pm  16.45 16.10 150 033 2468 531 16.67 16.33 145 032 2417 526
4pm  16.93 1621 135 029 2286 4.70 16.54 1640 130 0.27 2150 443
5pm  16.09 1555 0.72 026 1158 4.04 16.78 1659 0.74 025 1242 415
6pm  4.78 2.78 0.04 0.01 0.29 0.03 3.75 310 004 001 0.15 0.03
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4.10 Discussion

Table 4.10 shows experimental results recorded during the 10" day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (5™ of July, 2016). Also
fig.4.10 (a-c) represent the time history of the measured parameters; Fig.4.10a shows the (Voc -

t) plot, fig.4.10b shows the (Isc - t) plot while fig.4.10c shows the (Py - t) curve.

For the open-circuit voltage, both solar panels varied from 10am to 5pm but the polycrystalline
Si had a higher voltage than the monocrystalline Si from 10am to 3pm. A similar trend was

observed for both solar panels as shown in figure 4.10.

The short circuit current increased gradually from 9am and peaked at 12pm for both solar panels
before decreasing gradually due to cloudy weather condition. The monocrystalline Si has a
higher current than the polycrystalline Si from 9am to 12pm. A similar trend was observed for

both solar panels as shown in figure 4.9.

The maximum power, Py, for the monocrystalline Si was 49.46W and that of the polycrystalline

Si was 52.27W and this happened at 12pm at the very time the current reached maximum.

For the 10" day, the polycrystalline Si solar panel produced a high maximum power output than

the monocrystalline Si solar panel.
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Day 11

Table 4.11: Experimental results of open-circuit voltage (Voc), load voltage (V) and
short-circuit current (Isc) of monocrystalline and polycrystalline Si solar
panels for day eleven (6™ July, 2016).

Monocrystalline Si Polycrystalline Si

Time Voc(V) VUV) Isc(A) IL(A) Pu(W) PL(W) | Voc(V) VUV) Isc(A) 1L(A) Pu(W) P(W)

7am 1040 296 0.09 0.04 0.94 0.12 5.94 453 009 003 053 0.14

8am 1792 1312 051 022 09.14 2.89 16.73 1643 048 0.20 8.03 3.29
9am 1775 13.15 050 021 8.88 2.76 16.38 16.06 050 020 8.19 3.21
10am 16.39 16.06 0.73 025 11.96 4.02 17.04 1634 068 024 1159 3.92
1lam 16.16 15.06 0.75 0.26 1212 3.92 16.73 1654 065 025 1087 4.14
12pm 1696 1690 293 035 4969 5.92 1748 1740 267 034 46.67 592
lpm 1311 411 013 0.06 1.70 0.25 13.42 10.72 012 0.06 1.61 0.64

2pm  5.24 3.08 008 0.04 042 0.12 7.73 3.60 007 0.03 054 0.11
3pm  6.60 3.73 007 003 046 0.11 6.92 324 006 003 042 0.10
4pm  6.24 422 009 0.04 0.56 0.17 6.55 382 008 004 052 0.15
S5pm  5.56 362 006 002 033 0.07 5.10 424 005 002 0.26 0.08

6pm 4.18 212 005 0.01 021 0.02 4.42 356 004 001 018 0.04
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4.11 Discussion

Table 4.11 shows experimental results recorded during the 11" day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (6™ of July, 2016). Also
fig.4.11 (a-c) represent the time history of the measured parameters; Fig.4.11a shows the (Voc -

t) plot, fig.4.11b shows the (Isc - t) plot while fig.4.11c shows the (Py - t) curve.

For the open-circuit voltage, both solar panels were fairly constant from 8am to 12pm but the
polycrystalline Si had a higher voltage than the monocrystalline Si from 10am to 12pm. The Voc

for both panels decreased from 3pm to 6pm due to rainfall

The short circuit current increases gradually from 7am and peaked at 12pm for both panels
before decreasing due to rainfall. The monocrystalline Si had a higher current than the
polycrystalline Si at 12pm. Similar trend was observed for both solar panels as shown in figure

4.11.

The maximum power, Py, for the monocrystalline Si was 49.69W and that of the polycrystalline

Si was 46.67W and this happened at 12pm at the very time the current reached maximum.

For the 11" day, the monocrystalline Si solar panel produced a high maximum power output than

the polycrystalline Si solar panel.
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Day 12

Table 4.12: Experimental results of open-circuit voltage (Voc), load voltage (V) and
short-circuit current (Isc) of monocrystalline and polycrystalline Si solar
panels for day twelve (7" July, 2016).

Monocrystalline Si Polycrystalline Si
Time Voc(V)  VL(V) Isc(A)  IL(A)  Puw(W) P(W) Voc(V)  ViV)  Isc(A)  1(A)  Pu(W)  PL(W)
7am 15.32 5.08 0.19 0.08 291 0.41 15.14 1430 0.18 0.07 273 1.00
8am 16.44 15.97 0.71 0.25 11.67 3.99 16.98 16.70 0.64 0.24 1087 4.01
9am 17.53 16.78 1.17 0.30 20.51 5.03 17.16 17.08 1.04 0.30 17.85 5.12
10am 17.70 17.62 1.22 0.32 2159 5.64 17.47 1736 115 0.31  20.09 5.38
1lam 16.96 16.07 1.65 0.33 27.98 5.30 17.43 17.35 156 032 27.19 5.55
12pm 17.55 16.70 231 0.35 40.54 5.85 17.54 17.40 227 0.34 39.82 5.92
1pm 16.97 16.92 5.25 0.42 89.09 7.11 17.71 17.65 5.20 0.40 92.09 7.06
2pm 16.72 16.54 4.61 0.39 77.08 6.45 17.38 17.34 453 0.38 78.73 6.59
3pm 17.75 16.45 0.90 0.28 15.98 4.61 16.69 16.42 054 026 9.01 4.27
4pm 16.10 15.55 0.45 0.27 7.25 4.20 15.21 15.10 040 0.23 6.08 3.47
5pm 13.26 13.00 0.36 015 4.77 1.95 14.01 12.25 0.30 012 4.20 1.47
6pm 7.36 4.25 0.15 0.05 1.10 0.21 8.15 6.35 0.12 0.03 0.98 0.19

71



20
s =
2 16
>
o 14 -
o0
£ 12 -
=]
> 10 -
E=
S s
z 6 |
g 4 —t—Monocrystalline
o == Polycrystalline
2 4
o) T T T T T T T T T T T 1
Zam 8am 9am 10am l1llam 12pm 1pm 2Zpm 3pm 4pm  5pm  6pm
Time of measurement (hrs)
(a)
6 .
=5 -
o
=
=4
=
[
53 -
=]
=
S
22
7
= .
21 A =—o—NMonocrystalline
w —l—Polycrystalline
o T T T T T T T T T T T
Jam 8am 9am 10am l1lam 1Z2pm 1pm 2pm 3pm 4dpm S5pm 6pm
Time of measurement (hrs})

(b)

100
90 4
80 4
70
60 -
50 4
40 -
30
20
10 +
[ T T
7am 8am 9am 10am 1llam 1Zpm 1pm 2pm 3pm 4pm 5pm 6pm
Time of measurement (hrs)

Maximum Power, Pm (W)

—&—Nonocrystalline
—l—Polycrystalline

(®)
Fig 4.12: A plotof (a) Voc versus time
(b) Isc versus time

(©) Pm versus time

72



4.12 Discussion

Table 4.12 shows experimental results recorded during the 12" day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (7" of July, 2016). Also
fig.4.12 (a-c) represent the time history of the measured parameters; Fig.4.12a shows the (Voc -

t) plot, fig.4.12b shows the (Isc - t) plot while fig.4.12c shows the (Py - t) curve.

For the open-circuit voltage, both solar panels were fairly constant from 7am to 2pm but the

polycrystalline Si had a higher voltage than the monocrystalline Si from 11am to 2pm.

The short circuit current increased gradually from 7am and peaked at 1pm for both panels before
decreasing due to rainfall. Similar trend was observed for both solar panels as shown in figure

4.12.

The maximum power, Py, for the monocrystalline Si was 89.09W and that of the polycrystalline

Si was 92.09W and this happened at 1pm at the very time the current reached maximum.

For the 12" day, the polycrystalline Si solar panel produced a high maximum power output than

the monocrystalline Si solar panel.
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Day 13

Table 13: Experimental results of open-circuit voltage (Voc), load voltage (V) and short-
circuit current (Isc) of monocrystalline and polycrystalline Si solar panels for
day thirteen (8™ July, 2016).

