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Abstract: Due to the efficiency drops in solar panels at temperatures above 25°C, various panel
surface temperature reduction studies are ongoing. Phase change materials can cool surfaces
without needing an external energy source, but their performance varies depending on seasonal
temperatures. Within the scope of this study, instantaneous panel surface temperatures in August
were evaluated to present the panel temperature value of the summer months in Bing6l. Along
with panel surface temperature values, instantaneous voltage, current, power, and efficiency
results were also evaluated. According to the temperature measurement results made with
thermocouples, the average and local maximum temperature on the front surface of the panel was
55°C, and 65°C respectively. On the other hand, according to the thermal camera measurement, it
was understood that there was no homogeneous temperature distribution throughout the panel and
the temperature value increased to 85°C in some local areas. It has been understood that this
temperature value is far from the panel operating conditions, therefore it is essential to cool the
panels with appropriate phase change materials.

Yaz Aylarinda Fotovoltaik Panel Yiizey Sicakliklar1 ve Elektrik Uretiminin Deneysel
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Oz: Giines panellerinde 25 °C'nin iizerindeki yiizey sicakliklarda verim diisiisleri nedeniyle panel
ylzey sicakliginin disiiriilmesi {izerine ¢esitli calismalar devam etmektedir. Faz degistiren
malzemeler harici bir enerji kaynagma ihtiyag duymadan yiizeyleri sogutabilir, ancak
performanslari mevsim sicakliklarina bagli olarak degisir. Bu ¢alisma kapsaminda Bingdl ilinde
yaz aylarma ait panel sicaklik degerini ortaya koymak amaciyla Agustos ay1 anlik panel yiizey
sicakliklari degerlendirilmistir. Panel yiizey sicaklik degerlerinin yani sira anlik gerilim, akim, gii¢
ve verim sonuglart da degerlendirilmistir. Termokulplar ile yapilan sicaklik dl¢iim sonuglaria
gore panelin 6n ylizeyinde ortalama ve yerel maksimum sicaklik sirasiyla 55 °C ve 65 °C olarak
tespit edilmistir. Ote yandan termal kamera dlgiimiine gére panel genelinde homojen bir sicaklik
dagiliminin olmadigi ve bazi yerel bolgelerde sicaklik degerinin 85 °C'ye kadar ¢iktigi
anlagilmistir. Bu sicaklik degerinin panel standart ¢alisma sartlarindan ¢ok uzak oldugu,
dolayisiyla panellerin uygun faz degistirici malzemelerle sogutulmasmin 6nemli oldugu
anlagilmistir.

1. INTRODUCTION

Solar energy systems are examined in two parts: collector
applications, thermal systems, and photovoltaic panel
(PV) applications, which produce electrical energy.
Although the efficiency of solar thermal systems is known
to be around 60%, the efficiency of PV panels is low, it
changes between 12-20% [1,2]. PV efficiency depends on

