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Abstract: The way that energy is produced across the world has altered recently. The use
of renewable energy has increased because it does not harm the environment in the same
way that other energy sources, such as fossil fuels, nuclear energy, etc., do because of the
pollution they produce. In addition, the cost of producing renewable energy is lower than
that of fossil fuels. Since the technologies used to convert solar radiation into a reliable
power source have advanced significantly over the past few years and have demonstrated
their high efficiency in energy production, demand for energy has recently increased
significantly. Solar energy is one of the types of renewable energy. The most popular
technique is photovoltaic (PV) modules since it generates energy directly. This study's main
goal is to increase photovoltaic (PV) modules' operating capacity while also improving their
overall efficiency. PV modules play a crucial part in the field of harvesting solar energy,
serving as one of the most well-known ways to make use of the sun's unbounded potential
as a leading source of renewable energy. The results of a thorough experimental
investigation that examined the effects of PV module cooling and identified the most
effective cooling techniques to optimize PV module performance within the particular
context of Nablus City, located in Palestine, are revealed in this study. The horizontally

divided box was discovered to be the most effective cooling technique, resulting in a 30% reduction in temperature and a 0.5% boost

in efficiency.
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Introduction

The expanding need for energy stimulates research into
renewable energy for a variety of reasons, one of which is the
negative environmental effect of fossil fuel usage; according to
the Environmental and Energy Study Institute on the topic of
fossil fuels posted in 2021, fossil fuels supply roughly 80% of the
world's energy (1-2). The sun is the world's greatest and most
important source of energy; solar energy is a free and clean
resource that must be utilized, and photovoltaic (PV) modules
may do so by directly creating electricity. Due to a lack of
conventional energy sources and uncertain political situations.
Palestine is completely reliant on neighboring nations for fuel. In
2014, the proportion of fossil energy utilized in Palestine was
68.6% (3, 4), on top of its 90% reliance on imported electricity
(5). In 2020, the percentage of renewable energy in Palestine's
energy consumption was 10.9% (6). Wood, solar energy, and
olive cake are the three primary sources of renewable energy.
Due to the political situation in Gaza, two areas with confirmed
natural gas deposits have yet to be utilized; the reserves are
estimated to be worth 1.1 trillion ft® (3, 7). Despite having 300
sunny days per year in Palestine PV systems are still
underutilized (3, 7). In 2019 the amount of energy production

from solar water heaters for water heating reached 1646 GW, as
the percentage of families using solar heaters reached 56% in
the year 2019, while the amount of electrical energy production
from PV modules amounted to 120 GW (3, 7). The world needs
more PV modules to generate more electricity, hence ongoing
advances in the PV modules area are required to attain greater
performance and generate more power at an acceptable initial
cost. One of these advancements in PV systems is cooling,
which aims to lower the temperature of the PV modules as much
as possible. According to a study, the operating temperature of
the PV modules influences the conversion process. The PV
module's electrical efficiency and output power are linearly
related to the operating temperature since the efficiency
decreases with the increase in the module surface temperature
(8-11).

Another article investigated cooling PV modules using a
photovoltaic thermal system, which is one of the strategies for
lowering the operating temperature of the PV module and
improving the generated energy performance (12). Both studies
found improvements in module performance and emphasized
the necessity of such systems in areas with high sun intensity
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and high ambient temperatures (12,13). The papers examine
elements of a photovoltaic/thermal (PV-T) system that are meant
to cool the PV system, resulting in an increase in the PV
modules' electrical efficiency (12,13).

It is clear that the operating photovoltaic temperature is a
sensitive parameter, because of the determination of these
characteristics, if the module temperature rises above the
specified rated temperature which is usually between 40°C and
45°C results in decreasing the efficiency of the module the rise
in temperature by one degree leads to a reduction in the
efficiency by an estimated of (0.25%-0.45%), This percentage is
considered high under the influence of high temperatures (14-
16). The electrical efficiency of PV modules can be boosted by
decreasing the temperature of the module, the module's high
temperature is a problem module developers are interested in
finding solutions to, such as air cooling and water cooling. Water
is one of the most important methods of cooling PV modules
because of the many properties water has, especially its heat
capacity which is (4.180 KJ/kg.C°). Water cooling is divided into
several methods, like; cooling the PV modules internally by
pumping water into them, or externally by installing sprinklers on
the glass surface of the module that cool the surface and get rid
of any accumulated dust on it (13).

