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Abstract: Photovoltaic cells today have spread widely around the world and have begun to be popularly
accepted and their stations have increased dramatically. The electricity provided by solar cells has become a
significant part of the world's generated electricity. Because they are located outdoors, they are exposed to all
weather variables such as air temperature, solar radiation, wind, dust and pollutants, as well as relative humidity.
In this study, many previous published studies were reviewed which focused on the effect of relative humidity
with the rest of the weather variables on the performance of the solar cell. Inhalation of moisture into the cell
causes its parts to eat yellowish and corrode metal connections, and result in reduced cell life and productivity.
Studies have shown that cell work in high air temperature and high humidity conditions causes a significant
reduction in cell efficiency. High relative humidity also has negative effects on solar radiation and reduces cell
performance.
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1. Introduction

Today, the world is totally affected by the oil market and its price volatility, which makes all humanity,
whether economic security, well-being or sustainability, dependent on energy [1]-[3]. Energy interference in
everything is the engine of transportation and the electricity generated by the rise of the well-being of society
and its growth. On the other hand, the burning of fossil fuels has caused great damage to the environment due to
pollution caused by oil production and arsenals in huge quantities [4], [5]. Millions of tons of contaminants from
burning fossil fuels in power stations and transport mechanisms are being blown into the air so much that the
earth cannot absorb them [6]. The accumulation of these pollutants, especially during the past two centuries, has
caused the problems of life threatening the planet, including global warming and climate change [7].

Researchers around the world have agreed that renewable energies when it takes a large share from the
fossil fuels' productive energy will help the planet regain some of its health [8]. Renewable energies are
available in several forms, including solar, wind, geothermal, and bio-energy [9]-[13]. Biodiesel has been
produced and used as an alternative or auxiliary to diesel fuel and studies have proven successful in reducing an
important number of pollutants [14], [15]. The use of hydrogen as fuel for internal combustion engines or for
fuel cells has proved successful and competitive for fossil fuels [16]-[19]. The use of solar energy with its
various applications can rid the earth of the problems generated by the burning of oil, coal and natural gas [20].

Solar energy applications are used to heat water in heaters for domestic or industrial purposes [21],
[22]. Heating the air by the sun to attain comfort conditions in homes and buildings is now available [23], [24].
Solar energy is used to heat water in solar ponds and to utilize the heat stored in these ponds in many
applications [25]-[27]. Today, the distillation of potable water by the sun has become popular [28]-[31]. Houses
can also be heated using a solar Trombe wall [32-35]. As for the production of electricity using solar radiation,
there are several methods have become common and leading example of the solar chimney [36]-[38],
concentrated power stations [39]-[41], and photovoltaic cells [42].

Today's solar cells are popular because of the high flexibility in their use as they can be used without
connecting them to the grid or with connecting them. In both cases, these cells proved to be effective and their
stations are spreading globally [43]-[45]. Photovoltaic cells are affected by weather conditions such as solar
radiation intensity [46], temperature [47], shadows [48], [49], dust [50]-[53], and humidity [54]. The researchers
treated each parameter separately and found acceptable solutions to neutralize or reduce its effects on cell
productivity. For example, to reduce the effect of high solar radiation and the high temperature of the cell, which
reduces the ability produced, the researchers found the solution using PVT systems [55]-[59]. These systems use
fluids to cool the cell, including air, water, nanoparticles and nanofluids with phase change materials (PCM)
[60]-[62]. Reducing the temperature of the cell and keeping it below 30°C allows it to operate at efficiency close
to its nominal power [63]-[65]. Also, the researchers clarified the ideal conditions for the construction of PV
plants or for the stabilization of individual cells and for neutralizing the effects of shadows on them [66], [67].
The researchers studied the types of dust and their physical and chemical properties [68]. The researchers also
studied the best means of cleaning the cells and the necessary materials without affecting the cell's productivity
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or design age [69].

The moisture in the atmosphere also has a clear effect on the cell, which researchers have studied
extensively. In Calabar-Nigeria, Ettah [70] studied the effect of relative humidity on the efficiency of PV cells
and concluded that cell current increased when relative humidity drops below 69%. In the case of high relative
humidity to higher than 75%, the voltage was increased. The study supported what the rest of the studies said,
which is the low relative humidity causes an improvement in the performance of photovoltaic cells. In this
paper, we will review several important studies on the effect of air humidity on the photovoltaic cell.