the panel material, panel type, weather conditions, solar
incidence angle, panel surface temperature, etc. Due to the
heat-absorbing feature of the panel material, most of the
radiation also causes the panel to heat up. According to
some studies, it is said that approximately 80% of the solar
radiation coming to the panel unit surface cannot be
converted into electrical energy, and this causes the panel
temperature to increase [3]. Also, it has been observed that
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as solar radiation increases during the day, panel
temperature and panel efficiency increase together.
However, it is known that increasing panel temperature
negatively affects most parameters of the panel and
ultimately decreases panel efficiency [4]. So the amount
of electricity produced by photovoltaic panels is directly
proportional to solar radiation and inversely proportional
to the panel surface temperature. It is known that the
surface temperature of a panel can rise to 40°C above the
environmental temperature, depending on the solar
radiation on the surface [5,6]. Although it depends on the
environment where the experiment is performed, the
monocrystalline panel surface temperature can increase
from 51.8°C to 88.2°C [7]. In another study, it was
mentioned that the temperature in the uncooled panel was
95 °C, while the temperature in the cooled panel was 55
°C [8]. According to some studies, if the surface
temperature is reduced by 1 °C, PV panel efficiency
increases by 0.5% or 0.65% [9]. In a study conducted in
an area where solar radiation is 901 W/m?, it is mentioned
that a 7.28% efficiency increase was achieved by reducing
the panel surface temperature by 4.7 °C [10]. This means
there was a 1.6% increase in panel efficiency with a 1°C
temperature drop. In another similar study, a 7.3%
efficiency increase was achieved with a 2.4°C
temperature drop in the region where solar radiation was
100-1120 W/m? [11]. Therefore, a 3% increase in
efficiency was achieved with a 1°C temperature drop.
According to these results, the increase in panel efficiency
at a 1°C temperature drop also depends on solar radiation.
In other words, in case of a 1°C temperature drop in
regions with higher solar radiation, the increase in panel
efficiency will also be higher. Bahaidarah et al., [12]
mention that if there is a 20% decrease in panel surface
temperature, there will be a 9% increase in electrical
efficiency. According to the electrical data graphs in the
study by Kane et al., [13], it shows that the change in the
panel surface temperature from 25°C to 75°C and the
change in the environmental temperature from 25°C to
35°C will cause a 20%-27% change in the panel electrical
efficiency.

The best efficiency in solar panels is achieved when the
surface temperature is 25°C at 1000W/m? solar radiation,
which is the panel's standard operating condition [14].
Today, it is known that even the best panels have a
maximum efficiency of 17-18%, whereas monocrystalline
panel efficiencies are generally between 12-15% [15]. It
is also stated in literature studies that panel efficiency can
reach up to 26% depending on the panel material [16].
With the increase in panel temperature, panel open circuit
voltage, filling factor, panel output power decrease, and
short circuit current increases [16,17]. Although the short
circuit current (lsc) increases slightly, the open circuit
voltage (Voc) decreases more obviously with the increase
in panel temperature [18], so the maximum power and
efficiency of the panel decrease significantly [14, 19].

In his study, Yilanci [14] mentions an approximately 20%
increase in  panel efficiency with appropriate
thermoelectric cooling. Considering these situations, it is
understood that an efficiency increase of approximately
20-30% will be achieved by reducing the panel

temperature from 50 °C to 40 °C in the summer months
when solar radiation is at its highest. Therefore, it is
predicted that panel efficiency will increase by up to 50%
with good cooling. There are studies stating that PV/T
systems will always produce more electricity, the payback
period will be shorter, and their lifespan will be longer
than the PV system [20]. It is also possible to store energy
as electricity or heat in PV/T systems. Kabul and Duran
[8] achieved a 7% increase in efficiency and a 31%
increase in power by reducing the panel surface
temperature by using cold water in the PV/T study. It has
been determined that if nanofluid water is used instead of
pure water in PV/T systems, much better cooling will be
achieved on the panel surface, hot water can be obtained
and the electrical output power will be 51% higher [21].
Giirbiiz et al. [22] by using commercial-type phase change
material (RT55) for cooling purposes, a maximum power
of 31.5W was achieved in a 40W power PV/T panel with
424 x 674 x 25 dimensions and 36° angle. The necessity
of cooling PV and PV/T modules due to high summer
temperatures is established in much literature [23]. Kerem
et al. [17] stated in their study at Osmaniye Korkut Ata
University that the panel efficiency increased by 14% as
a result of cooling the panel surface with cold water. It is
understood that effective surface cooling of PV panels is
very important in terms of efficiency.