The use of PV cooling techniques in hot areas with high
irradiance and ambient temperature has been extensively
studied. This is more crucial to determine whether the PV cooling
effect is perceptible at warmer temperatures (17). To optimize
the energy vyields obtained when running PV modules in
Palestine weather, this experiment aims to determine if chilling
PV modules with water can improve their operational
characteristics.

Country Main Findings
Saudi Arabia | Thermal efficiency was 65% while electrical
efficiency was 13.7%. 2018 (18).
Efficiency improvement by 8.6%. 2019 (19).
Increase by 22.69% in generated energy.
2017 (20).
The input temperature was close to the
ambient temperature, the output
Tampa temperature was below 60 °C, and the
thermal efficiency ranged from 6 to 46%.
2013 (21).
The system's average thermal efficiency is
42.5%, while its average PV efficiency is
12%. 2013 (22).
The glazed photovoltaic/thermal system has
better energy efficiency than the unglazed
Iran system. While the overall energy efficiency
in a laminar regime is excellent, it is higher
in a turbulent regime. 2016 (23).
Operating temperature decreased to 20%,
Saudi Arabia | while electrical efficiency rose by 9%. 2013
(24).
The highest performance is presented by the
spiral flow absorber. This led to a 13.8% PV
efficiency, a 68.4% PVT efficiency, and a

Indonesia

Brazil

Singapore

Malaysi
aaysia 54.6% thermal efficiency. Ranging from 79%
to 91% efficiency at saving basic energy.
2014 (25).
i 0,
Jordan Increase in generated power by 5.77%,

2.14%, and 0.74% for (FN) PV, (N) PV, and
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Country

Main Findings

finned PV respectively. (FN) PV has the
lowest temperature of 31° followed by (N) PV
and finally, the fined PV. 2022 (26).

Iran

Using steady-spray water cooling, pulsed-
spray water cooling with DC=1 and 0.2, and
air cooling with DC=1 and 0.2 enhances the
solar panel's maximum electrical power
production by about 33.3%, 27.7%, and
25.9%. 2021 (27).

Cyprus
Greece

The system may provide 222-532 kWh of
electrical energy depending on the location,
and the solar contribution ranges from 29%
to 72%. 2006 (28).

Poland

The temperature of the cooled PV
decreased to 25°C while the temperature of
PV non-cooled was 45°C and the power
increased by 20.2 W/m?. 2020 (17).

Cyprus

The system's mean annual efficiency grew
from 2.8% to 7.7% on average and now
provides 49% of a home's hot water needs,
bringing the overall system's mean annual
efficiency up to 31.7%. 2001 (29).

Saudi Arabia

The PV panel efficiency increased by 9% as
a result of the module temperature dropping
dramatically to around 20%. 2013 (30).

Brazil

With a surplus of 10.3%, electrical yield can
recover. 2004 (31).

Jordan

System output increased by 15%. During dry
and warm seasons produced energy
increases by 5%. 2009 (32).

Iran

An improvement of 3.26%, 1.40%, and
1.35%, respectively, in the mean PV module
efficiency, subsystem efficiency, and overall
efficiency. 2009 (33).

Egypt

boosting efficiency by 12.5% while lowering
the solar cell temperature by 10°C (from
45°C to 35°C). 2013 (34).

Saudi Arabia

PV panel temperatures were lowered by
more than 20°C, while electrical efficiency
rose by 14%. 2018 (35).

Saudi Arabia

From 71.2°C to 45.1°C in June and from
48.3°C to 36.4°C in December, the
temperature dropped. The improvement in
electricity efficiency was 35.5%. 2015 (36).

Iran

The energy efficiency for electrical, thermal,
and total are increased to 12.3%, 49.4%,
and 61.7%, respectively. 2019 (37).

Italy

28°C less module temperature and a 14%
increase in module efficiency. 2019 (38).

Iran

In comparison to a design with no cooling
system, the maximum produced power is
raised by around 24.6% to 26.2%, and in
comparison to paraffin wax, it is raised by
5.3% to 12%. 2019 (39).

Turkey
China
Saudi Arabia

The PV efficiency increased by 60% when
using nanofluids in PVT, whereas PCM
incorporation improved PVT efficiency by
32%. 2021 (40).

India

The output power increased to 20.9% in
summer and to 18.32% in winter. Efficiency
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Country Main Findings
increased to 52.70% in summer and 46.4%
in winter. 2019 (41).

Brazil The efficiency increases by 30%. 2020 (42).
Energy efficiency increased from 7.3% to
Iran 12.4%. Exergy efficiency increased from

13% to 19.6%. 2021 (43).

Electric power output increased by 16.3%.
Croatia PV electrical efficiency increased by 14.1%.
India The photovoltaic temperature dropped from
(54 t0 24 °C.). 2016 (44).

