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Abstract

The solar radiation falling on the solar cell changes during the day and from month to month. In this
study, the effect of the angle of the cell's solar cell on the resulting capacity in external environment
conditions was discussed in the city of Baghdad, the capital of Irag. During daily experiments, the solar
cell angle of 0 ° -90 ° was changed and the effect of sunny, cloudy and dusty weather conditions on tilt
angle changed. The results of the study showed that the best angle for a fixed cell varies from time to
time. The best value in the early morning and near the sunset is 60 degrees. At noon, the best value is
40 degrees. The angle of solar radiation falls from day to day and from month to month. The
performance of solar cells under the influence of dust was very large, which is greater than the effect of
clouds.
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1. Introduction

Most of the global energy comes from fossil fuels. These sources are limited and going to
deplete in 50 to 75 years as most studies indicated. The high dependence on oil in generating
electricity and operating vehicles, trucks and construction equipment in the last century
caused a great damage to environment and human health [1, 2]. In the last decade the oil
prices were fluctuating between 150 to 22 US dollars, which caused economic disasters for
both the importers and the exporters [3]. In the same time, burning this fuel is the primary
reason for climate change. This phenomenon becomes a reason for many complications in
human life. The authorities in most countries are now considering this phenomenon as a
serious problem that needs monitoring and solutions [4, 5]

The shift towards new energies that are renewable and environment friend becomes an
important issue. This description fits to renewable energies such as biofuels, wind, solar, and
geothermal energies. Biofuels gives great expectations and many biofuels are used today in
cars and trucks [6, 7]. Wind energy also takes a significant share of generating electricity in
many countries that have good wind speeds [8]. Studies and investigations proved that he use
of fuel cell gives high power with no or small rate of pollutants [9]. In the same time, solar
energy studies started since seventeenth of the last century, and today, it has a share from
power generation market. Solar energy can be used directly in heating water for domestic
purposes in water heaters [9]. Also, it can be used for air heating and Trombe walls [10-15].
Solar energy can be stored in solar ponds to be used in many heating applications and in
water desalination [16-20]. Of course, solar radiation can be used directly for water
desalination and treatment [21, 22]. On the other side, solar radiation can be used to generate
electricity from concentrated solar power stations and from solar chimneys [22-27].
Photovoltaic solar cells are used for generation electrical power that can be used in rural and
remote areas where the grid lines are far away [28-30]. These cells are used to light streets
[31], powering telecommunications towers [32], and operating water pumps for irrigation
[33, 34], supplying electricity for buildings and factories [35] and lighting car parking [36].
The solar PV cells are affected by environmental variables such as solar radiation [37],
ambient temperature [38], relative humidity [39], and wind speed [40]. It is also affected by
the intensity of solar waves [41], shadow [42, 43] and dust [44, 45]
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The researchers studied the causes and results of every
single parameter and the effect of other environment
parameters on it. Two main parameters have the most
significant impact on PV cell efficiency. The dust and
pollutants accumulation on the PV module with bad
cleaning causes remarkable reduction in the cell
performance [46-48]. Also, the high solar radiation that
heat up the cell and reduces its outcomes is an obstacle that
hinder the wide speared of PV technology in hot climates
countries. The dust accumulation effects can be eliminated
or reduced by good maintenance and cleaning the PV
module with proper cleaning detergents. To get rid of the
high PV cells' temperature, the researchers today are
studying the use of hybrid PVT system [49, 50]. In these
systems, the high temperature of the solar cell is utilized in
applications such as air heating or water heating for
domestic purposes [51]. The studies in this field reached
advanced stages, as the researchers investigated the use of

AOI = cos™*([cos(B) cos(Zs) ]+ [sin(B)sin(Zs) cos(AZs — AZm)])

Where AOI is the solar incidence angle, B is the tilt angle
of panel, Zs is the zenith angle of sun, AZy is the azimuth

nanofluid in cooling the PV cells [52, 53], as well as using
PCM and nano-PCM for this reason [54, 55].

