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The effect of evaporative cooling on the efficiency of solar cell
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Abstract

There are many difficulties facing of using solar cell in generating electric
Power, Such as high initial cost of system and low efficiency of generat-
ing of power due to high ambient temperature. Many studies was done to
reduce the effecting of this difficulties, in this project we made a practical
study to know the effect of cooling of solar cell by using a cold air produce
from evaporative cooling system on the performance of the Solar cell. The
results of experiments for many days was indicated an improvement in
output power and efficiency of solar cell from 10% to 20% in Comparison

of not using Cooling.

Introduction

The most important energy supplier of earth is the sun. It provides light and
heat and thereby enables life on earth. In addition to that, the sun is the most

environmentally friendly and continuous source of energy. Available solar
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energy is 1.5%10'® kWh per, which is more than 10000 times current energy
lljg

demand of the world [1] Solar PV panels are, in particular, becoming wide-
ly used to produce electrical energy with almost negligible operating costs

and less environmental impacts than the conventional power generation

plants that use fossil fuels. their initial costs are still

higher than that of conventional energy power plants. However, the price
of the PV panels is decreasing sharply and could be -in the seen future —
competitive [2]. The efficiency of PV panels is generally low due to con-
verting of major part of incident solar energy to heat. Furthermore, this low
efficiency is affected by the increase of the operating temperature of PV
panels due to the generated heat. It is reported in the literature that every
1 °C rise in operating temperature of PV panels results in a decrease of
0.5% 1in efficiency [2]. Important portion of the solar energy is converted
into heat and lost by radiation and convection to the surrounding. Fig (1-1)
shows a schematic Figure on the energy flows in a PV panel. Therefore,
cooling PV panels using a suitable cooling method helps to partially tackle
this problem.

Many methods were proposed to cool PV panels. These include cooling by
natural air, forced air, water, phase change materials (PCM), thermoelectric
cooling, transparent coating and evaporation cooling. In this work we used

evaporative cooling because this method offer the following advantages:
(1)It 1s easy to implement.

(2)Its total cost is relatively low.

(3)Its an effective method in dry climates.

The aim of this work is to now the effect of this type of cooling on the per-

formance of pv panel in the climate of Baghdad city.
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Fig. 1-1: Energy flow in PV panels

Theoretical Review

2-1 The output power of the solar cell is calculated by the equation:
P =Imax* Vmax *FF ..................... (1)

The input power of solar cell is calculated by the equation:

The efficiency of solar cell is calculated by the equation:
Efficiency =(Pmax / Pin) * 100%

Efficiency=(1__ *V__*FF/E*A)*100% ......... (3)
Where :

Pmax: maximum output power of solar cell in (Watt).
Imax: maximum current of solar cell in full load in (A).
E : the input solar radiation per m2.

A:the area of solar cell in m2.

FF:

Practical work

The apparatus of the study is shown in the fig (2) and composed from the
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following componants:

3-1-1 Solar Cell

specification:
Solar Module Type Apm-p 110-12
Peak power w110
Maximum Power Voltage V17.2
Maximum Power Current A 6.40
Open — Circuit Voltage V21.6
Short — Circuit Current A7.0
Weight Kg 10.5
Dimension mm 35*%680*1300
Maximum System Voltage 700V
Operating Temperature °-40c® To 90c
Wind Resistance pa 2400

3-1-2 Cooling Pad

Specification:

*Type :cellulose pad.
*Dimension: (80*35%20) cm
3-1-3 Cooling Water Basin
*Specification:

*The basin made of galvanized steel.
*Dimension: (80*35*%20) cm.
3-1-4 Water Pump

*Type : submersible

*Input power: 25 w, 220 v, SOHZ .
*Discharge: 1000L/H.

*Head: 1.8 m, H20.
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3-1-5 Battery

*Model: - RM12-120

*Type: Rechargeable Valve Regulated
*Maximum Voltage: 12 V

*Maximum Current:120A.H.

