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Abstract: PV solar energy is the upcoming king of the energy
source in the world, which is the fastest growing, most available,
sustainable, clean, and environmentally friendly renewable
energy. The essential characteristic of PV solar energy is
generating the maximum power at mid-day. At the same time, the
energy demand is high during the daytime. Due to this, PV solar
energy replaces the conventional energy demand at peak periods.
The sun is the source of PV solar energy, and it changed into
electricity directly by using solar cells, which are made from
semiconductor materials called silicon. Therefore, PV solar
energy plays a crucial role in providing usable energy, and as
well as reducing carbon dioxide emissions. However, the solar
energy generation systems not achieved the desired efficiency yet,
because of many unsolved problems like weather conditions,
losses, materials made by and so on. The aims of this paper isto
review the current literature on the improvement of the PV solar
energy generation system's overall performance. First, to figure
out the existing challenges, like environmental factors and
natural phenomena that affect the PV solar modules efficiency.
Then it presents the techniques that are used to enhance the PV
solar modules overall performance. Finally, to propose the best
ways and techniques to improve the PV modules efficiency and
suggest to further studies
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[. INTRODUCTION

Currently, the need for energy worldwide increases

rapidly due to the increased population number and
technologies. Furthermore, it perform a crucia role in the
country's economic development. Therefore, fulfilling the
world's energy demands is a fundamental and urgent issue
[1, 2]. Depending on the conventional methods to generate
energy caused environmental problems like global warming;
however, without energy world is nothing. Moreover,
Conventional energy sources may not fill the future
demands of the energy in the world because it is limited and
non-renewable [2]. Therefore, the energy sectors have to
look for non-conventional energy sources such as solar
energy, hydropower energy, wind energy, etc. [2, 3].
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International Energy Agency (IEA) [4] states that
Renewable Energy development has a remarkable role in
reducing carbon dioxide emissions and providing aternative
energy sources rather than depending on only fossil fuels.
Scaling up usable energy or electricity from renewable
resources is significant for decarbonizing the globe's energy
system [5]. As aresult, the global carbon dioxide emissions
from power sectorswill fall by 38% from 2020 to 2030 [4].

Solar energy [2, 6] is clean, sustainable, highly available
and environmentally friendly renewable energy source. The
mean solar radiation that reaches the surface of the our
plant’s is 8000 times greater than the mean power
utilization at the global level [7]. There are numerous
methods of exploiting solar energy, but the authors focused
only on PV solar energy in this review. The PV solar
energy [8, 9] directly changes solar radiation into useable
electricity by using solar cells made up of semiconducting
materials caled silicon. The use of PV solar energy
increases as well as the manufacturing industry increases,
and the price of PV solar modules decreasing from time to
time [3-5]. PV solar power isone of the most mature, cost-
competitive, and fastest-growing non-conventional energy
technologies [5]. It is a reiable, long-lasting, and
maintenance-free source of energy [7, 10]. The essentia
characteristic of PV solar energy is generating the
maximum energy during mid-day, which means the
electricity demand is higher at this time, So it can simply
replace natura gas at atime of maximum demand [11]. PV
solar power is the upcoming new king of energy sourcesin
the world, which grows by an average of 13% per annum
from 2020 to 2030 [4, 12, 13]. The annua energy outlook
2020 (AEO, 2020) [11] said that the power production from
non-conventional energy sources would upturn from 18%
of overall production in 2018 to 38% by 2050. But the only
solar energy provides the maximum to the development of
non-conventiona energy generation, which increases from
13% of total energy generation in 2018 to 46% by 2050.
Based on the connection with the power grid or not, PV
solar energy is classifieds into grid-tied or standalone types
[14]. Typica PV solar energy systems have solar cells,
solar modules, charge controllers, inverters, and storing
batteries [5]. Each component of the system directly
correlates with the PV solar energy generating efficiency
[12]. The PV solar power output and its efficiency depend
on environmental weather conditions like solar radiation,
wind speed, snowfall, ambient temperature, and PV module
orientation [3, 13, 15-17]. From the articles [5, 18-21]
There are various types of PV solar cell technologies like
Monocrystalline silicon solar cell, Polycrystalline silicon
solar cell,
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Thick-film silicon solar cell, amorphous silicon solar cell,
and other thin-film solar cell. The monocrystalline and
polycrystalline PV cells are the first generation PV solar
panels, and they are designed using microelectronic
manufacturing techniques. While the thin-film PV solar
cells are referred to as the second generation of PV panels,
they are designed by using amorphous silicon (A-S),
copper-indium-gallium-diselenide (CIGS), and cadmium
telluride (CdTe), semiconductor materias. In the current
global PV solar market, the first generation silicon-related
PV solar panels hold nearly 95% of the worldwide market,
since the efficiency of monocrystalline and polycrystalline
PV modules are approximately 21.7% and 17.8%,
respectively; in comparison, the thin-film PV solar modules
share only 5% of the global market since efficiencies are
ranging between 15% to 16%.

The sun is used as a PV solar energy source. Sunlight is
also the main and significant factor for PV solar modules to
generate electricity. Even though heat energy affects the
solar module's performance, increasing the temperature
made overheating the PV module and its effects reduces the
PV solar power output and efficiency [8]. The PV module of
silicon cell temperature rise by 1°C reduces the efficiency by
0.4% - 0.5%. In addition to minimizing the power output, it
aso affects the PV solar modules lifespan [6, 16, 22].
IRENA2019 [5] reported that the chemical reactions on the
PV solar modules are double for every 10°C if the
temperature increased above the room temperature (25°C),
which caused deteriorate of the PV modules. To improve the
PV solar power output, we need to remove or minimize the
heat from the modules as much as possible. The materialsin
the back of PV solar modules are not good enough and are
weak to remove the heat energy, which caused a decrease in
the system's efficiency [8].

