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Abstract The characteristics of different PV modules are provided in this 
paper. The influence of shading on PV module characteristics of different 
technologies (different crystalline silicon and thin film technologies) is 
investigated. The study also took into account the orientation of PV 
modules (portrait or landscape), a by-pass diode number and a type of 
connections. An inter-row shading factor for different PV modules has also 
been determined. A comparison of shading influence on PV module 
characteristics of different technologies has been drawn. A shading factor 
comparison of different technology PV modules has also been made. The 
influence of shading on PV system electricity production has been 
modelled based on a study which examined the influence of shading on 
characteristics of different technology PV modules. 
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1 Introduction 
 

limited reserves of fossil fuels and climate changes in previous years, usage of renewable 
sources had significantly increased. In order to reduce CO2 emissions and increase share 
of renewables many international agreements were signed (Kyoto, 1997 and 2005; 
Cancun, 2010; Lima, 2014; Paris 2015). On October 2014, EU adopted 2030 Climate and 
Energy Policy Framework with following conclusions [1]: 
 

 At least 40 % domestic reduction in greenhouse gas emissions by 2030 
compared to 1990. 

 At least 27 % is set for the share of renewable energy consumed in the EU in 
2030. 

 At least 27 % is set for improving energy efficiency in 2030 compared to 
projections of future energy consumption. 

 
According to [2], photovoltaics (PV) is a key technology option for implementing the 
shift to a decarbonised energy supply and can be deployed in a modular way almost 
everywhere on this planet and solar resources in Europe and across the world are 
abundant and cannot be monopolised by one country. PV is one of the fastest growing 
capacity in recent years. According to [2] PV capacity in 2014 was 177 GW and in the 

a decade earlier [3]. Most of PV modules used in PV capacity are crystalline (mono or 
multi) modules. Production capacity of PV modules in 2015 was estimated in range of 
63 GW to 69 GW. According to [3], production of the thin film PV modules in 2015 
increased by an estimated 13%, accounting for 8% of total global PV production (down 
from 10% in 2014). 
 
Many different factors influence on electricity generation of the PV modules. One of the 
factors that significantly influences on output power of the PV module is shading. Many 
researches about influence of shading are already conducted. In [4], shading effects on 
current  voltage characteristic of a mono-crystalline PV module is investigated. 
Experimental model for estimation of energy losses in PV arrays caused by shading is 
presented in [5]. In [6], influence of partial shading on of characteristics of the PV 
modules with different connection configuration of cells is investigated. Electrical 
characteristics and operation of series connected modules in condition of partial shading 
using MATLAB model is investigated in [7]. Shading factor which depends on the ratio 
of sunny part of the module and total module area is introduced by [8]. Discrete current-
voltage model for partially shaded PV arrays using Newton-Raphson algorithm, 
interpolation methods and analytical approximations is presented in [9]. In [10], influence 
of shading on CIGS PV modules is presented. Effects of shading on PV systems are also 
investigated in [11], [12], [13] and [14]. 
 
Aim of this paper is to investigate influence of shading on characteristics of different PV 
modules technologies and drawn comparison. Following PV module technologies are 
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investigated: mono-crystalline, multi crystalline, high-efficient monocrystalline, a-Si thin 
film and CIS thin film. Based on measurements results, the influence of shading on PV 
system electricity production has been modelled. 
 
2 Methodology 
 
In this chapter proposed methodology will be described. Methodology consists: 
measurement procedure, calculation of shading factor and description of the used 
mathematical model. 
 
2.1 Measurement procedure 
 
Measurements of influence of the shading on the characteristics of PV modules of 
different technologies is conducted. Following PV modules technologies were tested: 
mono-crystalline, multi crystalline, high-efficient monocrystalline, a-Si thin film and CIS 
thin film. Measurements were conducted in ResLAB. In Figure 1, measurement 
procedure is presented. 
 

