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ABSTRACT

Photovoltaic modules (PVM) output power is sensitive to
fluctuations in temperature and the concentration of solar
insolation during sustained disclosure. The 20% of solar
insolation will be converted into useful electrical energy,
while the rest will be dissipated in the form of heat, which in
rotate will increase the operating heat of the PVM and it
negatively affects the open circuit voltage (Voc), resulting in a
decrease in the power alteration productivity and an
irreversible rate of cell deprivation. Appropriate cooling
techniques are therefore crucial to preserve the operating
temperature of the module under standard test conditions
(STC). There are two different methods for cooling PVMs,
namely active and passive these methods are subdivided into
different techniques which are discussed one by one in
literature review; in this paper the techniques for cooling
PVMs are comprehensively reviewed.
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1. INTRODUCTION

Most of the world's electricity consumption comes from fossil
or nuclear fuels, which pollute too much and damage the
environment. At the same time, the sun provides a huge
quantity of energy in the usage of solar insolation, wind power
and biomass. It is promising to be the main source of
electricity as a renewable and sustainable energy. This energy
could be obtained in two forms, thermal energy and electrical
energy. The most valuable type of energy is the electric type
because it is easy to transmit and convert into work. In
addition, photovoltaic cells are the most efficient method of
generating electrical energy directly from solar radiation.
However, PV cells have a conversion efficiency of between 5
and 20%. This conversion rate is much higher than the ratio
of wind and biomass technology. However, it decreases
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considerably as the surface temperature increases in the range
0f 0.451t0 0.5% / ° C for each degree Celsius [1-3], depending
on the material used in PV fabrication. It has been found that
the high operating temperature shortens the life of the
photovoltaic module. Some cooling mechanisms have already
been suggested [4-8].

The performance of PVM will decrease with increasing
temperature. As a result, due to different or actual weather
conditions, numerous panels will not work properly under
perfect circumtances. Because photovoltaic modules are more
efficient at lower temperatures, photovoltaic systems must be
designed with active and passive cooling (PC) functions
[9-12]. Extracting heat from water is more expensive than
extracting heat from air, but in the above cases, since the
water temperature in the grid is below 20°C for most of the
year, it is considered feasible in practice. The most common
type of PV water cooling is circulating by a heat transfer,
which is in thermal touch with the back of the PVM to keep
away from stress and electrical issues [13].

A right tendency between yield and heat can be observed
without active cooling (AC), the heat of the module will be
very high, and the efficiency of the Solar cell (SC) will only
reach 8 to 9 pc. Though, while the device is operated under
active chill conditions, the heat will drop expressively,
thereby increasing the efficiency of the SC from 12% to 14%
[14].

Various cooling methods have been studied to dissipate the
heat produced by the PVM, thereby reducing its temperature.
The temperature control of PVM can be categorized
according to two techniques, passive method and the active
method. For active cooling, other apparatuses (pumps / fans)
need to be used to circulate the coolant. The main problems
associated with this method are its applicability and economy
[15, 16]. Recently, many researchers have studied the
following active cooling methods, such as: geothermal heat
exchanger [17-19], pulse heat pipe [20, 21], water cooling
[22-24] and water cooling. Airflow [25-28]. Despite a
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significant reduction in the operating temperature of the
module, the total initial investment cost remains significant.
Different researchers have been working on a PC method.
This technique is created on the standard of natural
convection using the ambient air flow to decrease the heat of
the PVM. The PCMs are extra smart because they do not
require further mechanical power. Presently, the succeeding
PCMs have been studied, such as: P.C.M [29-36], passive
laminar flow heat sink [37-42] and radiant cooling
[43-46].Understanding the advanced cooling techniques
mentioned above is critical to improving electrical
performance efficiency. Numerous researchers have showed
in-depth analyses of different cooling methods attentions only
on passive cooling approaches [47, 48].

The outcomes expression that the PC system lowers the
temperature of the cells on the day it is designed and raises the
electrical efficiency (EE) of the photovoltaic module by 8.3%.
The return age for this system is 14 years [49].

2. RELATED WORK

In order to control issue of high heat on PVMs, the two
cooling approaches are applied to reduce the PVM surface
temperatures, thereby enhancing their efficiency , the two
technique of cooling is applied namely Active cooling and
passive cooling [21, 50].

2.1 Figures and Tables Active Cooling Techniques (ACT)

The ACT used in the PVM requires a method to increase the
coolant flow rate to rise the heat transfer rate (HTR) from the
PVM to the cooling medium. The motor is used to increase
the cooling water flow of the AWC technology, and the fan is
used to increase the air flow of the active air cooling (AAC)
technology. In [51], the author studied the increase in EE and
energy efficiency of photovoltaic modules obtained in active
cooling technology, reaching 12.17% and 12.26%,
respectively. In [52], the author studied the impact of
water-cooling technology on photovoltaic panels through
experiments. They found that the power generation and EE of
the cooling technology increased by 16.3% and 14.1%,
respectively. In [53], the author uses water spray technology
to cool the front of the photovoltaic module. This leads to the
fact that the performance of PV modules can be improved by
using cooling water spray technology. In [54], the author
conducted an experimental study on the behavior of PV/T
hybrid power through hydrothermal cooling technology. The
results illustrate that the cooling technology increases the EE
and performance of photovoltaic modules by 37.5% and 30%,
respectively.

