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Recently solar panels are gaining popularity in the field of non-conventional energy sources
for generating green and clean electric power. On the negative side, the photovoltaic
efficiency is reduced with an increase in ambient temperature. The production of energy is
dropped by 0.33% for every degree Celsius above STC. Consequently, the electric power
which is generated by the solar panel may not be sufficient to run the load. It is important to
realize that in some applications, such as standalone electric vehicles, space for providing
an additional solar panel to compensate for the decremented output power may not be
feasible. By implementing the cooling arrangements, this excessive heat might be
reduced. Several cooling techniques have been implemented, named as active and
passive methods. This article presents a review on maximizing the efficiency of the
solar panel by utilizing different cooling methods and by integrating TEG with solar panels.

Keywords: photovoltaic module, active and passive cooling, phase changing materials, heat sink, PV-TEG-heat sink

1 INTRODUCTION

An abundance of innovations is transpiring to access green electricity concretely from the solar
power generation sector. Conventional power generating sources such as coal and fossil fuel
produce electricity with steam by the process of burning the aforementioned items. So, the
research focus turns toward non-conventional power generating sources such as solar, wind, tidal,
and biomass energy. Among these, solar technology is most conspicuous and more developing
than other sources due to its availability and clean energy (Rahman et al., 2017). Concurrently, In
the photovoltaic conversion process, the operating temperature plays a vital role (Skoplaki and
Palyvos 2009), and due to this, when atmospheric temperature ascends on the PV panel decreases
their designated output power (Kalogirou and Tripanagnostopoulos 2006) and lags the efficiency
due to bandgap shrinkage occurring during high concentration of impurities (Yildiz et al., 2017). It
is possible to increase the efficiency of the PV by increasing the area of the solar panel, but it is not
feasible in electric vehicles (Saleh et al., 2021). In the current review, the types of solar panels and
their cooling arrangements were explained with efficiency and a review on maximizing the
efficiency of the solar panel by utilizing various cooling methods such as air, water, the
combination of both, phase-changing materials, fins, heatsink, nanofluids, and cotton wicks
(Dwivedi et al., 2020) with solar panels were presented. Additionally, by combining Thermo
Electric Generator (TEG) (Chen et al., 2017) with solar PV panels to extract energy from waste
heat in PV panels (Jaziri et al., 2020) by the effect of Seebeck, the efficiency may be raised. The
power from TEG aids to develop the additional electrical energy and also reduce the PV panel
temperature (Makki et al., 2016). To obtain the voltage across the TEG, there is a desideratum of
cooling the one side of TEG while the top side has been already heated because of Sun irradiance to
the solar, which is transmitted to the TEG (Zelazna and Gole¢biowska, 2020). Figure 1 shows the
basic structure of PV cell with its output and cooling system.
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FIGURE 1 | Basic structure of photovoltaic energy enhancement using a
cooling system.

In this review, Section 2 describes different solar panel
efficiencies. Section 3 describes various methods to obtain the
increase in efficiency without using any cooling techniques but by
using devices to increase the irradiation.Section 4 describes the
different cooling techniques classified as active and passive
methods to increase the overall efficiency of the PV systems.

2 COMPARISON OF EFFICIENCY FOR
DIFFERENT SOLAR PANELS

Solar panels can generally be classified according to the
generation (Kibria et al., 2014) as first, second, and third. The
initial generation has been predicated on wafer-based silicon cells,
the second generation has been based on thin-film technology,
and the third generation as an incipient emerging technology

Solar Panel Efficiency-A Review

such as nano crystal-based, polymer-based, dye-sensitized, and
perovskite-based solar cells. Figure 2 shows types of Solar cells
classified according to the different parameters. Table 1 shows the
comparison of different generations of cells (Guerra et al., 2018;
Rathore et al., 2019; Engineering, 2018; Gaur and Tiwari, 2013).

Under the optical discernment day by day from the first
generation solar panels, the monocrystalline solar panel gives a
better performance compared to polycrystalline solar panel
because the structure is uniform and because it is highly pure
(Tascioglu et al., 2016). Mostly crystalline solar cells absorb 90%
of irradiance ranging from 400 to 1200 nm, but the conversion
efficiency is up to 18% only while the rest are converted into heat.
The PV module performance is conventionally qualified at
AM1.5 with STC (Sathe and Dhoble 2017). Decrementing in
efficiency per unit temperature rise is 0.4-0.5%.

3 VARIOUS METHODS TO ENHANCE THE
EFFICIENCY OF SOLAR PANELS

To attain the maximum efficiency from the PV panel few
additional arrangements are required, such as the Sun tracking
method (Awasthi et al., 2020), concentrating mirrors (Bilal et al.,
2016), and applying cooling techniques to the panels, which can
be classified as active and passive cooling.