Further, the PV solar cells quality is directly related to
the PV solar system's efficiency and power output. If the
efficiency is low, the desired PV solar module must be high
to fit the wanted power output; this made the PV solar
module cost high and need a prominent place to install.
Therefore, many investigations and developments were
conducted on PV solar energy generation, applications, and
performance, even though the area ill needs further
research and continuous improvements [23-26]. This article
aims to review recent literature on the improvement of the
power output and performance of the generating PV solar
energy, to analyze different techniques applied to enhance
PV solar energy efficiency and research and development (R
and D) information. Moreover, to suggest for further
investigation and research.

The layout of the article is presented as, Section |
introduction, Section Il reviewed the literature on the current
status of improving the performance and power output and
factors that affect the PV solar energy generation efficiency.
Then, put forward the suggestions and recommendations for
further research progress in section I11. Finally, section IV is
the conclusion of the paper.

II. CURRENT STATUSOF PV SOLAR ENERGY
PERFORMANCE AND POWER OUTPUT

This section is designed to review current scientific
papers on improving PV solar module power output and
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efficiency. Furthermore, the challenges and factors that
caused the decrease in the PV solar module's overal
performance.

A. Factors affecting efficiency and power output

In the non-conventional energy sector, especialy PV
solar energy generation systems, the main challenges are
achieving the desired power output and efficiency; it needs
much focus, research, and improvement. Besides, based on
different researchers and manufacturers' perspectives and
experimental results, various factors that influence the
general performance of PV solar modules have filtered out
[27-34]. Therefore, this section presents some factors that
negatively influences the PV solar energy generation
system's efficiency.

a Environmental factors and weather conditions

The PV solar energy generation systems are affected by
environmental and weather conditions. The environmental
factors like shading, dust, humidity, and so on tend to block
sunlight from reaching the PV arrays then they limited the
capacity of the generating power of solar module, and they
reduce the overall efficiency by 30% to 40%, especialy in
desert areas [35, 36]. Therefore, the PV solar modules
performance is hurted by environmental factors, and such
factors are described in the Fig.1 below.

Environmental factors that affects
the performance of PV modules

Relative humudity o Tiltangle

Dust accumulation | Snow and Rain

TFemperature s o Shading

Solar radition o Wind direction and

speed

<

Figure 1 environmental factorsthat influence the PV
solar energy performance.

Temperature

In generating the PV solar energy, the temperature is a
critical parameter that hurting the PV solar module's
efficiency [37, 38]. The temperature is inversely correlated
to the PV solar module efficiency; when the temperature
rises, the PV solar energy generating systems performance is
reduced [39]. The experimental research was conducted
with different seasons to analyze the temperature effects on
the solar modules; the study results attested that the PV
module the temperature raised to 53.5°C, which rises the
power loss until 12.63W/m?. Therefore, the study concluded
that overheating of PV solar modules is highly hurted the
PV solar energy systems performance, and less ambient
temperature and high solar radiation are ideal components
for the PV solar energy generation systems [ 10, 40].
Dust accumulation
In [20] paper, the authors demonstrated that two
polycrystalline PV modules, the first module is considered
as reference module, it does not allow to store dust.
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It is cleaned before starting to record the readings. In
contrast, the second module is considered an experiment
conducted module; it is allowed to accumulate dust and not
cleaned during the demonstration. The first and second
modules' produced power is 136.1 W and 119.12 W,
respectively, within the same period. The efficiency of the
first module and the second module is 13.86% and 11.7%,
respectively. The result from the experiment attested that
dust accumulation decreases the energy output and
efficiency by 8.8% and 11.86%, respectively, because the
dust spread over the solar radiation and reduced PV
modules’ quality. And the dust accumulation affecting the
PV pands performance depends on the regional conditions,
which means that the quantity of dust is contained by those
regions weather [41].

The experiment is conducted on two rooftop PV solar
modules for four months (October, December, June, and
March) to investigate the consequences of dust
accumulation, one module is cleaned regularly, and the
other is not cleaned. It was alowed to accumulate dust
naturally. The study verified that the dust accumulations is
seriously hurt the PV solar module performance. Dust
particles covered the PV module dlightly, it affects the
current but the voltage is continuous the same. Neverthel ess,
the dust particles covered PV modules highly or whole
shaded, the overall system may affected or no power is
produced [10]. Furthermore, as you can see in the Fig.2
below the comparison between the cleaned PV solar module
and uncleaned PV solar module, the maximum power output
generated by the cleaned module is 296 Watt, whereas by
the uncleaned module is 170 Watt within one day from
mor}r;iong to evening [42].

300
~4—Cleaned Modules

250 ~f—Uncleaned Modules

200
150
100

50

Output Power (Watt)

Figure 2 dust accumulation consequences on the PV
module [42].