Monocrystalline Si Polycrystalline Si

Time Voc(V) ViU(V) Isc(A) IL(A) Pu(W) PL(W) | Voc(V) VUV) Isc(A) 1L(A) Pu(W) P(W)

7am 1655 779 026 011 430 0.86 1542 1449 024 010 3.70 1.45
8am 1793 1299 051 020 9.14 2.59 16.68 1635 047 018 7.84 2.94
9am 16.05 1423 055 021 8.83 2.99 16.73 1643 052 020 8.70 3.29
10am 16.32 1550 0.71 025 1159 3.88 17.03 16.04 068 024 1158 3.85
1lam 16.29 16.16 1.64 030 26.72 4.85 17.57 1747 157 028 2758 4.89
12pm 16.02 1598 0.72 026 1153 4.15 1652 1635 0.64 024 1057 3.92

lpm 1696 16.16 3.05 038 5173 6.14 17.48 1740 3.01 036 5261 6.26

2pm 17.09 16.70 227 033 38.79 551 1753 1745 214 032 3751 558
3pm 1775 1645 090 0.28 1598 4.61 1692 16.77 075 027 1269 4583
4pm 1690 565 034 013 575 0.73 1575 1526 032 012 5.04 1.83
S5pm  6.23 425 007 0.03 044 0.13 1042 615 006 0.03 0.63 0.18

6pm  5.60 215 004 0.01 0.22 0.02 6.42 315 004 001 0.26 0.03
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4.13 Discussion

Table 4.13 shows experimental results recorded during the 13" day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (8" of July, 2016). Also
fig.4.13 (a-c) represent the time history of the measured parameters; Fig.4.13a shows the (Voc -

t) plot, fig.4.13b shows the (Isc - t) plot while fig.4.13c shows the (Py - t) curve.

For the open-circuit voltage, both solar panels were fairly constant from 9am to 3pm but the

polycrystalline Si had a higher voltage than the monocrystalline Si from 9am to 2pm.

The short circuit current increased gradually from 7am and peaked at 1pm for solar both panels
before decreasing due to rainfall. Similar trend was observed for both solar panels as shown in

figure 4.13.

The maximum power, Py, for the monocrystalline Si was 51.73W and that of the polycrystalline

Si was 52.61W and this happened at 1pm at the very time the current reached maximum.

For the 13" day, the polycrystalline Si solar panel produced a high maximum power output than

the monocrystalline Si solar panel.
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Day 14

Table 4.14: Experimental results of open-circuit voltage (Voc), load voltage (V) and
short-circuit current (Isc) of monocrystalline and polycrystalline Si solar
panels for day fourteen (9™ July, 2016).

Monocrystalline Si

Polycrystalline Si

Time Voc(V) Vi(V) Isc(A) 1L(A) Pu(W) PL(W) | Voc(V) VI(V) Isc(A) 1L(A) Pu(W) Py(W)
7am 1262 318 012 008 151 0.25 1248 0644 012 008 150 052
gam 17.25 0593 035 016 6.04  0.95 1620 1570 036 0.6 583 251
9am 16.33 1591 072 024 11.76 3.82 1695 1676 0.68 023 1153 3.85
10am 1642 1625 073 024 1199 3.90 1715 1699 070 024 1201 4.08
1lam 1676 16.32 212 035 3553 571 1702 1698 200 034 3404 577
12pm 16.98 1618 215 036 3651 5.82 1738 1731 213 035 37.02 6.06
lpm 1628 16.08 078 025 12.70 4.02 1604 1677 073 024 1237 4.02
2pm 1725 1715 112 030 1932 5.15 1715 17.04 108 029 1852 4.94
3pm 1775 1455 062 023 1101 3.35 1645 1622 058 021 954  3.58
4pm 1547 717 020 011 3.09 079 1408 1195 917 010 239 120
5pom 1558 628 021 010 327 063 1446 1275 019 008 275  1.02
6pm 7.93 295 007 003 056  0.09 776 376 007 003 054 0.11
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4.14 Discussion

Table 4.14 shows experimental results recorded during the 14™ day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (9" of July, 2016). Also
fig.4.14 (a-c) represent the time history of the measured parameters; Fig.4.14a shows the (Voc -

t) plot, fig.4.14b shows the (Isc - t) plot while fig.4.14c shows the (Py - t) curve.

For the open-circuit voltage, the monocrystalline Si varied from 8am to 5pm while the
polycrystalline Si was fairly constant from 9am to 2pm but the polycrystalline Si had a higher

voltage than the monocrystalline Si from 9am to 2pm.

The short circuit current increased gradually from 7am and peaked at 12pm for both solar panels
before varying and finally declined from 4pm to 6pm due to rainfall. Similar trend was observed

for both solar panels as shown in figure 4.14.

The maximum power, Py, for the monocrystalline Si was 36.51W and that of the polycrystalline

Si was 37.02W and this happened at 12pm at the very time the current reached maximum.

For the 14™ day, the polycrystalline Si solar panel produced a high maximum power output than

the monocrystalline Si solar panel.
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Table 4.15: Experimental results of maximum open-circuit voltage (Voc), maximum short-
circuit current (Isc) and maximum power output of monocrystalline and
polycrystalline Si solar panels for the fourteen days of the rainy season.

Monocrystalline Si Polycrystalline Si
Day Voc(V) Isc(A) Pm(W) Voc(V) Isc(A) Pm(W)
1 16.99 3.73 59.31 17.93 3.70 66.34
2 17.95 4.70 78.16 17.50 4.50 77.18
3 17.92 5.36 83.78 17.98 5.16 92.36
4 17.50 3.72 62.87 17.70 3.32 56.37
5 17.94 5.56 94.24 17.79 5.42 93.06
6 17.95 5.26 89.31 17.52 4.12 71.56
7 17.27 3.98 66.78 17.58 3.73 64.57
8 17.96 3.05 47.48 17.78 3.11 55.30
9 17.99 551 91.03 17.70 5.50 96.80
10 17.97 3.15 49.46 17.78 2.94 52.27
11 17.92 2.93 49.69 17.48 2.67 46.67
12 17.75 5.25 89.09 17.71 5.20 92.09
13 17.93 3.05 51.73 17.57 3.01 52.61
14 17.75 2.15 36.51 17.38 2.13 37.02
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4.15: Comparison of the maximum open-circuit voltage (Voc), maximum short- circuit
current (Isc) and maximum power output (Py) for the fourteen days for both the
monocrystalline Si and polycrystalline Si solar panels.

Fig 4.15 shows the maximum open —circuit voltage Voc, maximum short-circuit current Isc and
highest maximum power (Py) recorded for the fourteen days for both the monocrystalline Si and

polycrystalline Si solar panels.

For the open-circuit voltage, both solar panels varied from day one to the fourteenth day but the
monocrystalline Si solar panel was fairly constant from the 8" day to the 12" day while the
polycrystalline Si solar panel varied from the 8" day to the 12" day. The monocrystalline Si had

a slightly higher voltage than the polycrystalline from the 8™ day to 14" day.

The short-circuit current for both solar panels showed similar trend from the 1% day to the 14"
day with the monocrystalline Si having a high current compared to the polycrystalline Si solar

panel.

The maximum power output for both solar panels showed similar trend. The polycrystalline Si
produced the highest maximum power output on the 9" day compared to the monocrystalline Si
solar panel. The maximum power for both solar panels varied from the 1% day to the 14™ day.

This is as a result of variance in the open-circuit voltage for both solar panels.

Based on the outdoor testing of the monocrystalline Si and polycrystalline Si solar panels carried

out for fourteen days, the following conclusions were drawn:

(a) Open-circuit voltage for monocrystalline is high during the early hours of the day and

toward the evening hours while the polycrystalline Si is high during midday and fairly
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constant between 10am and 3pm for most of the days. The open-circuit voltage for the

monocrystalline Si varies compared to the polycrystalline Si solar panel.

(b) The monocrystalline Si  produces high short-circuit current compared to the
polycrystalline Si solar panel. The short-circuit current gradually increases during the
early hours of the day and is dependent on the amount of insolation that are incident on
both solar panels. Low short-circuit current is produced when there is cloudy weather for

both solar panels.

(c) The maximum power output is dependent on the amount of short-circuit current
produced. Due to variation in the open-circuit voltage of the monocrystalline Si solar
panel, the maximum power output is affected. The polycrystalline Si solar panel
produced the highest maximum power output than the monocrystalline Si solar panel.
This is because the polycrystalline Si had a high open-circuit voltage at that particular

time of the day while the monocrystalline Si solar panel had a lower open-circuit voltage.
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The following results were obtained for each day during the outdoor testing of the solar panels

for the dry season

Day 1

Table 4.16: Experimental results of open-circuit voltage (Voc), load voltage (V) , short-
circuit current (Isc) and load current (I.) of monocrystalline and
polycrystalline Si solar panels for day one (6™ January, 2017).