Panel active cooling systems require pumps, compressors,
etc. Since they use energy-consuming devices, they
reduce the efficiency of the entire system. Passive cooling
systems developed as an alternative to these can provide
a lower cost of energy produced in the long run, as there
are no energy-consuming devices. Passive cooling
systems, which are more economical and state-of-the-art,
are under development. Phase change materials are being
tested within the scope of passive cooling systems.
However, since phase change materials(PCM) have
different melting/freezing temperatures and the
daily/annual operating conditions of solar panels
constantly change, PCMs to be used in passive cooling
systems must be carefully selected. It will not be possible
to use the system actively in the long term with a
randomly selected phase change material. To select
appropriate phase change materials, it is necessary to
know the long-term operating conditions of PV panels in
different regions. Particularly local solar radiation and
panel temperature data will be of great importance in the
studies to be carried out. With the use of relevant
comprehensive data, more appropriate PCM selection and
passive cooling system designs will be useful for a longer
period. In this sense, instantaneous and average
experimental/numerical data are to be obtained for each
region to be used for proper PCM selections.

It is also possible to passively cool PV panels by using a
thermoelectric generator. There are studies in this field
using thermoelectric coolers (TEC), which have the same
operating principle as thermoelectric generators [24, 25].
However, if a thermoelectric cooler is used in panel
cooling, electricity will be consumed, but if a
thermoelectric generator(TEG) is used instead, no
additional electrical energy will be used, and additional
electrical energy will be produced from the heat of the hot
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panel. This will increase the total efficiency of the
PV/TEG system. So is of great importance to determine
the surface temperatures of panels in different regions and
different climatic conditions to design good systems,
whether it is a PV/PCM or PV/TEG system, which can be
called panel passive cooling systems.

In this study, panel surface temperatures, panel power,
and efficiency were investigated in the high-temperature
month of August in Bingdl province, to serve as a
reference for future studies on panel cooling. For this
purpose, data obtained from the panel's front and back
surfaces were evaluated. The panel temperatures to be
obtained for Bing6l province within the scope of our study
will be of great importance for suitable designs in suitable
PV/TEG or PV/PCM passive cooling systems.

2. MATERIAL AND METHOD

Bingdl province, located in the northern hemisphere of the
world, is surrounded by Mus in the east, Erzurum and
Erzincan in the north, Tunceli and Elaz1g in the west, and
Diyarbakir in the south(Figure 1a). Bing6l borders are
between 41 - 20 and 39 - 56 eastern longitudes and 39 -
31 and 36 - 28 northern latitudes. High temperatures in
Bingol start in mid-June and last until mid-September.
The average daily high temperature on these dates is
above 28°C. The hottest months in the Bingdl region are
July and August. In these months, the average high
temperature is 33°C, the low temperature is 19°C, and
maximum temperatures can reach 40°C [26]. Bingol's
annual sunshine duration is 2719 hours, and as seen from
Bingdl’s solar map (Figure 1b) annual average solar
radiation is around 1650 kWh/m?,

Annual total

KWhim®

I 1400 - 1450
[ 1450 - 1500
[ 1500-1550
[ 1550 - 1600
[ 1600 - 1650
[ 1650 - 1700
I 1700 - 1750
I 1750 - 1800

I 1500 - 2000

b)

Figure 1. a)The location of Bing6l on the map of Turkey  b)Solar radiation map of Bing6l (GEPA)[27]

Turkey Solar Energy Atlas [27] data were taken as the
basis for solar radiation values. Accordingly, Figure 2a
shows the amounts of solar radiation in Bing6l province
by month, and Figure 2b shows the daily sunshine
distribution for months. Here, the daily average amount of
solar radiation is 5.81kWh/m2-day, and the average daily
sunshine duration is 10.7 hours for August. In the light of
these data, the total solar radiation (E) incident on the
panel surface is equal to the product of the solar radiation
falling on the panel unit area (I) and the panel effective
surface area (Ap) and can be calculated with equation
number 1 [16, 28]. The electrical efficiency (n) of a panel
shows the ratio of the maximum electrical energy (Pmax)

obtained from the panel to the total solar radiation (E)
incident on the panel surface [16, 28]. Panel efficiency can
be calculated with Equation 2. In Equation 2 and Equation
3 Imax, Vimax, Ise, Voe, and FF indicate the maximum current,
maximum voltage, short circuit current, open circuit
voltage, and fill factor, respectively. In the study,
instantaneous electricity and temperature data were taken
throughout the day in August, one of the hottest months
of the year. According to meteorological data, on the
relevant date (26 August - 3 September 2023), the related
Bingol outdoor temperature is between 30-31°C and the
average wind speed is 7m/s.