For every location in the earth, the PV cells have an angle
of incidence that depends on the optical solar radiation
incidence. This angle can be measured theoretically and
experimentally, and it is used to improve the array
outcomes. The solar angle of incidence varies with the time
of the day and with the seasons [56]. It affects the PV
module short circuit current (Isc), which is resulted from
two causes: first reason is the cosine effect, which is
independent of the PV module geometry design. The PV
panel's short circuit current (Isc) varies with the cosine of
the angle of incidence, because of this cosine effect [57].
Second reason: when the angle of incidence affects directly
(Isc) due to the cell design. The optical effect dominant
contributor is the radiation reflecting from the front surface
[58].

The solar cell's tilt angle can be calculated by (Fig. 1) [59]:

@

angle of panel (0°: South, 90°: East) and AZs is the azimuth
angle of sun (0°: South, 90°: East).

Zenith
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Fig. 1 the angles of a solar system

Estimating the available measured quantities for global
radiation on a horizontal surface is important for PV system
designers to determine the system specifications of a
particular site. They also need to evaluate the direct and
diffuse horizontal components of global values. Finally,
they need to evaluate these components for a sloping level
from the horizontal values. When it comes to solar
radiation, there are two specific angles of the solar cell that
determine the direction of the unit. The first angle is called
the tilt angle and is referred to as (Tm) and defined as the
angle between the module surface and the horizontal plane.
The second angle is the angle of azimuth known as the
angle between the natural projection to the surface of the
module and the south referred to by (AZm) [60]. Most of
the solar modules are mounted in a fixed position which
overlooks the projection of the equator. The direction of the
sun changes for unity throughout the day, which means a
change in the amount of vertical radiation actually falling
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on the unit [61]. Thus, sunlight decreases to the active
surface of the unit. When the sun shines in the sky, the unit
is exposed to more sunlight to the maximum of the
opening. When the angle of the sun is large for the unit, the
hole is not only small, but the loss of reflection from the
surface of the unit increases [62]. The horizontal and
vertical dimensions are effective for the opening with the
corner pocket of the roses [63].

Irag characterized by a high solar insolation as it is located
near the solar belt area, and the maximum insulation is
located in the mid and south of this shiny country. The
average annual solar radiation intensity in Baghdad station
is between 286 W/m? in winter to 864 W/m? in summer.
This energy can be used in many heating and electricity
generation applications. However, the use of solar energy is
hindered by many obstacles such as dust accumulation,
high PV module temperature, and high level of air
pollution. The solar radiation varies monthly or annually
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affecting installed and fixed solar systems [61].

The aim of this study is to evaluate practically the optimum
tilt angle for a PV panel installed in Baghdad City. The tilt
angle variation will be followed by changes in the PV
panel's voltage and current outcomes. The optimum
efficiency resulted indicates the optimum tilt angle for the
specified day, month, and season.

2. Experimental Procedure

In this experimental work, a PV cell, which its
specifications are listed in Table (1) was used. A hybrid
ammeter-voltammeter was used to measure the panel's
voltage and current. The solar cell tilt angle was changed
by using ruler (Fig. 2). The used panel's tilt angle can be

varied from 0°-90°. At the peak hours (from 11 AM to 3
PM), the panel tilt angle was varied to evaluate the best tilt
angle for the tested days each one with its specific
condition. The tilt angle was tested in three variable
conditions: sunny day, cloudy, and dusty day. This
procedure was used to compare and evaluate the reduction
in the PV panel's outcome for each case. The question that
needs an answer: can we gain some of the losses in the
panels' outcome by changing the tilt angle in cloudy and
dusty days?

As the clouds affecting the productivity of solar cells are
available only in the winter season, so the practical
experiences was done during specific days of the months of
November and December 2017 and January 2018.

Table 1: The used PV panel electrical performance under standard test conditions (S. T. C.)