The PV module with cooling has a 19.8%
efficiency compared to a 17.4% efficiency for
the PV module without cooling, and its power
rose by 14.1%. 2022 (45).

Power output rose by 21.2%, and the PV
Iran module's temperature dropped as well. 2021
(46).

For backwater cooling and fins cooling, the
Jordan daily energy recovered is increased by
10.2% and 7%, respectively. 2020 (47).

The PV modules' electrical productivity and
Jordan efficiency saw a roughly 14% increase. 2022
(48).

The objective of this study is to assess and choose the PV
cooling technique that offers the maximum energy production
intensity and is thus the most cost-effective. It is crucial to
consider the discrepancy between a panel's nominal power,
which is represented in kWp and is a standardized measure for
all PV modules, and the power produced by a panel under actual
conditions. Table 1 summarizes the results of scientific research
related to PV cooling.

Egypt

The electrical efficiency of the cooled PV module increased
by (8.6-52.7%) and the amount of energy generated by (5-
33.3%) compared to the uncooled PV module because the
temperature of the cooled PV module was lower than the
uncooled PV module (10-30°) C. The thermal efficiency of PVT
systems, however, ranged from 6 to 64%.

In Palestine, solar energy is used in many applications, the
most common one is a solar water heater which has been used
since the mid-seventies of the last century. In this topic, Plans
and studies have been established by the Palestine National
Authority to boost the country's reliance on alternative energy
sources to 10% during the following ten years (2015-2025) (5).
For that PV cooling is an important subject to research. many
studies conducted in Jordan which is close to Palestine and has
similar climate conditions show that PV cooling is a valuable
solution to decrease PV module temperature, which is the goal
of this study.

The major objective of this study is to enhance the working
capacity and overall efficiency of photovoltaic (PV) modules. PV
modules are one of the most well-known ways to utilize the sun's
limitless potential as a leading source of renewable energy, and
they play a significant role in the field of collecting solar energy.
This work presents the findings of a comprehensive
experimental inquiry that investigated the impacts of PV module
cooling and found the most efficient cooling strategies to
enhance PV module performance in the specific environment of
Nablus City, situated in Palestine.
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Materials and Methods

Three boxes were made using galvanized steel (3 mm) thick
and (35x29x5) cm in dimensions as shown in Figures 1, 2, and
3. A frame for the reference PV module was also made using
galvanized steel (3 mm) thick as shown in Figure 4. The PV
modules were placed at a 29° tilt angle on the rooftop of the
Faculty of Engineering and Information Technology at An-Najah
National University in Nablus — Palestine as shown in Figure 5
under Nablus climate conditions.

Figure (1): Horizontally divided box.

Figure (2): Vertically divided box.

The principle used in this system was dividing a box
horizontally as shown in Figure 1 and vertically as shown in
Figure 2. They were implanted into two PV modules; the first PV
module had a horizontally divided box. The second PV module
had a vertically divided box. The distance between the sections
is equal. The goal of this design is to allow the water to stay in
touch with the back surface of the PV module as long as possible
to increase heat transfer from the PV module to the water as
much as possible.

Figure (3): Box without fins.

The principle used in this system was installing a box at the
back of the PV module as shown in Figure 3, which was
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completely full of water entering it, that allows the water to have
contact with the PV module, and allow the water to stay in touch
with the module long enough to effectively cool the module.

Figure (4): The frame used for the uncooled module.

The first PV module was installed without any cooling as
shown in Figure 4 for one main purpose, to be used as a
reference to compare it with other settings by measuring all the
variables that can be recorded from the module under the
experimental conditions. The module provided the output data
like; voltage, current, module temperature, power, and
irradiance, using this data, the efficiency of the module was
calculated. Four identical PV modules of 10W and (34X24X1.7)
cm dimensions as shown in Figure 6, were used in this project
and the voltage, current, power, and temperature were
measured.

Figure (5): The experimental setup used in this study.

The fill factor (FF) can be calculated from the following equation:
FF = (Impp*Vimpp)/ (Isc*Voc ) 1)

Where:

FF: Fill factor

Impp: Maximum power point current.

Isc: Short circuit current.

Vmpp: Maximum power point voltage.

Voc: Open circuit voltage.

The efficiency was calculated using the following equation
N=Pou/Pin *100% 2

Where:

Pout: Output power.

Pin: Input power.

The input power was estimated utilizing the following equation:

An - Najah Univ. J. Res. (N. Sc.) Vol. 38 (2), 2024

Pin=A*Irr ?3)
Where:

A: Module area.