The experimenta study [17] investigated the dust
accumulation impacts on PV solar modules with varying
dust layers such as athick layer, medium layer, and without
any dust on it at a different time in aday. The study notified
that power generation efficiency decreased by dust
accumulations on the PV solar module. The dust
accumulation decreases by 2.73% to 4.4% on average
energy per day [36]. The power output is inversely
correlated to the dust layer. The authors of [17] paper aso
concluded that heat effects on the PV solar generation are
not very high, whereas accumulation of dust affects the PV
module primarily. The moisture and heat have fewer effects
on PV solar generation, and it may crack the upper glass of
the PV module.
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Moreover, the authors demonstrated that the dust
accumulation impacts on the PV solar module surface;
however, the raised idea about heat effects on PV modulesis
limited. Because the problem of the PV solar module power
output and efficiency is coming from overheating the PV
modules. Many manufacturers and researchers investigated
different ideas about the effects of heat/temperature on PV
module, PV module turns only 15% to 20% of incoming
energy from the solar light into electricity, and however, the
remaining part of the energy is transformed into heat [5, 16,
40]. Therefore, the temperature effects on the PV solar
module performance is very big, can decreases the power
output by 10% to 25% [40Q]. The dust accumulation density
is reduces when the wind speed/ air inlet speed increases
and the PV solar module tilt angle decreases [43].

Shading effects

Shading harms the overall efficiency of PV solar modules,
as it changes the flow of electricity through the modules
[44]. Therefore, it is considered one of the chief sources of
loss in PV solar systems [32]. The experimental study [20]
investigated the partial shading effects of the PV solar
module on the short circuit current, open-circuit voltage, and
power output. From the experiment, the PV solar modules
three-quarters, half, and quarter shading, both short circuit
current and open-circuit voltage are decreased. The power
output reduction for the three-quarters, half, and quarter
shading is 92.6%, 45.1%, and 33.7%, respectively.
Therefore, when the shading area of the PV solar module
increases, the loss of energy output increases, and the PV
solar energy system's overall performance is decreased.
Therefore, to get the maximum and sufficient energy from
PV solar cells, selecting the proper installation location is
crucial.

In the article[10], the research on shading effects of the
PV solar module using Matlab software, the simulation set
up consists of 20 sets of PV modules linked in series-
parallel combination. Three shading levels, such as 8
modules shading in a series pattern, 12 modules shading in a
series pattern, and 8 modules uneven shading in a matrix,
are demonstrated by the Simulink model. Further, the
Simulink conditions are utilized with four different
irradiance levels such as 800 W/m?, 600 W/m?, 400 W/m?,
and 200 W/m?. The experimental results proved that the PV
solar power output decreased when the level of shading or
the number of shaded modules increased. And for unevenly
shaded PV modules, there are different peak PowerPoints,
which is challenging to choose the optimal operating point.
In the literature [44], the analysis was conducted on partial
shading consequences on different module configurations of
series, serious- paralel, total crosstied, bridge link, and
honeycomb; the results verified that the total cross-tied
configuration had maximum efficiency in terms of shading
losses, mismatch losses, fill factor and maximum power
compared under all shading conditions.

Bird droppings

The bird droppings are the feces of birds, contain liquid

and semi-solid particles.
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Bird droppings factors reduce the PV solar energy
generation performance since their effects reduce the light
transmittance [45]. Bird droppings are considered as form of
shading that prevents solar radiation from reaching the solar
module's surface. The experimental study investigated that
the energy output reduced by 7.4% when the bird droppings
accumulated on the PV solar module [20]. According to the
article [46], the bird droppings effect level is different dueto
the plate inclination. The demonstrated tilt angles were (p <
25°), (25° < B < 60°), and (60° < B < 90°); results validated
that the optimal inclination is B (40°) in between (25° < f <
60°) has fewer droppings effect relatively. The PV solar
module efficiency decreasing rate rely on the bird dropping
accumulation capacity. The experimental results attest that
the bird dropping effects reduce the short-circuit current by
35% since hird droppings accumulated on the low iron glass
and by 46% since bird droppings accumulated on the acrylic
plastic [45].
Effect of Humidity

Humidity is a non-uniform moisture concentration, which
affects the PV solar energy efficiency and power output. In
addition, the deposition of humidity also reduced the life
span of modules because it caused corrosion on the PV solar
modules surface [39]. Based on the Fig.3, the power output
is inversely proportional to the humidity. According to the
article [47], the tested results verified that the humidity
influences the PV solar modules efficiency; since humidity
increases, the heat exchange rate decreased.

Powers (Watts) Vs Humidity(%)

50

-
b}
s \_»‘
2 30
g 20
K
10
0

25 30 35 40 45 50 55
Humidity (%)

Figure 3 humidity VS power out of PV module [39].

b. Losses

The solar energy generation system has different
components; as mentioned in the introduction section, they
al directly correlate with the PV solar modul€e's overall
performance. Besides, each component has power losses,
but the amount of the loss depends on their quality. The PV
module losses due to the system's components are the
inverter losses, cables losses, array mismatch losses, thermal
losses, reflection losses, module quality losses, and so on
[48-50]. The losses caused by these components influence
the PV solar module efficiency and power output. In the PV
solar energy generation process, only 15%-20% of incoming
sun energy is used by the PV module, whereas the rest of the
energy is transformed in the form of heat, which is called
thermal losses [5, 16, 51, 52]. When the PV solar module
temperature increases, the power loss is also increased [40].
The thermal losses vary based on environmental conditions.
There are energy losses on the PV solar systems caused by
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energy conversion during the process, even without
considering external factors like dust, snow, and others. The
error between the net generated power and the estimated
amount of power generated by the PV solar panels
manufacturers are known as power losses[20]. The losses
due to incompatible interconnection of the modules or solar
cells negatively impact the power output [53].