Monocrystalline Si

Polycrystalline Si

Time Voc(V) VUV) Isc(A) 1L(A) Pu(W) PLW) | Voc(V) Vi(v) Isc(A) 1L(A) Pu(W) P(w)
7am 1047 254 009 004 094 0.0 1058 374 009 003 095 011
gam 17.78 6.02 053 033 942  1.99 1712 1534 052 033 890 506
9am 1753 1506 141 040 2472 6.02 17.74 1653 140 037 2483 6.11
10am 1693 1627 210 044 3555 7.16 1739 1542 209 043 3634 6.63
1lam 1617 1610 233 042 3768 6.76 1712 1614 230 040 3938 6.46
12pm 17.72 1658 235 040 4164 6.63 1715 1624 211 039 36.19 6.33
lpm 17.39 1649 210 038 3652 6.27 1730 1607 207 037 3581 5094
2pm 1653 1631 161 037 2661 6.03 1723 1675 1.60 036 2757 6.03
3pm 1638 1476 122 036 1998 531 16.38 1634 120 035 1966 5.72
4pm 1609 1134 078 024 1255 2.72 1673 1504 077 022 12.88 331
s5pm 1715 7.32 046 020 7.89  1.46 16.07 1337 045 019 723 254
6pm 632 195 005 002 032  0.04 642 356 004 001 026 014
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4.16 Discussion

Table 4.16 shows experimental results that were recorded during the outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panel for Day 1(6" January, 2017).
Also fig.4.16 (a-c) represent the time history of the measured parameters; Fig.4.16a shows the

(Voc - t) plot, fig.4.16b shows the (Isc - t) plot while fig.4.16c shows the (Py - t) curve.

The open-circuit voltage Voc for the polycrystalline Si was fairly constant from 9am to 2pm

while V¢ for monocrystalline Si varied.

The short-circuit current Isc for both the monocrystalline Si and polycrystalline Si showed

similar trend. It increased from 7am and peaks at 12pm before decreasing gradually.

The maximum power, Py is dependent on the current. For this particular day, the maximum
power for the monocrystalline Si was 41.64W and that of the polycrystalline Si was 39.38W and
this happened at 12pm for the monocrystalline Si and 11am for the polycrystalline Si. Both solar
panels also showed similar trend. The monocrystalline Si solar panel produced a high maximum

power output than the polycrystalline Si for the first day.
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Day 2

Table 4.17: Experimental results of open-circuit voltage (Voc), load voltage (V\), short-
circuit current (Isc) and load current (1) of monocrystalline and
polycrystalline Si solar panels for day two (7™ January, 2017).

Monocrystalline Si Polycrystalline Si
Time  Voc(V) ViV) Isc(A) 1L(A) Pu(W) P(W) Voc(V) ViV) Isc(A) IL(A) Pu(W) PL(W)
7am  5.10 228 009 0.06 0.46 0.14 10.03 03.74 0.09 0.05 0.90 0.19
8am 1656 474 0.32 0.22 5.30 1.04 15.93 1041 031 018 494 1.87
9am  16.62 15.75 0.97 0.32 16.12 5.04 17.12 16.34 095 030 16.26 4.90
10am 17.21 1430 144 035 2478 5.01 17.51 16.04 142 034 2486 545
llam 17.24 1520 231 0.38 39.82 5.78 17.29 16.07 225 037 3890 5.95
12pm 17.27 1517 234 040 4041 6.07 17.28 16.08 211 039 3646 6.27
1pm 17.15 16.74 1.73 0.37 29.67 6.19 17.01 1659 164 036 2790 5.97
2pm  16.39 16.34 154 036 2524 5.88 16.35 16.12 152 035 2485 5.64
3pm  16.22 1323 1.04 033 16.87 4.37 16.66 15.15 1.01 032 16.83 4.85
4pm  17.35 1478 0.64 0.26 1110 3.84 16.36 1436 0.63 024 1031 345
5pm 16.08 9.16 0.31 0.20 4.98 1.83 15.33 10.15 0.29 019 445 1.83
6pm 11.38 258 010 0.08 1.14 0.21 1131 03.61 0.08 0.06 0.90 0.22
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4.17 Discussion

Table 4.17 shows experimental results that were recorded during the 2" day outdoor testing of
both the monocrystalline Si solar panel and polycrystalline Si solar panels. (7" January, 2017).
Also fig.4.17 (a-c) represent the time history of the measured parameters; Fig.4.17a shows the

(Voc - t) plot, fig.4.17b shows the (Isc - t) plot while fig.4.17c shows the (Py - t) curve.

For the monocrystalline Si, the open-circuit voltage fluctuated from 8am to 3pm compared to the
polycrystalline Si. The open-circuit voltage for the polycrystalline Si was fairly constant from

9am to 4pm.

The short circuit current increased gradually from 7am and peaked at 12pm for the
monocrystalline Si and 11am for the polycrystalline Si solar panel. Similar trend was observed

for both solar panels as shown in figure 4.17.

The maximum power, Py, for the monocrystalline Si was 40.41W and that of the polycrystalline
Si was 38.90W and this happened at 12pm for the monocrystalline Si and 1lam for the

polycrystalline Si. Similar trend was observed for maximum power (Py) for both solar panels.

For the 2nd day, the monocrystalline Si solar panel produced a high maximum power output than

the polycrystalline Si.
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Day 3

Table 4.18: Experimental results of open-circuit voltage (Voc), load voltage (V.), short-
circuit current (Isc) and load current (I.) of monocrystalline and
polycrystalline Si solar panels for day three (8" January, 2017).

Monocrystalline Si Polycrystalline Si

Time Voc(V) VU(V) Isc(A) 1L(A) Pu(W) PL(W) | Voc(V) Vi(V) Isc(A) IL(A) Pu(W) PL(W)

7am  3.28 118 0.02 0.01 0.07 0.11 3.18 223 001 0.01 0.03 0.22

8am 1716 710 048 024 824 1.70 16.62 1412 047 023 781 3.25

9am 16.29 15118 137 035 2232 531 1722 1639 112 034 1929 557

10am 16.75 1631 2.05 038 3434 6.20 1701 1650 202 035 3436 5.78

1lam 1695 1642 226 039 3831 6.40 1712 16.14 220 038 3766 6.13

12pm 1725 1658 238 042 4106 6.96 1719 16.01 231 040 39.71 6.40
lIpm 16,70 16.11 227 040 3791 6.44 1721 17.038 220 039 3786 6.64
2pm 1732 1526 133 036 23.04 5.49 16.36 16.10 130 033 21.27 531
3pm 16.05 1256 1.00 034 16.05 4.27 16.62 1507 038 032 6.32 4.82
4pm 1719 1477 070 029 1203 4.28 1622 1419 069 028 1119 3.97
5pm 16.07 10.12 039 020 6.27 2.02 1505 1301 039 020 587 2.60
6pm 1035 218 010 0.05 1.04 0.11 11.77 363 010 0.05 1.18 0.18
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4.18 Discussion

Table 4.18 shows experimental results recorded during the outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (8" January, 2017). Also
fig.4.18 (a-c) represent the time history of the measured parameters; Fig.4.18a shows the (Voc -

t) plot, fig.4.18b shows the (Isc - t) plot while fig.4.18c shows the (Py - t) curve.

For the open-circuit voltage, the polycrystalline Si had a higher Voc from 9am to 1pm while the
monocrystalline Si was high at 2pm and from 4pm to 5pm. From figure 4.18, both solar panels

were fairly constant from 9am to 1pm and varied after then.

The short-circuit current Isc for both the monocrystalline Si and polycrystalline Si showed
similar trend. The short-circuit current for monocrystalline Si was higher than that of the
polycrystalline Si. The short-circuit current for both solar panels increased from 7am and peaked

at 12pm then decreased gradually.

The maximum power, Py is dependent on the current. For the 3™ day, the maximum power for
the monocrystalline Si was 41.06W and that of the polycrystalline Si was 39.71W and this
happened at 12pm at the very time the current reached its maximum. The monocrystalline Si

solar panel produced the high maximum power output for the 3™ day.
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Day 4

Table 4.19: Experimental results of open-circuit voltage (Voc), load voltage (Vy), short-
circuit current (Isc) and load current (I.) of monocrystalline and
polycrystalline Si solar panels for day four (9™ January, 2017).

Monocrystalline Si Polycrystalline Si
Time  Voc(V) ViV) Isc(A) 1L(A) Pu(W) P(W) Voc(V) ViV) Isc(A) IL(A) Pu(W) PL(W)
7am 1405 3.03 0.16 0.08 2.25 0.24 14.73 6.00 015 006 221 0.36
8am  16.93 11.73 090 031 1524 3.64 17.71 16.03 0.93 031 1647 497
9am 17.18 17.02 1.75 0.33 30.07 5.62 17.72 1724 106 032 18.78 5.52
10am 16.39 16.12 2.38 0.35 39.00 5.64 17.04 1716 230 034 3919 5.83
1lam 16.30 16.25 2.72 0.37 4434 6.01 17.60 17.14 2,60 036 4576 6.17
12pm 16.22 16.16 2.77 0.39 4493 6.30 17.19 1713 265 038 4555 6.51
1pm 16.19 16.02 1.37 0.36 2218 5.77 17.15 16.72 134 035 2298 5.85
2pm  16.71 1645 134 036 2239 5.92 17.04 16.31 119 035 2028 571
3pm 16.86 1653 037 025 6.24 413 16.68 1533 0.36 0.24 6.00 3.68
4pm  17.70 16.95 0.67 0.30 1186 5.09 16.47 15.13 0.66 0.30 10.87 454
5pm  17.15 16.75 0.45 028 7.72 4.69 16.04 1395 043 027 6.90 3.77
6pm 11.74 362 0.11 0.06 1.29 0.22 1237 370 010 0.05 1.24 0.19
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4.19 Discussion

Table 4.19 shows experimental results recorded during the 4™ day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (9" of January, 2017). Also
fig.4.19 (a-c) represent the time history of the measured parameters; Fig.4.19a shows the (Voc -

t) plot, fig.4.19b shows the (Isc - t) plot while fig.4.19¢ shows the (Py - t) curve.