In [14], the author revealed that for active cooling of PV cells,
a parallel arrangement of ducts with inlet / outlet elbows was
attached to the rear of the PV module for uniform distribution
of air flow. . Experiments were carried out with and without
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active cooling. A proportional movement between EE and
Heat are determined. Without AC, the PVM heat was high
and the SCs can be gained only an EE of 8 to 9 percent (pc).
Though, while the PVM was functioning under AC
conditions, the heat decreases significantly, effecting the SC
efficiency to increase between 12-14pc. A heat removal
simulation model was prepared to equate with the actual heat
curve of the PVM, and upright match was gained between the
simulation and practical results.

An attempt to provide active cooling was discussed in [35,
55]. A tube used as a spiral exchanger was placed on the
device. The results illustrated that the efficiency of the device
was increased by 13% with this cooling method. In [56], an
effort was made to cool photovoltaic modules by spraying
water. Also try to determine the time required to decrease the
temperature of the device to 35°C. The results show that when
cooling starts at 450°C, the power output of the device is
higher. Later, [57] tried to achieve 9% efficiency. In this
research, an ac system is applied in which a heat exchanger is
fixed on the back of PVM, which reduce the temperature
significantly.

In [58], the focus is on the use of active water cooling (AWC)
on the CPV system. The results show that when device heat
drops under 60°C, the output power will increase. In order to
overcome the challenges caused by the overheating of PV
modules, various other efforts are being made. In order to use
solar energy more effectively, an experiment was designed
and implemented in [59], in which the energy obtained from a
small amount of water used for cooling is directed to the other
end. To avoid waste, it is usually more efficient than
conventional arrangements.

Active cooling techniques have classifies as follows.

2.1.1 Air Cooling

2.1.1.1 Heat Sink (HS)

The device or an object which transfer temperature from
device by thermal exchange is called HS. The heat is
consumed in air, the induced draft air column or by the chill.
The thermal good conductors are used in HS such as copper
and aluminum alloys. The front of the HS should be plane and
flat to decrease resistance heat with the device to be chill.
Crosswise, V-shaped, arc model irregularity are used to
increase the transfer thermal coefficient, because the chilling
rate could be high [60-62]. Use shaped aluminum fins (L) and
glue them to the backside of the PVM using the thermal
conductive gum as illustrated in figure 1.
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Figure 1: Backside of PV panel [63]

2.1.2 Water Cooling

The photoelectric water pump system is specially built for
outdoor testing under various environmental circumstances.
The key apparatuses of the system are shown in Figure 2.

Inlet cooling water tube arrangement

Cooling Water
lines on PV
module surface

Collected
{_water
conduit

Storage battery

Returned Water
to storage tank

Figure 2: PV water cooling test rig

e Polycrystalline photovoltaic modules with a maximum
power of 60 watts. The unit is jointed to a rehostate
resistor to determine the I-V features of model.

e The solar protection sensor regulates the flow of voltage
and current from the PV to the storage bank and then to
the load.

e 12v DC motor submersible pump, approximate flow. 5
liters per minute, and the pumping height is 50 meter.
The motor is injected into the water tank, which is
irrigation well.

e A 12V battery to route the water motor by adjusting the
internal cooling system and measuring the water flow.

e Cooling water drop configuration, including a distilled
water pipe, D = 2.5 cm, L = 65 cm, connected to the top
edge of the PVM, and a water pipe (L = 65 cm) located at
the lower edge of the device, as well as pumping cooling
water from the submersible pump Side channel. The
dropper has 32 holes with a diameter of 5mm, which are
evenly distributed.

e Athermometer installed on the PV front area to measure
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the input of solar insolation.

e Photovoltaic surface heat measurement arrangement.

o Entire system is collected on the installed front surface to
analysis the performance of the system under dissimilar
insolation circumstances [64-66].

2.1.2.1 Water Spray

In [52, 53], a water spray cooling method applied directly on
the surface of the PVM was investigated and a significant
improvement in EE was found. In [57], a method of cooling
surface water for hot climatic conditions was investigated, in
which an increase in EE of about 9% was recorded. Further,
in [67, 58, 56, 4] alternative cooling techniques which contain
water as a coolant have been investigated, in which the
average increase in power output was between 10% and 20 %
depending on the specific cooling technique used.

2.1.2.2 Heat Exchange

Heat exchanger technology is one of many popular cooling
methods. Use heat exchanger technology to transfer heat from
one liquid to another, or transfer one liquid to another. Get
maximum efficiency at high temperatures. The best coolant
flow rate can be obtained through CFD study to complete the
highest efficiency. Microchannel cooling may be a possible
way to improve the operation of photovoltaic cells inside their
extreme capacity. Micropipes can also be used as hybrid
systems for PV Thermal (PVT) System.