B. Ways or techniques to improve efficiency and
power output

PV solar industry is changed and improved with high
speed from time to time. Now a day, pursuing high power
output and efficiency is researchers, manufacturers, and
innovators prime objectives [54-57]. This section presents
different methods used to enhance the PV solar panels
efficiency investigated by various authors and researchers
currently.

a. Cooling techniques

The temperature level of the PV solar module surface
must be uniform and suitable unless the solar energy
generation systems cannot give the desired results.
Consequently, the cooling techniques are one of the best
solutions to remove or reduce heat from the PV module's
surface [58-60]. In literature [16, 22, 41, 61], there are two
major cooling techniques. Two of them are used to reduce
the operating temperature and then enhance the PV solar
modul€e's performance. First, passive cooling techniques: it
works naturally and not required energy to remove heat
from the solar panels. Passive cooling techniques such as
heat pipe cooling, natura air cooling, water cooling, and
phase change materials (PCM) cooling are easy to operate
and economical.  Second, active cooling techniques:
required energy to remove heat from the solar panels.
Examples of Active cooling methods are forced air cooling,
refrigerant-based cooling, and forced water cooling. Active
cooling technigues gave better cooling performance than
passive cooling techniques [62]. The detail of the primary
cooling techniques are classified in the Fig.4.

Air cooling techniques

Natural Air cooling is the standard technique for PV
modules because of its simple, has no extra energy required,
and is cogt-effective. The flowing of natural air over PV
modules reduces temperature by convection. Leaving an air
gap to circulate air between the PV panels and building is
the most efficient cooling technique for PV solar energy
generating systems mounted on the rooftop. Thereby, it can
reduce the PV solar Module mean temperature from 77° to
39% [22, 63]. Forced air cooling is an active technique,
which uses a fan to chilling PV modules. Forced air cooling
techniques are open channel beneath, an array of air ducts,
etc. In [64], the experimental study was carried out to
examine the impacts of the forced air cooling method on the
PV solar module, and the results verified that the achieved
efficiency was 19.31% at an airspeed of 2.4m/s.

Water cooling techniques

Water-based cooling techniques for PV module has been

started since the end of 1960 [58].
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Nowadays, this cooling technique has a lot of investigation
and improvement, and it enhanced the performance of solar
power generation systems. Water cooling techniques are
natural water-cooling, Water spraying, forced water
circulation, and Nanofluids based cooling technique.
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Natural water cooling technique

The natural water-cooling technique is simple and has no
complexity to apply. The falling of natural water on the PV
module surface reduced the temperature from the PV solar
module, which improved the PV solar modules

Cooling techniques
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Figure 4 the classification of the primary cooling techniques.

power output and efficiency. The water droplets experiment
on two identical polycrystalline solar cells on [20], one of
the PV solar modules is considered as reference, and the
next is taken as experimental. The result of the research
attested that the power output of the experimental PV solar
module with water droplets is generated 137.9W. However,
the reference PV module without water droplets is generated
130.2W within the specific period. Therefore, the PV
module with droplets of water enhanced the power output by
a percentage of 5.6%. From this experimental study, for the
polycrystalline PV modules, the temperature decreased by
1% would be increased the voltage by 0.33%. From the
result, we summarized that the water droplets on the PV
solar modules decrease the temperature and get colder of the
PV modules, which made the solar energy generating
system effective. On the other hand, experimentaly
investigated, the PV module with the rectangular fin, which
is passive cooling removed the heat from the solar module
by 155% and generated 10.8% power output compared with
the references module [65].
Water spraying technique

Water spraying is a type of active cooling technique that
is used solar-powered pumps and is sprayed on the PV
panels. Based on the scientific evaluations, the water
spraying angles (90°, 180°, 360°) are tested; the best angle to
spray water is the nozzle model at 900, since best for water
consumption and film water uniformly on the surface of PV
module [66]. By using this technique, the temperature is
decreased up to 35%. Further, the research was carried out
to improve the PV solar module electrical efficiency, and
the study result attested that the electrical efficiency was
enhanced by 15% in extreme environmental weather
conditions [41]. However, the water spraying cooling
technique consumes water; thereby, it is difficult to apply
and infeasible in areas with a shortage of water, like deserts
[22]. Inthearticles of [67, 68], the experimenta research
was conducted on pouring water on the PV solar modules
surface using water film and rain imitation methods to cool
the systems. From the experiment, the maximum cooling
point by using water film is double of the rain imitation. The
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temperature reduction of the PV solar module during the
experiment by using water film is 20%, whereas by using
rain imitation is 10°. The cooled PV solar module power
output using a water film cooling method increased by
approximately 20%. During the experiment, the maximum
power generated by the chilled PV solar module is
125.5W/m?, while the uncooled PV module generated
105.3W/m?. The rain imitation for cooling of PV solar
module has higher swashing and bouncing of water than the
water film method. Therefore, the water film cooling
method is more effective in cooling the PV modules than
rain imitation. The water spraying technique improved the
solar energy generation performance because it has
additional benefits and cooling, such as evaporation and
cleaning of the surface of PV modules [66].
Forced water circulation technique

The heat duct can be mounted on the rear side of the
panels to minimize the operating temperature. The PV solar
module performance relies on the heat transferring capacity
of the pipe materials. According to [22], the cooled PV solar
module has a significant temperature reduction of
approximately 35.9°%, and the power output improved by
14.29% at solar radiation of 1000W/m? and 35% of ambient
temperature.
Nanofluids based cooling technique