Model STF-120P6
Rated power Pmax | 120+2%
Open circuit voltage | Voc 215V
Short circuit current | lsc 7.63 A
Voltage at Pmax Vmp | 174V
Current at Pmax Imp 6.89 A
Electrical efficiency | (%) 14%

3. Results & Discussions

The effect of solar radiation falling on a solar cell is greater
when the radiation is exactly orthogonal on the cell face
and this depends on the tilt angle. The variation of the tilt
angle from the optimal value decreases the cell
performance due to visual and engineering impact. Figure
(2) shows the relationship between peak time where the
intensity of solar radiation at the maximum value with the
resulting power of four tilt angles. The highest value of the
power generated was between 12 AM and 1 PM, since the

intensity of solar radiation at that time at its peak. The
difference in the angle of the cell's slope causes the
difference of the resulting capacity over time. Results show
that the best value of the generated power was at a 40
degree angle, which is near the value indicated by Refs.
[60, 61] while the best productivity of the cell in the early
morning and near the sunset was at a greater angle of
inclination (60 degrees) The productivity of the cell
depends heavily on the intensity and angle of the solar
radiation
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Fig. 2: Effect of local time on the output power from solar cell.

The external weather as the shiny atmosphere or the
existence of a shadow have a significant impact on the
productivity of the cell and also shows a change in the tilt
angle as the presence of clouds light or heavy causes the
need to change the tilt angle of the cell to obtain the highest
productivity. The vapor of the cloud causes the absorption
of infrared radiation from the solar spectrum and reduces
the heat of the cell, but it also controls the intensity of the
radiation falling on the solar cell. Figure (3) shows the
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relationship between external weather conditions and the
change in angle of inclination of the system used. The
results show a decrease in the performance of the solar cell
due to air dust greater than the presence of a light or heavy
cloud. Dust causes significant dispersion in solar radiation
and increases the shadow as accumulating on the surface of
the cell prevents the arrival of solar radiation. Reducing the
tilt angle in light cloudy days has increased relatively the
PV output power.
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Fig. 3 Effect of atmosphere conditions on the output power from solar cell

Figure (4) shows the maximum cell-generated power
variation used for the days of December when using three
different tilt angles (20°, 40° and 60°). The atmosphere of
Baghdad as is the atmosphere of Iraq in general dusty so
the accumulation of dust during the period of study for a
month caused a decrease in productive capacity. The use of
an angle of inclination far from the ideal angle causes with
the accumulation of dust a greater decrease so when

working at a tilt angle of 20° decreased the power of the
cell by 41% after 30 working days while the use of angles
of 40° and 60° caused a decrease of 11% and 21%
Respectively. Here, we should point out that the month of
December in Baghdad is one of the least dusty months;
because of rains sometimes occur during this month. In this
case, the impact of dust will be greater in months like April
or June where the dust storms are almost daily.

Power {(watt)

——20°
——40°
—i— 60°

13
Tilt angle (%)

17

Fig. 4 Effect of accumulated dust on the output power of solar cell

Figure (5) shows the relationship between the tilt angle and
the highest output power during the test period, which
lasted for three months (November, December, January).
The generated power changed as the tilt angle was changed
and the maximum value of the produced power varied from
month to month. The best output power was at a 40°,
followed by those generated at 50° and 60°. Also, the
maximum produced power was during the month of
November as the intensity of solar radiation was the highest
among its counterparts. These differences in the curves
result from changing in the falling angle of the solar
radiation from one month to another. So, it is best to
control the steering of the cell electronically and
instantaneously to reach the highest outcomes.

~ 47~

Conclusions

In this study, the produced power and its relation to
changing the tilt angle with the change of months were
measured and during the weather conditions variation
(sunny, cloudy or dusty). Changing the PV panel's tilt angle
is better than fixing the cell at specified angle. The slope of
the cell must be changed with time. At the morning, the
best tilt angle was 60°. During the peak period (from 12
AM to 2 PM), the best inclination was 40°. Before sunset,
the best value was 60°. Changing the slope of the solar
panel is done in order to reach full compatibility with the
falling solar radiation. This dependence varies according to
the time of day, month, and year. The results showed a
sharp decrease in the power of the solar cell due to dust and
this decrease exceeded the effect of clouds. The tilt angle of
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the cell that gives the highest power varies from month to
month as the results show that the best angle of inclination

is 40° for the city of Baghdad during the study period
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Fig. 5: effect of months on the output power from solar cell.
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