3.1 Tracking Systems

Solar panels are typically mounted on fixed slopes and azimuth.
But to obtain maximum irradiation Sun tracking is needed. It
helps maximize the incidence of the irradiation on the solar panel
throughout the day which optimizes the angle at which the panel
receives solar radiation (Deen Verma et al., 2020). Meanwhile,
solar trackers are slightly expensive due to the moving parts and
complex technology. Usually, around a $0.08 - at0.10/Watts
increase depends on size and location (Bushong, 2016).
Tracking systems classified according to the direction of the
axis are single axis and dual axis. A single-axis tracker moves
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FIGURE 2 | Basic structure of photovoltaic material.
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TABLE 1 | Comparison of Efficiency with different generations of cells.

Generation Type of solar cell

First Generation Monocrystalline type

Polycrystalline type

Thin film solar cells

Copper Indium Gallium Selenide (CIGS)
Amorphous silicon

Nanocrystal

Dye-sensitized

Polymer

Perovskites

Cadmium Tellurium (CdTe) type solar cell

Second Generation

Third Generation

TABLE 2 | Voltage and current values without and with tracking.

Time Without Tracking With Tracking
Voltage (V) Current (A) Voltage (V) Current (A)
9:00 10.9 0.3 11.2 0.6
11:00 1.3 0.65 12.7 0.74
13:00 11.6 0.60 11.2 0.82
15:00 10.1 0.31 1.2 0.30

the panel on one axis of movement, and, on the other hand, a
dual-axis tracker moves the rotation of the panel on two axes of
movement. The dual-axis tracker provides higher efficiency when
compared to the single-axis tracker. According to the experiment
by Dhanabal et al. (2013), the efficiency of the dual-axis tracker is
found to be 81.68%, whereas the efficiency of the single-axis
tracker is only 32.17% higher than the fixed panel.

The average daily intensity per unit area using single axis and
dual axis has been increased by 13.8 and 22.5%, respectively,
when compared to the fixed mount. Withal the efficiency also
increased by 10 and 20.7%, respectively (Hassan 2015). Rubio
et al. (2007) developed an accurate Sun tracker which includes an
automatic tracker and this was in the form of a hybrid system.
The movement of solar is modeled by an open-loop system while
the feedback controller is employed in a closed-loop system. Due
to this, the motor does not consume additional energy.
Taherbaneh et al. (2010) developed a fuzzy-based MPPT and
it was observed that 23 W had been obtained, which was 51% of
the nominal output power. In the second technique, called fuzzy-
based Sun tracking, it was observed that 11 W had been
approximately obtained, which was about 24.5% of the
nominal output power. Then, the two above-mentioned
techniques were combined. It was seen that the output power
reached 78% of the nominal output power.

According to quantum dot, solar cells can utilize high-energy
photons using their potency to multiple electron-hole pairs to
increment the efficiency, and additionally, double Sun solar
tracking technology gives the result in a considerable increase
in inefficiency. Solar Tracking system is classified according to the
Drives, Axis Direction, Control and Tracking Strategies and it is
shown in Figure 3. The integration of solar panels with the
tracking system is utilized for position tracking of the Sun for
irradiation throughout the day. Malek et al.(2012) experimented

Solar Panel Efficiency-A Review

Module efficiency (%) Applications

14-17.5
12-14
16-17
10-12

4-8
7-8 Best suited for areas with normal irradiation
10
3-10
31
9-11

Used in conventional surroundings

Used in BiPV on smaller power systems

with PV panels with a tracking system and obtained the amount
of voltage and current with and without tracking are tabulated in
Table 2.

Sun tracking systems are conventionally classified into two
categories: active trackers (electrical) and passive trackers
(mechanical). Electrical-based trackers can be categorized as PC-
controlled time and dated-based, auxiliary bi-facial solar cell-based,
and electro-optical sensor and microprocessors-based. Mechanical
trackers are based on the recollection of alloys and thermal
expansion of matter (Mousazadeh et al, 2009; Ponnambalam,
2018). The efficiency obtained utilizing the Sun tracking system is
incremented by 37.02%. This concentrated solar radiation and high
temperature cause the solar panels to get overheated, and
minimization inefficiency is unavoidable.

