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The demand for sustainable energy has highlighted the importance of photovoltaic (PV)
Cells in power generation. However, polycrystalline PV cell efficiency is hindered by
temperature sensitivity. This leads to design a novel cooling system using cooling
medium. The cooling system with and without baffles are preferred for experimentation.
The ethylene glycol is in demand due to its availability and miscible nature in water at all
concentration. The concentration of ethylene glycol is varied from 5%, 10%, 15% and
20% to study the evaporation rate of water. The requirement of water for cooling PV is
also studied with and without adding ethylene glycol. With the help of ethylene glycol, the
efficiency enhancement without compromising rate of evaporation is achieved. The
outcome of the present paper indicates that efficiency of polycrystalline PV Cell is
increased by 1.725% using novel cooling system with 20% of ethylene glycol

concentration.

Copyright ©2025 by authors and Galileo Institute of Technology and Education of the Amazon (ITEGAM). This work is licensed
[T under the Creative Commons Attribution International License (CC BY 4.0).

I. INTRODUCTION

Sunlight is open source of energy. The poly-crystalline
photovoltaic cells (PV) are used to collect and convert this energy
into electrical energy [1]. The solar energy is just the procurement
of the sun’s energy. It is noticed that 70 % to 80% solar radiation
is wasted for heating of the environment and 5% to 20 % of the
sun radiation is only converted to electricity for consumption and
rest of is reflected to the environment [2]. The polycrystalline PV
Cell have wide applications including Off-grid energy inception,
businesses, manufacturing, as well as in domestic usage. The
photovoltaic was first seen in plant life and its usage as food
source converting the radiance into consumable energy. Later the
various materials were studied which absorbs the radiance and
converts the energy into electric energy. The mostly preferred

materials used in solar panel are Gallium Nitride, Silicon,
Cadmium telluride, Copper Indium Gallium Selenide (CIGS), and
amorphous silicon. However, silicon is widely used for its
remarkable properties in terms of efficiency up to 25% with
perovskite-silicon heterojunction [3] and also due to availability
[4]. The PV panel comes with different crystal structures of
mono-crystalline, poly-crystalline, thin-film or perovskite and its
selection depends on the working condition of surroundings [5].
The mono-crystalline silicon grants remarkable properties of
imperishability and efficiency. The polycrystalline cells are made
by melting silicon crystals together. In Thin-Film cell, the
substrate is deposited with thin layer of Silicon. The perovskite
consists of hybrid organic and inorganic material which mainly
include methylammonium lead halides[6],[7].
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The PV construction includes a variety of layers. When the
sunlight strikes the surface of first layer the energy transfer take
place in form of electrons this movement of electrons from one
layer to another is cause of electric generation [8]. The highly
sensitive nature of monocrystalline photovoltaic cell towards the
temperature’s variation as compared with amorphous and
polycrystalline photovoltaic cells make it limited use in power
generation. Also the fill factor and efficiency decrease with
increase in temperature [9]. The limitation of PV cell is that when
rise in temperature diminishing the output reduces the efficiency
led to improvement of system. One of the major causes among all
of them is heating and dust saturation on the panel.

The temperature change occurred on the surface of the PV
cell is due to continuous exposure to sunlight and generation of
electricity. This overheating phenomenon of PV cell leads to
decrease overall efficiency of power generation. The overheating
of the panel led to slackening of power output and life of panel.
Consistent with review 1°C upsurge in surface temperature cause
lessening of 0.5% efficiency [10]. The overheating PV cell is
ended by the application of chilling systems and which leads to
rise in output, reliability and longevity of the PV cell. This
cooling effect could be achieved with various methods some of
the techniques are active, passive cooling.

The natural factors affecting the heating of the panel are
wind velocity, moisture, sunlight, atmospheric temperature and
dust contained nearby. To apply restriction on the heating of
panel the variety of cooling technigques are implemented [11]. The
active cooling techniques includes coolant (usually fluid), this
method of cooling also involve extrinsic mechanisms and systems
such as fans. The active cooling techniques increases overall
efficiency by consuming some energy in drawing fluid The
passive cooling techniques are further sorted into three category’s
passive cooling with air, water, and conductive cooling. Passive
would need supplementary equipment such as heat pipes and
sinks to drive natural convection. Therefore, it is found be more
implementable as compared to active cooling [12].

