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ABSTRACT 

This research was carried out to investigate the effects of cooling on Photovoltaic (PV) module 

performance in a tropical region. A Photovoltaic module system was set up in an outdoor 

environment to expose it to real life operating conditions at the Quadrangle, Faculty of Technology, 

University of Ibadan, Oyo State, Nigeria (7°24´7.0632´´N, 3° 55´ 2.3268´´E), where all the 

measuring devices were connected to extract all data that determine the power generated by the 

PV. The experiment was repeated under water cooling condition. Time series analysis was 

performed on the data collected from the experimental set up. The results indicated that under 

water cooling condition, the temperature decreased maximally by 𝟐𝟒. 𝟏℃. This leads to a percentage 

increase of 𝟏𝟎. 𝟎𝟔% of the open circuit voltage, the maximum power delivered by the PV module 

also increases by 𝟗. 𝟖𝟑%  and this effectively increases the conversion efficiency of the PV module 

by  𝟗. 𝟖𝟑%. The cooling arrangement maintains the temperature to a certain limit, between 𝟑𝟎. 𝟔°𝑪 

and 𝟑𝟒. 𝟓°𝑪thereby avoiding long term thermal degradation. The result of this work further 

corroborated the results of works done from the temperate region. 
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1. INTRODUCTION 

Solar energy, as a renewable energy source, is 

obtained by collecting the energy that the sun gives 

off as radiation. Solar energy has become a focus for 

many researchers in recent years; this is because of 

its numerous advantages over conventional sources 

of energy. There are two major solar technologies; 

which include thermal and photovoltaic technologies 

[1]. A solar photovoltaic (PV) technology is one of the 

most significant and rapidly developing renewable-

energy technologies, and its potential future uses are 

notable [2].  

The conversion of solar energy to electrical energy 

occurs by Photovoltaic modules. Solar Photovoltaic 

module is a collection of Photovoltaic cells [3]. A 

photovoltaic cell is a semiconductor device that 

generates direct current (DC) electricity when 

sunlight falls on it [4]. The first PV cells were 

produced by Bell Laboratories in 1954 [5] and since 

then the technology has been improving, resulting in 

growth in the efficiency and reduction of costs.  

One of the most challenging factors in using 

photovoltaic systems is that the conversion efficiency 

of PV modules is still relatively low, about 15% [6]. 

In Laboratories, efficiencies of up to 25% have been 

reached, but in commercial use the efficiencies reach 

only 14-17% [5].  

This efficiency decreases further during the 

operational period by many factors. Some of the 

factors influencing optimal performance of PV cells 

are dust properties, wind velocity, glazing 

characteristics, site characteristics, ambient 

temperature, humidity, system tilt angle and module 

temperature. One of these factors is proposed for 

consideration in this work. 

Literatures revealed that the aforementioned factors 

affect the performance of PV modules. The PV 

module temperature according to ([6-9]) has major 
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effects on the power output of the Module. The 

researchers then proposed cooling methods that will 

enhance the performance of module in their region 

(Temperate region). The results showed that there is 

significant increase in efficiency after cooling of the 

PV module. 

Some of the reviews of work done in the tropical 

region ([3, 10-14]) showed the effect of climatic and 

environmental factors (such as ambient temperature, 

dirt and dust properties, shading, and acidic rain) on 

the performance of the PV module. 

Nazar [15] did a review on different methods of 

efficiency improvement of solar panel. Solar tracking, 

Dust cleaning and cooling technique are the methods 

emphasized. 

From the above literatures, it was observed that the 

thermal response of the PV module is the major factor 

that affects the electrical power output. The PV 

module receives the incident irradiation; a portion of 

it is converted to electricity in proportional with the 

module efficiency. The rest of the incident irradiation 

heat up the PV module and thereby increases its 

operating temperature in relation to the PV material 

heat capacity [16]. 

It was ascertained by most authors from the 

temperate region that temperature of the PV module, 

among other factors, has major effect on its 

performance. In this work, the effects of cooling on 

the optimal performance of photovoltaic module in 

the tropical region were established experimentally. 

The rest of the paper is organized as follows: the 

experimental set up, data collection and analysis are 

described in Section 2, while results and conclusion 

are presented in Sections 3 and 4 respectively. 

 

2. MATERIALS AND METHOD 

A Monocrystalline Photovoltaic module with 

specifications shown in Table 1 was set up in an 

outdoor environment to expose it to real life 

operating conditions at the Quadrangle, Faculty of 

Technology, University of Ibadan, Oyo State, Nigeria 

(7° 24´ 7.0632´´N, 3° 55´ 2.3268´´E). as shown in 

Figure 1. 