 
Figure 1. Measurement Procedure 

 

 
Figure 2. Shading Scenarios 

 
Influence of shading on characteristics of PV modules for landscape and portrait 
orientations of PV modules is investigated. Shading of the module scenarios are presented 
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in figure 2. First scenario is: 8 % of the module area in landscape orientation is shaded, 
second scenario: 16 % of the module area in landscape orientation is shaded, etc. Then 
same procedure is applied for portrait orientation with step of 5 % of area. Same shading 
scenarios for all five PV module technologies are repeated. 
 
2.2 Calculation of the shading factor 
 
As presented in [8], the influence of shading on PV module output power can be taken 
into account by shading factor s depending on the ratio of the sunny part of the module 
As and the total module surface A as in (1): 
 

        (1) 
 
where Ps is the measured output power of the partially shaded module and Pt is the output 
power of the unshaded module. In this way, calculated shading factor can be represented 
as a function of the ratio As/A. In addition, piecewise linear approximation of obtained 
function s(As/A) can be performed so the shading factor then can be easily calculated 
according to the given ratio of the sunny part and the total module surface.  
 
2.3 Description of the used mathematical model 
 
Expression for calculating an annual energy production of PV system for the given 
installation area taking into account the influence of the inter-row shading on the PV 
module output power is presented in (2) [8]. 
 

    (2) 
 
Where: 
  

np - the number of 15-minute periods in one day 
G  - average insolation in a 15-minute period j in a 

day I  
A - size of a total PV module surface in one row; 

r - rated efficiency of the observed PV module; 

, ,i j
n  - temperature factor in a 15-minute period j in a 

day i for the given module angle  

 - dust factor for the given module angle ; 

r - number of rows in the solar power plant; 
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d - distance between PV module rows; 
b - PV module width; 
a - PV module length; 

 - PV module angle; 

 - the angle of the sun for period j in a day i. 

s - shading factor. 
 
The distance between module rows can be calculated as in (3) [8]. 
 

       (3) 
 
Where: 
 

ap - width of the parcel (across the module rows); 
bp - length of the parcel (along the module rows); 

nmr - number of modules in one row. 
 
The number of modules in one row and the size of the total module surface in one row 
can be calculated as: 
 

       (4) 
 

        (5) 

 
The correlation between the ratio of the sunny and the total part of the module surface of 
the row following the first row, angle of the sun, angle of the PV module, distance 
between module rows and module equals [8]: 
 

       (6) 
 
In order to maximize the annual energy production on the observed installation area, the 
optimal number of rows and a module angle can be determined by calculating the annual 
production for the given range of r and  and finding the maximal value of the production 
whose indexes show the optimal r and .  
 
The model is created in MATLAB. In a double for loop for the given range of r and , 
W  is calculated for each pair of r and  using expression (2) and taking into account 
expressions (3)-(5). The obtained matrix of annual energy production related to tested r 
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and  is then searched for the maximal value which then reveals the optimal value of r 
and . 
 
3 Case Study 
 
3.1 Case scenario description 
 
Optimal configuration of PV systems providing maximal annual energy production for 
different module types and different module orientation are determined for available 
installation area in Osijek, Croatia, oriented as it is shown in Fig. 3. 

 
Figure 3. Orientation of Observed Area of the Installation of the PV Modules 

 

irradiance G for a 15-minute periods on a fixed plane are taken from PVGIS [15] for the 

Cases with module angle less than 5 degrees are not considered due to significant 
influence of dust deposition [16], [17] and [18]. Technical characteristics of PV modules 
on which measurements were conducted are given in Table 1 
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Table 2. Technical characteristics of the tested PV modules [19], [20],[21],[22] and [23] 

 
Bisol 

BMO 250 

Bisol 
BMU 
250 

Panasonic 
VBHN240 

Solar 
Frontier 
SF-150 

Masdar 
MPV100-S 

Maximum Power 
(W) 

250 250 240 150 100 

Short Circuit 
Current (A) 

8.8 8.75 5.85 2.2 1.57 

Open Circuit 
Voltage (V) 

37.9 38.4 52.4 108 100 

MPP Current (A) 8.2 8.25 5.51 1.85 1.33 

MPP Voltage (V) 30.5 30.3 43.7 81.5 76 

 