3.2 Using Concentrating Mirrors

The method to ameliorate efficiency is by utilizing concentrating
mirrors with solar panel integration with sun-tracking
technology. The power output decreases with the increment in
temperature and vice versa (Nazar 2015). The reduction of
efficiency is also due to tilt angle, dust particles (Charabi and
Gastli 2013), and shadowing. For a fixed tracking system, the dust
accumulation decreases with tilt angle increases (Sayyah,
Horenstein, and Mazumder 2014), and at 20° from the
horizontal position, PVT can produce maximum energy (Sun
et al,, 2016). Also, due to non-linear shading, the mismatch of
short circuit current causes a loss of power (Ballal et al., 2015).
Concentrated  photovoltaics are  unlike  conventional
photovoltaics, and it utilizes lenses or mirrors in a curved
shape to focus the sunlight onto a small area more efficiently.
Commonly concentrators are an inexpensive option for
increasing the efficiency of PV, which produces power in the

TABLE 3 | Voltage and current values with and without using mirrors and cooling
(Arshad et al., 2014).

Condition Voltage (V) Current (A) Power (W)
Without mirror and cooling 12.98 1.91 24.84
With 2 mirrors and without cooling 16.11 1.94 31.25
With 2 mirrors and with cooling 16.5 1.94 32
With 3 mirrors and without cooling 16.71 1.95 36.93
With 3 mirrors and with cooling 16.91 2.23 37.71
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FIGURE 4 | Various cooling methods used in PV panels to enhance efficiency.

range of 7-15 cents/Kwh depending on the size and location of
the panel (Swanson 2000). Table 3 shows the voltage and current
for sundry conditions (Khamooshi et al., 2014).

From the Table 3, it is clear that when utilizing mirrors and
coolants, the output power increases, also with the number of
mirrors, which is approximately 52%. Quantum dot
concentrators have more advantages, such as fewer problems of
heat dissipation, sheets are inexpensive, and are congruous for
architectural components, and it is a non-tracking property
compared to other types of concentrators (Khamooshi et al,
2014). The PV panel is tilted with the inclination angle with
respect to irradiation of the Sun. At the same time, there is a
requirement to maintain the mirrors by cleaning them in a

regular manner to attain better performance (Rahman and Khan
2010). The trough concentrated photovoltaic thermal system was
experimentally studied, and the results show that the GaAs cell array
gives better electrical performance than the crystal silicon solar cell
arrays. But the thermal performance is inverted (Li et al., 2011).

4 DIFFERENT COOLING METHODS TO
ENHANCE THE EFFICIENCY OF SOLAR
PANELS

PV panels absorb only the visible light for generating electrical
energy (P. Kumar and Dubey 2018), and the rest of the spectrum
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The efficiency increased by 11% due to the heat absorber by water
7.2% higher efficiency than the non-cooled photovoltaic module

Water absorber plate with PV/T system

Ducts cooled by air conditioners
TEG used for enhancement

Polycrystalline Si PV Module

El-Seesy et al. (2012)

Sajjad et al. (2019)
Xu et al. (2018)

Monocrystalline Silicon PV module

The system produced 1.29 V in open circuit 20.3% of output power at 100 m\W/m2

PV-TEG module with direct coupling

method

Hybrid PV-TEG was 13.98% at STC, whereas individual efficiencies of PV and TEG were

10.8 and 3.02%, respectively

TEG used for enhancement

PV-TEG module with direct method

(simulated)

Sark (2011)
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of light is converted into heat, leading to a decrement in output
performance by 0.4-0.5% per 1°C temperature rise as its
standard testing conditions (Indugowda and Ranjith 2016).
It is clear in the literature that the open-circuit voltage
increases logarithmically with ambient irradiation, while the
short circuit current is a linear function of the ambient
irradiation. An increase in temperature of the cell decreases
the open-circuit voltage linearly, so the solar PV panel’s
efficiency is decreased. But the short-circuit current scarcely
ascended with the cell temperature (Joshi, Dincer, and Reddy
2009).

The structure of various cooling systems is shown in
Figure 4, but each one of them depends on different factors
such as type of PV technology, place of installation, and
weather conditions (Dubey, Sarvaiya, and Seshadri 2013).
Depending on the aforementioned factors, the best way to
minimize the heat from the solar panel is either by using active
or passive cooling systems. Inactive cooling system movable
parts are present, whereas, in a passive cooling system, there
are no moving parts, and efficiency-wise active cooling system
is better than the passive cooling system, but not cost-wise
(Kalaiselvan et al., 2018). Table 4 summarizes the PV Panels
with different cooling methods.

4.1 Active Cooling System

The active cooling system needs external electrical or
mechanical energy, such as fans for air circulation and
pumps for water circulation on the panels for heat
dissipation (Shan et al, 2014). With the cooling water
arrangement, the efficiency increases by 2% (Pradhan et al.,
2017).