solar radiation
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Figure 2. a) Global radiation values (kWh/m2-day) of Bingél, b)The daily sunshine duration of Bingdl(hour)(GEPA)[27]

E = IxA, (1)
n — Pmax — Imameax — ISCx‘/OCXFF (2)
E IxAp IxAp
pp = ImaxVmax @)
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Two identical panels with 25W power were used to
investigate panel production power, efficiency, and panel
surface temperatures. The monocrystalline panel, whose
properties are given in Table 1, was preferred because it
is the most preferred in Turkey and has higher efficiency
than polycrystalline [29].

Table 1. Panel label data

Rated Power (Pm) 25w

Type Monocrystal
Total Number of Cells (Ns) 36

Open Circuit Voltage (Vo) 24.84V
Max. Voltage (Vmp) 20.70V
Short Circuit Current (Ag) 1.27A

Max. Current (Amp) 1.21A

Max. System Voltage (V) 1000V
Module Dimensions (mm) 362*433*20
Panel efektif alani(A,) 0.157m?
Weight (kg) 1.68

Instantaneous voltage and current values were noted with
a digital voltmeter/ampermeter. 10 LED lamps with a
power of 1.5W and 1 single lamp with a power of 10W
were used to create resistance to read the current and
voltage values through the system (Figure 3, Table 2). As
seen in Figure 3, temperature data were taken with digital
thermometers at a total of 6 points on both panels, 4 points
on the front surface of the panel (T1, T2, T3, T4), 2 points
on the back surface of the panel (Ts, Te). Ambient

temperature (To) was also measured for accurate
evaluation of panel surface temperatures. Surface
temperatures were measured with the help of k-type
thermocouples in the 2-channel CEM DT 612 model
thermometer and the 4-channel CEM DT 3891G model
digital thermometer (Table 2). Temperature data were
taken with the thermal camera also to see local
temperature changes.

Table 2. Information of devices used

Instrument name Measurement | working Error
range environment | rate
conditions
Digital manual-type | -50°C 0°C =+50°C +2.2°C
thermometer +1300°C or
With 2 two input +0.75%
signals
0°C +75°C +0,15%
K type
Digital manual type | -50 + 1370°C +2%
thermometer with 4 Infrared
input signals
Voltmeter Dc 4.5-100V -10°C +65°C | £1%
/amper meter Dc 0.00-
10.00A
Thermal Camera -30+ 750°C -15+ 50°C
Resistance 10 of 1.5W led lamps +10W single lamp

A thermal camera, whose detailed specifications are given
in Table 2, was used to see local temperature fluctuations
on the surface. The data were taken at 15-minute intervals
during the daytime between 10:30 and 16:30 when solar
radiation is at its highest.

A 45° tilt angle was used in this study as the best data was
obtained at the related angle according to our previous
study[29]. It is known that the highest efficiency is
achieved in regions located in the northern hemisphere if
the solar panels are directed toward the south. In this
regard, the panels are oriented towards the south(Figure
4). The experimental setup was installed in an
environment where there was no shadow factor between
the specified measurement times.
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Figure 3. Experimental setup v