Nanofluid cooling is the type of cooling, nanoparticles
mix with different fluids/water, which is used to cool the PV
solar panels and improve the solar energy generation
systems efficiency [69, 70]. Nanofluids are prepared by two
methods, such as the one-step method and the two-step
method. The mass fabrication of Nanofluids could use the
two-step method, while the one-step method has better
dispersion characteristics. The cooling ability of Nanofluid
depends on the materials of Nanoparticles, size of particles,
and thermal conductivity of particles [71]. Some of the
Nanoparticles are Aluminium oxide (Al>Os), copper oxide
(CuO), Magnetite (FesOa),
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Zinc oxide (ZnO), and Silicone carbide (SIC). The
CozO4/water cooling and Al,Oz/water Nanofluids cooling
technique for the PV module has improved overall
performance remarkably [72]. The tested result indicated
that using 1% Nanofluid/ Co304 + water for cooling
improved by 10.91% electrical efficiency compared to the
water-cooling technique [73].
Phase change materials (PCM) technique

Phase change materials (PCM) techniques are a passive
cooling method with conductive cooling, which can absorb
heat, normalize and uniform the PV solar modules
temperature by changing the materials' physical state like
during melting or freezing point [74, 75]. PCM materias are
petroleum jelly material, Capric-lauric acid, Calcium
hexahydrate, and salt hydrate. PCM has essential properties
for solar energy generation systems, absorbing excess heat
during the day and then releasing it at night. In the paper
[76], an experimentally examined study attested that the
highest temperature reduction difference on PV solar
module with PCM is 35.6° within one day testing time. The
average PV solar module performance efficiency has also
stepped up from 1.1% to 2.8%. The PCM effects on the PV
solar panels have been investigated in the article [77]. And
the article state that the PCM material is used to improve the
PV solar panels performance when the PV module
temperature is higher than the PCM melting point unless the
PCM materials work as an insulator, not as a heat remover.
In article [77], the PCM materials (paraffin wax and sheep
fat) are used to improve the PV solar module cooling
performance; whereas, sheep were high efficient than
paraffin wax.
Thermoelectric cooling techniques

Thermoelectric (TE) cooling is the type of active cooling
based on the Pdltier effect that is the direct conversion of
temperature variation into electric  voltage. The
thermoel ectric cooling techniques can remove heat from the
solar panels and then transform it into electrical energy
based on the See beck effect. The Peltier effect creates a
heat flux at the joining point of two various kinds of
materials. The movement rate of heating or cooling depends
on the voltage and temperature difference. In the article [78],
the authors investigated that the generated power of the
paired PV-TEG module was higher than the pure PV
module, without depending on the types of cooling and
radiation applied. Thus, TE has dual functions, reducing
heat from the solar panel surface and generating electrical
energy by using heat energy generated by the PV solar
module. The experimental result showed that the efficiency
of PV-TE increased significantly since coating thermal
interface materials reduced the thermal contact resistance.
Therefore, the generated power with thermal interface
materials increases by 14%, whereas with TEG increases by
60% because of decreased thermal contact resistance.
Hybrid/multi-concept cooling technique

This type of cooling technique is a combination of the
solar panel with different techniques, including thermal
collectors, used to get better performance than common or
traditional techniques [79]. From the article [16], the
experimental investigation is taken on the two-
polycrystalline PV solar pane to illustrate the overal
performance with and without applying cooling technique
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under the same environmental weather conditions. The
experiment is carried on for three days. The PV module with
the cooling technique is mounted with a water jacket and the
manufactured thermal collector on the rear side. Further,
there is also a small-scale cooling tower is configured to
remove the extracted heat. The study attested that the
enhancement of the PV solar panel efficiency with the
cooling technique, rather than the PV solar panel without the
cooling technique.

The energy generation efficiency improved maximum by
2.5% compared to the PV solar module without applying
cooling technique. The hybrid cooling technique used water
cooling and air cooling parallel. The tested result showed
that the PV module efficiency with the cooling technique
increased by 22.5% compared to the solar module without
the cooling technique [80].

According to the article [79], the study is conducted in
South Korea, and the researchers applied two cooling
technigues on one PV module to compare with the reference
module. The PV module is designed with the cooling
technique of PV-TEC, which is mounted on the front side
and rear side of the PV module, and there is a water tin film
with a small DC pump. The result verified that the PV solar
module efficiency, which cooling technique is applied,
increased by 11.23%, and the temperature is decreased by
21% relative to the reference module. Furthermore, when
PCM (Alumina powder) and 1% Nanofluid cooling
technique were applied to the PV solar module, the overall
energy generation efficiency was enhanced by 4.52% [73].
Additionaly, the experimental study result indicates that by
mixing the CuO Nanoparticles with sheep fat of PCM, the
maximum power output stepped up 24.6% to 26.2% relative
to the PV solar module without cooling technique, and 5.3%
to 12% relative to the PV solar module with only PCM
technique [77]. Therefore, the hybrid/multi-concept cooling
technique is better for PV solar module performance than
the single cooling techniques like only water cooling or only
PCM cooling techniques. Therefore, we proposed it as a
promising technique to get high efficient PV solar energy
generating systems[72].

b. Maximum power point

techniques

MPPT techniques are one of the promising techniques to

regulate the PV solar module current and induced voltage,
enhance the PV solar module efficiency, and maximize the
output power.
The use of MPPT in the PV solar energy generation system
is to get the maximum PV solar module power, since
tracking current of maximum Power Point (Impp) and voltage
of maximum power point (Vmpp) at different weather
conditions [21, 81]. The power output variation and
nonlinear characteristics of solar modules are other critica
challenges in PV solar energy generation process. In the
literature [21, 58], PV solar power output varies based on
the rate of temperature and solar radiation variation due to
weather conditions and other factors.

tracking (MPPT)
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To improve this problem, from the type of DC-DC
converters with MPP controller, the boost converter is
connected to the system of PV solar energy generation [81].
Therefore, to improve the PV solar module efficiency and
power output, the boost converter interfaced between the PV

solar module and electrical appliances or load which use DC,

even though it does not protect overcurrent. To overcome
this shortage of boost converters, we have the chook
converter (CUK converter), which is used to stabilize PV
solar output voltage.