Many researcher focuses on use of nanofluids as coolant,
however, nanofluids suffer from aggregation issues [13]. The
combination of paraffin jelly and perlite segment improves the
desired output [14]. In air-based cooling the effective amount of
flow rate will assure desired temperature changes, this system
assures an average reduction of temperature by 9°C. The
temperature difference varies with flow rate of air, the
enhancement of efficiency varies between 7 to 12.6 %.
Overheating problems of solar panel are reduced by using air-
based cooling system [15]. The liquid based cooling system
include continuous flow of fluid through the system. A thin film
of coolant is passed through system cause increase in efficiency
and overall efficiency of solar panel observed to be 13.9% [16].
According to Li Zhu, Robert F Boehm, et.al. experimentation
temperature of system liquid immersion cooling maintained
temperature up-to 45°C, where 30°C inlet water temperature [17].
The sprinklers sprays on the water P.V. modules increasing the
efficiency up to 13.5% in extreme weather environments [18].
Spraying on the solar panel cell reduces heating and improves
performance by 1.35 — 3.26%. Application of heat pipe results in
increment of efficiency 3.11% as compared to conventional
system [19]. Materials used for heat pipes include copper,
aluminum, etc. The fins in the systems usually fit at some angle
which ranges from 0 to 40 degrees, this ensures more energy
output. Electric efficiency achieved by system is 29% and
temperature reduction occur is 28.95% [20]. In Evaporative
cooling various fluids can be implemented but the most feasible

one is silica gel. The reduction in temperature by silica gel came
across 16%, and upscaled the panel efficiency by 8.76% [21].
Other methods involve Materials such as copper or aluminum
must be stick behind the PV panel so that the heat gets distributed
in all thermoelectric generators . The overall solar conversion
efficiency was 40% [22]. There exists variety of gap in the field
of cooling technology for photovoltaic cell.

The impact of cooling system on photovoltaic cell is
studied reports suggested that there is need for better and efficient
cooling system that can improve the performance. The first
parameter raises concern towards durability and longevity of the
cooling system. The next important criteria are use of water as
coolant can increase efficiency at the cost of high evaporation
rate. There are several studies available on cooling methods with
natural or forced convection in the back of the panel. The mixture
of water with ethylene glycol forms a coolant.

The use of ethylene glycol with water as coolant is
favourable coolant medium due to it availability and thermal
exergy efficiency. Several researchers varied different
concentration of ethylene glycol in water from 50% to 60% to
check the impact on PV cell efficiency [23-26]. The limited
literature is available on consumption of water and its evaporation
rate during cooling of PV cell. The present study focuses on water
with ethylene glycol as coolant. The objective is to minimize
evaporation rate by finding optimize concentration of ethylene
glycol with water. The proposed setup integrates the usage of
baffles on panel back and use of evaporative techniques to cool
the reused coolant.

Il. MATERIALS AND METHODS

The setup of cooling system is shown in Figure 1. The
polycrystalline PV cell panel of capacity 75W was taken for
study. It consists of polycrystalline PV panel with cooling system
attached back of the panel. The cooling system arrangement
consists of 45 baffles as shown in Figure 2. The cooling system is
fitted at the panel back. The earthen vessel is customary made to
ensure cooling of coolant coming after cooling the PV cell. The
present solar panel efficiency = 14.17%. The three cases are
considered for testing. The case 1 shown in Figure 3 is dry testing
setup without any cooling system to examine the behaviour of
panel efficiency with respect to increase in surface temperature of
panel. The case 2 shown in Figure 4 consist of cooling of PV Cell
with using water as a coolant to examine increase in the efficiency
of panel. The case 3 shown in Figure 5 consist of cooling of PV
cell with using ethylene glycol as a coolant to examine increase
efficiency of the panel. The specification of components used is
enlisted in table 1.The design calculation is tabulated in Table 2.