     

      
Module 

Efficiency (%) 
15.3 15.3 19 12.2 6.99 

Module 
Efficiency under 

Real-Life 
Conditions* (%) 

14.15 14.15 N/A 9.04 N/A 

Length (mm) x 
Width (mm) x 

Thickness (mm) 

1649 x 
991 x 40 

1649 x 
991 x 40 

1580 x 798 
x 35 

1257 x 
977 x 35 

1300 x 
1100 x 32 

 
3.2 Measurement results 
 
In order to determine the influence of shading on the output power of each tested PV 
module, the measurement is conducted in the Laboratory for sources of Faculty of 
Electrical Engineering, Computer Science and Information Technology Osijek. 
Measurement is performed as it is described in Chapter 2.1.  
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Figure 4. Measurement Results of the Output Power of the Landscape Oriented PV 

Modules in Respect to As/A 
 
Measurement results of the output power of the landscape oriented PV modules in respect 
to the ratio of the sunny part and the total module surface are presented in Figure 4. 
The shading factor is calculated for each measurement step using expression (1). 
Calculated values of the shading factor of the landscape oriented PV modules in respect 
to the ratio of the sunny part and the total surface is presented in figure 5. 
 

 
Figure 5. Calculated values of the shading factor of the landscape oriented PV modules 

in respect to As/A 
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Figure 6. Measurement Results of the Output Power of the Portrait Oriented PV 

Modules in Respect to As/A 
 
Piecewise linear approximation is conducted and the function s(As/A) is obtained. Thus, 
when calculating energy production using (2), a shading factor is calculated according to 
the given ratio of the sunny part and the total module surface that can be calculated using 
(6). Measurement results of the output power of the portrait oriented PV modules in 
respect to the ratio of the sunny part and the total module surface are presented in Figure 
6. 
 
Calculated values of the shading factor of the portrait oriented PV modules in respect to 
the ratio of the sunny part and the total module surface are presented in Figure 7. 
Piecewise linear approximation is conducted and the function s(As/A) is obtained.   
 

 
Figure 7. Calculated values of the shading factor of the portrait oriented PV modules in 

respect to As/A 
 

3.3 Calculation of expected energy production for different PV modules 
 
Optimal configuration of PV systems providing maximal annual energy production for 
different module types and different module orientation are determined as it is described 
in Chapter 2.3.  



212 10TH INTERNATIONAL CONFERENCE ON SUSTAINABLE ENERGY AND ENVIRONMENTAL 

PROTECTION (JUNE 27TH 30TH, 2017, BLED, SLOVENIA), RENEWABLE ENERGY SOURCES

G. . . . & S. Seme:
Comparison of the Shading Influence on PV Modules of Different Technologies 

 
For example, annual energy production of BMU 250 PV module (landscape orientation) 
in respect to the number of rows for the given module angle is presented in Figure 8.  
 

 
Figure 8. Annual energy production of BMU 250 PV module (landscape orientation) in 

respect to the number of rows  
 

 
Figure 9 Annual energy production of Masdar PV module (portrait orientation) in 

respect to the number of rows  
 

The annual energy production of Masdar PV module (portrait orientation) in respect to 
the number of rows for the given module angle is presented in Figure 9. 
 
  



10TH INTERNATIONAL CONFERENCE ON SUSTAINABLE ENERGY AND ENVIRONMENTAL 

PROTECTION (JUNE 27TH 30TH, 2017, BLED, SLOVENIA), RENEWABLE ENERGY SOURCES

& S. Seme: 
Comparison of the Shading Influence on PV Modules of Different Technologies 

213

 
Table 2. Optimal configuration of PV power system providing maximal annual 

production for landscape (L) and portrait (P) orientation 

 
 
4 Conclusion 
 
In this paper influence of shading on output power of different PV modules technologies 
in respect to shaded area is presented. Optimal configuration of the PV system with 
different PV module technologies providing maximal annual production for landscape 
and portrait orientation of the modules is determined.  
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