Irr: Irradiance

Figure (6): The data sheet for the PV module used.
Results and Discussion

The reading for temperature, solar radiation, and power was
taken during the month of December 2022 in the following hours
(9 AM — 1 PM). The temperature readings were taken for the four
PV modules using an infrared thermometer 42510, the data
shows that the uncooled module has the highest temperature as
expected, followed by the vertically divided and the box with no
addition, while the horizontally divided has the lowest
temperature.

Figure 7 shows that the average daily temperature for the
uncooled module is higher than the remaining modules by
approximately (5-10)°C, the highest temperature recorded was
for the uncooled module which is 41.4°C, and the lowest value
was for the horizontally divided box which is 12.6°C.

45

40
35

0 |I| |‘| ‘l‘ ‘l‘ ‘ll ‘ll ||‘

6-Dec 7-Dec 8-Dec 11-Dec 13-Dec 18-Dec 19-Dec
Date

Temperature {C°)
ol N oW
w e h SR8

EUncooled M Horizontal M Box Vertical

Figure (7): The average daily temperature for the four PV
modules.

The solar radiation readings were taken using an 1V-400
Device for the four PV modules, the results show that the values
are close and often the value of the solar radiation for the cooling
modules is higher than the value of the solar radiation for the
uncooled. Figure 8 shows that the average daily irradiance for
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the uncooled module is sometimes equal to the remaining
modules and sometimes a little higher. The highest solar
radiation recorded was for the vertically divided box with a value
of 934 W/m? at 11 AM, and the lowest solar radiation was for the
unchanged box with a value of 436 W/m? at 9 AM.

900

0 || “ “ “ “ || ||

6-Dec 7-Dec 8-Dec 11-Dec 13-Dec 18-Dec 19-Dec
Date

§8E8

Irradiance (w/m?)
gggz8

mUncooled ® Horizontal Box Vertical
Figure (8): The average daily irradiance for the four PV modules.

The power readings were taken using the I\V-400 device, the
results show that the power values are either equal for all
modules or the colled modules have a higher power than the
uncooled module. But only with a difference of 1W.

Figure 9 shows that the average daily power for the four
modules is either equal or with a small variation. The highest
output power recorded was equal for all the modules with a value
of 8 W, and the lowest output power was also equal for all
modules with a value of 5 W.

6-Dec 7-Dec 8-Dec 11-Dec 13-Dec 18-Dec 19-Dec
Date

Output power (w)
O BN W A 0 oa N o®

m Uncooled m Horizontal Box m Vertical

Figure (9): The average daily output power for the four PV
modules.

Voo, lse, and fill factor (FF) readings were taken using the IV-
400 device, and the results show that V. values for the four
modules vary between (19.9-20.8)V. The module that has the
greatest value varies depending on whether it is cooled or not.
The production capacity of the PV module is reduced as a result
of the PV module's voltage steadily declining as the temperature
rises. Moreover, the findings demonstrate that the Isc values of
cooled modules are often greater than those of uncooled
modules. It can be concluded that FF values vary from 0.6-0.77,
and the values of the uncooled modules are often greater than
those of the cooled modules.

An - Najah Univ. J. Res. (N. Sc.) Vol. 38 (2), 2024

12.00%

10.00%

8.00%
6.00%
4.00%
2.00%
0.00%

6-Dec 7-Dec 8-Dec 11-Dec 13-Dec 18-Dec 19-Dec
Date

Efficiency

mUncooled m Horizontal mBox m Vertical

Figure (10): The average daily efficiency for the four PV
modules.

Figure 10 shows that the efficiency values for the cooling
modules are higher than the uncooled module, except for the
11th of December and 18th of December where the uncooled
module had a slightly higher efficiency.

The study's findings demonstrate a large temperature
decline in the horizontally divided water-cooled enclosure, with a
shocking 30% fall in surface temperature. The enclosure without
fins only succeeds in lowering the surface temperature by
21.5%, but the enclosure with vertical divides achieves a
significant 22.5% decline. Despite these substantial temperature
decreases, the efficiency increase is only 0.5%, which is quite
modest.