4.1.1 Water Cooling Method

M. Abdolzadeh et al. experimented by spraying the water
directly to the panel, which increased the performance
efficiency of PV cell, subsystem efficiency, and overall
efficiency, which were 3.26, 1.40, and 1.13, respectively,
when 225 WPV  panel adopted with water spraying
methodology with a flow rate of 644 L/h at 16 m head. The
efficiency improvement was achieved by water flow at different
rates.

Ahmed AM et al. experimented with the water which flows
through the tube, making holes in diameters of 2 mm diameter
with a flow rate of 3, 6, and 9L per hour, resulting in
efficiencies of 8.3, 6.8, and 3.28, respectively (Ahmed and
Hassan Danook 2018). So whenever a solar panel is
adopted with cooling by water technology, the temperature
of the panel is dropped by 4°, and performance efficiency
increases by nearly 12% (Musthafa 2015). By introducing the
FGM (functionally graded material) water tube systems with
PV and PV-TEG, the cell efficiency increases by 30-50% and
25-40%, respectively (Yang and Yin 2011). Alberto Benato
et al. also experimented with spraying technology with 1.5 bar
and concluded the efficiency and power generation have
increased to 13.27% and 21231W from 11.18% to
178.88 W, respectively (Benato et al, 2021). The merit of
the water cooling method on the upper surface of the PV
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module is an increase in surface input radiation due to refraction
in the water layer (Odeh and Behnia 2009).

To decrease the space of PV module v-trough is utilized with
CPV system, with buried water heat exchange system as active
cooling. Due to that, temperature has been decremented
prosperously from 72.5°C to 47.2, 45.5, 41.8, and 39.3°C at
flow rates of 0.01kg/s, 0.02kg/s, 0.03kg/s, and 0.04 kg/s,
respectively (Elminshawy et al, 2019). Figure 5 shows the
structure of the water cooling method. Generally, water has
high thermal conductivity and high carrying capacity than air
(Moharram et al., 2013). In industrial development sectors, the
utilization of water cooling methods is more effective as the heat
exhauster, and it can be used as process heat, thereby curbing
some expenses (Hasanuzzaman et al., 2016). The loss of efficiency
due to temperature can be minimized by utilizing the water spray
method also. S. Nizetic et al. additionally experimented with the
spray water method on the 50 W solar panels and achieved the
truncation of temperature between the non-cooled and cooled
cases (Nizeti¢ et al., 2016).

4.1.2 Air Cooling Method

The structure of the air cooling method is shown in Figure 6.
Under high irradiation conditions, the performance of cooling
the PV panel by forced convention (either air or water) is better
than natural convection, and up to 15% efficiency gain and
temperature reduction are achieved (Mazén-Hernandez et al.,
2013). Amori et al. experimented with the PV with a flat plate
collector at a constant air velocity of 0.0091kg/s, and they
obtained a reduction of temperature of 15.52°C with a single-
pass air channel to the PV system (Amori and Adil Abd-
AlRaheem, 2014). The mass flow rate plays a consequential
role in solar panel cooling by decrementing the outlet
temperature of the channels and tubes (Othman et al., 2016).

4.2 Passive Cooling System

It covers all the natural processes and techniques of heat
dissipation and modulation without any external sources. The
combination of photovoltaic and thermal collectors called PV/T
has plenty of advantages over standalone PV, such as occupying
lesser space (Al-Waeli et al., 2016), lesser economic payback
period, wastage of heat is collected by a solar collector who is in
the same area behind the PV. The PV/T collectors transfer heat

Concentrated Irradiation

Air In
Air Channel

Insulation Layer

FIGURE 6 | ooling method by an air channel.

from the PV cells, which are absorbed from the Sun into a fluid,
thereby cooling the cells and thus improving their efficiency. In
this way, this excessive heat is serviceable and can be utilized to
heat water or used as a low-temperature source for heat pumps.
The dissipated heat energy from PV panels can be utilized in
different ways and can aid in obtaining additional energy. In the
PV thermal system, to exhaust the heat, different components are
used, such as air collector, water collector (Besheer et al., 2016),
nanofluids  (Sardarabadi and Passandideh-Fard, 2016),
thermoelectric generators (Greppi and Fabbri 2021), and
phase-changing materials (Rao, Reddy, and Rao 2020) to
improve the efficiency.

