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ABSTRACT- The irradiance effect on several PV modules is examined by the changing a tilt angle and comparing 
different meteorological situations of sky clearness (clouds) on the modules mounted outdoor and exposed to Sun. Also, 
the influence of temperature and dust on the performance of a PV panel is under research using measurement methods 
described in the paper. The measured current and voltage data at the clean surface of the PV module correspond to the 
declared data of the PV module manufacturer, and in the case of fouling of the module surface with dust, a power drop 
of 7.39% was measured. 
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Introduction 

The amount of energy produced in the PV module 
is directly affected by the solar irradiance, which means 
that in cloudy weather the PV module produces less energy 
and does not produce electricity at night. The performance 
of the PV module is most influenced by the collector tilt 
angle, which is defined concerning the horizontal position. 
The optimal tilt angle of a fixed PV module depends on 
local climatic conditions such as geographical location and 
season [1]. The total irradiated solar energy is affected by 
the duration of solar hours and the average monthly cloudi-
ness [2]. The effect of irradiance and temperature on the 
performance of a PV panel was investigated by Zuhal ER 
et al. [3] and Aoun et al. [4]. Damasen Ikwaba Paul [5] ana-
lysed the electrical performance of three PV modules with 
cells connected in different configurations to address the 
nonuniform illumination effect. Ramabadran and Badrilal 
[6] investigated the harmful effects of partial shading of 
series and parallel connected PV modules and compare 
their performance. It is clear that the nature of dust parti-
cles, such as particle size distribution, and chemical com-
position also influence the result.  

 PV panels must guarantee cost-
effectiveness for investors.  It is a fact that the light spec-
trum changes when sunlight passes through the atmos-
phere. To enable an accurate comparison of the characteris-
tics of solar cells tested at different times and in different 
places, the standardized spectrum and power density 
(irradiation) for radiation outside the Earth's atmosphere 
and on the Earth's surface is defined (ISO 9845-1: 1992, 
IEC EN 60904-3: 1989-02). Air Mass 0 means that light 
has not passed through the atmosphere. This irradiance on 
the border of the atmosphere is 1367 W/m2 and is declared 

as solar constant. 
 

 
2 MATERIAL AND METHODS 

 
2.1 Description of the Experimental Test 
 

The photovoltaic module is created by connecting 
photovoltaic cells, where the cells can be connected in se-
ries, which increases the voltage or in parallel in a submod-
ule, which increases the output current. The modules pro-
duce DC, usually 12 V or 24 V, but there are versions of 6 
V and 18 V. During the operation of the PV module, degra-
dations of properties may occur, the causes of which can be 
very different, for example:  
• Degradation or safety issues caused by the failure of cell 
interconnects, solder bonds, or the bypass diodes that pro-
tect in case of shading  
• Early degradation in the short-circuit current related to 
light-induced degradation  
• Changes in transmittance associated with changes in anti-
reflection coatings, encapsulation discolouration, and de-
lamination  
• Corrosion of cells and ribbons (often associated with de-
lamination in the field)  
• Junction-box failures, including non-functioning bypass 
diodes, etc.  
In this paper, the aim is to examine the characteristics in 
different operating conditions and compare them with the 
nominal values given by the module manufacturer. Each 
manufacturer of PV modules takes samples from the pro-
duction line and tests them following appropriate proce-
dures to ensure the quality of their products. However, it is 
also interesting to do tests  
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of PV modules that can be bought on the free market. For 
this purpose, appropriate PV modules were procured and 
the values of voltage, current, and power were measured 
and compared with the values stated by the manufacturer. 

 
Table 1 Declared parameters of photovoltaic modules 

 
 
Illuminance is a measure of photometric flux per unit area 
or visible flux density. Luminous efficacy in daylight is 
defined as the ratio of illuminance to global solar irradia-
tion. 