For the open-circuit voltage, both solar panels are fairly constant from 10am to 3pm. The

polycrystalline Si has a higher voltage than the monocrystalline Si from 7am to 2pm.

The short circuit current increased gradually from 8am and peaked at 12pm then varied thereafter
for both panels. The monocrystalline Si produced a higher current than the polycrystalline Si
from 8am to 12pm. A similar trend was observed for both solar panels for Isc as shown in figure

4.19.

The maximum power, Py, for the monocrystalline Si was 44.93W and that of the polycrystalline
Si was 45.76W and this happened at 12pm for the monocrystalline Si and 1lam for the

polycrystalline Si.

For the 4™ day, the polycrystalline Si solar panel produced a high maximum power output than

the monocrystalline Si.
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Day 5

Table 4.20: Experimental results of open-circuit voltage (Voc), load voltage (VL) , short-
circuit current (Isc) and load current (I.) of monocrystalline and
polycrystalline Si solar panels for day five (10" January, 2017).

Monocrystalline Si Polycrystalline Si
Time  Voc(V) ViV) Isc(A) 1L(A) Pu(W) P(W) Voc(V) ViV) Isc(A) IL(A) Pu(W) PL(W)
7am 524 381 005 002 0.26 0.08 5.05 376 0.05 002 025 0.08
8am 16.08 1562 053 0.29 852 453 1693 1515 051 028 8.63 4.24
9am  16.48 16.25 0.78 0.30 1285 4.88 17.10 16.30 0.78 0.30 13.34 4.89
10am 16.78 16.41 1.06 032 1779 525 17.19 16,57 105 031 18.05 5.14
1lam 17.59 1720 2.71 0.39 4767 6.71 17.14 17.04 2,60 038 4456 6.48
12pm 17.74 1753 0.36 0.25 6.39 4.38 16.10 1568 036 025 5.80 3.92
Ipm 17.42 1695 130 032 2265 542 16.50 1582 129 031 2129 490
2pm  16.35 16.13 1.78 0.34 29.10 548 17.30 16.01 171 033 2958 5.28
3pm  16.18 1582 1.28 0.32 20.71 5.06 15.90 1549 110 030 1749 465
4pm  15.24 15.03 0.72 0.18 1097 271 16.10 1588 043 014 6.92 2.22
5pm  15.10 1193 040 015 6.04 1.79 15.08 8.22 020 012 3.02 0.99
6pm  6.25 39 010 005 0.63 0.20 7.15 356 0.09 003 064 0.11
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4.20 Discussion

Table 4.20 shows experimental results recorded during the outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (10" January, 2017). Also
fig.4.20 (a-c) represent the time history of the measured parameters; Fig.4.20a shows the (Voc -

t) plot, fig.4.20b shows the (Isc - t) plot while fig.4.20c shows the (Py - t) curve.

For the open-circuit voltage, both solar panels varied from 10am to 4pm and decreased

thereafter.

The short-circuit current Isc for both the monocrystalline Si and polycrystalline Si showed
similar trend. The short-circuit current for both panels increased from 7am and peaked at 11am
then varied before decreasing gradually. The decrease was as a result of the harmattan season as

low sunlight was observed.

For the 5 day, the maximum power for the monocrystalline Si was 47.67W and that of the
polycrystalline Si was 44.56W and this happened at 11am .The monocrystalline Si solar panel

produced a high maximum power than the polycrystalline Si.
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Day 6

Table 4.21: Experimental results of open-circuit voltage (Voc), load voltage (V.), short-
circuit current (Isc) and load current (I.) of monocrystalline and
polycrystalline Si solar panels for day six (11" January, 2017).

Monocrystalline Si Polycrystalline Si

Time Voc(V) VU(V) Isc(A) 1L(A) Pu(W) PL(W) | Voc(V) Vi(V) Isc(A) IL(A) Pu(W) PL(W)

7am 1731 10.15 0.21 015 3.64 1.52 1529 701 020 014 3.04 0.98
8am 1635 16.10 0.71 030 11.61 4.83 1726  16.04 069 029 1191 4.65
9am 1771 1652 106 033 1877 545 1725 1533 1.02 032 1760 491
10am 17,70 1665 216 039 3823 6.49 16,60 1590 205 038 34.03 6.04

1lam 16.13 16.05 233 038 37.58 6.10 1739 1722 201 037 3495 6.37
12pm 1632 1621 120 034 1958 551 16.10 1579 119 034 19.16 537
lIpm 16.10 1595 143 036 23.02 5.74 1720 1610 135 035 2322 5.64

2pm 1534 15115 132 035 2025 5.30 16.40 16.26 122 034 20.00 5.3

3pm 1635 1621 0.79 031 1292 5.03 16.32 1511 076 030 1240 4.53
4pm 1620 810 065 029 1053 3.23 1520 1508 0.62 0.28 942 4.22
5pm 1513 639 023 016 3.48 1.02 1405 624 022 012 3.09 0.75
6pm 1412 537 016 0.07 2.26 0.38 1436 6.78 015 0.06 2.15 0.41
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4.21 Discussion

Table 4.21 shows experimental results recorded during the 6™ day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (11" of January, 2017). Also
fig.4.21 (a-c) represent the time history of the measured parameters; Fig.4.21a shows the (Voc -

t) plot, fig.4.21b shows the (Isc - t) plot while fig.4.21c shows the (Py - t) curve.
For the open-circuit voltage, both solar panels varied from 7am to 3pm and decreased thereafter.

The short circuit current increased gradually from 8am and peaks at 11am for both panels. The
monocrystalline Si produced a higher current than the polycrystalline Si from 9am to 2pm. A

similar trend was observed in the Isc for both solar panels as shown in figure 4.21.

The maximum power, Py, for the monocrystalline Si was 38.23W and that of the polycrystalline
Si was 34.95W and this happened at 10am for the monocrystalline Si and 1lam for the

polycrystalline Si.

For the 6™ day, the monocrystalline Si solar panel produced a high maximum power output than

the polycrystalline Si.
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Day 7

Table 4.22: Experimental results of open-circuit voltage (Voc), load voltage (VL), short-
circuit current (Isc) and load current (I.) of monocrystalline and
polycrystalline Si solar panels for day seven (12" January, 2017).

Monocrystalline Si Polycrystalline Si
Time  Voc(V) ViV) Isc(A) 1L(A) Pu(W) P(W) Voc(V) ViV) Isc(A) IL(A) Pu(W) PL(W)
7am  7.15 225 007 0.02 050 0.05 6.69 365 0.07 001 047 0.04
8am 17.74 15.04 051 0.22 9.05 3.31 17.20 16.01 051 020 8.77 3.20
9am  17.77 1701 1.79 0.28 3181 4.76 17.17 1654 173 025 2970 4.14
10am 16.29 16.02 2.55 0.32 4154 513 16.99 1642 245 030 4163 493
1lam 17.07 16.30 3.05 0.36 52.06 5.89 16.76  16.20 3.04 035 5095 5.67
12pm 16.77 16.31 2.07 0.38 34.71 6.20 17.24 16.06 201 036 3465 5.78
Ipm 17.35 16.38 1.08 0.36 18.74 5.89 16.53 15.07 108 034 1785 5.12
2pm  17.02 16.58 1.03 0.30 17.53 4.97 17.07 16.38 1.02 029 1741 475
3pm  16.12 16.07 0.79 031 1273 4.98 16.74 15.08 0.78 0.30 13.06 4.52
4pm  17.07 16.18 0.69 0.33 11.78 5.34 16.64 1511 0.67 032 1115 484
5pm  16.60 11.38 0.32 025 531 2.85 15.73 1164 032 024 5.03 2.79
6pm  6.68 354  0.07 0.03 047 0.11 5.24 355 007 002 0.37 0.07
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(c) Pm versus time
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4.22 Discussion

Table 4.22 shows experimental results recorded during the 7" day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (12" of January, 2017). Also
fig.4.22 (a-c) represent the time history of the measured parameters; Fig.4.22a shows the (Voc -

t) plot, fig.4.22b shows the (Isc - t) plot while fig.4.22¢ shows the (Py - t) curve.

For the open-circuit voltage, the polycrystalline Si was fairly constant from 8am to 11am and

varied thereafter while the monocrystalline Si varied from 9am to 4pm.

The short circuit current increased gradually from 7am and peaked at 11am for both solar panels.

Similar trend was observed in the Isc for both solar panels as shown in figure 4.22.

The maximum power, Py, for the monocrystalline Si was 41.54W and that of the polycrystalline

Si was 41.63W and this happened at 11am at the very time the current reached maximum.