4.2.1 Comparative of Parameters With and Without
Fins
The transfer of heat from the Sun to the PVT has to be minimized
by the cooling method, which was discussed above, and
additionally, this heat dissipation is enhanced by utilizing fins.
Apart from various heat abbreviation methods, which are
discussed earlier, another type of cooling method is by
introducing the fins in the PV panel’s rear side so that the
heat is radiated through the fins to the atmospheric
temperature (Cuce, Bali, and Sekucoglu 2011). The overall
performance of PVT 1is higher than the sum of the
performance of solar panels alone and solar thermal systems
(Van Helden et al., 2004). Figure 7 shows the V-I and P-V
characteristics using fins and without fins. A.M. Elbreki et al.
demonstrated one of the passive cooling with lapping fins at solar
irradiance of 1000 W/m?, and the PV module has given better
output efficiency of 10.68% at 24.6°C lower than the ambient
temperature of 33°C (Elbreki et al., 2021). The voltage and current
values with a combination of fins and PV panels are tabulated
below in Table 5.

4.2.2 Nanofluids Based Coolants

When acetone is kept as a refrigerant in micro-channel heat pipes
under vacuum conditions, the instantaneous electrical efficiency
is 7.6%, thermal efficiency is 54% (Verma and Kumar Tiwari
2015), and the electrical gain of PVT-MHP ascends from 17 to
74 W under irradiation between 367 and 787 W/m* (Modjinou
etal,, 2017). Utilizing nanofluids such as Al,O;-water and silicon
carbide (SiC)-water as a coolant to the lower concentration PVT
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TABLE 5 | Voltage and current values with and without the contribution of fins.
Parameters Without Fin With Fin Without Fins With fins
G = 400 w/m? G = 800 w/m?
Cell temperature 46.2 36.6 67.9 50.4
Open circuit voltage 2.01 212 1.91 2.10
Short circuit current (MA) 136.50 134.42 368 366.60
Power output 160.99 188.06 398.95 463.82
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system gives a significant decrement in temperature in the PV
module, particularly at the high concentration ratio and Reynolds FIGURE 9 | Surface temperature in Celcius for different phase-changing
number (Radwan, Ahmed, and Ookawara 2016). Mohammad E;;Z::[:n(Efi?e'géfgéTeia;?ZTaZ%i"g)and Passandiden-Fard, 2018;
Sardarabadi et al. experimented with different coolants such as R -

PVT/Water, PVT/ZnO, PVT/TiO,, and PVT/AL,O3, and the
efficiency was enhanced by 12.34, 15.45, 15.93, and 18.27%,
respectively (Sardarabadi et al., 2017). On the other hand, the
main demerit of using nanofluids is that they have limited time
stability. The completion of a heat exchanging channel using
water with nanofluid as coolants have higher electrical
efficiency compared to that of base fluid (Karami and
Rahimi 2014).

Figure 8 shows the voltage generated from TEM utilizing
different coolants at 12.30 PM. Sio,/water coolant is the most
efficient coolant, which provides the highest temperature gradient
(Soltani et al., 2017). The total energy rise will be 48 W when
utilizing 3 wt% of Ferrofluid under an alternating magnetic field

in a thermal collector integrated with a PV panel (Ghadiri et al.,
2015).

4.2.3 PCM Based Heat Sinks

Phase Changing Materials (PCM) are usually contained in three
different containers, namely grooved, tubed, and finned. T.
Wongwuttanasatian et al. chose palm wax as a heat sink and
analyzed it with a PV panel which resulted in a decrease in
temperature from 57.9 to 51.8°C, the performance of PV cell was
incremented by 5.3%, and the performance ratio was incremented
by 4.8% (Wongwuttanasatian, Sarikarin, and Suksri 2020). ].G.
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Hernandez-Perez et al. designed a 3D model heat sink that has
multidirectional airflow. This new design has the potential to be
cost-effective by optimizing the dimensions needed to enhance
the performance of the photovoltaic system that is affected by
high temperature (Hernandez-Perez et al., 2020). Tan et al. used
an aluminum heat sink in a concentrated PV with an average of
10 pores density and 0.682 porosity of aluminum foam. It gave
the best enhancement inefficiency of the solar panel by removing
the heat (Tan et al, 2019). Figure 9 shows the surface
temperature of the PV panel with different nanofluids. Arifin
et al. experimented with the CPV panel with aluminum (phase-
changing material) and visually examined the results, in which
the temperature ascended due to the concentrated panel,
decremented from 85.3 to 72.8°C, and the output was also
increased by 18.7% (Arifin et al., 2020).

Another passive cooling method of PVT was introduced by M.
Chandrasekar et al. Chandrasekar et al. (2013) used a cotton wick
structure with a combination of water. The output power was
increased from 41 W to 47.5 and 44.6 with a combination of
cotton wick-water and cotton wick-nanofluid, respectively. In
summary, by comparing all other cooling methods, the nanofluid
PVT system has higher heat transfer characteristics because of
higher thermal conductive characteristics (Hamzat et al., 2021).

