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Abstract—In this paper, analysis of the impact of 

PVSyst thermal loss factor setting on the performance of 
two off-grid PV power systems using free-standing 
photovoltaic (PV) modules and close roof-mounted PV 
modules is presented. The thermal loss factor is used to 
determine the cell temperature of the PV modules and in 
turn the thermal loss that will occur due to the difference 
between the cell temperature and the ambient 
temperature of the PV modules. The study was 
conducted based on the solar radiation data obtained 
from NASA portal for a location inside the AkwaIbom 
state University at MkpaEnin, AkwaIbom State, Nigeria. 
The PVSyst default thermal loss factor setting are such 
that for the constant loss factor is set to 29 and 15 for the  
free-standing PV modules and the close roof-mounted 
PV modules respectively. Furthermore, apart from the 
thermal loss factor, the same set of simulation input 
parameters are used in the simulation of the off-grid 
solar power for the case of  free-standing photovoltaic 
PV modules and also for the case of close roof-mounted 
PV modules.  The system with  free-standing PV modules   
produced 416 kWh per year with 100% solar fraction and 
no missing energy which is equivalent to the 0 % loss of 
load probability. On the other hand, the system with 
close roof-mounted PV modules produced 350 kWh per 
year 94.3 % solar fraction and missing energy of 20.7 
kWh which is equivalent to the 5.7 % loss of load 
probability. Also, in all cases, the system with the roof-
mounted PV array has higher cell temperature which 
resulted in higher energy loss in the PV array due to high 
cell temperature. In all, the rooftop solar PV power is 
significantly affected by the PV module mounting 
approach and approaches that will reduce the cell 
temperature is required for more efficient PV energy yield 
for roof-mounted PV modules. 
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I. INTRODUCTION 

Nowadays, solar power systems are increasingly  used 
to power several electrical applinaces across the globe, 
especially at those remote locations that do not have 
access to the national power grid [1,2,3,4,5,6]. In 
addition, in a bid to conserve space, in some cases,  
the photovoltaic (PV) modules are installed on the 
rooftop [7,8,9,10,11]. However, in hot wheather, the 
roof  casues increase in the cell temperature of the PV 

modules which leads to increase the thermal loss of the 
PV modules and also reduces  the PV modules  
operating efficiency [12,13,14,15].  

In this paper, two different  off-grid solar PV power 
systems are studies, one with free-standing PV array 
and the other one with a close roof-mounted PV array.  
The perfromance of the off-grid PV power systems are 
sudied using PVSyst simulation software [17]. In 
PVSyst, the thermal loss due to the PV module 
mounting approach is captured in terms of the thermal 
loss factor settings in th software [18,19]. The selected 
thermal loss factor is then used to compute the PV cell 
temperature and eventually the PV array thermal loss 
and the PV module operating efficency.  In this paper, 
sample numerical examples are used to compare the 
performance of the free-standing PV module and the 
close roof-mounted PV module.  The motivation for this 
study is to demonstrate that the performance of the 
roof-mounted PV modules are significally effected by 
the roof. As such, a more appropriate PV mounting 
approach for rooftop solar power system is required. 

II.  METHODOLOGY 

A.       The cell temperature and the thermal loss factor 

setting in  PVSyst software 

The cell temperature of PV modules affect its 
operating efficiency and the thermal loss in the PV 
array due to the difference between the cell 
temperature   and the ambient temperature   of the PV 
array. According to the models used in PVsyst for the 
thermal behavior of PV modules the thermal loss 

factor (U) is related to the cell temperature (𝑇𝑐𝑒𝑙𝑙) and 

the ambient temperature (𝑇𝑎) as follows [20] ; 

𝑈  =   (
𝛼(𝐺) (1 −  ɳ𝑃𝑉𝑆𝑇𝐶))

𝑇𝑐𝑒𝑙𝑙−𝑇𝑎
)  (1)            

