
Energy and Power 2015, 5(1A): 1-4 
DOI: 10.5923/c.ep.201501.01 

Effect of Shading on the Performance of Solar PV Panel  

Sathyanarayana P.1,*, Rajkiran Ballal2, Lakshmi Sagar P. S.1, Girish Kumar1 

1SDM Institute of Technology, Ujire, India  
2Mangalore Marine College and Technology, Kuppepadavu, India 

 

Abstract  Solar panels are gaining importance as a major alternate source of energy in the prevailing condition of 
depleting non renewable energy sources. Photovoltaic (PV) modules are being increasingly used in large as well as small 
scale installations. The performance of PV panels is affected by the shading effect due to trees, passing of clouds, neighboring 
buildings and any other means. This paper is an attempt to carry out systematic study of the effect of shading on the Power 
output, Fill factor and Efficiency of solar panel. A direct correlation was found between short circuit current and solar 
irradiation under uniform shading conditions. On the other hand, non uniform shading conditions yielded a variety of 
performance behavior. Such shading conditions should be avoided for better performance of solar panels. 
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1. Introduction 
Energy demand in India as well as the globe is increasing 

day by day. This demand cannot be met only by the 
conventional sources. As a result, several alternative energy 
sources are being explored. Solar energy is one such 
promising source which has great potential to meet the 
growing need. Photo Voltaic (PV) technology is commonly 
used to generate electricity using sun’s energy [1-3]. 

A Photo Voltaic (PV) system consists of an array of solar 
panels to convert solar energy to electricity. Each solar 
panel is an arrangement of PV cells, made up of 
semiconductor materials. The capacity of PV cell can be 
estimated by knowing cell efficiency and fill factor (FF) [4].  

The efficiency of a PV cell is defined as the ratio of peak 
power output to input solar power and is calculated as:  

mp mpV I
I A

η
×

=
×

 

where, Vmp is the voltage at peak power, Imp is the current at 
peak power, I is the solar intensity per square meter and A is 
the area on which solar radiation falls. The efficiency will 
become highest, if the PV cell delivers maximum power for 
the right combination of environmental conditions of 
irradiance and temperature [5]. 

The fill factor was estimated using the relation: 
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The fill factor of a PV panel is an important performance 
indicator. Although physically unrealizable, an ideal PV 
panel technology would produce a perfectly rectangular I-V 
curve in which the maximum power point coincided with 
(Isc, Voc).  

A typical solar cell produces about 0.5 V only and by 
connecting them together in series inside the panel, a more 
useful voltage can be achieved. Most solar panels are rated 
at 12 V, although higher voltage panels are also available 
[6-7].  

A major challenge in using a solar PV source containing 
a number of cells in series is to deal with its non-linear 
internal resistance. The problem gets more complex when 
the array receives non-uniform shading. Shade is a 
significant design factor affecting the performance of many 
Photovoltaic systems. Measuring the extent of shade on a 
solar array can be challenging due to the fact that shadows 
move as the sun position moves throughout the day and year. 
This is further complicated by the changes in the source of 
shade itself. For example, a tree can sway in the wind or 
lose its leaves during the winter, changing the type of shade 
it casts on a solar array [8-9]. Shade impact depends on the 
severity and area of the shade. It may cause current 
mismatch which results in loss of power [10].  

In this work, the effect of uniform and non-uniform 
shading on the performance of PV panel is investigated. 

2. Experimental 
A rectangular PV panel (450 mm x 280 mm x 30 mm) 

mounted on an adjustable stand was used for investigating 
the effect of shading. The panel was fixed at 30° inclination 
towards south. The angle of inclination was decided on the 
basis of previous investigations [9]. Two types of shading 
experiments, namely, uniform and non-uniform, have been 
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conducted. For uniform shading, butter papers were used in 
different quantities to obtain different percentage of shading 
(Figure 1). For non-uniform shading, different regions were 
selectively shaded using physical objects, replicating the 
shades of leaves, cables, birds and buildings (Figure 2). I-V 
measurements were taken in each case using the normal 
practice for constant irradiance of 735 kJ/m2/day [2, 3, 7, 9]. 
Each experiment was repeated at least thrice to get 
consistent readings and average readings were reported. 
Power output, fill factor and conversion efficiency were 
also determined for each experiment. 

The specification of the panel is provided in Table 1. 

Table 1.  Specification of PV panel 

Company Kotak Ujra Pvt. Ltd. 

