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Abstract- The power delivered by the PV panels largely depend on the irradiation obtained on the module surface. The 
radiation falling on the module surface initiate a reaction on the module cells and power is produced by the modules. The 
power produced is directly proportional to the irradiation obtained on the module. This irradiation however sometimes 
scatters on the module surface due to the presence of soiling spots/droppings on the modules thus causing decrease in the 
intensity of the irradiation on the cells which eventually leads to less power output from the system thus affecting the 
financial and efficiency aspects of the system. This soiling for roof top systems however can be studied and methods can be 
proposed for the reduction of the same by performing studies and experiments on roof top installations. Here in this paper I 
evaluate the soiling spots on two roof top systems and propose methods for reduction of the same. 
 
Index terms- Soiling, performance, efficiency. 
 
I. INTRODUCTION 
 
Soiling of PV Panels is defined as the accumulation 
of dust contaminants, pollen, agricultural waste and 
bird droppings on the PV module which reduce the 
solar irradiance absorption thus reducing the 
efficiency of the PV System. As we move towards 
foreseeing the Solar Energy as the Next Big Thing in 
the renewable energy field globally, therefore any 
type of loss associated with it should be reduced if 
not to be eliminated. Therefore Soiling of PV Panels 
needs to be addressed so as to get the most of the 
Solar Energy. In this study I have prepared a case 
study of roof top installation at IIT Powai Mumbai 
and studied the variations of soiling spots and bird 
droppings and the impact it has on the performance of 
the ouput. This can be used as a tool for future 
installations in Mumbai as well as the sister cities of 
Mumbai, India. 
Looking at the Indian Context, India’s solar potential 
is immense due to its convenient location near the 
Equator. India receives nearly 3000 hours of sunshine 
every year, which is equivalent to 5000 trillion kWh 
of energy. Indiacan generate over 1,900 billion units 
of solar power annually, which is enough to servethe 
entire annual power demand even in 2030 (estimates). 
Rajasthan and Gujarat are the regions with maximum 
solar energy potential. This, coupled with the 
availability of barren land, increases the feasibility of 
solar energy systems in these regions. 
 
II. IMPACT OF SOILING 
 
Soiling studies have been made throughout the world 
indicating different values of soiling percentages and 
impact on the performance of the plant. The 
difference generally occurs due to the weather 
conditions and the topography of that particular 
location. A soiling loss of 3-4% is generally assumed 

while performing analysis of the roof top 
installations. 
Different previous studies have been conducted to 
monitor the soiling loss in different regions and 
settings. Kleissl conducted one of the biggest studies 
on 186 PV systems in California. The research group 
compared the solar irradiance data from 
SolarAnywhere (SAW) database with the daily 
energy production of the PV systems to get the 
efficiency reduction; which was considered as the 
soiling loss. The study found the average daily soiling 
rate, in dry periods is 0.051% for the 186 sites (Mejia, 
and Kleissl, 2013). Without comparison with any 
solar source models, Kimber conducted a soiling 
monitoring study for PV systems in California and 
the southwest region of the United States. Using a 15-
minute monitored data from the PV sites, the research 
group considered the soiling loss as the performance 
reduction of the PV modules over time, after 
correcting for the module temperatures. The study 
showed the average daily soiling loss in dry periods 
as 0.2%, resulting in an annual energy lost from 1.5% 
to 6.2%, for the different locations the study covered. 
The above-mentioned studies were mainly based on 
monitoring the performance of the PV 
arrays/systems. Another experimental approach for 
soiling monitoring is based on the direct monitoring 
of the performance of PV modules rather than the PV 
arrays. The idea is based on monitoring the short 
circuit current, considering it the representative 
metric for the soiling loss. In the direct monitoring 
approach, each test module is short circuited through 
a current shunt which results in a voltage drop across 
it. By multiplying this voltage with a certain factor, 
the product represents the current flowing through the 
shunt which is the same as the generated current from 
the PV module. Taking the readings across the 
current shunt on a regular basis along the day and 
recording them by a data logger gives a detailed 
picture on how the module performs in terms of the 
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short circuit current. The research group in the 
University of Malaga in Spain did two rounds of 
soiling monitoring. The first one was in 2006-2007, 
conducted by Piliougine et al. The study showed that 
soiling loss in dry periods could reach to 15%. The 
study 10 also found that the annual loss factor on the 
PV performance due to soiling was 6%, which is 
larger than the default loss factor used in sizing the 
PV systems which is 3%-4% (Piliougine 2008). In 
2008-2009, with some changes in the research group, 
Zorrilla-Casanova presented more comprehensive 
soiling monitoring. The extra feature of that study 
was that it included more precise evaluation of the 
daily soiling loss since it considered the change of the 
soiling loss during the day. The study showed that 
soiling loss could reach 20% in the dry periods 
without rain. From the data of the whole testing year, 
the mean of the daily soiling loss in one year was 
found as 4.3%. Soiling monitoring studies could be 
short term studies for a month or two, and they also 
could be long term for one year or more. An example 
of the short term is a study conducted in Italy by 
Pavan where two 1 MW power plants were monitored 
after 8 weeks of soiling. The resulting decrease in 
performance was 1.1% of one power plant, and 6.9% 
for the other one (Pavan 2011). An example of a long 
term soiling study is the one conducted by Ryan et al. 
where solar arrays installed in the University of 
Oregon were monitored over six years, from 1983 to 
1988 (Ryan 1989). The long term soiling studies have 
the advantage of realizing the difference of the soiling 
effect from year to year, as was noticed in a study 
conducted by Townsend and Hutchinson, who 
monitored PV modules in Davis, California. Another 
advantage of the long term soiling studies is that they 
show a clear picture of the common trend of the 
soiling, enabling the studies to come up with a 
reasonably accurate average for the soiling rate. 
 