   ……..(1) 
Luminous efficacy models for the clear-sky global and di-
rect beam are mainly related to global solar radiation and 
solar altitude angle and in some extent of atmospheric con-
ditions. The expression for luminous efficacy: 

…….(2) 
For measuring conditions in Chennai (season and time of 
day results in altitude 45°), the value Kg = 109 (lm/W) was 
calculated. So, the amount of irradiation on the surface can 
be approximately calculated using the expression: 

…..(3) 
 

2.2 Influence of the Tilt Angle on the Performance of 
the PV Module 
  

The test aims to define the influence of the tilt an-
gle of the module on its efficiency. The SOLE module with 
the possibility of changing the tilt angle was used for this 
test. The test is performed by connecting the photovoltaic 
module to the circuit with the measuring module and the 
consumer and using a slider to set a tilt angle (0-90°). The 
test is conducted in the open air with measured illumina-
tion of 86,200 lumens. Applying expression (1), this illu-
mination corresponds to irradiation of 783.6 W/m2. By 
changing the tilt angle of the photovoltaic module, its per-
formance also changes. The share of direct solar radiation 
is dominant in the total radiation, and the maximum perfor-
mance is achieved by placing the surface of the PV module 

perpendicular to the direction of radiation. During the test, 
the module achieved the best performance at the tilt angle 
of 30°, which is the closest to the optimal tilt angle for the 
area of Chennai, which is 35° (Fig. 3). 

 

 
Figure 1 Voltage as a function of tilt angle 

 
Figure 2 Current as a function of tilt angle 

 
Figure 3 Power as a function of tilt angle 

 
2.3 Influence of the PV Module Temperature Rise on 
the Voltage and Current  
 
The test is performed by connecting the SOLE photovolta-
ic module to the circuit with the measuring module and the 
consumer. The temperature and voltage of the PV module 
are then measured every 5 minutes up to 30 minutes. The 
procedure was performed outdoors at a light intensity of 
84,500 lx, which corresponds to irradiation of 775 W/m2. 
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1.06 A. The reason is the limited accuracy of the 
instrument of ± 0.01 A. 

 
Figure 4 Temperature rise during the measurement 

 
Figure 5 Influence of module temperature on the voltage 

 
Figure 6 Influence of module temperature on the power 

According to Fig. 4, it is noticeable that the voltage 
slowly decreases with the increasing temperature of the PV 
module, and the current remains unchanged. The electrical 
power produced from a photovoltaic panel depends on the 
incident solar irradiation, and the temperature of the cells. 
In the analysed case, when the temperature increases from 
28.9 °C to 78.2 °C, the power drops by 11.8% (Fig. 5). 
 
2.4 Examination of the Influence of Dust on the Perfor-
mance of the PV Module 

 The test procedure is performed by connecting a photovoltaic 
module in a circuit with a measuring module and a resistance, 

then measuring current, voltage, and power under the clean sur-
face (Fig. 6) and surface covered with a layer of dust. After that, 
the obtained value is compared. The procedure was performed 
outdoors, the panel was tilted at approximately 35° facing south. 
Illumination is measured by a lumino meter in the amount of 
98,200 lumens. The ambient temperature was 26 °C. Calculation 
of the amount of irradiated energy: 

 
Table 2 Measured voltage and current on the clean and 

fouled PV module 

 
According to the test results shown in Tab. 2, it is noticea-
ble that in the case of PV modules with a layer of dust, all 
measured values are lower than for the case of clean mod-
ule surface. In the case of the fouled surface, the current is 
lower 26.37%, and the voltage drop is relatively small and 
amounts to 1.95%. A voltage drop and current drop result-
ed in a power drop of 7.39%. From the obtained test data, 
it can be concluded that it is desirable to have a system for 
cleaning the surface of the PV module to avoid energy 
losses due to the influence of a layer of dust or other dirt on 
the surface of the PV module. 
 

CONCLUSION 
 
The outdoor experiments support the understand-

ing of parameters that influence the performance of a pho-
tovoltaic module in a real application. Measurement meth-
ods described and performed analyses in the paper enhance 
comprehension of the performance of the outdoor mounted 
PV modules. Influence of dust effect on outdoor mounted 
PV module surface is presented in the paper. The per-
formed measurements show that the declared values of the 
PV module are achievable. Due to the increase in the mod-
ule temperature, a decrease in power by 11.8% occurred, 
and due to the dust accumulation on the surface of the 
module, a decrease in the power of 6.9% was registered. 
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