For the 7™ day, the polycrystalline Si solar panel produced a high maximum power output than

the monocrystalline Si solar panel.
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Day 8

Table 4.23: Experimental results of open-circuit voltage (Voc), load voltage (V\), short-
circuit current (Isc) and load current (I.) of monocrystalline and
polycrystalline Si solar panels for day eight (13" January, 2017).

Monocrystalline Si Polycrystalline Si
Time  Voc(V) ViV) Isc(A) 1L(A) Pu(W) P(W) Voc(V) ViV) Isc(A) IL(A) Pu(W) PL(W)
7am 554 331 009 006 050 0.20 11.05 0365 0.09 0.05 0.99 0.18
8am  17.07 17.00 0.67 0.36 1144 6.12 17.16 16.18 0.65 035 11.15 5.66
9am  17.35 17.26 0.98 045 17.00 7.77 16.38 16.26 096 043 1572 7.00
10am 16.74 16.24 1.63 040 2729 6.50 17.12 16.74 172 039 2945 6.53
1lam 17.65 17.01 1.15 0.36 2030 6.12 16.31 16.14 114 035 1859 5.65
12pm 17.47 16.18 151 0.38 26.38 6.15 16.77 16.25 150 036 2516 5.85
1Ipm 16.31 1531 1.16 0.35 1892 536 16.76 16.13 115 033 19.27 5.32
2pm  17.00 16.38 0.79 0.33 1343 541 16.74 15.18 0.72 032 1205 4.86
3pm  17.38 16.64 0.75 0.30 13.04 4.99 16.72 1573 0.75 029 1254 456
4pm  17.04 16.04 0.71 0.29 1210 4.65 16.57 15.14 0.69 0.28 1143 424
5pm  16.16 10.39 0.28 0.20 4.52 2.08 15.27 574 027 019 412 1.09
6pm 3.71 311 003 0.01 o011 0.03 3.65 313 0.03 001 o011 0.03
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4.23 Discussion

Table 4.23 shows experimental results recorded during the outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (13" January, 2017). Also
fig.4.23 (a-c) represent the time history of the measured parameters; Fig.4.23a shows the (Voc -

t) plot, fig.4.23b shows the (Isc - t) plot while fig.4.23c shows the (Py - t) curve.

For the open-circuit voltage, both solar panels varied from 8am to 1pm with the monocrystalline
Si having a high voltage than the polycrystalline Si. From figure 4.23, both panels were fairly

constant from 1pm to 5pm before decreasing.

The short-circuit current Isc for both the monocrystalline Si and polycrystalline Si showed
similar trend from figure 4.23. The short-circuit current for both panels increased from 7am and
peaked at 10am and varied thereafter. The variation was as a result of the harmattan as low

sunlight was observed intermittently.

For the 8" day, the maximum power for the monocrystalline Si was 27.29W and that of the
polycrystalline Si was 29.45W and this happened at 10am at the very time the current reached its
maximum. The polycrystalline Si solar panel produced a high maximum power output than the

monocrystalline Si solar panel.
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Day 9

Table 4.24: Experimental results of open-circuit voltage (Voc), load voltage (V\), short-
circuit current (Isc) and load current (I.) of monocrystalline and
polycrystalline Si solar panels for day nine (14™ January, 2017).

Monocrystalline Si Polycrystalline Si
Time  Voc(V) ViV) Isc(A) 1L(A) Pu(W) P(W) Voc(V) ViV) Isc(A) IL(A) Pu(W) PL(W)
7am  6.12 353 004 001 024 004 6.60 398 0.04 001 026 0.04
8am  17.07 11.74 0.33 0.28 5.63 3.29 16.15 12.15 032 026 5.17 3.16
9am 17.73 1549 0.49 0.40 8.69 6.20 16.56 1472 048 038 7.95 5.59
10am 17.95 16.98 0.79 0.37 1418 6.28 16.98 16.07 0.76 036 1290 5.79
llam 17.24 16.70 124 039 2138 6.51 15.79 1530 114 037 18.00 5.66
12pm 16.38 16.15 2.61 0.35 4275 5.65 17.10 16.72 259 034 4429 5.68
1pm  16.65 16.45 241 0.38 40.13 6.25 16.50 16.25 235 035 3876 5.69
2pm  16.55 16.25 1.66 0.36 2747 585 16.33 16.14 165 034 2694 549
3pm  16.15 1253 0.32 0.28 05.17 351 15.28 1212 032 025 4.89 3.03
4pm  16.68 13.25 0.39 022 651 291 15.65 1271 035 020 5.48 2.54
5pm 1527 518 0.21 015 321 0.78 14.57 7.69 020 010 291 0.77
6pm 14.14 6.72 0.16 0.08 2.26 0.54 14.18 6.32 0.16 0.05 2.27 0.32
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4.24 Discussion

Table 4.24 shows experimental results recorded during the 9" day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (14" of January, 2017). Also
fig.4.24 (a-c) represent the time history of the measured parameters; Fig.4.24a shows the (Voc -

t) plot, fig.4.24b shows the (Isc - t) plot while fig.4.24c shows the (Py - t) curve.

For the open-circuit voltage, the polycrystalline Si varied from 10am to 4pm while the

monocrystalline Si was fairly constant from 12pm to 4pm.

The short circuit current increased gradually from 7am and peaked at 12pm for both solar panels
before declining due to low sunlight. Similar trend was observed in the Isc for both solar panels

as shown in figure 4.24.

The maximum power, Py, for the monocrystalline Si was 42.75W and that of the polycrystalline

Si was 44.29W and this happened at 12pm at the very time the current reached maximum.

For the 9™ day, the polycrystalline Si solar panel produced a high maximum power output than

the monocrystalline Si solar panel.
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Day 10

Table 4.25: Experimental results of open-circuit voltage (Voc), load voltage (V\), short-

circuit current (Isc) and load current (I.) of monocrystalline and

polycrystalline Si solar panels for day ten (15" January, 2017).

Monocrystalline Si

Polycrystalline Si

Time Voc(V) VUV) Isc(A) 1L(A) Pu(W) PLW) | Voc(V) Vi(V) Isc(A) IL(A) Pu(W) PL(W)
7am 674 374 009 006 061 022 1017 375 008 004 081 015
gam 17.02 1465 052 028 885 4.0 16,70 1466 049 026 818  3.81
9am 17.71 1717 138 033 2444 567 1737 1635 135 030 2345 4091
10am 17.72 17.32 126 035 23.33 6.06 1725 1664 123 034 2122 566
1lam 1670 1522 270 039 4509 5094 1732  17.02 262 038 4538 6.47
12pm 1719 17.08 129 034 2218 581 16.19 1567 127 033 2056 5.17
lpm 1656 1622 151 036 2501 5.84 1672 1645 149 036 2491 592
2pm 17.05 1666 178 037 30.35 6.16 1678 1614 177 037 2970 597
3pm  17.15 16.16 1.01 032 1732 5.17 16.68 15.15 1.00 031 16.68 4.70
4pm  17.02 1609 078 029 1328 4.67 16.95 1653 075 028 1271 463
s5pm 1513 1506 054 027 817  4.07 1511 1472 050 025 756  3.68
6pm 1024 615 011 006 1.13  0.37 1013 754 010 005 101 038
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4.25 Discussion

Table 4.25 shows experimental results recorded during the 10" day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (15" of January, 2017). Also
fig.4.25 (a-c) represent the time history of the measured parameters; Fig.4.25a shows the (Voc -

t) plot, fig.4.25b shows the (Isc - t) plot while fig.4.25¢ shows the (Py - t) curve.

For the open-circuit voltage, both panels were fairly constant from 1pm to 4pm before declining.

Similar trend was observed in the Vo for both solar panels as shown in figure 4.25.
The short circuit current varied from 9am to 3pm for both panels before decreasing.

The maximum power, Py for the monocrystalline Si was 45.09W and that of the polycrystalline

Si was 45.38W and this happened at 11am at the very time the current reached maximum.

For the 10™ day, the polycrystalline Si solar panel produced a high maximum power output than

the monocrystalline Si solar panel.
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Day 11

Table 4.26: Experimental results of open-circuit voltage (Voc), load voltage (V.), short-
circuit current (Isc) and load current (I.) of monocrystalline and
polycrystalline Si solar panels for day eleven (16" January, 2017).