In general, we can classify the MPPT techniques as
conventional and evolutionary based on the problem-solving
performance to get sufficient PV solar energy systems
efficiency and power output. Conventiona MPPT
techniques are, such as fractiona open-circuit voltage
(FOCV), fractional short circuit (FSC), perturb and observe
(P& 0), incremental conductance(IC), hill climb (HC), ripple
correlation (RC) and so on. Evolutionary MPPT techniques
are, such as artificial neuro-fuzzy interface system (ANFIS),
fuzzy logic controller (FLC), particle swarm optimization
(PSO), neural network (NN), and cuckoo search (CS). The
evolutionary MPPT techniques are new methods devel oped
by using an algorithm, which is from artificial intelligence,
and they have better efficiency. Evolutionary MPPT
techniqgues are preferable than conventiona MPPT
techniques since evolutionary agorithms are the ability to
handle the nonlinear behavior of PV solar energy systems.
Different MPPT techniques are being discovered, and each
of the technigues has its advantages, applications, and
limitations [82, 83]. The MPPT techniques can be classified
asfollows, inthe Fig.5.
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Figure5 the classification of the MPPT methods [58].

From the article[58], The best MPPT techniques are
chosen based on the following view of points. Such as
Efficiency: techniques that have practical application.
Sensors: the technique must contain a limited and sufficient
amount of sensors. PV solar modules have temperature
sensors, solar radiation sensors, voltage sensors, and current
SENsors.
Implementation: some techniques are simple to implement,
like constant voltage or constant current. Some others are
complex, and they are based on evolutionary algorithms or
artificial intelligence. Cost: it depends on the complexity or
simplicity of the circuit of the method. In article [14], the
best-suited solution for optimizing the maximum energy
from PV solar system is Artificia intelligence (Al) — based
MPPT techniques (like Fuzzy logic controller and artificial
neural networks). The authors of [14] raised a constructive
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idea about the Al-based MPP techniques; however, these
techniques are not a perfect solution to harnessing the
maximum power output from the PV modules. When we see
specifically, the Al-based MPPT techniques have their
limitations. The limitation of the Fuzzy logic controller
technique is that it can't alter when the rules are set once.
Moreover, the tracking of MPP in this method without a
well-skilled operator is inaccurate because the FLC function
depends on the operator's ability [21]. The Artificial Neura
Network (ANN)[84] is aso an Al-based method with
having multilayer perceptrons (MLP) such as an input layer
that collects inputs, a hidden layer, and an output layer that
issues outputs. It also has positive effects on handling the
nonlinearity behavior of PV solar modules and on the
onward movement of the techniques used to improve the PV
solar energy generation. Even if there is a limitation, which
needs much data since its architecture or topology has
multilayers used in artificial neural network to track the
MPP.

C. Types of materials PV panels made by

Different researches and developments are on-going on
the manufacturing of solar cells to achieve better power
output and efficiency of solar energy harnessing systems
[83-87]. Mainly, the PV solar modules efficiency is decided
by two factors. PV solar cell efficiency and total PV solar
module efficiency. PV solar cell efficiency rely on the
structure of the cell and silicon material used (either P-type
or N-type). While, total PV solar module efficiency relies on
the configuration of cells, layout of the cells, and size of the
panel. Total PV solar module efficiency is determined under
standard test conditions, which means solar irradiance of
1000W/m?, Air Mass of 1.5 and cell temperature of 25°C.

In the article [5], the first-generation PV solar modules

(Crystalline silicon (c-Si)) are made from silicon materials
that make them more affordable and highly efficient than
other materials. And continuously improved its efficiency
and power output over the last many years. The average
efficiency of multi-crystalline and monocrystaline PV
modules was 13.2% and 14.7% in 2016, respectively. Due to
many improvements, their efficiency reached 17% and 18%
in 2019, respectively, and they controlled the PV modules
markets, the detail about the PV solar module technology
status in the market is shown in the Fig.6. In the literature [5,
88-91], A PERC cell (passivated emitter and rear contact)
uses advanced silicon cell architecture having an additional
layer known as a dielectric passivation layer on the back
part of the traditional (Crystalline silicon) solar cells.
And that is used to get higher energy conversion efficiency
and enhancing light absorption at longer wavelengths. The
dielectric passivation layer increases the PV solar energy
generation efficiency by reducing electron recombination,
increasing absorption of solar radiation, and enabling higher
internal reflectivity. With steady improvements over the
years, now the PERC modules have an efficiency of 0.4% to
1% higher than that of conventiona modules (Crystalline
silicon). The PERC module is structurally nearly the same
as other silicon modules. However,
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it is more costly than Crystalline silicon modules because of
new passivation and rear contact capping layers. These
modules are becoming popular within a short period so that

they will dominate the PV market share up to 70%, and it
will reduce the cell thickness from the present 180 um to
nearly 150pum within 7 years.