3. RESULTS

The changes in panel surface instantaneous temperature
(Tps) data taken in different weeks in August according to
time (h) are presented in Figure 5. As seen in the figure,
digital temperature measurements were taken from two
points on the back surface of the panel and four points on
the front surface of the panel, measured with an interval
of 15 minutes. According to the results, the front surface
temperatures of the panel (Ti, T2, T3, and Tas) were
generally higher than back surface temperatures (Ts, and
Te) with a difference of 10°C. It has been understood that
a temperature difference of 10°C between the front and
back surfaces of the panel is compatible with the literature
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[28]. According to the temperature measurement results
made with thermocouples, the average temperature on the
front surface of the panel was 55°C, local maximum
temperature also reached 65°C. From the relevant graph,
it can be read that all panel front temperatures are above
45°C. The average temperature value of the back surface
was calculated as 45°C. It is also possible to read similar
results from the instantaneous temperature graph (Figure
5). According to Figure 5, it is seen that the panel front
surface temperature data is much higher than the
environmental temperature (> T, = 35°C) throughout the
day, and the panel back temperatures Tsand Tg are close
to the environmental temperature.

eccsece T2 T3
--— =T =« = T5 T6

m— T 1

Figure 5. Instant temperature graphs, a) First day, b)Second day, c)Third day, d) Fourth-day data
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According to the data taken from another day, it is seen
that the panel minimum surface temperature is around
30°C throughout the day, the average temperature is
around 40-45°C, and the maximum surface temperature
rises to 80°C at 12:30 (Figure 7b). Therefore, due to their
ability to absorb and retain heat, panel temperatures can
reach up to 80-85°C (Figure 6¢ and Figure 7b). However,
according to both meteorological data and also according
to Figure 5b, and Figure 5c, the average temperature value
of the surrounding environment (T,) on the relevant date
is 30-36°C.

Thermal camera images were taken from the panel's front
surface every two hours. Thermal images of the panel
pair, whose real images are shown in Figure 3 and Figure
4, and corresponding clocks, are presented in Figure 6 and
Figure 7. The images more clearly reveal a non-uniform
temperature distribution on the panel surfaces. Although
the panels are identical in Figure 6, at different times
(11:30, 12:30, 13:30, 14:30), a higher temperature region
was detected in the second panel. It is thought that the
relevant temperature difference is due to the insufficient
orientation of the panel towards the south. It can be said
that this situation is related to the Azimuth angle not being
adjusted properly. As it is known, while the panels are
oriented exactly to the south, they can lean a little east or
a little west. This can be possible by adjusting the
Azimuth angle professionally. According to the images,
higher temperature regions were seen in the upper region

of both panels. During the day, the minimum temperature
value is approximately 40°C (Figure 6¢c, Figure 6d), the
minimum average temperature is approximately 45°C,
and the maximum temperature is up to 85°C (Figure 6¢).
In similar literature studies, it was understood that the
average solar radiation value was 1100W/m? between
11:00 and 13:00 hours, and the panel temperature was
around 110°C [30].

It is also stated in the literature that the monocrystalline
panel surface temperature can increase from 51.8°C to
88.2°C, depending on the environment temperature in
which the experiment is performed [7]. In the study
conducted for Isparta province, it was mentioned that the
temperature in the uncooled panel was 95 °C, while the
average temperature in the cooled panel was 55 °C [8]. If
the panel surface temperature value of Bing6l is high like
this, located in the northern hemisphere of Turkey, it is
clear that these temperatures will be even higher in the
southern provinces such as Antalya, Sanli Urfa etc. So it
is essential to cool the solar power systems to be installed
in the relevant regions with appropriate cooling methods,
both to increase their electrical efficiency and make the
panels last longer. Since the high temperatures the panels
are exposed to will deteriorate the structure of the panels,
the panels will have a shorter lifespan and produce less
electricity than expected.
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Figure 6. Thermal images of PV panel, a) at 11:30, b) at 12:30, c) at 13:30, d) at 14:30
Since high temperatures are a result of high solar 8a). In Figure 5b, temperatures throughout the day
radiation, high solar radiation increases both the panel (especially the panel front surface temperatures Ty, Ty, T,
surface temperature and electrical data. For example, and T, values) are more uniform and higher, and in
according to the temperature data on the first day (Figure parallel, the related electrical data is also higher (Figure
5a), since the panel temperatures were not stable 8h).