Where α the absorption coefficient of solar irradiation 

is,  ɳ𝑃𝑉  is the PV module efficiency at standard test 
condition and G in W/m2 is the solar radiance incident 
on the tilted plane of the module. Again, the thermal 
factor U consist of the constant loss factor ( U0 ) and 

the wind loss factor (Uv) [20] ; 

𝑈  =   𝑈0 + 𝑈𝑣 (𝑉𝑤 )                           (2)  

In the PVSyst, Uv is set to zero (Uv =0) hence 𝑈  =
  𝑈0   and the PV cell temperature becomes; 
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            𝑇𝑐𝑒𝑙𝑙 = 𝑇𝑎 +  (
𝛼(𝐺)(1−ɳ𝑃𝑉𝑆𝑇𝐶)

U
) = 𝑇𝑎 +

 (
𝛼(𝐺)(1−ɳ𝑃𝑉𝑆𝑇𝐶)

𝑈0 
)                   (3) 

Particularly, the PVSystthermal loss factor settings for 
Uoand U1 are Uo =15, U1= 0  for close roof mount PV 
modules and  Uo =29, U1 = 0  for free-standing array 

PV modules [21]. 

 

B.  The site meteorological data and off-grid PV power 
system simulation parameters and procedure 

The solar radiation of at the site of the off-grid  solar 
power system is downloaded from the NASA portal into 
the PVSyst simulation software. The study site is 
located in Akwa Ibom State University(main campus) in 
Ikot Akpaden, Mkpat Enin    with longitude, latitude and 
elevation of 4.621437, 7.763997 and 18 m respectively. 
The solar radiation and ambient temperature of the 
study site are downloaded from NASA portal into the 
PVSyst software and the screenshot of the 
metorological data in PVSyst is shown in Table 1. 

Table 1:  The solar radiation and ambient temperature of the study site 

Months 
Monthly Average Solar Irradiation 

on The Horizontal Plane 
(kWh/m²/mth) 

 
Monthly Average Solar Irradiation 

on The Horizontal Plane 
(kWh/m².mth) 

Ambient 
temperature 

(°C) 

Jan 161.2 171.8 25.7 

Feb 146.7 152.6 26 

Mar 148.8 149.8 26.1 

Apr 138 135.2 26.2 

May 131.1 125.5 26 

Jun 106.2 101.5 25.3 

Jul 100.4 96.2 24.6 

Aug 106 103.3 24.3 

Sep 102.9 102 24.5 

Oct 114.1 116.5 24.8 

Nov 126.3 132.4 25.1 

Dec 153.5 164.6 25.4 

Year Average 1535.2 1551.4 25.33 

 

The PVSyst software is used  select theyearly fixed 
optimal tilt angle of 9° for the the PV modules. The 
daily energy demand is estimated at 1 kWh per day 
and as shown in Figure 1, four (4) days autonomy is 
adopted for the simulation. According to Figure 1, 
about 7 PV modules are used ,where each of the PV 
module is the A-50M monocrystalline silicon 
manufacturerd by Atersa, as shown in Figure 2. The 
norminal power of each of the PV module is 50 Wp with 
temperature coefficent of -0.50 %/°C and standard test 
condition (STC) eficency of 9.93 %. After the batery 
and PV modules are selected the thermal loss factor is 
set using the PVSyst detail loss parameter dialogue 

box in Figure 3. According to Figure 3, for the  free-
standing PV module, the constant loss factor, denoted 
as Uc is set to 29 while the wind loss factor, denoted as 
Uv is set at zero (0) [21]. On the other hand, for the 
close roof-mounted PV module, the constant loss factor 
(Uc) is set to 15 while the wind loss factor (Uv) is set at 
zero (0) [21]. The off-grid  solar power with the  free-
standing PV modules is simulated in PVSyst using the 
parameters shown in Figure 4. Apart from the thermal 
loss factor setting, the rest of the simulation input 
parameters in Figure 4 are also used to run the 
simulation for system with close roof-mounted PV 
modules.   
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Figure 1: The selected battery bank and PV array for the off-grid  solar power system. 

