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Abstract— The focus in this work is to 
compare the performance of solar power system 
using free standing solar panels with enough air 
circulation and another solar power system using 
solar panels that are integrated on rooftops or has 
the solar panel back insulated which prevent 
adequate air circulation. The essence of the study 
is to study the effect of cell temperature on the 
performance of the solar panel.  The annual mean 
of the daily solar radiation on the case study site 
is 4.4138 kWh/m^2  and the mean of the ambient 
temperature is 26.201 °C.  The case study daily 
load demand of 304 kWh/day. PVSyst software 
was used to determine the required number of PV 
modules and battery units  for a 2 days of power 
autonomy and maximum of 3 % loss of load 
probability. In addition, the thermal loss factor (U) 
settings are U = 20 W/m^2K for the free standing 
PV modules and U = 15 W/m^2K for the insulated 
PV modules.  The results show that the mean PR 
of 0.590416667 is obtained for insulated PV 
modules and  mean PR of 0.60175 is obtained for 
free standing PV module and these two values 
give  1.883396 % increase or improvement in 
performance ratio of the free standing PV over 
that of the insulated PV modules. Again, there is -
73.55704698% reduction or improvement in 
thermal loss performance of the free standing PV 
over that of the insulated PV modules; 
1.605624024 % increase or improvement in solar 
fraction of the free standing PV over that of the 
insulated PV modules and -38.47591362 % 
reduction or improvement in loss of load 
probability performance of the free standing PV 
over that of the insulated PV modules. In all, the 
results show that adequate air circulation around 

the PV module can significantly improve the 
performance of the PV power system. 

 

Keywords— Off-Grid, Loss Of Load Probability, 
Solar Power System, Free Mounted Modules,  
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1. INTRODUCTION 

Across Nigeria, solar power system is popular installed as 
alternative energy source [1,2,3] since the national grid 
cannot guarantee adequate power supply to the entire 
population [4,5].  Increasingly, solar power systems are 
installed on roof tops, open spaces and at different corners 
of building [6,7].  
Notably, studies have shown that the cell temperature 
significantly affect the performance of the PV modules 
[8,9]. As such, the nature of the PV module package and 
the nature of the installation site can affect the cell 
temperature and hence the system performance [10,11]. 
Accordingly, in this work, the performance of off-grid PV 
installation with insulated PV module, PV modules 
integrated tightly on rooftops or installed with restricted air 
circulation is studied and compared with the case of free 
standing PV module with adequate air circulation around 
the PV array.  The study seeks to evaluate the differences in 
performance of PV system with the two different 
installation environment. PVSyst software is used to 
simulate the two PV systems and their compare their 
performances [12,13]. 

2. METHODOLOGY 
The focus in this work is to compare the performance of 
solar power system using free standing solar panels with 
enough air circulation and another solar power system 
using solar panels that are integrated on rooftops or has the 
solar panel back insulated which prevent adequate air 
circulation. The essence of the study is to study the effect of 
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cell temperature on the performance of the solar panel.  The 
annual mean of the daily solar radiation on the case study 
site is 4.4138 kWh/m^2  (as shown in Figure 1)and the 
mean of the ambient temperature is 26.201 °C, (as shown in 
Figure 2). The case study daily load demand of 304 
kWh/day is shown in Figure 3. 
Based on the given daily energy demand in Figure 3 and the 
meteorological dataset in Figure 1 and Figure 2 the PVSyst 
software was used to determine the required number of PV 
modules and battery units  for a 2 days of power autonomy 

and maximum of 3 % loss of load probability, as shown in 
Figure 4. Notably, battery capacity of 7050 Ah and PV 
array power capacity of 112 kWp are selected for the given 
solar power system. In addition, the thermal loss factor 
settings for the free standing PV modules and for the 
insulated PV modules are shown in Figure 5; the thermal 
loss parameter U = 20 W/m^2K for the free standing PV 
modules and U = 15 W/m^2K for the insulated PV 
modules. 
 

 
Figure 1 The scatter plot of the daily global irradiation on horizontal plane, G (kWh/m².day) 

 

 
Figure 2 The scatter plot of the daily ambient temperature, Ta (°C) 
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3.3  Comparison of the performance of the free standing 
PV module and the insulated PV module 
Comparison of the performance ratio , PR of the free 
standing PV module and the insulated PV module is 
presented in Figure 14. The results show that the mean PR 
of 0.590416667 is obtained for insulated PV modules and  
mean PR of 0.60175 is obtained for free standing PV 
module and these two values give  1.883396  % increase or 
improvement in performance ratio of the free standing PV 
over that of the insulated PV modules. 
Comparison of the thermal loss (kwh) of the free standing 
PV module and the insulated PV module is presented in 
Figure 15. The results show that the mean thermal loss  of 
2262.75kWh is obtained for insulated PV modules and  
mean thermal loss  of 1303.75 kWh is obtained for free 
standing PV module and these two values give  -
73.55704698% reduction or improvement in thermal loss  
performance of the free standing PV over that of the 
insulated PV modules. 

Comparison of the solar fraction of the free standing PV 
module and the insulated PV module is presented in Figure 
16. The results show that the mean solar fraction of 0.94475 
is obtained for insulated PV modules and  mean solar 
fraction of 0.960166667 is obtained for free standing PV 
module and these two values give  1.605624024 % increase 
or improvement in solar fraction of the free standing PV 
over that of the insulated PV modules. 
Comparison of the loss of load probability (%) of the free 
standing PV module and the insulated PV module is 
presented in Figure 17. The results show that the mean loss 
of load probability (%)   of 5.5575   is obtained for 
insulated PV modules and  mean loss of load probability  of 
4.013333333 kWh is obtained for free standing PV module 
and these two values give  -38.47591362 % reduction or 
improvement in loss of load probability performance   of 
the free standing PV over that of the insulated PV modules. 
 

 
Figure 14 Comparison of the performance ratio , PR of the free standing PV module and the insulated PV module 

  

 
Figure 15 Comparison of the thermal loss (kwh) of the free standing PV module and the insulated PV module 
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Figure 16 Comparison of the solar fraction of the free standing PV module and the insulated PV module 

 
 

 
Figure 17 Comparison of the loss of load probability (%) of the free standing PV module and the insulated PV module 

 
4 CONCLUSION 

The effect of air circulation around the PV module and the 
attendant effect on thermal loss and other system 

performance is studied for an off-grid photovoltaic solar 
power system. The results show that adequate air 

circulation improves on the thermal loss performance, as 
well as other system performance of the PV power system. 

The study is essential for understanding the reason for poor 
performance of PV power systems in some installation 
sites. And especially on rooftops where much heat radiation 
from the roof do affect the cell temperature and the system 
performance. It also shows the need for adequate air 
circulation around the PV modules used in PV power 
supply system. 
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