throughout the day, the electricity efficiency curve peaked
in a narrower range (between 12.00 and 15.30) (Figure
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Figure 7. Thermal images of PV, a) at 10:30, b)at 12:30, c) at 14:30, d) at 15:30

The ideal panel temperature value should be 25°C
according to literature research. According to the IEC
60904-3 [31] panel standard, it is stated that at 1000 W/m?
radiation, which is the standard test conditions, the air
mass flow rate is 1.5 and the relevant panel ideal
temperature value is 25°C. Under the same radiation
intensity, panel surface temperatures closest to 25°C will
be the most efficient. In this regard, the high surface
temperature of panels should be reduced with appropriate
cooling methods. Therefore, if the surface temperature
had been reduced with proper cooling on the second day,
the efficiency would have been higher (Figure 5b and
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Figure 8b). Various literature has stated that by reducing
panel temperatures by applying appropriate cooling under
the same radiation conditions, significant efficiency
increases will be achieved and panel life will increase, as
thermal stresses that will occur in the material will be
prevented [15, 32, 33]. Figure 8 shows that panel power
and efficiency values are at their highest during the 12:00-
15:00 hours when the solar radiation value is highest.
Parallel to this, panel front surface temperatures increase
proportionally during the same hours. Therefore, in
passive cooling designs can be developed especially for
these noon hours.
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Figure 8. Instant electrical data, a) First day, b)Second day

Giirbiiz et al. [22] by using commercial-type PCM (RT55)
for cooling purposes in a 40W PV/T panel, a maximum
power of 31.5W was achieved. Considering that the
maximum electricity obtained without cooling in the 25W
panel used in this study is around 11-12W (Figure 8a,
Figure 8b), Giirbliz et al., [22] reported significant
efficiency gains with panel cooling (FDM cooling) in the
PV/T study. While an average of 20W electricity was
expected to be obtained without cooling from a 40W
panel, approximately 1.5 times higher electricity (31.5W)
was obtained with the hot water obtained. If we make an
evaluation from here, there is actually an increase in
efficiency of at least 30% thanks to PCM. For example, in
another study conducted for Pakistani climate conditions,
it was mentioned that the breading yield was increased by
29% with the organic PCM used [34]. Based on all these
results, it is of great importance for the country's
economies to carefully observe the increasing panel
temperatures, especially in the summer months, and to
carry out appropriate cooling processes. For panel passive
cooling systems, especially those developed using PCM,
to have relatively longer and wider usage areas, data on
the outdoor temperatures where the panel is operated and
the panel surface temperature will be needed. In this
regard, the operating conditions of panels and relevant
panel surface temperature data should be established
throughout the country, especially in the summer months.

4. DISCUSSION AND CONCLUSION

Passive cooling systems that are more effective and more
economical should be developed. So there is a need to
select the appropriate phase change materials with
suitable melting/freezing temperatures and to have
specific passive cooling systems for certain climatic
conditions and certain regions. To select appropriate
phase change materials, it is necessary to know the long-
term operating conditions of PV panels in different
regions. Particularly local solar radiation and panel
temperature data will be of great importance in the studies
to be carried out. With the use of relevant comprehensive
data, more appropriate phase change material selection
and passive cooling system designs that will be useful for
a longer period will be possible. In this sense, the
instantaneous and average experimental and numerical
data obtained for each region to be used in panel cooling
studies are important in selecting the appropriate PCM.
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According to the results of the 25W monocrystalline panel
used in our study, panel efficiency values were found to
be as low as 3% to 13%. Due to their heat-absorbing
properties, solar panels absorb most of the solar energy as
heat, approximately 80% or 60% [3, 16]. This causes the
panel surface temperatures to warm up well above the
ambient temperature. According to our study, data taken
in August, one of the hottest months in Bingdl, the
temperature value of the panel front surface was on
average 10°C higher than the rear surface. On the other
hands front surface temperature values can rise to a
maximum of 85°C, especially during the noon hours
(12:00-15:00), when solar radiation values are most
intense, in parallel with the radiation intensity. In this
regard, PCM material selection and system design
accordingly can provide better performance, especially in
passive cooling designs. For example, according to the
thermal camera temperature results, the maximum
temperature was 85°C on one day and 80°C on the other
day. In this case, if higher efficiency will be obtained from
the panel, especially at noon hours, PCM material with an
average melting temperature of 50-65C can be used. Or,
if it is desired to increase efficiency throughout the day,
the PCM melting temperature can be selected lower a.
Ccordint to average temperature of panel surface. For
example, if the average temperature of the panel
throughout the day is around 55-60C, it would be more
appropriate to choose a PCM melting point of 40-45°C.
Of course, these scenarios need to be tested in the field
and more data must be obtained for different regions and
different seasons. Different material performances can be
tried in this range. Thus, material melting temperature
selections can be made more accurately thanks to
extensive panel surface temperature data.