3-1-6 Solar Charge Controller (PWM)

Solar Charge Controller is an electronic device that manages the power go-
ing into the battery bank from the solar array. It ensures that the deep cycle
batteries are not overcharged during the day and that the power doesn’t run

back to the solar panels overnight and drain the batteries.
3-1-8 Control Box:

The control box contain the following components :

(a) Control switch, No.( 6)

(b)Digital voltage and current meter.

(c)Tungsten lamp (10)watt,(12)V,No.(6).as a load on the cell.
3.1.9 Axial flow fan:

a-Axial fan, diameter (10) cm, (12) V DC, (0.18) A, NO. (5) as a load on
the cell.
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Fig. (2) Schematic drawing of apparatus.
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Reading and Results:

4-2 Reading:

The Solar Cell was tested in two Condition Cooling and without cooling in
the months April and May, table (4-1&4-2&4-3&4-4)

Show the performance of cell.
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10/ April
Solar -
radiation Output | Output | Efficiency Eficency
Time | energy power - Power o Cooling A power An (%)
0 (Wjno| (W) | cooling ) (%)
w2 cooling | Cooling | (%)
10:30 808 | 47.54736 | 56.13408 | 5.884574 | 6.947287 | 18.0593 | 18.0593
11:00 | 9385 | 47.1528 | 55.4364 | 5.024273 | 5.906915 | 17.56757 | 17.56757
11:30 | 9515 |46.89792 | 55.56384 | 4.928841 | 5.839605 | 18.47826 | 18.47826
12:00 | 916.5 |45.97776 | 53.11872 | 5.016668 | 5.795823 | 15.53134 | 15.53134
12:30 | 965.5 |45.47664 | 54.87264 | 4.710165 | 5.683339 | 20.66116 | 20.66116
13:00 | 763.5 |45.85248 | 51.9912 | 6.005564 | 6.809587 | 13.38798 | 13.38798
Table (4-1) performance of cell at 10 April
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Fig (4-2) I-V curve performance of cell at 10 April

The current Isc decreased by 1.652 A due to the decrease in solar radiation

by 236 w/m? .

The voltage decreased by 0.935 V as a result of an increase in temperature

by 7 degrees Celsius
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13/ April
Solar | Output | Output : -
. radiatio | Power Power Efficiency Effidens 4
Time i power A %)
n| (W jna W) 3] no %]
e jm2) | cooling | Cooling cooling | S20lnE

9:30 957.5 | X263 | 2HG5HE | 2414131 | 305694 | 266272 | 266272
8 ] 7 2 F

1000 ] 38473 | 3™524 55914 5.74534 | 273972 | 273972
2 9 1] L7

1030 H87.5 | 486050 | 547344 | 547662 | 616725 | 126105 | 126105
4 17 4 4

11:00 a04 47 0448 G508 5204071 | 609292 | 170798 | 170798
9 el

11:30 ao7 46515 | 54162 | 5128512 | 597155 | 164383 | 16.4383
5 [ [

12:00 HA0.5 | 45873 | 527155 | 520984 L.98600 [ 149171 | 149171
4 2 8 3 3

12:30 9015 45.738 53046 | 5073544 | SE8419 | 159779 | 1549779
3 [ [

13:00 895 434649 | 459993 | 485842 5.1%359 | 583090 | 583090
L] L7 3 El 4

Table (4-2) performance of cell at 13 April
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Fig (4-3) I-V curve performance of cell at 13 April

The current Isc decreased by 0.7 A due to the decrease in solar radiation by
99 w/m?

The voltage decreased by 0.93 V as a result of an increase in temperature

by 3 degrees Celsius
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Table (4-3) performance of cell at 27 April
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Fig (4-4) I-V carve performance of cell at 27 April

The current Isc decreased by 1.2 A due to the decrease in solar radiation by
146 w/m?