2. The humidity effect

Photovoltaic units are affected by water when it is in contact with the cellular components of the cell
causing its efficiency to disintegrate, resulting in a decrease in their electrical productivity. Water also corrodes
the metal joints and scratches the cell's viscosity [71]. Water is present in varying degrees in the air and relative
humidity is defined as the ratio between actual water vapor pressure in the air and saturated water vapor
pressure at the same temperature [72], [73]. The amount of humidity expresses the relative humidity of the air
(RH) which varies depending on the water vapor saturation pressure which is directly affected by the
temperature [74], [75]. In hot and humid climates, moisture penetrates into the PV cells through the cracks,
causing a significant decrease in cell productivity [76]. The effects of moisture on the solar cell vary depending
on the method of propagation during the solar panel, which is described as slow process [77]. The moisture
permeates the polymer layer down to the cell, causing damage to interconnecting bonds. This damage caused
many effects [78], [79], such as corrosion of weld joints [80]-[82]. Several studies and research works have been
conducted to determine the effect of relative air humidity on solar cells. Relative humidity effect on PV panels
cannot be studied without the other climatic variable.

2.1 Relative humidity and air temperature

High air temperature increases the amount of moisture the air can hold and defines the saturation limit.
The work of solar cells at high temperatures above 25°C means a decrease in its performance. Bhattacharya [83]
studied this effect in Rajasthan and linked it to other weather conditions such as atmospheric temperature, dust,
and rain. The study showed that the relative humidity in the study area is in an average of 42% and the
maximum value is about 70%. The study concluded that the most important and significant effect of relative
humidity on solar cells is that they cause corrosion of the photovoltaic cell. Some weather conditions such as
high air temperatures (above 40°C) and humidity of up to 60% for long periods help in decreasing the
performance of the cell and reduce the its life. The combination of these two factors accelerates the corrosion
process. These conditions also help the growth of fungi, especially when the relative humidity is high between
75% and 95%.

The efficiency of solar cells is as low as Prakash [84] clarified, and is influenced by many
environmental factors such as temperature, dust, wind speed, and relative humidity. In this study, the solar cell
was considered a glass panel and used physical glass properties as reference. The cell was cooled through a
water cooling system without pressure to ration the amount of water used. The researchers concluded that the
process of cooling and cleaning the solar panel in hot and dusty areas is essential to maintain the acceptable
performance of these cells. The cooling of cells using water gave promising results, provided that the cooling
process does not begin until after the temperature of the solar panel 40 degrees Celsius. The study did not
address the important thing, which is the use of water causes corrosion in the long term.

Kattkar [85] analyzed the effect of relative humidity with the high temperature of the photovoltaic cell
on cell efficiency in different climatic conditions. The cell was exposed to harsh weather conditions. The
atmosphere was studied at ambient temperatures of 58°C and relative humidity of over 60%. The work of the
cell in these harsh conditions resulted in a decrease in the efficiency of the solar cell by 32.42%. These results
showed that the photovoltaic cell is affected highly by the environmental conditions in which it operates. Kazem
[86] used three variable types of PV cells to study the effect of the relative humidity of the Sultanate's
atmosphere on cell output. Oman is characterized by a very high humidity due to its geographical location
overlooking the Arabian Sea. The results of the study agreed with many previous studies. In the case of low
relative humidity in the atmosphere, the efficiency of the solar cell was improved. The monochromatic panels
have higher efficiency than other crystalline and amorphous silicon cells in low relative humidity conditions.

Al-Hinai [87] analyzed the effect of several variables on the thin silicon layer and its reflection on the
efficiency of solar cells. The study area (United Arab Emirates) was characterized by dry and cold weather in
winter, and hot and humid in summer. The study concluded that there is a direct effect of relative humidity in
the atmosphere on PV cell performance and that there is an inverse relationship between the relative humidity
effects with the temperature.
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Klampaftis [88] found that some of the silicon cell chips made of silicon (type n) clearly resist the
effect of relative humidity in conditions of high temperatures up to 75°C and this resistance up to 100%. The
researchers proposed three mechanisms that cause degradation: moisture diffusion through SiO2, and their
interaction with hydrogen molecules at Si-SiO2 surface. The reaction of the water vapor with silica acid
produced by the molecules of SiO2, causing a change in the film pressure and increasing the density of the
material on the cell interface made up of Si-SiO2. Finally, during exposure to sunlight, the surface charge is
deposited.