Solar PV Technology Status

R&D PILOT

LINES

SILICON
(conventional
solar cell
architecture)

SILICON
(advanced
solar cell N
architecture) Tandem/Hybrid

Perovskite
THIN FILMS

MARKET MARKET MARKET
ENTRY PENETRATION MATURATIY
First generation
(mono and poly-crystalline)
PERC
CIGS CdTe

Figure 6 the status of the PV solar technologies [5].
Nomenclature: CIGS = copper-indium-gallium-diselenide, CdTe = cadmium telluride, PERC = passivated emitter and rear

cell or contact.

In literature [5, 92], Tandem/Hybrid solar cell is also one
of the kinds of PV solar panels formed by stacking different
PV layers, one on others used for energy conversion across a
broader spectral scope and to increase the absorption of
photons. Each layer with different bandgaps has accountable
for converting sunlight into electrical energy beyond
Shockley-Queisser Efficiency Limit/SQ Limit. Tandem
solar cells are made from organic, inorganic, and hybrid [93].
For example, the combination of the monocrystalline dye-
sensitized solar cell (DSSC) layer on top of a copper indium
gadlium selenide (CIGS) thin-film bottom cells. The
tandem/hybrid solar cell converts 45.1% to 46% of the solar
light into electricity. Therefore, the tandem solar cells
fabrication technique is used to get the most efficient solar
cell in the world. Researchers have published various ideas,
and they demonstrated experiments to improve the
efficiency of tandem solar cells, and they have got a positive
result. Nevertheless, some papers recommend that
increasing the layers thickness to enhance the efficiency of
tandem solar cells. Still, it is not a solution because
increasing the materials thickness also increased the cost of
the solar modules [93, 94]. The challenges in tandem/hybrid
modules are that the materials used to manufacture are
expensive, the complexity of the fabrication mechanism, and
the instability of the systems due to the variation of climate
conditions. Another promising material for solar cells is
perovskites solar cells (PSCs), which have a high ability to
absorb sunlight [95, 96]. For the first time, in 2009, the
PSCs PV cell converted 3.8% sunlight into electricity. But,
now their efficiency is more than 25.2% since they have
good electrical properties and fast improvements because
crystals are easy to manufacture [97]. However, the PSCs
did not get market maturity yet, because there are limitations
like durability problems so that if their problems are solved,
they will become economical PV solar cells[5, 98].

d. Cleaning techniques

Cleaning is one of the crucial techniques to enhance the
PV solar modul€e's power conversion performance. However,
the dust accumulation on the surface of the solar panel's
reduces the efficiency and life span [99]. Therefore, the
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cleaning techniques are classified as; Natura cleaning
techniques, manual cleaning techniques, and automatic
cleaning techniques [36]. The detailed classification of the
cleaning techniques are described in the Fig.7.

Manual cleaning techniques

The Manua cleaning techniques have some
disadvantages, such as cracking the PV solar panels during
brushing, need a lot of labor and time, and cannot clean
perfectly especially small particles that might be left on the
surface of the panels[35].

Natural cleaning techniques

The PV solar modules are also cleaned by a natura
technique like rain and wind; nevertheless, they negatively
impact PV modules. For example, in desert areas, the wind
will increase dust accumulation. Furthermore, heavy rain
may not clean thoroughly, and it will make scratches on the
surfaces of the module [36].

Automatic/self-cleaning techniques

The automated cleaning techniques need power generated
by PV solar systems and effectively reduce the soiling effect.
According to [100], the cleaning technique based on the
water spraying and semi-automatic operation is tested, the
performance for the reiteration of swept of 10, 20, and 30
times gained 57.0%, 79.1%, and 86.7% of the initia clean
PV solar module and the power conversion efficiency
increased from 0.99% to 1.56%.

The self- cleaning technique is the best method to clean
the PV solar modules surface. It uses self-cleaning
Nanofilms, which means coating the chemicals on the PV
solar module surfaces [36]. Self-cleaning techniques
effectively remove the dust accumulation for a big tilt angle
due to dliding down by the force of gravity [101]. For the
PV solar generation with a large scale, the self-cleaning
technique like coating with hydrophobic is economically
feasible since it doesn't need energy and it doesn't cause any
crack on the PV solar modules.
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In the article [35], the experimental study is carried on
three similar PV solar modules; the first module is coated
with hydrophobic SiO2 nanomaterials, the second module is
uncoated but cleaned manualy. And the third module is
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dusty and uncleaned during an experimental time and used
as a reference. The first self-cleaning hydrophobic SiO2
nanoparticle-coated modules increase the power output by
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Figure 7 classification of the cleaning techniques.

15% relative to the third dusty module or reference module.
It is power output improvement also more remarkable than
the second/uncoated module by 5%. In contrast, the second
or uncoated module, cleaned manually, improved its power
output by 10% relative to the reference module. Thus, the
experimental result attested that using hydrophobic SiO2
nanoparticle coating gave better overal efficiency of PV
solar generation systems, and it doesn't need extra energy
andtime. The experiment demonstrated different kinds of
dust like powder, sand, and other dust have different levels
of effects on the PV solar modules. But the degradation
amount of power output and efficiency of super-
hydrophobic coated PV solar modules are more petite than
bare PV solar modules. The super-hydrophobic coating
decreases the accumulation rate of dust since have low
micro-Nano surface structures and low surface energy [25].
Therefore, super-hydrophobic  coating with  micro-
Nanoparticles is the best techniqgue to reduce dust
accumulation on PV solar panels. It enhanced the dust
removing ability by 15.3% rather than coating by other
particles [99]. Furthermore, the super-hydrophobic coating
technique has better performance in reducing dust
accumulation in high-altitude areas [101]. Hence, a coated
glass of PV modules has better spectral transmittance, power
output, and energy conversion efficiency after dust
accumulation than the uncoated glass of PV modules [99].