Aluminum fins can be used with wind current to maintain PV
cell. Expanding pilot facilities and producing microchannels
as competently as conceivable is the biggest contest in
microchannel development. Table 1 summarizes various
studies on microchannels [67, 68]. Active cooling techniques
have been presented in table 2.

2.2 Passive Cooling Techniques (PCT)

This section reviews the latest survey on PCT. The key
purpose is to briefly summarize useful information for further
improvement. A thorough survey of the latest PCT of
photovoltaic modules is vital for subsequent modification of
existing PVVM to improve electrical output efficiency [77].

2.2.1 Phase Change Material

Although this cannot be considered cooling in the strict sense,
it does mean that the same temperature is maintained. It can
still be considered a passive technique, mainly because no
extra work is required to consume heat it is primarily
dissipated in a conductive manner [78]. In [79-81], the
authors illustrates that with the category of PCM, a decline of
15 ° C compared to the reference PV cell can be obtained over
5 hours with solar radiation of 1000 W / m2. PVM rated at
65W with 50mm PCM on the back and vertical aluminum
fins were used to improve conduction.
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Table 1: Cooling Techniques of Microchannel

Authors  Main Outcomes Temperature Cell Cooling Cooling Electrical
mediator System Types  performance
[69] For simulation Improved heat Nano-liquid Micro conduit N/A
chaotic mixing transfer performance s Heat sink with
theory has been V-ribs
applied
[70] A congested ratio of To decrease heating Air Micro channel Efficiency of
h/H % appears to effect 6 °C on PV by with three-sided  Electrical residues
supply overall best increasing the ribs b/w 10 to 11.25%
performance. channel height up to
20 mm.
[71] Flow rate of 3 L/m. Module temperature Water Micro 14%  improved
Accord noticed drop of 15 °C channeled plate  Power
between experiment
and CFD
Table 2: Summary of Active cooling techniques
Authors  Cooling Methods PV Technology Efficiency Improvement  Economic aspect
[72] Water Si-poly (20W) 12% to 14.3% N/A
[73] Nanofluids (PV/T) Si-mono (40W) 19.5% N/A
[74] PCM/water Si-poly (40W) 1.3% N/A
[75] Air Si-poly (240-280W)  6.3% Yes
[14] Air (PVIT) Si-poly (50W) 50% to 55.5% N/A
[76] Water (PVIT) Si-mono (n/a) —10% to —23% N/A
[58] Water (CPV) Si-mono (n/a) —22% N/A

2.2.2 Heat Pipe cooling (HPC)

HPC is considered a promising cooling technology [82-86]. In
addition, there is a large thermal contact resistance between a
conventional columnar heat pipe and a flat solar panel,
resulting in poor heat transfer efficiency. The new network of
micro-heat pipes proposed by the authors in [87-88] has good
contact with the solar panel due to its flat shape. The heat pipe
has higher heat transfer efficiency and even temperature
distribution, which can solve the problem of cooling solar
panels.

Heat in

Figure 3: Heat pipe mechanisms [89]
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2.2.3 Radioactive cooling (RC)

RC is constructed on an atmospheric window with high
transparency in the wavelength range of 8-14 um [90]. In
[91], the author examined the HCM with PV and nocturnal
radiant cooling. The main body consists of a transparent low
density polyethylene shield, PVM, insulating factual and 6
copper tubes welded to the back of the PVM. The use of the
TPT transparent layer has shown encouraging impacts due to
its high heat emit and excellent insulating materials. The
stipulated average energy effectiveness on clear days is about
14.9%, which is lower than in the morning and afternoon,
and the net radiant cooling capacity is 72.94 W/m2. This
situation shows the negative impact of increasing the
operating heat of SCs. It has been create that the concert of
radiant cooling depends to a large extent on the humidity in a
particular location. The different passive cooling techniques
illustrate in Table 3.
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Table 3: Passive Cooling Techniques

Authors Cooling Methods PV Technology Efficiency Economic
Improvement aspect
[29] PCM (Palm Dirt) Si-poly (20W) 53% N/A
[33] PCM (PEG 1000) Si-mono (40W) 8.0% N/A
[89] Fin Heat sink (lapping, Si-poly (40W) 11.2% N/A
reflector)
[38] Fin Heat sink Si-poly (250W) 5.0% Yes
(longitudinal)
[42] Fin Heat sink Si-poly (50W) 2.0% N/A
(Perforated-L)
[39] Radiative cooling (TE Si-mono (n/a) 4.55 % N/A
coupled)
[45] Radiative cooling Si-mono (n/a) 4.6 % N/A
(photonic)

3. CONCLUSION

It is clear from Table one and two that active cooling result
showing more efficiency than passive cooling.

It is also concluded that active cooling needed extra power
source for cooling purpose but passive cooling is natural so,
the major difference between that active cooling is
uneconomic than passive cooling.

It reveals that from 50 to 55% efficiency is improved by active
cooling techniques and in passive the maximum efficiency is
improved 11.2%. So it is noticeably that active cooling by
efficiency comparison is most effective than passive cooling.
This research paper is very helpful for cooling technique
selection and mostly for researchers.

Future recommendation the PV module must be provided
cooling for enhancing the performance of PV.
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