The voltage decreased by 0.921 V as a result of an increase in temperature

by 8 degrees Celsius
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14/ May
salar Output | Owtput | Efficien Efficien A
Time | radisfonpwy | FOWEr | Pewer | ooy v | power | An )
m2} (Wina | (W} | Belne | b | 1)
cooling | Cooling | cooling
9:30 AL 27125 | 31187 | 2.75523 | 3 16785 | 14.075 | 14975
28 52 4 4 a5 a5
10:00 o84 33 825 | 44 850 | 3 43756 | 4 55705 | 32 502 | 32 502
[3 24 1 1 59 59
10:30 705 45.494 | 47.041 | 468775 | 4.84711 | 3.3994 | 33994
4 2 3 33 33
11:00 2305 45.752 | 49.232 | 4.91696 | 5.29093 | 7.6056 | 7.6056
4 16 9 & 34 EY ]
11:30 GO 44 858 | 47.280 | 462701 | A 87676 | 5.3877 | 53977
ag 24 2 5 27 27
12:00 B4 L 4284 | 441 |435144 447043 | 20411 | 20411
7 1 76 76
12:30 475 35,251 | 40780 | 4.14264 | 4 30404 | 38961 | 3 8961
52 8 1 2 o4 [ ]
13:00 505 41.011 | 42.292 | 4.31469 | 444953 | 3125 | 3125
2 8 8 2

Table (4-4) performance of cell at 14 May

T ey —

L

V[V]

Fig (4-5) I-V carve performance of cell at 8§ May

The current Isc decreased by 0.1 A due to the decrease in solar radiation by

16 w/m?

The voltage decreased by 0.926 V as a result of an increase in temperature

by 7 degrees Celsius
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Results:

The following figures (4-6)&(4-7)&(4-8)&(4-9)&(4-10) shows the Rela-
tionship of output power and efficiency against time of Solar cell in two

conditions, cooling and without Cooling.

fig (4-6) Relationship between efficiency of PV panel and time

fig (4-7) Relationship between radiation, output power of PV panel and

time
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fig (4-8) Relationship between temperature of PV panel and time

N

fig (4-9) Relationship between the percentage of efficiency variation

and time

Fig (4-10) Relationship between the percentage of variation of output

power and time

4-4 Discussions:
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1.  Fig (4-6) show the graphical relationship between The effi-
ciency of pv panel and time in two conditions Cooling and without
cooling, the Percentage of improvement Are from 10% to 20% for a
short period from (6) April to (14) May, we believe these percentage
is low because the Condition of weather is not stable and the sky was

cloudy and dusty effecting on the intensity of Solar Radiation.

2. Fig (4-7) show the graphical relationship between the output Power
of pv panel and time in two conditions cooling and without cooking, the
Percentage of increasing of power are from 10% to 20% for the same peri-

od mentioned above and for the same previous reasons.

3.  Fig (4-8) show the graphical relationship between the Tempera-
ture of pv-panel and time in two Condition Mentioned above, the tempera-
ture reduce from 2°c to 6°C. In general, also the temperature and relative
humidity for this period are from 20°C,RH 20% and 34°C,RH 46%, so that
The rate of water evaporation from cellulose pad was low and that is effect-

ing on cooling process of air which used in cooling of p v-panel.

4.  The glass plate covering the solar cell maybe was effected on the in-

cident solar radiation, and Finally reducing the efficiency of the Cell.
5-1 Conclusions:
From this work we conclude the following: -

1. Evaporative Cooling of PV- panel improve the output power of p v-
panel from 10% to 20%.

2. Evaporative cooling of PV- panel improve the efficiency of PV -pan-
el from 10 %to 20%.

3. Evaporative cooling reduce the temperature difference of the PV -

panel are from 20 C to 6 C .
5-2 Recommendations:

For future work we recommend the following:
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1. Studying the Performance of solar cell using this method of Cooling

in months June, July, august.
2. Using another Cooling method to cool the solar cell.
References:

[1] Andreev VACM, Grilikhes VA, Rumiamntseév VD. Photovoltaic conver-

sion of concentratedmsunlight. Wiley; 1997.

