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Abstract— This paper investigated the effect of
environment variables on Photovoltaic PV performance.
It is surely understood that local climate can dramatically
affect the power generation from a PV system. The most
obvious components are the solar radiation hitting the
panels, air temperature, humidity and wind speed. The
local climatic conditions and precipitation influence the
extent to which the panels get to be dusty or polluted,
which affects the electrical power generation.
The high air temperature caused a reduction in the PV
panel output power rated from 1.85 to 20.22%, as well as,
increased relative humidity where the largest decline
recorded was 32.24%. The wind has a cooling effect on
the PV panel that limits the power reduction due to
increased solar radiation or panel back temperature.
Besides, the wind blows away the accumulated dust that
enhances the resulted PV panel power.
Keywords—Air movement, back panel temperature,
climate condition, dust accumulation, photovoltaic,
relative humidity.
I. INTRODUCTION
Most renewable energy comes from the sun either directly
or indirectly. Daylight or solar power can be utilized
straightforwardly to heat and lighting homes and different
structures, for producing electrical energy, boiling water
for warming, solar cooling, and an assortment of business
and mechanical uses [1]. Likewise, the sun's warmth
drives the winds, whose energy, is caught with wind
turbines. At that point, the winds and the sun's heat cause
water to vanish. When this water vapor transforms into
rain or snow and becomes waterways or streams, its
vitality can be caught to be utilized as hydroelectric
energy [2].
Sunlight based photovoltaic (PV) frameworks are known
for their capacity to create electric power for homes and
business structures taking advantage from the retention of
solar energy [3]. In the development of expanded
sustainability, cleaner energy, and lower service charges,
the PV systems are turning into the first sight, particularly
www.ijcmes.com