4.2.4 Thermo Electric Generators

In the recent developments of performance enhancement of PV
modules, thermoelectric generators have a significant impact on
the performance of the photovoltaic system. The heat transfer
from the PV array by conduction method and heat transfer from
the CO, layer by convection method is used to increase the heat
transfer towards TEG hot side to obtain maximum efficiency
(Koushik et al., 2018).

Thermoelectric generators are devices that convert heat energy
into electrical energy by the effect of Seebeck. It is similar to a
thermocouple with the difference that the thermoelements are
made up of semiconductors p and n, and heat is applied to the hot
side and heat is removed from the cold side, both the junctions
being made of copper. TEG Integrated with a PV panel will
enhance its performance and minimize the amount of heat
dissipation (Sahin et al., 2020). The output of a TEG generally
varies non-linearly with the temperature since the properties of
thermoelectric materials vary non-linearly with the temperature
(Bjork and Nielsen 2015).

Temperature distribution should be punctilious from PV to
TEG. An open-circuit voltage of photovoltaic-thermal hybrid
solar-generator had been ascended by 1.3% when compared to
that of a PV panel working alone (Mizoshiri, Mikami, and Ozaki
2012), and it contributed about 10% output power in a hybrid
system (Ju et al,, 2012). In PVT-TEG, the concentrator type of
thermal collector has given good performance due to the high
accumulation of heat at one point (Lin, Liao, and Lin 2015). The
thermal efficiency of the thermoelectric generator depends on the
difference in temperature across its modules (between the hot and
cold surfaces). The thermal design of the thermoelectric system
plays a vital role in ensuring that there exists a maximum
temperature difference across the hot and cold surfaces of the
TEG (Karthick et al, 2018). An opportune design of heat
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recirculation through the thermoelectric generator may result
in maximum conversion efficiency (Min Gao and Rowe, 2007).
The performance of the PV-TEG is not identical to the
individual performance of PV and TEG alone because the heat
abstraction increases the efficiency of PV and optimal location,
and TEG numbers give the maximum efficiency individually
(Babu and Ponnambalam 2017). The operational structure of
PV-ST-TEG is shown in Figure 10, with attention to a few
elements such as (Bi ,Te ;) at room temperature 9 K (acting
as the cold side) and lead telluride (PbTe), which is at 500-600 K
(acting as the hot side) have been identified as the thermoelectric
materials. These thermoelectric materials have a quantification
called the figure of merit. That is, the above-mentioned materials
have a metric of measure that avails to evaluate the thermoelectric
properties. The higher concentration ratio of the TEG results in
higher power production due to the absorption of heat flux. H.
Hashim et al. examined the photovoltaic cell with TEG in an
ambient atmosphere, it reduces the power output from the solar
module due to the increment in operating temperature due to
large thermal resistance across TEG, but it is compensated by
TEG output. In an integrated PV/T solar system, the thermal
efficiency descends with ascending temperature, and it also causes
a decrement in power generation efficiency (Hashim et al., 2016).
Ali Salari et al. examined the performance of PVT and PVT with a
thermal electric generator and attained the electrical efficiency of
PVT-TEG incremented by 10.41% at STC. When inlet fluid
temperature increases to 34°C from 26°C, the electrical
efficiency decreases by 2.58 and 4.56% for PVT and PVT-
TEG, respectively. Similarly, for the temperature variation
from 26°C to 34°C, the electrical efficiency of PVT and PVT-
TEG is 1.43% decremented and 0.82% incremented, respectively.
The flat plate PVT operates at 100-200°C at the absorber surface,
whereas the concentrated PVT operates at 800°C, which produces
more heat when compared to the flat plate (Salari et al., 2020).
Figure 9 shows the design structure of a photovoltaic system
combined with solar thermal collectors. The combination of TEG
with solar thermal and photovoltaic modules is termed a PV
hybrid system (Babu and Ponnambalam 2017). The life of the PV
cell is ameliorated as the thermodynamic constraints are
decreased. The efficiency of the solar module also ascends
based on the magnitude of thermal energy abstracted from the
surface area of the module. From the difference in TEG between
the hot and cold sides, the PV panel can reach 17% of efficiency
with a contribution of 3% from TEG (Zulakmal et al., 2019).
The efficiency performance of solar panels alone in the
amalgamated Solar-TEG system is 9.39%, and the combined
efficiency is 13.8% (Wang et al., 2011). The efficiency obtained
by the thermoelectric device in terms of the dimensionless figure
of merit called ZT is broadly used to access the desirability of
thermoelectric materials for devices and used to characterize the
performance of a device such as their relative utility for an
application (Kim et al., 2015). It grows with the square of the
Seebeck coefficient. The TEG efficiency is resolute by the
thermoelectric figure of merit (z) = a2/pk, where p is electric
resistivity, k is thermal conductivity, and a is the thermo emf
coefficient of the TEG material (Vorobiev et al., 2006). The
ascending temperature leads to the decrement of efficiency due
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to bandgap shrinkage, results in voltage drop, and the PV cell
temperature is given by Tpy = T4 + ¢G (Raut, Shukla, and Joshi,
2018).