I11. SUGGESTIONS AND RECOMMENDATIONS

Energy is an essential thing for human beingsin the world;
without it the world is nothing. Nevertheless, uses of
conventional energy such as coa and fuel are the main
sources of the challenges through the world, since they
pollute the environment and affect the food production
process and health of human beings. Due to this, researchers
and scholars encourage renewable energy generation to
prove the continuity of life on earth. PV solar energy
generation is an environmental friend and developed very
rapidly. However, the PV solar module power output and
efficiency are insufficient even though many improvements
are being made. The PV solar module power output and
efficiency are directly related to solar cell efficiency. So that,

Retrieval Number: 100.1/ijrte.C64480910321
DOI: 10.35940/ijrte.C6448.0910321
Journal Website: www.ijrte.org

125 © Copyright: All rights reserved.

increasing the PV solar cell efficiency is fundamental for
competitive PV solar module manufacturing because it
directly decreases the cost of the manufacturing of PV solar
cells by reducing the quantities and size required to get the
desired output.

Therefore, if the efficiency level of the PV solar panels is
high, the cost of the solar energy generation systems will
reduced. Furthermore, it reduces the number of PV panels
required to be transported to the solar power plant site, the
area needed to be covered, the length of wires and cables [5,
102]. Therefore, based on the existed literature, the authors
of this review suggested the following points on the future
studies of the PV solar modules efficiency and power output
improvements:.- The MPP tracking serves to enhance the
efficiency of PV solar module and the stability of the
electrical networks. The power output fluctuates because of
the variation of the solar radiation and temperature; the
MPPT controller is connected with the solar energy
generating system responsible for the PV solar module to
work linearly to produce the maximum power. Some factors
that affect the PV solar system's performance cannot be
eradicated because they exist naturaly. At the same time,
the method of extracting the maximum power by using the
MPPT technique can enhance the performance and increase
the life span of the PV solar panels even under these factors
[103]. However, the conventiona technique has accuracy
limitations, so the researchers need to study more on the
maturity of the artificial intelligence-based MPPT like fuzzy
logic agorithm. Nevertheless, it is a promising technology
to improve the PV solar energy system performance [81].
Al-based MPPT agorithms can handle the nonlinearity of
the PV solar energy and fast-tracking of maximum power
point with small power oscillations [82, 83]. Theinnovation
of new technology on the PV solar panel is on-going from
period to period and is being improved rapidly, however,
didn't reach the sufficient efficiency level of generating
energy from the sunlight yet [93, 104].
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The best PV solar cell development quality is highly related
to achieving the sufficient efficiency of PV solar energy
systems. Therefore, the PV solar modules plays a great role
in improving the PV solar energy generating system's
performance. Therefore, the manufacturers and researchers
need further study the relationship between environmental
factors and solar cells. Based on the relationship,
manufacturers have to identify the suitable technology with
selected solar cells for that area's weather condition to
harness the maximum power output.

Researches on the improvement and development of PV
solar energy efficiency is conducted lonely by academicians
or manufacturers, and this is one of the challenges facing the
area. However, when working cooperatively, the progress
may be fast. Moreover, it will give the desired outcomes
within a short time and with minimum cost, since in the
togetherness there are the strengths and complement the
weakness of one another. So, for the future, the authors
recommend that the researchers and manufacturing
institutions work cooperatively.

Based on the recent research trend, the manufacturers and
researchers try to find the solution for one problem or factor
except some of them. Still, many other factors that caused
the decrease of the PV module's efficiency are lifted. This
trend may take too much money and time to overcome all
problems and give a solution for all factors. Hence, future
studies have to filter out al factors that influence the PV
solar energy generation performance, then will focus on
looking for the solutions to each problem parallel. Then can
guarantee stability and sustainability and improve the PV
solar energy generating system’s overall performance.

The researchers and manufacturers investigate many
techniques to improve the PV solar energy efficiency, and
some techniques have multipurpose or known as hybrid
technique. For instance, PV solar modules cooling by using
water is one of the effective techniques to improve the
power output and efficiency. In addition to that, the
continuous flowing or spraying of cold water on the PV
solar module surface is used to remove dust accumulation,
clean, reduce soiling, and so on. Therefore, applying the
multipurpose techniques on the PV solar modules gives
better performance. For the future desired to study more
about the applications of multipurpose technique on the PV
solar energy systems|[6, 79, 80].

V. CONCLUSION

In this article, the authors reviewed the recent literature
on improving the PV solar energy generation efficiency and
power output. In the renewable energy sectors, PV solar
energy is a significant and resilient source of power through
the world for the future. It grows at a very high rate, and its
cost also decreasing. PV solar energy is sustainable (rely on
sunlight), reliable, has less maintenance, and does not cause
any pollutions. PV solar energy generation systems can be
applicable for various situations, such as domestic and
commercial purposes. However, PV solar energy systems
have dtill confronting efficiency problems, even though
there are better improvements. The literature on improving
efficiency and power generation qudity level of the PV
solar modules has been reviewed. The environmental factors
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and natural phenomena that affect the PV solar module's
performance are filtered out. Based on the existed studies
and experimental results, the solutions for the problems are
presented. Better techniques for enhancing the PV solar
energy system's overall performance are proposed and based
on the current efficiency status, the suggestion and
recommendations are forwarded for further studies.
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Graphical Abstract of the PV Solar Energy Generation
Performance Improvements. Fig.8.
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