Conclusion

This comparative experimental study examines the effect of
water cooling on the electrical productivity and efficiency of PV
modules in December 2022 in the climatic conditions of Nablus.
Four identical PV modules were purchased for this test. One
featured three distinct forms of water cooling whereas the other
did not. The modules were tested outdoors simultaneously. The
first module was fitted with a horizontally divided box, the second
with a vertically divided box, and the third with an unchanged
box, all made from galvanized steel (3 mm) thick and (35x29x5)
cm in dimensions. The operating temperature of a photovoltaic
(PV) module is the key determinant of its electrical output and
efficiency. The results of this study show that the horizontally
divided water-cooled enclosure has a significant temperature
drop, with a startling 30% fall in surface temperature. Following
closely after, the enclosure with vertical divisions shows a
notable 22.5% drop in surface temperature, whereas the
enclosure without fins only manages to lower the surface
temperature by 21.5%. Despite these significant temperature
drops, the measured improvement in efficiency only amounts to
a negligibly small 0.5%. This minor gain can be ascribed to the
PV modules used in our experiment having a relatively low
power rating of 10 watts, which have intrinsic restrictions. Due to
the module's naturally reduced power output, the effect of
temperature reduction on total efficiency is thus somewhat
limited.

While experimenting there was a problem with the increase
in water temperature. Since the results mentioned in this
experiment were obtained in winter. The water temperature did
not increase in a way that affected the results. Future work will
take place in summer to obtain better results in higher ambient
temperatures and higher irradiance. For that the water will be
cooled using a chiller, better equipment with instant data
recording will be used and the period during which the data will
be collected will increase. The power of the PV modules used in
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this experiment is 10W. Chosen to reduce cost. In future work,
PV modules with higher maximum power will be used.
Ethics approval and consent to participate

Not applicable
Consent for publication

Not applicable
Availability of data and materials

The raw data required to reproduce these findings are
available in the body and illustrations of this manuscript.
Author's contribution

The authors confirm their contribution to the paper as
follows: study conception and design: Ramez Abdallah,
theoretical calculations and modeling: Ramez Abdallah, Aiman
Albatayneh; data analysis and validation Ramez Abdallah,
Aiman Albatayneh. draft manuscript preparation: Abdulaziz
Sheikh Ali, Aseel Nasassrah, and Mahmoud Kashef. All authors
reviewed the results and approved the final version of the
manuscript.

Funding

This research received no external funding.
Conflicts of interest

The authors declare no conflict of interest.

Acknowledgements

The authors extend their deep gratitude for the assistance
they had from Dr. Adel Juaidi. In addition, the authors would like
to acknowledge An-Najah National University for facilitating this
research.

List of Abbreviations

PV: Photovoltaic

PV-T: Photovoltaic/thermal

FF: fill factor

Impp: Maximum power point current.

Isc: Short circuit current.

VmpP: Maximum power point voltage.

Voc: Open circuit voltage.

n: Photovoltaic efficiency

Pout: Output power.

Pin: Input power.

A: Module area.

Irr: Irradiance

References

1) EESI, “fossil fuels,” Jul. 22, 2021.
https://www.eesi.org/topics/fossil-fuels/description
(accessed December 14, 2023).

2) Salameh, T., Alkasrawi, M., Juaidi, A., Abdallah, R. and
Monna, S., 2021, April. Hybrid renewable energy system for
a remote area in UAE. In 2021 12th International
Renewable Engineering Conference (IREC) (pp. 1-6).
IEEE.

3) A.H.Dwaikat and S. A. Abu-Eisheh, “Strategic planning for
renewable energy in developing countries: Palestine as a
case study,” 2020 5th International Conference on
Renewable Energies for Developing Countries, REDEC
2020, Jun. 2020, doi:
10.1109/REDEC49234.2020.9163867.

4) Monna, S., Abdallah, R., Juaidi, A., Albatayneh, A., Zapata-
Sierra, A.J. and Manzano-Agugliaro, F., 2022. Potential
electricity production by installing photovoltaic systems on

An - Najah Univ. J. Res. (N. Sc.) Vol. 38 (2), 2024

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

the rooftops of residential buildings in Jordan: An approach
to climate change mitigation. Energies, 15(2), p.496.

N. Abboushi and H. Alsamamra, “Achievements and
barriers of renewable energy in Palestine: Highlighting Oslo
Agreement as a barrier for exploiting RE resources,” Renew
Energy, vol. 177, pp. 369-386, Nov. 2021, doi:
10.1016/J.RENENE.2021.05.114.

Monna, S., Juaidi, A., Abdallah, R. and Salameh, T., 2021,
April. Sustainable energy retrofitting for residential buildings
in Palestine, a simulation based approach. In 2021 12th
International Renewable Engineering Conference (IREC)
(pp. 1-5). IEEE.

Juaidi, A., Anayah, F., Assaf, R., Hasan, A.A., Monna, S.,
Herzallah, L., Abdallah, R., Dutournié, P. and Jeguirim, M.,
2022. An overview of renewable energy strategies and
policies in Palestine: Strengths and challenges. Energy for
Sustainable Development, 68, pp.258-272.