in districts of the nation where solar energy is the most
grounded [4]. In any case, this technology still needs
more research and development works in buildings
suction. Besides, the professional experts must introduce
to their clients the better points of interest of PV systems
[5].
Many researchers studied the impact of weather variables
like temperature, solar radiation intensity, relative
humidity, and the wind, on the productivity of the solar
cells. References [6-9] studied the effect of the air
temperature on the productivity of the cell and found that
the increase in air temperature causes a decrease in its
productivity. As references [10-15] studied the effect of
relative humidity on the productivity of the PV cell and
found that the effect of relative humidity less than the
effect of temperature on the productivity of the cell, but it
has an emphasis on a reduction in the efficiency of the
cell.
References [16-22] revealed that the increase in solar
radiation increases the temperature and the degree of cell
in the absence of cooling them, the productivity decreases
as the bulk of the solar radiation exploited in raising the
cell temperature. References [23-26] indicated that the
wind helps to blow dust from the surface of the cell and
therefore clean it and increase the productivity of the cell.
The wind also helps to calm the same cell as to help
improve productivity. But high-speed winds may cause
damage to the cell and lead to damage or break the base
installed on them.
All the researchers agreed that the accumulation of dust
and pollutants because a decrease in productivity of the
cell and so you need to be cleaned periodically to rid it of
dust and contaminants accumulated [27-32]. For the PV
systems dust deposition case, two factors affect each
other; the dust specifications and the local climate
conditions. The site-local weather includes the human
activities and the construction of the solar cell system
properties as its type, surface finishing, installation
height, and orientation. Besides, the vegetation type in the
site plays a significant role in this regard. The physical,
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chemical, biological, and electrostatic properties of the
dust
have
a
massive
influence
on
the
accumulation/aggregation. It is well known that dust
deposition enhances more dust to settle, as the deposited
particles attract and encourage more particle to settle,
making the PV panel surface more willing to collect dust
[30 & 32]
From the above, it is clear that weather variables play a
role in the productivity of the solar cell, and the effect of
these variables had studied solo or collect two variables
together. Besides the fact that, weather conditions from
one area to another is different, there is no fixed rule to
determine the impact.
This research has investigated the effect of variables such
as dust, temperature, solar radiation, relative humidity and
wind on the productivity of laboratory solar cell. The goal
is to represent the weather conditions and use dust from
the city of Saham in Oman and a finding that the work of
the solar cells in the circumstances flights. This research
is part of the ongoing effort of a team of renewable
energies in Sohar University for research and spread
awareness regarding the use of renewables in the Arab
Gulf countries and Iraq [35-73].
II.
EXPERIMENTAL SETUP
The current study experimentally investigates the
performance of PV panels under effect environmental
variables as dust, humidity, and the wind. A PV panel
which its specification is listed in Table 1 was used in the
experiments. The current and voltage were measured to
find the PV cell power and efficiency. The creation of the
variable climatic conditions and representing it in a
laboratory needed the use of solar simulator with lighting
intensity ranged from 0 to 800 W/m2 with for steps of
200 W/m2.
An air-conditioning device was used to cool the
laboratory 25ºC. A fan with speed controller was used to
provide a variable air speed acting as wind speed. A small
boiling unit was used to generate water vapor inside the
lab to control the lab humidity. Also, A glass panel of
1m2 was left for three months in the outside exposed to
dust accumulation is Saham City - Oman. The
accumulated dust was gathered and used in the tests.
Table 1: PV panel specifications
Typical power (Watts) at STC
20W
Nominal rated voltage at STC
12V
Maximum power (Watts)
20W
Tolerance (%)
+/- 3%
Voltage at max power
>16,0
Current at max power
1.22A
Open circuit voltage
20V
Short circuit current
1.5A
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Measurements and Uncertainty
Many measuring instruments were used to measure the
experimentally simulated climatic variables. All the used
devices were calibrated, and their uncertainties were
evaluated. The total uncertainty was less than 5% which
indicated the measured results were geometrically correct
and acceptable.
Test procedure
The solar simulator was fixed on the PV panel, and the
solar intensity was measured to confirm the wright
readings. The dust was distributed in many plastic
containers of 5 grams each. In the tests, the dust was
placed on the board, and it was shacked using a vibrator
to distribute the dust consistently. The PV panel back
temperature was measured employing four thermocouples
type K.
In all tests, the air-conditioner operated till the lab
temperature reached 25ºC and the relative humidity (RH)
= 45% before the tests start. The representation of the
relative humidity was conducted by increasing the water
vapor in the lab using a steam generator. For the
measurement of the effect of the wind on the productivity
of the panel, the variable-speed fan had been used to
generate the air movement.
III.
RESULTS AND DISCUSSIONS
This study aims to determine the effect of weather
conditions on the PV panel leading power through the
representation of these circumstances in the laboratory to
control the variables and prevent overlap from
understanding the impact of each variable separately.
Perhaps, the most important weather condition
experienced by the solar cell is the air temperature.
Fig. 1 shows the effect of elevated air temperature on the
PV output power at variable lightening intensity and
constant relative humidity (RH= 45%). These figure
results confirm the results of all other researchers
investigated this point. The increase in air temperature
from 25°C to 35 and 45°C caused reductions with about
1.85 and 20.22%, respectively. References [74 &75]
manifested that if the PV panels' temperature were
increased by 1 K, this would lead to a reduction of 0.4 to
0.5% in the crystalline silicon-based cells outcomes.
The relative humidity expresses the contained water in the
air as moisture. Relative humidity is defined as the ratio
between actual water vapor pressure in the air and the
saturated water vapor pressure at the same temperature.
Fig. 2 represents the effect of relative humidity on the PV
panel outcomes at variable lightening intensity and a
constant air temperature of 25°C. The figure confirms
Ref. [11] results; the PV panel output reduced with RH
increase. The reductions in the power were about 9.75,
15.24, and 32.24% for a relative humidity of 60, 75 and
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90%, respectively; compared to the power at RH= 45%.
The high temperature (greater than 40oC) and humidity
(less than 60%) conditions that describe the Omani coast
cities cause a long-term deterioration in the PV arrays and
accelerate the corrosion process. Also, the wet cell
surface forms a sticky surface that catches dust and dirt
particles.
The wind has multivariable types of impact on the PV
panel. First: a positive impact, which is increasing panel
cooling by the natural and forced convection. The PV
panel cooling helps in maintaining its outcomes as high as
possible. Secondly: the wind adverse impact can be
divided into two categories, (1) is the force exertion on

No.
1
2
3
4
5
6

12
10
Power (W)

the PV panel that can lead to a significant structural
detriment. (2) The wind can cause dust surge and
irritation in the air, which will settle and accumulate on
the PV surface after the wind’s sensation. In the recent
tests in the lab, the wind has only a cooling effect on the
solar cell and this effect is positive as Fig. 3 indicates.
The solar cell absorbs the larger part of the solar radiation
as heat as the Ref. [20] claimed. The air movement cools
the surface of the cell by forced convection, causing a
slight increase in power output as the results shows. The
PV panel power increments were about 1.22, 3.35, and
3.8% for wind speeds WS of 5, 15, and 25 m/s
respectively compare to WS=0 m/s.