Figure 1: Isometric layout of setup.
Source: Authors, (2025).
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Sr. No. Design Parameters Ref.
Performance Ratio, PR
_ Prean (in kW) /Prax (in kW)
Emean_(in kW)
Maximum Power:

x100%

Bnax = Vinax X Imax
8 Measured Power: [30]

Bnean = Vmean X Imean

Source: Authors, (2025).

Figure 2: Cooling system with baffles.
Source: Authors, (2025).

Table 1: Specification of Components.

fkr)‘ Components Specification
1 Polycrystalline PV 75W, Size —780x670x30mm,8Kg
Panel Vmax -18.22V, Imax -4.29A
2 Frame Mild steel
3 Paneéff?li) I; with Gl Sheet with zinc coating
4 Push connectors Polybutylene Terephthalate
5 Tubes Polybutylene Terephthalate
6 Water pump 12V DC solar water pump Figure3: Dry Testing Setup.
7 CoolarIIEaF;iservow Terracotta Water Reservoir Tank Source: Authors, (2025).
8 Synthetic Primer Zinc chromate primer
9 Temperature Sensor DS18B20 resolution up to 12 bits over
a range of -55°C to +125°C
10 Arduino Uno Arduino Uno R3 with ATmega328P
microcontroller chip with Ju
Ethylene Glycol
e  Solubility: Soluble in water and
Miscible in all proportions
e  Boiling point:197.30C.
11 Coolant e  Specific Heat capacity: Ethylene
glycol 30% by volume
/water,700C (3.87) KJ/kg-K
e  Thermal Conductivity: 0.254
W/m-K at 300C b o N g
Source: Authors, (2025). - Sk, AN O e -
Figure 4: Wet Testing Setup with water
Table 2: Design Calculations. Source: Authors, (2025).
Sr. No. Design Parameters Ref. - _______
1 Heat gain by Water, g = m Cp dt [27] “ -
2 EVA silicon specific heat (Cp) =3135 J/Kg K [27]
Flow rate, Q= AxV
For y\_/ater, Water _ For Ethylene Glycol:
specific heat (Cpw) = o
m = 0.0556 Ips
3 Afl§0 Ikgk. Diameter of pipe for [28]
m =6 Ips hylene Glycol will
q = 150480 J Et o o
Diameter of pipe for €o. mm
water will be 61.644 mm
4 V =0.91 m/s? [28]
Efficiency
5 _ Panel Power (in kW) - % 100% [29]
Panel Length x Panel Width (in m)
power output efficiency: <
6 Efficiency,np = Mx 100% [29] ) i P ;
NN %) Figure 5: Wet Testing Setup with Ethylene Glycol.
7 Performance ratio: [29] Source: Authors, (2025).




ITEGAM-JETIA, Manaus, v.11 n.53, p. 57-64, May/June., 2025.

I11. RESULTS AND DISCUSSIONS

Table 3: (Test Data from 24/04/24, 25/04/24,28/04/24 With
Cooling Arrangement).