Monocrystalline Si Polycrystalline Si
Time  Voc(V) ViV) Isc(A) 1L(A) Pu(W) P(W) Voc(V) ViV) Isc(A) IL(A) Pu(W) PL(W)
7am 1131 566 014 0.09 158 0.51 1400 558 014 0.06 196 0.33
8am  16.50 16.32 0.62 0.29 10.23 4.73 17.14 15.05 0.61 028 1046 421
9am 17.01 16.28 0.91 0.32 1548 521 16.35 16.14 090 032 1472 5.16
10am 17.37 16.76  2.27 0.35 3943 587 17.17 17.09 211 035 36.23 5098
1lam 16.76 1524 2.78 0.38 46.59 5.79 17.36 17.01 237 036 4114 6.12
12pm 17.20 16.44 2381 0.39 4833 641 17.52 16.48 2.69 0.38 47.13 6.26
1pm  16.67 16.24 2.53 0.37 4218 6.01 17.10 1693 250 036 4275 6.09
2pm  16.54 16.15 1.62 0.34 26.79 5.49 16.82 16.27 160 034 2691 553
3pm 17.34 16.03 0.33 0.25 5.72 4.01 16.36 1578 030 023 491 4.73
4pm  17.78 16.34 0.72 0.31 1280 5.07 16.15 1538 0.71 030 1147 461
5pm  16.31 13.29 0.39 0.28 6.36 3.72 15.75 1273 038 026 5.99 3.31
6pm 1225 729 0.15 0.10 1.84 0.73 12.67 6.58 012 0.08 1.52 0.53
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4.26 Discussion

Table 4.26 shows experimental results recorded during the 11" day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (16" of January, 2017). Also
fig.4.26 (a-c) represent the time history of the measured parameters; Fig.4.26a shows the (Voc -

t) plot, fig.4.26b shows the (Isc - t) plot while fig.4.26¢ shows the (Py - t) curve.

For the open-circuit voltage, the polycrystalline Si was fairly constant from 9am to 2pm and the

monocrystalline Si was fairly constant from 11am to 2pm.

The short circuit current increased gradually from 7am and peaked at 12pm for both panels
before decreasing due to low sunlight. The monocrystalline Si had a higher current than the
polycrystalline Si from 10am to 12pm. A similar trend was observed in the Isc for both solar

panels as shown in figure 4.26.

The maximum power, Py, for the monocrystalline Si was 48.33W and that of the polycrystalline

Si was 47.13W and this happened at 12pm at the very time the current reached maximum.

For the 11" day, the monocrystalline Si solar panel produced a high maximum power output than

the polycrystalline Si solar panel.
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Day 12

Table 4.27: Experimental results of open-circuit voltage (Voc), load voltage (VL), short-
circuit current (Isc) and load current (I.) of monocrystalline and
polycrystalline Si solar panels for day twelve (17" January, 2017).

Monocrystalline Si Polycrystalline Si
Time  Voc(V) ViV) Isc(A) 1L(A) Pu(W) P(W) Voc(V) ViV) Isc(A) IL(A) Pu(W) PL(W)
7am 10.12 534 0.12 0.08 121 0.43 8.56 6.23 010 0.05 0.86 0.31
8am  17.02 12.29 0.38 0.32 6.47 3.93 16.08 1257 037 030 0595 3.77
9am  16.56 1530 1.76 0.34 2915 520 17.17 17.07 173 033 29.70 5.63
10am 16.75 16.07 2.23 036 3735 5.79 17.02 1654 212 035 3680 5.79
1lam 17.02 1523 2.78 0.38 4732 5.79 17.33 16.37 276 036 4783 5.89
12pm 16.35 16.14 270 0.37 4415 5.97 16.15 1562 262 035 4231 547
1pm 17.37 16.12 2.35 0.35 4082 5.64 17.29 16.31 213 034 36.83 555
2pm  16.79 16.12 1.79 0.34 30.05 5.48 16.34 16.30 1.73 033 28.27 5.37
3pm  16.76 16.52 1.18 0.32 19.78 5.29 16.72 16.12 116 032 1940 5.16
4pm  17.19 14.02 0.57 0.31 9.80 4.35 16.07 1462 055 031 8.84 4.53
5pm  16.04 13.25 0.39 0.30 6.26 3.98 15.70 1230 036 0.28 5.65 3.44
6pm 1272 416 0.12 0.07 153 0.29 13.10 510 012 0.06 1.57 0.31
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4.27 Discussion

Table 4.27 shows experimental results recorded during the 12" day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (17" of January, 2017). Also
fig.4.27 (a-c) represent the time history of the measured parameters; Fig.4.27a shows the (Voc -

t) plot, fig.4.27b shows the (Isc - t) plot while fig.4.27¢ shows the (Py - t) curve.
For the open-circuit voltage, both panels varied from 11am to 3pm before decreasing.

The short circuit current increased gradually from 7am and peaks at 11am for both panels before

decreasing due to low sunlight.

The maximum power, Py for the monocrystalline Si was 47.32W and that of the polycrystalline

Si was 47.83W and this happened at 11am at the very time the current reached maximum.

For the 12" day, the polycrystalline Si solar panel produced a high maximum power output than

the monocrystalline Si solar panel.
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Day 13

Table 4.28: Experimental results of open-circuit voltage (Voc), load voltage (V.), short-

circuit current (Isc) and load current (I.) of monocrystalline and

polycrystalline Si solar panels for day thirteen (18" January, 2017).

Monocrystalline Si Polycrystalline Si
Time  Voc(V) ViV) Isc(A) 1L(A) Pu(W) P(W) Voc(V) Vi(V) Isc(A) IL(A) Pu(W) P((W)
7am  3.07 276 0.03 001 0.09 0.03 3.16 209 003 001 0.09 0.03
8am  16.90 11.76 0.35 0.20 5.92 2.35 16.06 1204 034 017 5.46 2.05
9am  17.95 16.63 1.08 0.30 19.39 4.99 16.10 1593 1.07 025 1723 3.98
10am 16.16 1528 1.01 0.33 16.32 5.04 17.37 16.05 1.00 030 1737 481
1lam 16.19 15.06 1.72 035 2785 5.27 17.35 16.08 1.37 031 2377 4.99
12pm 16.20 16.08 180 0.38 29.16 6.11 17.20 1710 164 036 28.21 6.16
Ipm 16.39 16.25 131 0.34 2213 553 17.21 16.77 131 0.33 2255 553
2pm  17.12 16.36 1.04 029 19.69 474 16.38 16.17 114 0.26 18.67 4.20
3pm  17.02 16.08 1.01 026 17.19 4.8 16.65 1534 1.01 0.23 16.82 353
4pm  17.62 1563 0.64 024 1128 3.75 16.10 15.02 0.63 0.22 1014 3.30
Spm  17.27 1405 0.52 0.21 8.98 2.95 16.07 1414 051 0.19 8.20 2.69
6pm 7.14 336 0214 0.09 1.00 0.29 7.68 358 0.12 0.07 0.92 0.32
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Fig 4.28: A plot of (a) Voc versus time
(b) Isc versus time
(c) Py versus time
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4.28 Discussion

Table 4.28 shows experimental results recorded during the 13" day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (18" of January, 2016). Also
fig.4.28 (a-c) represent the time history of the measured parameters; Fig.4.28a shows the (Voc -

t) plot, fig.4.28b shows the (Isc - t) plot while fig.4.28c shows the (Py - t) curve.

For the open-circuit voltage, both solar panels were fairly constant from 10am to 1pm with the

polycrystalline Si having a higher voltage than the monocrystalline Si at the time frame.

The short circuit current increased gradually from 7am and peaked at 12pm for both solar panels

with the monocrystalline Si having a high current from 10am to 12pm.

The maximum power, Py, for the monocrystalline Si was 29.16W and that of the polycrystalline

Si was 28.21W and this happened at 1pm at the very time the current reached maximum.

For the 13" day, the monocrystalline Si solar panel produced a high maximum power output than

the polycrystalline Si solar panel.
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Day 14

Table 4.29: Experimental results of open-circuit voltage (Voc), load voltage (V\), short-
circuit current (Isc) and load current (1) of monocrystalline and
polycrystalline Si solar panels for day fourteen (19" January, 2017).

Monocrystalline Si Polycrystalline Si
Time  Voc(V) Vi(V) Isc(A) 1L(A) Pu(W) PL(W) | Voc(V) Vi(V) Isc(A) 1L(A) Pu(W) PL(W)
7am  5.36 3.97 0.09 0.04 048 0.16 5.03 4.07 0.07 0.03 0.35 0.12
8am 1795 1565 054 032 9.69 5.01 16.02 1531 053 030 849 459
9am 1760 1635 164 038 2886 6.21 17.23 16.75 156 036 26.88 6.03
10am 16.75 16.03 2.02 0.39 3384 6.25 17.16 16.35 2.00 038 3432 6.21
1lam 16.21 16.14 221 0.36 3582 581 16.50 1641 218 035 3597 574
12pm 16.33 16.12 2.32 0.37 3789 5.96 16.15 16.09 210 036 3392 5.79
1pm 16.38 16.29 1.26 0.34 2064 554 16.30 1535 120 032 1956 491
2pm  17.03 16.79 0.39 0.32 6.64 5.37 16.37 1569 038 031 6.22 4.86
3pm  17.62 1652 1.32 0.37 2326 6.11 16.32 16.08 131 035 2138 5.63
4pm  17.52 1620 0.70 032 1226 5.18 16.36 1539 0.69 031 1129 477
5pm  16.73 12.60 0.39 0.25 6.52 3.15 15.70 1237 038 024 6.00 2.97
6pm 7.22 3.11 0.06 0.04 043 0.12 7.34 3.79 0.06 0.04 044 0.15
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Fig 4.29: A plot of (a) Voc versus time

(b) Isc versus time
(c) Pm versus time
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4.29 Discussion

Table 4.29 shows experimental results recorded during the 14™ day outdoor testing of both the
monocrystalline Si solar panel and polycrystalline Si solar panels. (19 of January, 2017). Also
fig.4.29 (a-c) represent the time history of the measured parameters; Fig.4.29a shows the (Voc -

t) plot, fig.4.29b shows the (Isc - t) plot while fig.4.29¢ shows the (Py - t) curve.