Albatayneh, A., Juaidi, A., Abdallah, R. and Manzano-
Agugliaro, F., 2021. Influence of the advancement in the
LED lighting technologies on the optimum windows-to-wall
ratio of Jordanians residential buildings. Energies, 14(17),
p.5446.

Albatayneh, A., Atieh, H., Jaradat, M., Al-Omary, M.,
Zaquot, M., Juaidi, A., Abdallah, R. and Manzano-
Agugliaro, F., 2021. The impact of modern artificial lighting
on the optimum window-to-wall ratio of residential buildings
in Jordan. Applied Sciences, 11(13), p.5888.

Albatayneh, A., Albadaineh, R., Juaidi, A., Abdallah, R.,
Montoya, M.D.G. and Manzano-Agugliaro, F., 2022.
Rooftop photovoltaic system as a shading device for
uninsulated buildings. Energy Reports, 8, pp.4223-4232.

AlFaris, F., Juaidi, A., Abdallah, R., Pefia-Fernandez, A.
and Manzano-Agugliaro, F., 2021. Energy performance
analytics and behavior prediction during unforeseen
circumstances of retrofitted buildings in the arid climate.
Energy Reports, 7, pp.6182-6195.

I. Etier, S. Nijmeh, M. Shdiefat, and O. Al-Obaidy,
“Experimentally evaluating electrical outputs of a PV-T
system in Jordan,” International Journal of Power
Electronics and Drive Systems (IJPEDS, vol. 12, no. 1, pp.
421-430, 2021, doi: 10.11591/ijpeds.v12.i1.pp421-430.

C. Kanumilli and K. K. Dutta, “Hybrid thermal photovoltaic
system,” Proceedings of International Conference on
Circuits, Communication, Control and Computing, 14C
2014, pp. 17-20, Mar. 2014, doi:
10.1109/CIMCA.2014.7057747.

E. Skoplaki and J. A. Palyvos, “Operating temperature of
photovoltaic modules: A survey of pertinent correlations,”
Renew Energy, vol. 34, no. 1, pp. 23-29, Jan. 2009, doi:
10.1016/J.RENENE.2008.04.009.

Muhaidat, J., Albatayneh, A., Assaf, M.N., Juaidi, A,
Abdallah, R. and Manzano-Agugliaro, F., 2021. The
Significance of Occupants’ Interaction with Their
Environment on Reducing Cooling Loads and
Dermatological Distresses in East Mediterranean Climates.
International Journal of Environmental Research and Public
Health, 18(16), p.8870.

Alsurakji, I., Abdallah, R., Assad, M. and EI-Qanni, A., 2021,
April. Energy Savings and Optimum Insulation Thickness in
External Walls in Palestinian Buildings. In 2021 12th
International Renewable Engineering Conference (IREC)
(pp. 1-5). IEEE.

W. Lubon et al., “Assessing the Impact of Water Cooling on
PV Modules Efficiency,” Energies 2020, Vol. 13, Page
2414, vol. 13, no. 10, p. 2414, May 2020, doi:
10.3390/EN13102414.

M. Alobaid, B. Hughes, D. O’Connor, J. Calautit, and A.
Heyes, “Improving Thermal and Electrical Efficiency in
Photovoltaic Thermal Systems for Sustainable Cooling
System Integration,” Journal of Sustainable Development
of Energy, Water and Environment Systems, vol. 6, no. 2,

96
Publisher: An-Najah National University, Nablus, Palestine



19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

pp. 305-322, Jun.
10.13044/J.SDEWES.D5.0187.

I. Bizzy et al., “Automatic Cooling System for Efficiency and
Output Enhancement of a PV System Application in
Palembang, Indonesia,” J Phys Conf Ser, vol. 1167, no. 1,
p. 012027, Feb. 2019, doi: 10.1088/1742-
6596/1167/1/012027.

C. A. Matias, L. M. Santos, A. J. Alves, and W. P. Calixto,
“Increasing photovoltaic panel power through water cooling
technique,” Transactions on Environment and Electrical
Engineering, vol. 2, no. 1, pp. 60-66, Feb. 2017, doi:
10.22149/TEEE.V2I1.90.

N. Fumo, V. Bortone, and J. C. Zambrano, “Comparative
analysis of solar thermal cooling and solar photovoltaic
cooling systems,” Journal of Solar Energy Engineering,
Transactions of the ASME, vol. 135, no. 2, May 2013, doi:
10.1115/1.4007935/379568.