Panel efficiency will be further increased if the panel
temperature is reduced from 85°C to at least the
environment temperature (40°C) with appropriate cooling
methods within the relevant period. The panel
temperature values obtained as a result of our study are of
great importance for the selection of appropriate PCMs,
especially in passive cooling, which is likely to be used in
the future. In this regard, if the panel surface temperature
has reached a maximum of 85°C in Bingdl province, these
temperatures will be much higher in the southern
provinces of Turkey. So cooling operations will be more
meaningful as they will provide a higher efficiency
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increase in southern regions. In northern regions where
radiation is low, the application of passive cooling
systems is more suitable in terms of system total cost and
total efficiency. As can be seen, the widespread use of
cooling PV panels, both passively and actively, will
increase panel efficiency. In this respect, any progress in
both active and passive cooling methods will be
important. In active cooling/heating systems such as
vapor compression cooling systems or heat pumps,
additional electricity is consumed in the system because a
pump or fan systems are used to circulate the intermediate
fluid[35]. However, since there is no pump or fan in
passive systems, there is no additional energy cost. In
southern regions where radiation is higher, active or
passive cooling systems may be preferred, but it would be
more appropriate to choose passive systems as they are
more economical in the long term [36]. In addition,
studies on increasing the conductivity coefficient of PCM
material continue in these studies. For example, there are
studies using nanomaterials to increase the transmission
coefficient of the PCM material in order to achieve higher
efficiency in this field [37]. In addition, since PV panel
cooling is costly, increasing panel applications that do not
require cooling will be an important development. For
example, it is possible to use PV panels more efficiently
in moving vehicles. Since the PV cells to be used on the
top, front, and sides of the vehicle will be exposed to
airflow while in motion, they will be protected from
overheating that will cause efficiency drops and there will
be no need for panel cooling. In this regard, studies on the
use of PV panels in moving objects such as vehicles
should be accelerated. It would be beneficial for future
panel cooling studies to be carried out in this direction. In
addition, another way to reduce panel cooling system
costs will of course be PV/T systems. The widespread use
of PV/T panels on roofs is extremely important in terms
of meeting building electricity and hot water needs more
efficiently. As a matter of fact, in PV/T systems, the
complete system will be much more efficient as the PV
panel will be actively cooled thanks to the domestic water
circulated behind the PV panel. As we mentioned in our
previous study [37], under normal conditions, if the
payback period of PV systems installed on the roof of a
house is 6 years on average, if this system is designed as
PV/T, this payback period will be approximately halved.
It is clear that the dissemination of PV/T systems,
especially in industry, will make a significant contribution
to the economy. Because in the industrial area, there is a
need for hot water, hot air, heat pump etc. It will be
possible to meet the electricity needs with the electricity
produced at high efficiency by using it for the needs and
by actively cooling the PV system. In solar energy
systems, PV/T systems should be considered first,
depending on the facilities located in the installation area.
It would be more logical to choose a PV/T system instead
of classical PV in all regions that require hot water or hot
air (such as a heat pump).
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