For the open-circuit voltage, the monocrystalline Si was fairly constant from 9am to 1pm and the

polycrystalline Si was fairly constant from 11am to 5pm before declining.

The short circuit current increased gradually from 7am and peaked at 12pm for both solar panels
with the monocrystalline Si producing a high current at 12pm. A similar trend was observed in

the Isc for both solar panels as shown in figure 4.29.

The maximum power, Py, for the monocrystalline Si was 37.89W and that of the polycrystalline
Si was 35.97W and this happened at 12pm for the monocrystalline Si and 1lam for the

polycrystalline Si.

For the 14™ day, the monocrystalline Si solar panel produced a high maximum power output than

the polycrystalline Si solar panel.
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Table 4.30: Experimental results of maximum open-circuit voltage (Voc), maximum short-
circuit current (Isc) and maximum power output of monocrystalline and
polycrystalline Si solar panels for the fourteen days of dry season.

Monocrystalline Si Polycrystalline Si
Day Voc(V) Isc(A) Pm(W) Voc(V) Isc(A) Pm(W)
1 17.78 2.35 41.64 17.74 2.30 39.38
2 17.35 2.34 40.41 17.78 2.25 38.90
3 17.32 2.38 41.06 17.22 2.31 39.71
4 17.70 2.77 44.93 17.72 2.65 45.76
5 17.74 2.71 47.67 17.30 2.60 44.56
6 17.71 2.33 38.23 17.39 2.05 34.95
7 17.77 3.05 52.06 17.24 3.04 50.95
8 17.65 1.63 217.26 17.16 1.72 29.45
9 17.95 2.61 42.75 17.10 2.59 44.29
10 17.72 2.70 45.09 17.37 2.62 45.38
11 17.78 2.81 48.33 17.52 2.69 47.13
12 17.37 2.78 47.32 17.33 2.76 47.83
13 17.95 1.08 29.16 17.37 1.64 28.21
14 17.95 2.32 37.89 17.23 2.18 35.97
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4.30: Comparison of the maximum open-circuit voltage (Voc), maximum short- circuit
current (Isc) and maximum power output (Py) for the fourteen days for both the

monocrystalline Si and polycrystalline Si solar panels.

Fig 4.30 shows the plot of maximum open —circuit voltage Voc, maximum short-circuit current
Isc and highest maximum power (Py) against time recorded for the fourteen days for both the

monocrystalline Si and polycrystalline Si solar panels during the dry season..

For the open-circuit voltage, both solar panels varied from day one to the fourteenth day but the
monocrystalline Si solar panel had a higher voltage from the 5" day to the 14™ day than the

polycrystalline Si.

The short-circuit current for both solar panels showed similar trend from the 1% day to the 14"
day with the monocrystalline Si having a high current compared to the polycrystalline Si solar

panel.

The maximum power output for both panels showed similar trend. The monocrystalline Si
produced the highest maximum power output on the seventh day compared to the polycrystalline
Si solar panel. The maximum power for both solar panels varied from the 4" day to the 14" day.

This is as a result of variance in the open-circuit voltage for both solar panels.

Based on the outdoor testing of the monocrystalline Si and polycrystalline Si solar panels carried

out for fourteen days, the following conclusions were drawn:

(d) Open-circuit voltage for monocrystalline is high during the early hours of the day and

toward the evening hours while the polycrystalline Si is high during midday and fairly
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constant between 10am and 3pm for most of the days. The open-circuit voltage for the

monocrystalline Si varies compared to the polycrystalline Si solar panel.

(e) The monocrystalline Si produces high short-circuit current compared to the
polycrystalline Si solar panel. The short-circuit current gradually increases during the
early hours of the day and is dependent on the amount of insolation that are incident on
both solar panels. Low short-circuit current was recorded during the dry season as a result

of low sunlight in the harmattan period.

() The maximum power output is dependent on the amount of short-circuit current
produced. The maximum power output recorded was low and this is as a result of low
short circuit current. Low sunlight was observed during the period of the experiment and

this is as a result of the harmattan season.
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Table 4.31: Experimental results of maximum open-circuit voltage (Voc), maximum
short-circuit current (Isc) and maximum power output of monocrystalline
and polycrystalline Si solar panels for the fourteen days for both the rainy

and dry season.

Rainy season Dry season

Monocrystalline Si Polycrystalline Si Monocrystalline Si Polycrystalline Si

Day Voc(V) Isc(A)  Pu(W) | Voc(V)  Isc(A)  Pu(W) Voc(V)  Isc(A)  Pu(W) | Voc(V)  Isc(A)  Pu(W)

1 16.99 3.73 59.31 | 17.93 3.70 66.34 17.78 2.35 4164 | 17.74 2.30 39.38
2 17.95 4.70 78.16 | 17.50 4.50 77.18 17.35 2.34 4041 | 17.78 2.25 38.90
3 17.92 5.36 83.78 | 17.98 5.16 92.36 17.32 2.38 41.06 | 17.22 2.31 39.71
4 17.50 3.72 62.87 | 17.70 3.32 56.37 17.70 2.77 4493 | 17.72 2.65 45.76
5 17.94 5.56 94.24 | 17.79 5.42 93.06 17.74 271 47.67 | 17.30 2.60 44.56
6 17.95 5.26 89.31 | 17.52 412 71.56 17.71 2.33 38.23 | 17.39 2.05 34.95
7 17.27 3.98 66.78 | 17.58 3.73 64.57 17.77 3.05 52.06 | 17.24 3.04 50.95
8 17.96 3.05 4748 | 17.78 3.11 55.30 17.65 1.63 27.26 | 17.16 1.72 29.45
9 17.99 5.51 9°.03 | 17.70 5.50 96.80 17.95 2.61 4275 | 17.10 2.59 44.29
10 17.97 3.15 49.46 | 17.78 2.94 52.27 17.72 2.70 45.09 | 17.37 2.62 45.38
11 17.92 2.93 49.69 | 17.48 2.67 46.67 17.78 2.81 48.33 | 17.52 2.69 47.13
12 17.75 5.25 89.09 |17.71 5.20 92.09 17.37 2.78 4732 | 17.33 2.76 47.83
13 17.93 3.05 51.73 | 17.57 3.01 52.61 17.95 1.80 29.16 | 17.37 1.64 28.21

14 17.75 2.15 36.51 | 17.38 2.13 37.02 17.95 2.32 37.89 | 17.23 2.18 35.97
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4.31: Comparison of the maximum open-circuit voltage (Voc), maximum short- circuit
current (Isc) and maximum power output (Pv) for the fourteen days of both the

monocrystalline Si and polycrystalline Si solar panels for the rainy and dry season.

Table 4.31 shows the experimental results of maximum Voc, maximum lsc and maximum Py, for
the fourteen days of both the monocrystalline Si and polycrystalline Si solar panels. It was

observed that both solar panels produced high Voc in both seasons.

For the Isc, the monocrystalline Si produced a higher Isc during the rainy season compared to the
dry season. Dusty weather condition was observed in the dry season which is probably due to the

harmattan.

The maximum power output is dependent on the current produced by the solar panels. High
maximum power was recorded during the rainy season and it was produced by the

polycrystalline Si while low maximum power was recorded during the dry season.

4.31.1 Comparison of results obtained with that of the literature review

It was observed from the outdoor testing that the open-circuit for the monocrystalline Si solar
panel varied prominently. This corroborates with the findings of Maluta (2011). He carried out
an outdoor testing of crystalline silicon panels and amorphous solar panels thereby comparing
the performance of the two solar panels. He found out that open-circuit voltage for the crystalline

module varies prominently compared to that of the amorphous module.

It has been observed that both solar panels exhibit similar current characteristics. This is in line
with the results of Abdelkader et al. (2010). They carried out a research on the comparative

analysis of the performance of monocrystalline Si and multicrystalline Si PV cells in semi arid
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climate conditions, the case of Jordan. They observed that both solar panels show similar current

characteristics.

It has been observed that the polycrystalline Si produced the highest maximum power output
compared with the monocrystalline Si solar panel. This is in line with the results of Kalu et al.
(2016). They carried out a work on comparative study of three different photovoltaic
technologies. They used a simulation approach for the comparative analysis. Three different
photovoltaic technologies which are the monocrystalline silicon, polycrystalline silicon and thin
film PV were used. They found out that array efficiency of the polycrystalline Si was higher than
that of the monocrystalline Si while the thin film PV has lower array efficiency. They preferred

the polycrystalline Si because it has very high array efficiency.