S. Dubey and A. A. O. Tay, “The Theoretical Modelling and
Optimization of a 10 KWP Photovoltaic Thermal System for
a Student Hostel in Singapore,”
http://dx.doi.org/10.1080/15435075.2013.769880, vol. 11,
no. 3, pp. 225-239, Mar. 2013, doi:
10.1080/15435075.2013.769880.

F. Yazdanifard, E. Ebrahimnia-Bajestan, and M. Ameri,
“Investigating the performance of a water-based
photovoltaic/thermal (PV/T) collector in laminar and
turbulent flow regime,” Renew Energy, vol. 99, pp. 295—
306, Dec. 2016, doi: 10.1016/J.RENENE.2016.07.004.

H. M. Bahaidarah, S. Rehman, P. Gandhidasan, and B.
Tanweer, “Experimental evaluation of the performance of a
photovoltaic panel with water cooling,” Conference Record
of the IEEE Photovoltaic Specialists Conference, pp. 2987—
2991, 2013, doi: 10.1109/PVSC.2013.6745090.

A. Fudholi, K. Sopian, M. H. Yazdi, M. H. Ruslan, A.
Ibrahim, and H. A. Kazem, “Performance analysis of
photovoltaic thermal (PVT) water collectors,” Energy
Convers Manag, vol. 78, pp. 641-651, Feb. 2014, doi:
10.1016/J.ENCONMAN.2013.11.017.

M. A. Hamdan, “Performance Enhancement of a
Photovoltaic Module by Passive Cooling Using Water-
Based Aluminum Oxide Nano-Fluid,” Journal of Ecological
Engineering, vol. 23, no. 4, pp. 276-286, Apr. 2022, doi:
10.12911/22998993/146675.

A. Hadipour, M. Rajabi Zargarabadi, and S. Rashidi, “An
efficient pulsed- spray water cooling system for photovoltaic
panels: Experimental study and cost analysis,” Renew
Energy, vol. 164, pp. 867-875, Feb. 2021, doi:
10.1016/J.RENENE.2020.09.021.

S. A. Kalogirou and Y. Tripanagnostopoulos, “Hybrid PV/T
solar systems for domestic hot water and electricity
production,” Energy Convers Manag, vol. 47, no. 18-19, pp.
3368-3382, Nov. 2006, doi:
10.1016/J.ENCONMAN.2006.01.012.

S. A. Kalogirou, “Use of TRNSYS for modelling and
simulation of a hybrid pv-thermal solar system for Cyprus,”
Renew Energy, vol. 23, no. 2, pp. 247-260, Jun. 2001, doi:
10.1016/S0960-1481(00)00176-2.

H. Bahaidarah, A. Subhan, P. Gandhidasan, and S.
Rehman, “Performance evaluation of a PV (photovoltaic)
module by back surface water cooling for hot climatic
conditions,” Energy, vol. 59, pp. 445-453, Sep. 2013, doi:
10.1016/J.ENERGY.2013.07.050.

S. Krauter, “Increased electrical yield via water flow over the
front of photovoltaic panels,” Solar Energy Materials and
Solar Cells, vol. 82, no. 1-2, pp. 131-137, May 2004, doi:
10.1016/J.SOLMAT.2004.01.011.

S. Odeh and M. Behnia, “Improving Photovoltaic Module

2018, doi:

Efficiency Using Water Cooling,”
https://doi.org/10.1080/01457630802529214, vol. 30, no. 6,
pp. 499-505, May 2010, doi:

10.1080/01457630802529214.

An - Najah Univ. J. Res. (N. Sc.) Vol. 38 (2), 2024

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

M. Abdolzadeh and M. Ameri, “Improving the effectiveness
of a photovoltaic water pumping system by spraying water
over the front of photovoltaic cells,” Renew Energy, vol. 34,
no. 1, . 91-96, Jan. 2009, doi:
10.1016/J.RENENE.2008.03.024.

K. A. Moharram, M. S. Abd-Elhady, H. A. Kandil, and H. EI-
Sherif, “Enhancing the performance of photovoltaic panels
by water cooling,” Ain Shams Engineering Journal, vol. 4,
no. 4, . 869-877, Dec. 2013, doi:
10.1016/J.ASEJ.2013.03.005.

Z. A. Haidar, J. Orfi, and Z. Kaneesamkandi, “Experimental
investigation of evaporative cooling for enhancing
photovoltaic panels efficiency,” Results Phys, vol. 11, pp.
690-697, Dec. 2018, doi: 10.1016/J.RINP.2018.10.016.