Rachmann [89] to study the effect of weather conditions on the presence of a cooling system on the
production of PV cell. The researchers concluded that the relative humidity of the surrounding atmosphere
resulted in increased dehumidification. The efficiency of the system is achieved at low temperatures with certain
percentages of regenerated air.

2.2 Relative humidity and solar radiation

Gwandu [90] explained that the level of solar radiation is affected by the relative humidity of the
atmosphere, as increasing the water vapor content in the air causes the increase of reflected refractive radiation.
In such a case, the intensity of the solar radiation received by the photovoltaic cell is reduced, which is reflected
in the productivity of the cell.
Darwish [91] proposed a relationship between humidity and radiation

| V

— _SC—max*" OC—max (1)

Ab(irradiance—level)

Where AC is the area of the PV module, ISC is the short circuit current, and VOC is the open circuit
voltage and n is the conversion efficiency. The study results revealed that wind speed can affect the solar
radiation in an opposite way to relative humidity. If the solar cell is exposed to high humidity for a long time,
this condition may lead to water penetrating the cell body resulting in a reduction in the solar cell outcomes.

Omobo [92] explained that relative humidity has a direct effect on the efficiency of converting sunlight
to electricity because of a proportional relationship between solar radiation, current, and cell efficiency. The
relative humidity negatively affects the intensity of solar radiation and the result is negative on the output of the
cell.

Panjwani [93] studied the effect of relative humidity between (40 to 78%) on photovoltaic cells and
found a varying loss between 15-30% of the produced energy. The researchers explained that the result is that a
thin layer of water vapor inside the solar cell from the front of the sun, causing the loss of solar radiation energy
as a result of absorption or reflection from the water layer.

Omubo [94] explained that solar cells produce better performance when they are constructed away
from the seashore and in relatively less humid weather conditions. The researchers found that low relative
humidity causes increased solar radiation, resulting in improved solar cell output.

In Algeria, Chegaar [95] studied the effect of the solar radiation intensity on three types of solar cells.
Increased air mass increases the efficiency of monocrystalline and multi-crystalline solar cells. In the case of
amorphous silicon cells, the results were reversed when studied in the same weather conditions. The study found
a different result from previous studies as the authors concluded that the performance of photovoltaic cells
increased with the relative humidity of all types of cells studied.

2.3 Relative humidity and wind

Mekhilef [96] measured the effect of the wind on relative humidity in the atmosphere and linked it to
the deterioration in the productivity of photovoltaic cells. The wind affects the concentration of moisture in the
atmosphere. As wind speeds increase, relative humidity decreases in the air, which means that the cell's
productivity improves. But the increase in the speed of the wind caused the rise of dust and spread especially in
the desert areas, resulting in the accumulation of this dust rising on the surfaces of the cells causing deterioration
in the productivity of solar panels. The study concluded that the mutual effects of weather factors should be
studied together to arrive at a more accurate analysis of their respective effects on the efficiency of solar cells.

2.4 Relative humidity with dust and pollutants

Skoczek [97] declared that pollution in hot and humid climate causes lamination on the edges of the
solar cell, causing the deterioration of productivity and it increases the electrical risk of cells. The study
concludes that moisture permeability into the solar cell results in chemical damage that negatively affects the
metal bonding within the cell. The moisture penetration of the photovoltaic cell causes the salt to accumulate
and contaminate inside it. Hydrofluoric acid resulted from the reaction of tin oxide and fluorine in the cell
causes drilling and necrosis in the interconnections of the cell [98].
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The researchers studied at length what the effect of moisture penetration into the body of the solar cell
through the cracks and fractures in the glass and found that they cause serious damage such as corrosion and
change the color of the cell and corrode its metal links.

Fig. 1, Natural cleaning cell (the higher one) and polluted cell (the lower one) [69]

2.5 Corrosion

The condensation of water in the air on the cell wall causes a viscous surface that facilitates the capture
of dust and dirt particles. Laronde [99] and Peike [100] tested the degeneration of PV cells due to corrosion. The
erosion of the network results in a reduction in the conductivity of the emitter, which is the main cause of the
deterioration of the productivity of solar cells. The studies showed that the process of penetrating the hull of the
solar cell by air humidity is accelerating with increasing temperature. Touati [101] tried to determine the effect
of temperature, dust, and relative humidity factors on the performance of solar cells. The study was conducted in
the State of Qatar where the high temperatures are accompanied by high relative humidity and atmosphere in
general dusty. The researchers concluded that the accumulation of dust on the surface of the cell causes a
decrease in its productivity higher than that resulting from high temperature or relative humidity. The
researchers also found that high temperatures above 40°C significantly reduce the amount of electrical cell
productivity.