24/04/24 (20% 25/04/24 (20% 28/04/24 (5%
Surface Temperature Vs Power GeneratEd(W) Concentratio) Concentration) Concentration)
100 Time(P | Surface Power(P=1 Surface Power(P= Surface Power(P=I
M) Temp. N2*R) Temp. I"2*R) Temp. N2*R)
90 &0 | 3846 12.9 - - 38.86 20.0
< 80 8:30
=3 70 AM | 4056 467 39.6 12.67 40.56 29.4
e}
z 8:45
T 60 Ay | 42683 9.28 41 15.03 432 32.7
2 50 9:00
3 10 M| 4469 9.95 38.13 38.20 413 33.2
g 3 0| 4619 331 37.75 | 4328 | 39.19 412
o
a 20 ?A|3v(|) 48 416 37.88 45.95 39.94 47.3
10 :
0 %:f 45.25 38.7 38.63 51.22 41.44 50.0
3 »H 4 4 50 55 60 1000 | 4gs 39.4 3938 | 5391 38 54.9
Surface Temperature(C) 015
AM | 5075 40.8 41.69 57.51 38 60.5
Figure 6: Surface Temperature Vs Power Generated. 1230 53.54 45.9 4013 62.24 38.13 63.1
Source: Authors, (2025). 1045
AV | 5674 447 41.25 64.17 39.13 64.8
. . 11:00
Power Generated without cooling (W) AM 58.5 63.1 41.36 67.29 39.13 67.2
100 | 525 66.7 419 | 6892 | 4202 69.0
90 —@— Power 11:30
80 B Generated(W AM M 70.8 43.63 70.99 432 71.0
%70 LSe = S ) 26-10-2023 1&;3'5 42.25 717 4519 | 7165 44.2 709
£ 60 A Power 12:00
S Generated(W oM | 4225 72.3 45.19 72.06 44.38 71.2
S 50 ) 27-10-2023 12-15
G 40 Power oM 42.85 60.0 45.19 71.84 46.1 71.3
% 30 G;gelrgtz%(z\g/ 1230 | 4388 3L5 446 | 7681 | 46.25 70.8
~-20 ) 200 12:45 1 4395 58.4 4504 | 7474 | 47.06 71.9
10 Power PM ' . ' : ' :
0 )Ggfelri“;%(zvg UO0 | 4325 | 709 4517 | 7717 | 4725 | 686
0 S 10 15 H/‘Ir’ 43.69 73.22 45.23 79.98 46.6 69.1
Time(PM) 130 ) 437 7 452 452 4
Figure 7: Power Generated without cooling. PM 376 >33 >23 8085 > 63.
Source: Authors, (2025). e 70.41 4586 | 7686 | 47.75 64.5
. 2:00
The power generation data was recorded from month of | ppy | 4423 77.469 45.53 62.04 458 518
Octomber 202_3 to May 2024. On 26/10/23, 27/10/23_, 30/10/23, 215 | 4/ 0s 69.92 4516 50,61 46.13 559
4/4/24 data without cooling arrangement and data with cooling PM
arrangement was recorded on 15/04/24, 17/04/24, 18/04/24, ZP',%? 44.69 62.25 445 57.61 42.85 16.5
19/04/24, 20/04/24, 21/04/24, 22/04/24, 23/04/24, 24/04/24, s
25/04/24, 26/04/24, 27/04/24, 28/04/24. The Figure 6 indicates | pv | 442 66.47 41.32 55.34 42.5 575
that power generation decreases with an increase in surface | 3:00 | .. 53,65 43.67 £3.09 43 46.0
temperature. At lower surface temperatures (~35°C), power P_'V'
generation remains high (~100 W). As surface temperature rises ﬁ/‘? 43.55 49.26 4355 48.98 43.96 55.6
to 55°C, power generation declines significantly (~60 W). This 330
suggests that the system's efficiency is inversely proportional to PM 43.13 46.67 43.13 46.42 44.25 56.3
surface temperature. Effective cooling mechanisms are crucial to 3P:4'\1A5 4313 42.49 43.13 4220 45 573
maintaining higher power generation levels. 700
The Figure7 indicates that power generation without M 42.89 41.94 42.89 41.69 45 54.2
cooling decreases gradually over time during the day across all 215 | o 1046 12,62 1046 45 520
dates (26-10-2023, 27-10-2023, 30-10-2023, and 01-11-2023). PM ' ' ' ' '
Peak power generation (~90 W) occurs early in the day but ‘gﬁ/‘l) 41.9 44.09 41.9 44.01 44 47.2

declines to ~60 W later in the afternoon due to rising ambient and
surface temperatures.

Source: Authors, (2025).
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The Table 3, 4 and 5 gives an ideology that sun radiance
heats the panel with energy conversation and lead to the
degradation of efficiency. Also, with use of alternative cooling
methods the conversion of energy from radiance to useable
energy could be converted. Here the application of Ethylene
Glycol with water in different percentage had increase the
efficiency and power output on a scalable factor. The different
percentage of concentration of Ethylene Glycol is used to reduce
the evaporation rate of water as seen rate of evaporation is
decrease by 25% for 5% Ethylene Glycol with water.
Alternatively, the combination of Ethylene Glycol and Water at
different concentration are studied 10%, 15% & 20%. From
which the 20% concentration of Ethylene Glycol is mention and
efficiency is calibrated.