A. A. B. Baloch, H. M. S. Bahaidarah, P. Gandhidasan, and
F. A. Al-Sulaiman, “Experimental and numerical
performance analysis of a converging channel heat
exchanger for PV cooling,” Energy Convers Manag, vol.
103, pp. 14-27, Oct. 2015, doi:
10.1016/J.ENCONMAN.2015.06.018.

S. Fakouriyan, Y. Saboohi, and A. Fathi, “Experimental
analysis of a cooling system effect on photovoltaic panels’
efficiency and its preheating water production,” Renew
Energy, vol. 134, pp. 1362-1368, Apr. 2019, doi:
10.1016/J.RENENE.2018.09.054.

A. Benato and A. Stoppato, “An Experimental Investigation
of a Novel Low-Cost Photovoltaic Panel Active Cooling
System,” Energies 2019, Vol. 12, Page 1448, vol. 12, no. 8,
p. 1448, Apr. 2019, doi: 10.3390/EN12081448.

L. Siahkamari, M. Rahimi, N. Azimi, and M. Banibayat,
“Experimental investigation on using a novel phase change
material (PCM) in micro structure photovoltaic cooling
system,” International Communications in Heat and Mass
Transfer, vol. 100, pp. 60-66, Jan. 2019, doi:
10.1016/J.ICHEATMASSTRANSFER.2018.12.020.

A. K. Hamzat, A. Z. Sahin, M. |. Omisanya, and L. M.
Alhems, “Advances in PV and PVT cooling technologies: A
review,” Sustainable = Energy = Technologies and
Assessments, vol. 47, p. 101360, Oct. 2021, doi:
10.1016/J.SETA.2021.101360.

H. Sainthiya and N. S. Beniwal, “Comparative analysis of
electrical performance parameters under combined water-
cooling technique of photovoltaic module: An experimental
investigation,”

https://doi.org/10.1080/15567036.2019.1604894, vol. 42,
no. 15, . 1902-1913, Aug. 2019, doi:
10.1080/15567036.2019.1604894.

L. J. Piotrowski, M. G. Simdes, and F. A. Farret, “Feasibility
of water-cooled photovoltaic panels under the efficiency
and durability aspects,” Solar Energy, vol. 207, pp. 103—
109, Sep. 2020, doi: 10.1016/J.SOLENER.2020.06.087.

A. Sohani et al., “Energy and Exergy Analyses on Seasonal
Comparative Evaluation of Water Flow Cooling for
Improving the Performance of Monocrystalline PV Module
in Hot-Arid Climate,” Sustainability 2021, Vol. 13, Page
6084, vol. 13, no. 11, p. 6084, May 2021, doi:
10.3390/SU13116084.

S. Nizeti¢, D. Coko, A. Yadav, and F. Grubisi¢-Cabo,
“Water spray cooling technique applied on a photovoltaic
panel: The performance response,” Energy Convers
Manag, vol. 108, pp. 287-296, Jan. 2016, doi:
10.1016/J.ENCONMAN.2015.10.079.

S. M. Shalaby, M. K. Elfakharany, B. M. Moharram, and H.
F. Abosheiasha, “Experimental study on the performance
of PV with water cooling,” Energy Reports, vol. 8, pp. 957—
961, Apr. 2022, doi: 10.1016/J.EGYR.2021.11.155.

Z. Rostami, N. Heidari, M. Rahimi, and N. Azimi,
“Enhancing the thermal performance of a photovoltaic
panel using nano-graphite/paraffin composite as phase
change material,” Journal of Thermal Analysis and

97
Publisher: An-Najah National University, Nablus, Palestine



Calorimetry 2021 147:5, vol. 147, no. 5, pp. 3947-3964,
Apr. 2021, doi: 10.1007/S10973-021-10726-1.

47) [47. M. R. Gomaa, W. Hammad, M. Al-Dhaifallah, and H.
Rezk, “Performance enhancement of grid-tied PV system
through proposed design cooling techniques: An
experimental study and comparative analysis,” Solar
Energy, vol. 211, pp. 1110-1127, Nov. 2020, doi:
10.1016/J.SOLENER.2020.10.062.

48) M. Q. Al-Odat, “Experimental Study of Temperature
Influence on the Performance of PV/T Cell under Jordan
Climate Conditions,” Journal of Ecological Engineering, vol.
23, no. 10, pp. 80-88, 2022, doi:
10.12911/22998993/152283.

98

An - Najah Univ. J. Res. (N. Sc.) Vol. 38 (2), 2024 Publisher: An-Najah National University, Nablus, Palestine