[2] Kumar, K., Sharma, S., Jain, L., Al Khaimah, R. “Standalone Photovol-
taic (PV) module outdoor testing facility for UAE climate,” Submitted to
CSEM-UAE Innovation Center LLC; 2007.

[3] Edenburn, M. “Active and passive cooling for concentrating photovol-
taic arrays,” Sandia Labs., Albuquerque, NM (USA);1980.

[4] Minano, J., Gonzalez, J., Zanesco, 1. “Flat high concentration devic-
es,” In: Photovoltaic Energy Conversion, 1994., Conference Record of
the Twenty Fourth. IEEE Photovoltaic Specialists Conference-1994; 1994
IEEE First World Conference on, 1994, pp. 1123-1126.

[5] Mei L, Infield D, Eicker U, Fux V. Thermal modelling of a building
with an integrated ventilated PV facade. Energy Build 2003;35:605-17.

[6] Yun GY, McEvoy M, Steemers K. Design and overall energy perfor-
mance of a ventilated photovoltaic facade. Sol Energy 2007;81:383-94.

[7] Du D, Darkwa J, Kokogiannakis G. Thermal management systems for
Photovoltaics (PV) installations:

a critical review. Sol Energy 2013;97:238-54.

[8] Huang M, Eames P, Norton B. Thermal regulation of building-inte-
grated photovoltaics using phase change materials. Int J] Heat Mass Transf
2004;47:2715-33.

[9] Teo H, Lee P, Hawlader M. An active cooling system for photovoltaic
modules. Appl Energy 2012;90:309-15.

1111



(2024)J151 (1) 3321 (7) AR e ere s sess e ses st sesses e _dsalall dlas als dlaa

[10] Krauter S. Increased electrical yield via water flow over the front of
photovoltaic panels. Sol Energy Mater Sol Cells 2004;82:131-7.

[11] Krauter, S. “Thermal and optical enhanced PV-modules™. In: Proceed-
ings of the 13th European Photovoltaic Solar Energy Conference; 1995, pp.
2306-9.

[12] Moharram KA, Abd-Elhady M, Kandil H, El-Sherif H. Enhancing the
performance of photovoltaic panels by water cooling. Ain Shams Eng J
2013;4:869-717.

[13] Maiti S, Banerjee S, Vyas K, Patel P, Ghosh PK. Self regulation of
photovoltaic module temperature in V-trough using a metal-wax compos-
ite phase change matrix. Sol Energy 2011;85:1805-16.

[14] Hasan A, Sarwar J, Alnoman H, Abdelbaqi S. Yearly energy perfor-
mance of a photovoltaic-phase change material (PV-PCM) system in hot
climate. Sol Energy 2017;146:417-29.

[15] Borkar DS, Prayagi SV, Gotmare J. Performance evaluation of photo-
voltaic solar panel using thermoelectric cooling. Int J Eng Res 2014;3:536—
9.

[16] Benghanem M, Al-Mashraqi A, Daffallah K. Performance of solar cells

using thermoelectric module in hot sites. Renew Energy 2016;89:51-9.

[17] Kane A, Verma V, Singh B. Optimization of thermoelectric cooling
technology for an active cooling of photovoltaic panel. Renew Sustain En-
ergy Rev 2017;75:1295-305.

[18] Zhu L, Raman AP, Fan S. Radiative cooling of solar absorbers using a
visibly transparent photonic crystal thermal blackbody. Proc Natl Acad Sci
2015;112:12282-7.

[19] Suresh, V., Naviynkumar, V., Kirubakaran, S. “Improved power out-
put of PV system by low cost evaporative cooling technology. In: ” G2013

International Conference on Green Computing, Communication and Con-

1112



(2024)J151 (1) 33201 (7) MU e sess s ses s ses e see e _dsalall dlas auls alaa

servation of Energy (ICGCE); 2013.

[20] Lucas M, Aguilar F, Ruiz J, Cutillas C, Kaiser A, Vicente P. Photovol-
taic Evaporative Chimney as a new alternative to enhance solar cooling.
Renew Energy 2017;111:26-37.

1113