The experiments were conducted between October 

2017 and January 2018. The solar irradiance (𝑊 𝑚2⁄ ) 

incidence on the horizontal surface was measured 

using solarimeter. The temperature of the module 

was measured using non-contact infrared digital 

thermometer and k-type thermocouple temperature 

data logger. Two different multimeters were used to 

measure voltage and current respectively. 

 

Table 1: PV Module Specification 

Maximum Power 150W 
Maximum Power Tolerance 3% 

Open Circuit Voltage 23.1 V 

Short Circuit Current 8.99A 
Maximum Power Voltage 18V 

Maximum Power Current  8.34A 
Weight  10.2kg 

Dimension (mm) 
1480 by 670 by 

30 
Maximum System Voltage 1000V 

Maximum Over current 
Protection rating 

15A 

Cell technology Mono-Si 
Module Application Class A 

 

 
Figure 1: View of the experimental set up without 

water cooling 

 
Figure 2: View of the experimental set up with water 

cooling. 
 

The maximum power delivered by the PV module was 

calculated from the product of voltage and current 

recorded. The measurements were taken and 

recorded every one hour for the period of the 

experiment from 8:00am – 6:00pm without water 

cooling. The weather conditions on those days are 
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more or less the same. The same procedure was 

repeated for two days with water cooling using 0.5hp 

pump to spray water across the cells for even 

distribution as shown in Figure 2. All measurements 

were saved to a Microsoft Excel file for further 

collation and analysis. 

November and December were chosen because it is 

the hottest period of the year in this region. The 

cooling process was also repeated every one hour. 

The time series analysis of the data was done and the 

result is as shown in the next section. 

The photoelectric conversion efficiency was 

calculated using equation 1. 

𝜂 =  
𝑃𝑚𝑎𝑥

𝐺 × 𝐴
                                 (1) 

where 𝜂 is the photoelectric conversion efficiency 

(%), 𝐺 (𝑊 𝑚2⁄ ) is the solar irradiance incident on the 

PV module, 𝐴 (𝑚2) is the surface area of the PV 

module. 𝑃𝑚𝑎𝑥(W) is the maximum power generated 

from the PV module. The maximum power generated 

is estimated by the product of the voltmeter and 

ammeter readings.  

 

 

 

3. RESULTS AND DISCUSSION 

Analysis of the data collected indicated that increase 

in temperature of the module leads to a drop in (𝑉𝑜𝑐 ) 

but short circuit current (𝐼𝑠𝑐 ) remains significantly 

unchanged. The module temperature during the 

experiment begins to increase with increase in solar 

irradiance. However, when the PV module was 

cooled, the cooling has no significant effect on the 

efficiency between 8am – 10:50am but the effect was 

notable from 11am till 4:30pm as shown in Figure 6. 

Figure 3 shows the plot of temperature of the module 

with and without cooling. It was observed that the 

temperature of the PV module with water cooling 

decreases maximally by 24.1℃  and averagely 

by 11.76℃. 

Figure 4 shows the plot of Open circuit voltage of the 

module with and without cooling. It was observed 

that the Open circuit voltage of the module with 

water cooling increases maximally by 10.06%  and 

averagely by  5.2%. 

Figure 5 shows the plot of Output Power of the 

module with and without cooling. It was observed 

that the Output Power of the module with water 

cooling increases maximally by 9.83%  and averagely 

by 5.2%. 

  
Figure 3: Module temperature when and when not 

cooled 
Figure 4: Voltage when cooled and when not 

cooled 

  
Figure 5: Graph pf output power when cooled and when 

not cooled 
Figure 6: Comparison between PV efficiency when 

cooled and not cooled 
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Figure 6 shows comparison on output efficiency per 

hour of the PV module between cooling and without 

cooling. From the experimental investigation and 

results, it was found out that the maximum 

conversion efficiency of 16.87% was achieved with 

water cooling compared to 15.36%  for the non-

cooled. This indicates a percentage increase 

of 9.83%. 

 

4. CONCLUSION 

The effects of cooling on PV module performance in 

the tropical region have been investigated 

experimentally. The results indicated that under 

water cooling condition, the temperature decreased 

maximally by 24.1℃.This leads to a percentage 

increase of 10.06% of the open circuit voltage, the 

maximum power delivered by the PV module also 

increases by 9.83% and this effectively increases the 

conversion efficiency of the PV module by 9.83%. 

The cooling arrangement maintains the temperature 

to a certain limit, between 30.6°𝐶 and 34.5°𝐶thereby 

avoiding long term thermal degradation of the PV 

module. The result of this work further corroborated 

the results of works done from other regions [6-9]. 

From literature reviewed, in temperate region, 

irradiance value is not as high as that of a tropical 

region, yet the PV module performs better compared 

with the tropical region due to low thermal 

characteristics, therefore in case of large solar farms, 

cooling mechanisms should be employed to ensure 

optimal performance. 
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