 

Figure 2: The details of the selected PV module 
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Figure 3: The thermal loss factor setting for the  free-standing PV module 
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Figure 4: The detailed simulation parameters for the free-standing PV module and the close roof-mounted PV 

module 

III.  RESULTS AND DISCUSSION 

The PVSyst simulation main result for the case of  free-
standing PV modules is shown in Figure 5. The system 
produced 416 kWh per year and about 365 kWh per 
year is delivered to the load while the rest of available 
energy is lost due to various factors , as shown in 
Figure 6. Particularly, according to the loss diagram in 
Figure 6, about 10.2 % of the available energy is lost 
due to the PV module cell temperature.  Furthermore, 

the results in Figure 5 show that the system has a solar 
fraction of 100 % ; that means that all the user energy 
demand are satisfied. In essence, there is no missing 
energy (or there is zero missing energy, as shown in 
Figure 5 and Table 2) and the loss of load probability is 
also, zero. Table 2 shows that the annual average 
operating efficiency of the PV array  is 7.4 % which is 
lower than its  STC eficency of 9.93 %. 
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Figure 5 The PVSyst simulation main result for the case of  free-standing PV module 

 
Figure 6 : The loss diagram for the case of  free-standing PV module 

Table 2: The system energy use and PV array temperature loss and PV array efficiency for the case of  free-
standing PV module 
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The PVSyst simulation main result for the case of close 
roof-mounted PV module is shown in Figure7.  The 
system produced 350 kWh per year and about 344 
kWh per year is delivered to the load while the rest of 
available energy is lost due to various factors, as 
shown in Figure 8. According to the loss diagram in 
Figure 8, about 17.7 % of the available energy is lost 
due to the PV module cell temperature.  Furthermore, 
the results in Figure 7 show that the system has a solar 
fraction of 94.3 % ; that means that about 5.7 % of the 
user energy demand are not satisfied. In essence, 
there is a missing energy  of  20.7 kWh, as shown in 
Figure 7 and Table 3) and  that missing energy is 
equivalent to the 5.7 %  loss of load probability. Table 3 
shows that the annual average operating efficiency of 
the PV array is 6.28 %. 

 

The comparison of the PV array cell temperature (°C), 
energy loss due to array cell temperature (kWh) for and 
the PV array operating efficiency (%) for the  free-
standing PV module and for the close roof-mounted PV 
array  are shown in Figure 9. The results show that for 
all the 12 months, the system with the roof-mounted PV 
array has higher cell temperature which resulted in 
higher energy loss in the PV array due to high cell 
temperature. Also, the cell operating efficiency for the 
system with roof-mounted PV is less than that of the  
free-standing PV module.    
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Figure 7 The PVSyst simulation main result for the case of close roof-mounted PV module 

 
Figure 8: The loss diagram for the case of close roof-mounted PV module 

Table 3: The system energy use and PV array temperature loss and PV array efficiency for the close roof-mounted 
PV module 
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Figure 9: Comparison of the PV array cell temperature (°C), energy loss due to array cell temperature (kWh) 

for and the PV array operating efficiency (%) for the  free-standing PV module and for the close roof-
mounted PV array    

IV. CONCLUSION  

The effect of thermal loss factor on the performance of 
off-grid  solar power system is presented. In particular, 
the PVSyst default thermal loss factor for a  free-
standing PV module and for a close roof-mounted PV 
module are used in the simulation and evaluation of the 
yearly energy yield, loss of load probability, PV array 
cell temperature, array energy loss due to cell 
temperature and the operating PV array efficiency for a 
off-grid  PV power system. The result showed that the 
roof-mounted PV array has higher operating cell 
temperature which leads to higher array energy loss 
due to high temperature and eventually lower array 
operating efficiency. In all, the rooftop solar PV power 
is significantly affected by the PV module mounting 
approach and approaches that will reduce the cell 

temperature is required for more efficient PV energy 
yield for roof-mounted PV modules. 
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