In Miami, Florida, United States, Kemp [102] demonstrated that the water from moisture penetration
into the cell caused erosion from the edges. Corrosion of the metal parts of the cell joints caused deterioration of
cell efficiency. The results of the study correlated between the moisture inside the cell and the degradation rate.
The researchers found that the best way to prevent the penetration of moisture inside the PV cells is by tightly
sealed the cells by placing low-spreading charges have a high drying feature. In Wolgimuth [103] experiments,
the solar cell was exposed to corrosion after approximately 1,000 hours of cell presence at temperatures below
85°C and relative humidity about 85%.

References [104] and [105] manifested that the penetration of moisture inside the photovoltaic cell
causes the reflection of the solar radiation. This condition is called filtration, a situation in which the cells are
separated from the windshield or polymer encapsulation due to the degradation of their adhesion.

2.6 PV panel colour change

Kimpi [106] explained that if moisture permeated the PV cell through cracks in it, it could cause cell
failure. Perhaps the biggest phenomenon of the effect of moisture on the cell is the flaking of cells and this
phenomenon caused the deterioration of the solar cell. One aspect of cell failure and deterioration of life span
can be seen when watching a change in cell color. The penetration of moisture into the cell causes corrosion in
the electrical connections in a way that contributes to the rapid degradation of crystallized silicon solar cells.

Ndiaye [107] has reviewed studies that have considered the causes of solar cell degradation. The study
examined several reasons for the deterioration of cell productivity such as corrosion, color change,
fragmentation and fracture. The results of the study showed that corrosion and color change are the most
important factors that cause the deterioration of solar cell performance.

Changing the color of the cell to yellow or brown is actually a change in the nature of the cell. Any
discoloration inside the cell causes adhesion between the glass and the cell, resulting in deterioration in the
quality of the packaging. The change in the color of the cell results in a decrease in the light permeability of the
cell, which causes a decrease in its efficiency [108]. Oriski [109] explained that meeting UV and water
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temperatures above 50°C cause cell color change in multiple areas, where the spread of these areas depends on
the properties of the polymers used. The color change may be due to the type of polymer encased in the cell.

Kojima [110] studied the color change of the PV cell when exposed to artificial radiation. The results
of the study concluded that the exposure of photovoltaic cells for more than 400 hours to light causes a poor
yellowing of the cell and results in deterioration in its performance [111]. The cell envelope color change occurs
when the UV condition exceeds 15 kW/m? and the wavelength between 280 nm and 385 nm [112]. Also, there
is a linear relationship between the slow declines of cell performance with time when this cell is exposed to
ultraviolet light [113].

Sometimes fractures or cracks in the glass of the cell result from the transfer and installation, and these
cracks or fractures are difficult to achieve because observation with the naked eye is a complex matter [114].
However, these cells continue to function for a long time satisfactorily, but due to the leakage of moisture into
them through these cracks increase the risk of electric shocks. Cell color and corrosion increase due to the
penetration of moisture through these cracks and fractures. Fragments or cracks in the cell's glass can now be
observed using various optical methods [115]. In recent years, solar cell producers have changed the thickness
of cells and their envelope glass to reduce the cost of manufacturing and producing cells, but reducing cell
thickness and glass makes them more fragile and more fragile during transport and installation [116].

Fig. 2, PV panel colour change [114]

3. Conclusions

The relative humidity of the atmosphere benefits solar cells on the one hand, it works to reduce solar
radiation, but it also has many disadvantages. In this study, previous research works were studied to evaluate the
effect of relative humidity in the atmosphere and its effects on photovoltaic cells related to the rest of the
atmosphere variables such as air temperature, solar radiation intensity, wind, dust and pollution. The work of
solar cells in harsh conditions such as high temperatures and relative humidity of over 70% caused a significant
reduction in the efficiency of solar cells. Conversely, under low relative humidity and cool cell conditions, solar
cells work more efficiently. Perhaps the most important risk of penetration of moisture into the cell is caused by
corrosion of metal joints and necrosis in the polymers used in addition to the yellowing of its color. All of these
risks result in a significant decrease in the performance of the solar cell in its operating life.
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