Model No. KM 0010 

No of cells 36 

Cell material Polycrystalline silicon 

VOC 21.24 V 

ISC 0.59 A 

Vmp 17.64 V 

Pmax 10 W 

Maximum system voltage 600 V 

Operating Temperature -40°C to +85°C 

 

 

Figure 1.  Solar panel under uniform shading  

 

Figure 2.  Solar panel under non uniform shading 

3. Results and Discussion 
Uniform shading Characteristics 

 

Figure 3.  I-V characteristics of the module under uniform shading 

Figure 3 shows the I-V characteristics of solar panel 
experimental set up under uniform shading condition at 
different levels of shading. It can be inferred that, the ISC 
decreases as the percentage shading is increased and a linear 
relationship was observed between them (Figure 5). 
Consequently power output also decreased with increase in 
shading. In the uniform shading condition, all the solar cells 
of the panel receive same amount of insolation for a given 
amount of shading. Hence, the reduction in sunlight is 
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uniform for all the cells. As a result, short circuit current, 
which is directly proportional to insolation received, 
exhibited a direct correlation with percentage shading. 
However, negligible variation in fill factor and efficiency 
were found with increase in shading (Table 2). This is 
expected as the conversion efficiency of solar cell or panel is 
the intrinsic characteristic of the unit. Further, uniform 
shading of the whole panel would not have any effect on the 
circuitry or cell performance other than the decrease in the 
total power output. 

 

Figure 4.  P-V Characteristics of the module under uniform shading 

 

Figure 5.  Effect of shading on short circuit current 

Table 2.  Effect of uniform shading on the PV panel performance  

Sl. No % Shading Efficiency Fill factor 

1 0 8.35 78.20 

2 25 8.50 80.66 

3 50 8.63 80.88 

4 75 8.78 80.80 

Non uniform shading 
There were several interesting observations during 

experimentation with non-uniform shading. For example, if 
the shade covered one complete cell area of the panel, then 
the power output completely vanished. On the other hand, if 

the shading covered the cells partially, then the drop in the 
power output was proportional to area of the shade. Further, 
the current output was equal to the lowest among the cell 
individual current outputs. This can be attributed to the series 
connection of individual cells to make up the entire panel. 

Figure 6 represents I-V characteristics of PV panel 
subjected to a variety of non-uniform shading conditions. 
The approximate area of shading is indicated in the Table 3. 
It was observed that area of the shade had significant effect 
on the I-V characteristics as well as power output. The shade 
produced by the cable had minimum effect on the power 
output whereas that produced by the building model had the 
maximum effect.  

 

Figure 6.  IV characteristics of the module under non-uniform shading 

 

Figure 7.  P-V characteristics of the module under non-uniform shading 

Table 3.  Effect of non-uniform shading on PV panel performance  

Sl. No. Object used 
for shading 

Approx. area of 
coverage (%) Efficiency Fill 

factor 

1 Leaf 9.061 6.01 68.10 

2 Electric 
cable 0.72 7.85 79.02 

3 Building 
model 19.82 2.46 62.63 

4 Bird model 4.00 3.21 54.37 
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Another important inference noticed during non-uniform 

shading experiments is the effect on fill factor and efficiency. 
Unlike uniform shading experiments, both efficiency and fill 
factor depend on the effective cell illumination obtained as a 
result of non-uniform shading. If shade covers a significant 
portion of the cell, then there is a drastic drop in efficiency as 
well as fill factor. For example, in the case of building model 
(where % shade cover is 19.82), the efficiency observed is 
2.46% only. On the other hand, the leaf or cable shades have 
resulted in limited drop in efficiency. This could be due to 
the fact that shades of leaves or cables covered limited 
portion of the cell from sun’s exposure.  

In non uniform shading, all the cells in the panel will not 
receive same insolation. As a result, the cells that receive 
lower irradiance will act as loads and behave in the reverse 
biased condition. This leads reduction in current, power and 
efficiency [11]. Further, this situation may also result in the 
development of hotspots in the panel. Such situations must 
be avoided as they may not only cause drop in power output 
and efficiency but also damage the cells permanently.  

4. Conclusions 
The effect of uniform and non-uniform shading on the 

performance of PV panel was investigated. During uniform 
shading, short circuit current exhibited negative linear 
correlation with percentage shading. Power output also 
decreased linearly with shading. However, fill factor and 
efficiency were unaffected by shading. 

Non-uniform shade caused by building model affected the 
performance to a greatest extent whereas that by a cable 
affected the least. The effect was dependent on the extent of 
cell covered by the shade. The cells those received lower 
irradiance than the rest, acted as loads and caused drop in 
current, power and efficiency. For efficient panel 
performance, non-uniform shading conditions must be 
avoided to the maximum possible extent. 
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