III. EXPERIMENTAL APPROACH 
 
The roof top installation at IIT Powai, Mumbai are 
installed and maintained by the Mahindra Susten Pvt. 
Ltd. There they have an installed capacity of 500 kW 
with another 500 kW under construction. Two roof 
top installations were studied and results obtained 
were noted. The roof top system to be studied was 
decided based on the best performing roof and the 
comparatively less performing one.  
Study One: VMCC roof, IIT Powai. 
Here we have a 40.5kW site comprising of 162 
modules of 250Wp each. The modules were visually 
inspected for soiling spots, cracks and bird droppings. 
Since machine set up was not available on this 
therefore only visual analysis was done. After this the 
module connections was checked for any loose 
connections. This was done so as to check whether 
the connections are not the reason for any deviation 
of the readings. After the initial studies the modules 
were analyzed on the string level looking for any 

disperency from the rated values. Modules which 
were heavily soiled with dust and dirt showed a 
reduced value of current and therefore power 
transmitted to the inverter was less. The under-
performing strings were noted and a sheet was 
compiled showing the number of modules that were 
affected by soiling. Another important factor is the 
cleaning of the modules. The modules are cleaned by 
a cotton mob. However it does not do the expected 
cleaning, which has to be considered while 
determining soiling. 
Study Two: Mechanical Engineering Roof, IIT Powai. 
Here we have a 95kW site comprising of 380 
modules of 250Wp each. The modules were inspected 
visually for soiling and bird droppings. After 
performing the visual analysis, thermography of the 
modules was done so as to obtain thermal images of 
the modules for better visualization of the impact of 
the soiling and bird dropping. The results of both the 
roof top studies were compiled and comparative was 
done. 
 
IV. RESULTS 

 
The results are been compiled in a comparative table 
which gives us an analysis on how the soiling varies 
on both the rooftop installations in the same campus. 
Table 1 shows the comparative analysis of both the 
installations. 
 

Table 1 

 
 
CONCLUSIONS 
 

1. . Soiling of the modules leads to decrease in 
power production by a factor of 2-3%. 

2.  Soiling if not addressed will lead to formation 
of permanent hotspots. 

3.  Permanent degradation of modules can occur 
leading to decreased life of modules. 

 
RECOMMENDATIONS 
  

1. Anti-soiling coatings can be used in order to 
avoid soiling. 
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2. Cleaning frequency of the modules can be 
optimized so as to reduce soiling of the 
modules. 

3. Bird droppings if not cleaned may lead to 
permanent hotspots thus leading to less 
efficiency. 

4. Automated cleaning can be used in place of 
manual cleaning which will lead to increased 
output. 
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