Table 4: (Consumption of Cooling Fluid).

Total
Total Concentration of Fluid Loss
water of
Date Ethylene glycol after end .
used for fluid
test (L) (%) of the day L
(L)
21/04 40 5 30 10
22/04 40 10 32 8
23/04 40 15 335 6.5
24/04 40 20 35 5
25/04 35 20 30 5
26/04 40 15 335 6.5
27/04 40 10 32 8
28/04 40 5 30 10

Source: Authors, (2025).

Table 5: (Consumption of Water and Ethylene Glycol).

Remai | Remainin . | Consumptio

ning g Consumptio n of
Date Water | Ethylene n of (\Il_\;ater Ethylene

(L) glycol (L) glycol (L)
21/04 28.5 15 9.5 0.5
22/04 28.8 3.2 7.2 0.8
23/04 | 28.475 5.025 5.525 0.975
24/04 28 7 4 1
25/04 24 6 4 1
26/04 | 28.475 5.025 5.525 0.975
27/04 28.8 3.2 7.2 0.8
28/04 28.5 15 9.5 0.5

Source: Authors, (2025).

5% Concentration:On 21-04-2024 and 28-04-2024, the total
fluid loss is 10 L per day, with 30 L remaining at the end of the
day. This indicates a consistent rate of fluid loss. Daily water
consumption is 9.5 L, and ethylene glycol consumption is 0.5 L.
This suggests a higher water-to-glycol consumption ratio
compared to other concentrations.

10% Concentration:On 22-04-2024 and 27-04-2024, the fluid
loss increases to 8 L per day, leaving 32 L at the end of the day.
The slightly higher fluid retention compared to 5% concentration
might suggest improved system efficiency. Daily water

consumption decreases to 7.2 L, and ethylene glycol consumption
rises to 0.8 L. The increased glycol consumption indicates better
thermal performance and reduced water evaporation.
15% Concentration:On 23-04-2024 and 26-04-2024, fluid loss
reduces to 6.5 L, with 33.5 L remaining at the end of the day. This
concentration achieves the lowest fluid loss among all tested
values. Water consumption further decreases to 5.525 L per day,
with ethylene glycol consumption at 0.975 L. The ratio indicates
an optimal balance, resulting in lower fluid loss overall.
20% Concentration:On 24-04-2024 and 25-04-2024, fluid loss
is 5 L, with 35 L remaining at the end of the day. The least fluid
loss observed at this concentration highlights its effectiveness in
minimizing coolant consumption. Water consumption reduces to
4 L, while ethylene glycol consumption increases to 1 L. This
concentration achieves the most efficient water usage, with higher
glycol

Power generation plots without providing cooling are
plotted with the help of experimental data to get insights such as
maximum power generated and behavior of power generation
with respect to time.

Power Generated with Water Cooling(W)
90
80 o20°°
70 .o"” 0%%% %%
5 o® ve ® Power
260
S ® Generated
2 50 15-04-2024
@ °
9 40 Power
g Generated
530 17-04-2024
20 o Power
10 e Generated
18-04-2024
0 °
8:24 10:48 13:12 15:36
Day Time

Figure 8: Power Generated with water cooling.
Source: Authors, (2025).

This Figure 8 represents power generation with water
cooling across different times of the day on two dates: April 15,
2024, and April 17, 2024. Power generation increases gradually in
the morning (starting from around 8:24) and reaches its peak
during midday (near 13:12). A decline in power generation is
observed as the day progresses into the afternoon (by 15:36).
April 15, 2024 (Blue Data Points): The power generated
consistently trends higher, with values reaching closer to 80-90
W during peak hours. April 17, 2024 (Orange Data Points):
Power generation appears lower overall, with fewer instances
exceeding 70 W and scattered data points indicating more
variability. Water cooling may influence peak power generation
positively, as seen with the higher outputs around midday. The
variability in data between the two days could suggest external
factors like environmental conditions (e.g., temperature, sunlight
availability) affecting the system.
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Power Generated with 5% Concentration
80 of Ethylene Glycol
00 g
70 gree
o

% 60 S Y ® Power
o 50 g o ® T, Generated
@4 O ® 21-04-2024
o ) Power
S 30 Generated
220 . 28-04-2024

10 L

0
8:24 10:48 13:12 15:36 18:00
Day Time

Figure 9: Power Generated with 5% Concentration of Ethylene
Glycol
Source: Authors, (2025).