A phase-changing material can be introduced between PV and
TEG to obtain an efficiency of 26.57% from the single PV system
efficiency of 25.55% (Cui, Xuan, and Li 2016). Shen and Mason
(2020) experimented with PV with TEG outdoor under direct
Sun and observed that the reduction of heat due to the TEG in PV
panel leads to maximizing the output power by 2.5% from the
average efficiency.

Ahiska et al. (2016) compared the power generated from a PV
panel and TEG and obtained the experimental results, and as the

power generated from a thermoelectric panel is 30 times greater
than a PV panel, they have experimented with a 1 m” surface area
of PV and TEG panels, the thermoelectric panel produces 4kw
while the PV panel produces only 132 w. The thermoelectric
materials can be divided into three groupings according to the
temperature range (Rowe 1999), for lower temperatures up to
177°C, alloy-based bismuth in cumulating with antimony,
tellurium, or selenium. For medium temperatures around
580°C, alloy-based lead (Pb), and higher temperatures, SiGe
alloys are utilized to 1,025°C (Ismail and Ahmed 2009). For
solar photovoltaic cells, the lower temperature range materials
are preferred. In that case, Bismuth Tellurium can be used as a
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thermoelectric material. A 40 mm * 40 mm * 3.4 mm TEG has a
thermal conductivity of 2 W/m-K, a density of 7,790 kg/m?, and
specific heat of 250 J/Kg-K (Rohit et al., 2017). Zhang et al. (2020)
designed PV with monocrystalline and TEG made by bismuth
telluride with adhesive of thermal interface materials; the results
show that the PV generation increases by 14% and TEG by 60%
because of a decrement in thermal contact resistance. The
enhancement of heat transfers between PV and TEG has been
done by thermal interface materials. PV-TEG can be coupled in
two ways, as shown in Figure 9, one is direct coupling, and

another is spectrum splitting coupling [96]. In the direct method,
the TEG is connected directly to the PV to generate the additional
energy, while in the spectrum splitting coupling method, the
energy is transmitted to PV at below 2,500 nm cut-off wavelength
and TEG at above 2,500 nm.

Figure 11 shows the direct and indirect coupling of PV-TEG.
Photovoltaic module gets solar irradiation through the optical
concentrator significantly improves the overall efficiency, which
is very promising for PV efficiency improvement (Hajji et al.,
2017). A higher concentration level on the PV panel results in

TABLE 6 | Various floating solar module installation stations around the world.

Size of the
floating PV plants

Far Niente, United States
Kolkata, India

Ulu Sepri, Malaysia
Cheongwon, S. Korea
South Korea

Bubano, Imola, Itali
Gringley, United Kingdom

Smaller Power Plants

Larger Power Plants

Country

Omkareshwar Dam floating solar farm, Madhya Pradesh, India
Hangzhou Fengling Electricity Science Technology’s solar farm
Three Gorges New Energy’s floating solar farm, China

Cirata Reservoir floating photovoltaic (PV) power project, Indonesia
NTPC Kayamkulam solar project, Kerala, India

NTPC Ramagundam solar power plant

CECEP’s floating solar project, China

Hapcheon Dam floating PV power plant

Saemangeum floating solar energy project, S. Korea

Installation capacity

175 KWp
10 KWp
270 KWp
495 KWp
465 KWp
500 KWp
471 KWp
600 MW
320 MW
150 MW
145 MW
105 MW
100 MW
70 MW
41 MW
2.1 GW
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higher output power in TEG, but this causes a reduction in the
efficiency of the PV panel due to high temperature (Zhang et al.,
2014). Najafi and Woodbury (2013) have experimented with
combined PVT-TEG with 36 TEG modules which have
produced 145 W by PV panel and 44 W by TEG modules
with 2.8 suns solar irradiance. Photovoltaic panels with
concentrating mirroring technology give output power with a
lesser number of solar panels compared to the normal
requirement to produce the same output power, and this
technology has the advantage of having a reduced payback
period while utilizing Reflectors (Wijesuriya et al., 2017).