Table.2: The measuring devices and its uncertainties
Measured value Measuring instrument name
Type
Solar intensity
Solar power meter
TM-206
Temperature
digital thermometer
MC-1000
Wind speed
air movement meter
PCE-007
Relative humidity
humidistat
OMEGA
Weight
Digital balance
AGROMER
Shaker
Gemmy Orbit Shaker
VRN-480

14

8
6
4

45%ºC, RH=25
45%ºC, RH=35

2

45%ºC, RH=45

0
0
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Fig.1:The Effect of PV Panel Back Temperature
on the Output Power

Made
Japan
China
USA
England
China
Korea

Uncertainty
0.12
0.68
0.59
0.21
0.01
0.34

The minute pollen, bacteria, fungi solids, and fine
particles that have a diameter lower than 500 microns are
called dust. Dust lowers the output power of the PV
panel, and this is what was agreed with all the researchers
working in this area. Fig. 4 reveals the effect of variable
dust quantities accumulation on a PV panel at variable
lighting intensity. The dust accumulations effect is larger
at low lightening intensities, but in all conditions, it
reduces the output power. The reductions in the output
power were about 5.77, 7.73, 14.88, and 22.44 for 5, 10,
20 and 40 grams of deposited dust compared to clean
panel case. Here we must emphasize that the dust
accumulation depends on the dust chemical and physical
properties, as well as, the site-specific factors, the features
of the environment, the weather conditions, surface
roughness, and the angle of inclination.

14

25ºC, RH=45%

14
25ºC

12

12

Power (W)

8
45%RH=

6

60%RH=

4

75RH=

Power (W)

10
10

8
6
4

m/s0 WS=

m/s5 WS=

2

15WS=

m/s25 WS=

90%RH=

2

0

0

0
0

200
400
600
Lightening intensity (W/m2)

800

www.ijcmes.com
Fig. 2: The Effect of Climate Relative Humidity
on the PV Panel Output Power
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when the rest variables were held constant.
The
reductions in the PV panel power when dust accumulated
with 5, 10, 20, and 40 grams were 0.8, 2.8, 4, and 6.18%,
respectively compared to clean panel.

Power (W)

The air temperature can work in two directions as to cool
the PV panel or to warm it. In all cases, the increase in
solar radiation intensity increases the panel temperature as
mentioned before. The relative humidity increase
accompanied with high solar intensity as the case of the
Omani coast (Saham city as it is the study subject) causes
substantial reductions in the cell output power. The
measured decrease, in this case, were 7.3, 14.36, and
25.6% for RHs of 60, 75 and 90% respectively compared
to the baseline scenario RH=45%.
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Fig.137:The Effect of PV Panel Back Temperature
and Dust Accumulation on the Output
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Fig. 5:The Effect of PV Panel Back Temperature
and RH on the Output Power
The PV panel power increased with increasing the air
movement (wind speed) at constant lightening intensity
and relative humidity, as Fig. 6 manifests. The cooling
effect of the increased air movement enhanced the output
power of the cell by 2.87, 7.33, and 15.3% for wind
speeds of 5, 15 and 25 m/s respectively compared with
WS= 0 m/s.
Fig. 7 shows the impact of dust accumulation on the
tested panel at elevated back temperatures. The dust
accumulation and the increase in the temperature of the
panel meeting caused a catastrophic decline in the
resulting outcome. The dust accumulation with 5, 10, 20
and 40 grams on the panel caused reductions of 3.5, 10.8,
17.26, and 23.74% respectively compared to the clean
panel.
The effect of the wind goes quietly against the impact of
warmer temperatures. Increasing air speed, as shown in
Fig. 8, reduced the accumulated dust and reduced the
degree of solar panel temperature causing higher power
www.ijcmes.com
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Fig. 8:The Effect of Wind Speed and Dust
Accumulation onthe PV Panel Output Power
IV.
CONCLUSION
The climate conditions impact the PV arrays
performance, but this effect differs from area to another
depending on the geographical and topographical
conditions. The recent study was conducted in the Sohar
University - renewable energies laboratory to investigate
the mutual influence between the climatic variables as
temperature, solar intensity, RH, wind speed and dust
accumulation on PV panel.
The results revealed that PV panel outcomes reduced with
elevated air temperature, RH, and dust accumulation.
However, the reduction in increasing wind speed was
limited when the other variables were remained constant.
The PV panel output power was reduced in the case when
high cell back temperatures and the presence high relative
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humidity. The wind has a cooling effect on the cell and it
cause blowing the dust and prevent its accumulation on
the panel surface, and therefore the resulting power
decline was limited.
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