Power Generated with 10% Concentration

80 of Ethylene Glycol

70 .‘M"M g
B 60 ~ .
E 50 ‘A od ) ® Power
2 Generated
& 40 K 22-04-2024
$30 % ° Power
& 20 Generated

10 ® o 27-04-2024

0
8:24 10:48 13:12 15:36 18:00
Day Time
Figure 10: Power Generated with 10% Concentration of Ethylene
Glycol
Source: Authors, (2025).
Power Generated with 15% Concentration
100 of Ethylene Glycol

£ poe > = ) @ ® Power Generated
S 60 %P I 23-04-2024
3 o Power Generated
g 40  o° 26-04-2024
c

20 () e o

e o
0
8:24 10:48 13:12 15:36 18:00
Day Time
Figure 11: Power Generated with 15% Concentration of Ethylene
Glycol

Source: Authors, (2025).

The figures 9,10 and 11 illustrate the power generated at
varying concentrations of ethylene glycol (5%, 10%, 15%, and
20%) over two distinct days for each concentration.

5% Concentration:Power generation peaks between 10:48 and
13:12 for both days (21-04-2024 and 28-04-2024), with values
reaching approximately 70 W.A sharp decline in power
generation is observed after 13:12.Power generation on 28-04-
2024 is lower across the day compared to 21-04-2024.
10% Concentration:The peak power generation increases
slightly compared to the 5% concentration, reaching
approximately 75 W. Similar temporal trends are observed, with a
peak around 13:12 and a decline thereafter. Power generated on
27-04-2024 is consistently lower than on 22-04-2024.
15% Concentration:Power generation reaches nearly 90 W,
indicating a further increase with higher ethylene glycol
concentration. The trend of power peaking around 13:12 is
consistent. Power generated on 26-04-2024 is slightly lower than
on 23-04-2024.
20% Concentration:The highest power generation is recorded at
this concentration, peaking near 100 W. The decline in power
generation post-peak is more gradual compared to lower
concentrations. Data for 25-04-2024 shows slightly reduced
power compared to 24-04-2024.

Increasing the concentration of ethylene glycol from 5% to
20% results in higher peak power generation, demonstrating a
positive correlation between concentration and power output.
Across all concentrations, power generation follows a consistent
diurnal pattern, peaking during midday and declining in the late
afternoon. For each concentration, the second day consistently
shows reduced power generation compared to the first, potentially
due to variations in environmental factors such as temperature,
sunlight intensity, or system efficiency.

IV. CONCLUSIONS

Fluid loss decreases as the concentration of ethylene glycol
increases, with 20% concentration exhibiting the least loss (5
L/day). The reduced fluid loss suggests that higher glycol
concentrations are more effective in reducing evaporation and
leaks. Water consumption decreases progressively from 9.5 L/day
at 5% concentration to 4 L/day at 20% concentration. Ethylene
glycol consumption increases proportionally, with higher
concentrations ensuring better thermal performance and fluid
retention. The 20% concentration demonstrates the best results in
terms of minimal fluid loss and efficient consumption of both
water and ethylene glycol. While the 15% concentration also
shows promising results, it slightly underperforms compared to
20%.

The study also highlights that the influence of ethylene
glycol concentration on power generation efficiency. The 20%
concentration yields the highest power output, suggesting it as the
most effective concentration within the tested range. However,
environmental and operational conditions appear to impact daily
performance, necessitating further investigation to optimize the
system for consistent power generation. The future research
focuses on optimizing cooling designs, evaluating environmental
impacts, and exploring advanced technologies to achieve
consistent and efficient performance.
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