132



CHAPTER FIVE

5.1 SUMMARY

The performance assessment of two solar panel types was carried out in Owerri, Eastern area of
Nigeria. 100W monocrystalline and 100W polycrystalline solar panels produced by Flames
Company were used for the outdoor testing. The experiments were carried out for fourteen days
each for the rainy and dry season to identify the solar panel that has a better performance. It was
observed during the experiments that both solar panels exhibited similar voltage and current
characteristics. The performance of the solar panel was rated based on the maximum power
produced by each panel. It was also observed that the Voc Vi, Isc and I are dependent on the
amount of sunlight incident on the panel. This means that the higher the insolation, the higher the
current and vice versa. Cloudy weather condition affected the performance of the solar panels as
the short-circuit current dropped drastically anytime it is about to rain thus making the solar
panel not to work efficiently within that particular period of time. Low sunlight was observed
during the dry season as a result of dusty weather condition during the harmattan. High solar
intensity was observed between 10am and 3pm, as it varied for some of the days during the rainy
season. The highest maximum power recorded during the experiment was 96.80W for the
polycrystalline silicon solar panel while 94.24W was recorded for the monocrystalline silicon
solar panel, and is close to the rating by the solar panel manufacturers (100W). This occurred
during the rainy season while low maximum power was recorded during the dry season as a

result of low short-circuit current produced by the solar panels.
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5.2 Conclusion

Based on the results presented, | would recommend that the polycrystalline Si solar panel would
work perfectly in Owerri even though the monocrytsalline Si solar panel is highly in use from the
responses of the questionnaire administered. Most users of solar panels lack information on the
operation of the solar panels. This research will help to guide would-be-users on the type of solar
panel to purchase. The polycrystalline Si solar panel has a fairly constant voltage than the
monocrystalline Si solar panel as that of the monocrystalline Si solar panel varies considerably.
The difference in the current between the monocrystalline Si and polycrystalline Si is relatively
small. In this case, the polycrystalline Si solar panel can give the expected result in terms of
performance. Also, the polycrystalline Si solar panel is cost effective as the monocrystalline Si

solar panel is very costly.

5.3 Recommendation/Future Work

To continue the performance assessment of the solar panel, outdoor testing should be carried out
over all the months of the year to understand the month for best performance of the solar panels.
When completed over the year, the results will provide a database for proper advice to

Government, individuals and corporate organization on the best types of solar panel to use.

Available solar panels such as the amorphous silicon should be included in the outdoor testing to

ascertain the performance.

Irradiance should be measured in subsequent outdoor testing so as to know how it affects the

performance of solar panels.
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5.4 Contribution to knowledge

The outcome of this study has shown that the polycrystalline silicon solar panel has a better
performance than the monocrystalline silicon solar panel. Most users of solar panels lack

information on the operation of these panels. The study is an eye opener to solar panel users

135



REFERENCES

Abdelkader M. R., Al-Salaymeh A., Al-Hamamre Z, and Sharaf. F (2010). A comparative
Analysis of the Performance of Monocrystalline and Multiycrystalline PV Cells in Semi
Arid Climate Conditions: the Case of Jordan. Jordan Journal of Mechanical and Industrial
Engineering Vol. 4(5) pp. 543- 552.

Agroui K., Arab A.H, Pellegrino.M, Giovanni .F and Mahammad I. H (2011). Indoor and
outdoor photovoltaic modules Performances based on thin films solar cells. Revue des
Energies Renouvelables Vol. 14 (3) pp. 469- 480.

Ali H.M , Mahmood .M , Bashir M. A, Ali .M and Siddiqui A.M. (2016). Outdoor Testing of
Photovoltaic Modules During Summer in Pakistan. Thermal Science. Vol. 20 (1) pp. 165-
173.

Al-Salaymeh. A, Al-Hamamre. Z, Firas .S and Abdelkader M. R. (2009) Technical &
Economical Assessment of the Utilization of Photovoltaic Systems in Residential
Buildings: The case of Jordan. Faculty of Engineering and Technology, University of
Jordan, Amman 11942, Jordan pp. 1719- 1726.

Bashir M.A., Ali H.M., Ali M. and Siddiqui A. M. (2015).An Experimental Investigation of
Performance of Photovoltaic Modules in Pakistan. Thermal Science. Vol. 19 pp. 525-
534.

Chukwu G. U, Chigbo, N. I., Onyenonachi F. C and Udoinyang I.E (2016). Comparative Study
of Photovoltaic Modules and Their Performance in the Tropics: A Case Study in
Nigeria. International Journal of Innovative Environmental Studies Research. VVol.4(4)
pp. 21- 28.

Ettah E.B, Udoimuk A.B, Obiefuna J.N and Opara F.E (2012). The Effect of Relative Humidity
on the Efficiency of Solar Panels in Calabar, Nigeria. Universal Journal of Management
and Social Sciences Vol. 2(3) pp. 8- 11.

Green M. A, Emery .K, Hishikawa .Y, Warta .W and Dunlop E. D (2016). Solar Cell Efficiency
Tables (version 48). Progress in Photovoltaics; Research and Applications. Vol. 24(7) pp.
905-913.

Ihara .T and Nishihara .H. (2001). Studies on the outdoor performance of amorphous silicon
solar cells. Fuji Electric review. Vol. 49(2) pp. 49- 54.

Kalu .C, Ezenugu I.A, and Anthony U. M (2016). COmparative Study of Performance of Three
Different Photovoltaic Technologies. Mathematics and Software Engineering. Vol.2(1)
pp. 19-29 .

Karki I. B (2015). Effects of Temperature on the I-V characteristics of a Polycrystalline Solar
cell. Journal of Nepal Physical Society. VVol.3(1) pp. 35- 40.

Maluta .E (2011). Outdoor testing of amorphous and crystalline silicon solar panels at
Thohoyandou. Journal of Energy in Southern Africa. VVol. 22 (3) pp. 16- 22.

136



Mustapha I., Dikwa M. K., Musa B. U. and Abbagana M. (2013). Performance Evaluation of
Polycrystalline Solar Photovoltaic Module In Weather Conditions Of Maiduguri, Nigeria.
Arid Zone Journal of Engineering, Technology and Environment. VVol. 9 pp. 69 — 81.

Ogueke N.V., Abam F., Nwaigwe K. N., Okoronkwo C.A., Ugwuoke P.E. and. Anyanwu E.E.
(2013). The Effect of Seasonal Variation and Angle of Inclination on the Performances of
Photovoltaic Panels in South Eastern Nigeria. Research Journal of Applied Sciences,
Engineering and Technology 5(3). pp. 794-800.

Oladokun V.O and Adeshiyan S. A (2012). Demand Management based design of Residential
Solar Power Supply System: A Techno-Economic Evaluation. American Journal of
Scientific and Industrial Research. VVol.3(1) pp. 21- 26.

Panjwani M. K and Narejo G. B (2014). Effect of Humidity on the Efficiency of Solar cell.
International Journal of Engineering Research and General Science .Vol 2(4) pp. 491-
503

Parthasarathy .S, Neelamegam .P, Thilakan .P and Tamilselvan .N. (2013). Investigations on the
Outdoor Performance Characteristics of Multicrystalline Silicon Solar Cell and Module.
Conference Paper in Energy pp. 1- 6.

Salih S.M and Kadim L.A. (2014). Effect of Tilt Angle Orientation on Photovoltaic Module
Performance. ISESCO Journal of Science and Technology. Vol. 10 (17) pp. 19-25.

Sanusi Y. K. (2012). The Performance of Amorphous Silicon PV System under Harmattan Dust
Conditions in a Tropical Area. The Pacific Journal of Science and Technology Vol. 13
(1) pp. 168- 175.

Sanusi Y. K, Fajinmi G. R. and Babatunde E. B. (2011). Effects of Ambient Temperature on the
Performance of a Photovoltaic Solar System in a Tropical Area. The Pacific Journal of
Science and Technology. Vol.12 (2) pp. 176- 180

Sulaiman A.S, Hussain H.H, Nik Leh N.H, and Razali M. S.I (2011). Effect of Dust on the
Performance of PV panels. International Journal of Mechanical, Aerospace, Industrial,
Mechatronic and Manufacturing Engineering Vol.5 (10) pp. 2028- 2023

Tatsuo Saga (2010). Advances of Crystalline Silicon Solar Cell Technology for Industrial Mass
Production. NPG Asia Materials. VVol. 2 pp. 96- 102.

Tetsuo Soga (2006). Fundamentals of Solar Cells. Nagoya Spring pp. 25- 26.

Ugwuoke P.E and Okeke C.E (2012) Performance Assessment of Three Different PV Modules
as a Function of Solar Insolation in South Eastern Nigeria. International Journal of
Applied Science and Technology Vol. 2 (3) pp. 319- 327.

Winkler, M. T, Wang, W, Gunawan, O, Hovel, H. J, Todorov T. K., Mitzi D. B. (2013). Optical
designs that improve the efficiency of Cu,ZnSn(S,Se)ssolar cells. Energy &
Environmental Science 7 (3): 1029-1036.

www.solar-facts-and-advice.com

www.wikipedia.com

137


http://www.solar-facts-and-advice.com/
http://www.wikipedia.com/