5 NECESSITY OF BUILDING-
INTEGRATED PV

Building-integrated photovoltaic (BIPV) systems are replacing
conventional building materials in parts of the building envelope
such as the roof, skylights, and facades or embedded into the
building structure (Strong 2016). Depending on the solar cell,
about 6-16% of the incoming solar irradiation is converted into
electricity, and the rest of the irradiation is transmitted as heat or
reflected. A PV module obstructs the solar radiation on the
original wall in BIPV/T installations. BAPV (building applied
PV) systems installed above rooftops are limited only to the roof
area, whereas systems with BIPV occupy most of the building
surface area by integrating photovoltaics (Biyik et al., 2017). The
solar absorptivity of a building envelope is changed when
replacing/covering conventional building structures, the
reflective roof, for instance, with PV modules. The use of
semi-transparent PV~ modules changes the visible
transmittance of light and subsequently the artificial lighting
energy consumption profile. The BIPV method is increasingly
becoming the ideal solution to be applied in urban areas (“BAPV
vs. BIPV: What Are the Differences? | ASCA,” 2019).

There are varieties of BIPV technologies that can be used in
building applications. The most common ways to use BIPV in
building applications are shown in Figure 12 (“Building
Integrated Photovoltaics_ Pros, Cons & Cost In 2022,72022).

6 FLOATING SOLAR PANELS

Industries use a huge number of solar modules for high
generation of power. These panels are generally mounted on
land space. Due to this, solar panels occupy a lot of space. So, an
alternative is needed to save the area. The PV panels have been
mounted on floating areas such as dams, reservoirs, lakes, and
oceans (Patil, Wagh, and Shinde, 2017). The installation has been
made by many countries in Africa, Asia, and Japan due to the low
availability of land (Yousuf et al., 2020).

Floating solar module installation is an eco-friendly
method. It has more advantages such as reduced shading,
water evaporation, and algae growth and improved water.
Some disadvantages are expensive installation and limited
application of usage. The first floating solar system was

installed at Napa California in 2007, it contains
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1,000 panels as floated and linked with 1300 stationary
panels on land. From this arrangement nearly 4 MW can be
produced. Table 6 (“Solarserver | Das Internetportal Fiir
Erneuerbare Energien,” 2020; Kumar 2021; “South East
Asia’s First Floating Solar Farm,” 2013.; France 2012)
illustrates various floating solar plants projects developed
worldwide.

7 FUTURE SCOPE OF EFFICIENCY
ENHANCING

Various methods were discussed earlier to increase the efficiency
of the PV panel. To enhance the efficiency further, some of the
research gaps were identified to carry out needful research.

1) Materials such as copper or aluminum have to be integrated
behind the PV panel so that the heat extraction is uniformly
distributed in all TEGs.

The overall solar conversion efficiency was 40% (Zhang et al.,
2012). The MPPT algorithm has to be implemented for PV
and TEG in a combined algorithm.

With the heat sinks, the active or passive cooling method has
to be added so that the temperature difference may increase.
Hence, the output of TEG will increase.

Through active cooling technologies, the flow of air, water, or
any fluid increases due to external force, which dramatically
increases the rate of heat reduction, whereas, through passive
cooling technologies, the rate of flow of the coolants is
naturally convected.

Passive thermal management is a cost-effective and energy-
efficient solution which uses heat sinks and thermoelectric
generators to maintain optimal operating temperatures and is
used to generate nano electrical energy from the heat transfers.
TEGs can decrease the temperature of PV panels by
transferring to the cold side, and due to the temperature
gradient, the electrical energy can be produced by it. For any
PV installation, passive methods can be referred to cool the
panels because they are cost-effective.

2)

3)

4)

5)

8 CONCLUSION

In this article, the types of solar panels and their cooling systems
were explained with efficiency. It has been concluded that

1) The efficiency of solar PV panels can be increased by
applying tracking systems and by placing mirrors to
concentrate the radiation from the Sun. However, the
above-mentioned techniques increase the temperature
with the light radiation, and, hence, the purpose of
tracking and concentration are de-merited due to an
increase in heat.

To decrease the heat, different cooling methods under active
and passive classifications were discussed, such as air, water, a
combination of both, nanofluids, phase-changing materials,
and heatsinks, and also the different efficiencies of solar PV

2)
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cells were obtained depending on the above-mentioned
cooling techniques.

Withal thermoelectric generators are utilized as a passive method
to convert the heat energy into electrical energy and integrate the
efficiency with the photovoltaic cell. This method is integrated
with PV and called PVT-TEG, obtaining the additional electrical
energy with the decrement of heat from the solar panel. Also,
from the above-mentioned cooling methods, a few can be applied
to the TEG on the cold side so as to obtain adequate electrical
energy to be integrated into the photovoltaic cell.

This review presents a methodology to increase the efficiency
of solar PV panels without occupying any additional area; the

3)

4)
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