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Abstract- The energy demand is continuously increasing and the fossil fuel reserves are decreasing. The availability of fossil 
fuels has reached an alarming level and the prices have gone up substantially. The pollution caused by them has also started 
causing harm. The best option available is to shift to renewable sources of energy. The most dominating sector of renewable 
energy is the solar energy. With the advancement in the field of technology, the price of converting solar energy into some 
usable form has also come down. However, the maximum power generated by the solar panel is not fully used. Some of the 
power goes as losses in the system. Soiling is also one of the major losses along with the temperature loss. The accumulation 
can result in the loss of power generation from the solar panels. 
The paper presents a brief overview of various losses in solar photovoltaic system. Loss due to soiling being one of the major 
loss is focused in this paper. Soiling loss can occur due to many reasons which are listed in this paper. It also explains about 
some of the future cleaning technologies with current cleaning technology in India and issues related to the current cleaning 
method. Since soiling is a controllable loss, a proper measurement and analysis of this is required. A concept of soiling 
station is discussed in this paper which can be used to accurately measure the soiling loss at a particular site. Attempt is 
made to finalize cleaning cycle with respect to particular site for minimizing soiling losses. Revenue loss due to soiling is 
calculated due to soiling in the paper. 
 
 
I. INTRODUCTION 
 
There is a pressing need to accelerate the 
development of advanced clean energy technologies 
in order to address the global challenges of energy 
security, climate change and sustainable 
development. Solar Photovoltaic is a key technology 
option to realize the shift to a decarbonized energy 
supply and is projected to emerge as an attractive 
alternate electricity source in the future. The solar 
potential in the country is 4965.59MWp as on 30 
November 2015[1]. It includes both grid interactive 
and off grid power. 
 
India is located in the equatorial sun belt of the earth, 
thereby receiving abundant radiant energy from the 
sun. The India Meteorological Department (IMD) 
maintains a nationwide network of radiation stations 
which measure solar radiation and also the daily 
duration of sunshine. In most parts of India, clear 
sunny weather is experienced250 to 300 days a year. 
The annual global radiation varies from 1600 to 2200 
kWh/sq.m. which is comparable with radiation 
received in the tropical and subtropical regions. The 
equivalent energy potential is about 6,000 million 
GWh of energy per year.The highest annual global 
radiation is received in Rajasthan and northern  
 
Gujarat. In Rajasthan, large areas of land are barren 
and sparsely populated, making these areas suitable 
as locations for large central power stations based on 
solar energy. 
 
II. LOSSES IN PV SOLAR SYSTEMS 
 
The estimated system losses are all the losses in the 
system, which cause the power actually delivered to 

the electricity grid to be lower than the power 
produced by the PV modules. The causes of soiling 
losses in pv systems are as follows : 
 
Soiling  
Soiling of solar panels can occur as a result of dust 
and dirt accumulation. In most cases, the material is 
washed off the panel surface by rainfall. The most 
critical part of a module is the lower edge. Especially 
with rather low inclinations, soiling at the edge of the 
frame occurs. By often repeated water collection in 
the shallow puddle between frame and glass and 
consecutive evaporation dirt accumulates. Once it 
causes shading of the cells, this dirt reduces the 
available power from a module. 
 
Pollens, sand and other airborne particles naturally 
accumulate on the surfaces of PV modules, 
concentrating mirrors and lenses. This reduces the 
energy output of solar plants, particularly those 
located in arid areas with agricultural activities and 
loose soil. Airborne pollutants such as vapors, smog, 
and soot can form a surface layer that is harder to 
clean than dust or sand. This is especially relevant in 
urban and industrial areas 
 
Bird droppings in some locations can be 
  
HL(%) = 100 ×     −     
HL= the percentage loss due to soiling Hcc = Daily 
irradiation measured by the clean cell (Whm-2) 
 
Hdc = Daily irradiation measured by dirty cell (Whm-
2) 
sufficient to provide partial blocking of cells in 
modules. This affects the current flow in the modules 
and usually causes a drop of efficiency of the module 
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or of a complete string. It also affects the efficiency 
of mirrors 
Mould can grow on the surface of PV panels in warm 
and wet areas. The heat accumulated during the day 
and the humidity during night-time provide ideal 
conditions for microorganisms to proliferate and form 
an opaque layer on the surface of PV modules. 
 
III. EFFECTS OF SOILING 
 
The accumulation of dirt on solar panels 
(“soiling”) can have a significant impact on the 
performance of PV systems in regions where rainfall 
is limited for a dry season of several months. The 
performance of a solar energy system (whether using 
thermal or PV collector) is influenced by the ability 
of the cover glass to transmit solar radiation to the 
collection surface besides other factors, such as the 
intensity of solar radiation, the tilt angle of the 
absorbing surface, the properties of the materials etc. 
One of the factors mentioned is the gradual 
degradation of transmittance that depends on the 
accumulation of dust. The rate of decrease in the 
performance depends mainly on the rate of dust 
deposition. 
The loss is in the form of irradiation. Suresh kumar, 
Bijan Sarkar and DK Behera conducted a study on 
this effect. 
 
They also showed the effect of rainfall on loss due to 
soiling. The daily loss can go as high as 20% in long 
periods without rain. In case of slight rain of 1 mm 
reduces the daily loss to 5%.[2] 
 
The increase in accumulation of dust may also alter 
the performance of the solar cells by diminishing the 
transmittance of the transparent cover and thereby 
influencing the amount of energy yield. Dust not only 
reduces the incoming radiation on the solar cell but 
also changes the dependence on the angle of 
incidence of such radiation. 
 
Martin and Ruiz have studies the effect on angle of 
incidence due to the amount of dirt deposition. Beam 
component of solar radiation is considered for the 
angular loss factor. 

 
ar is the adjustable parameter function of dirt 
accumulation on the surface. 
 
Θ is the ratio between incoming radiation at certain 
angle of incidence to that of normal incidence.[3] 
 
IV. MEASURING SOILING LOSSES  
 
Soiling can be measured as either the rate at which 
contaminants accumulate on the   module   surface   
or   the   resulting decrease in  production.  
Ultimately,  we need to determine the decrease in 

system performance due to soiling loss. Assuming all  
factors  remain  constant,  comparing actual 
production values between a control subject and a 
soiled panel is one way to determine the soiling loss 
for a given site. Soiling impact on PV module 
 
performance  varies  with  not  only  the 
environmental conditions of installed location but 
also the tilt angle of PV module installation. Lower 
the tilt angle higher will be the dust accumulation. 
The combined variation makes it difficult to quantify 
soiling impact on performance loss in terms of dust 
accumulation amount. The most straightforward way 
to investigate energy loss due to soiling in certain 
location is to place two identical PV modules along 
together and to measure their power output 
difference. One module needs to be cleaned every 
day while representing as reference, the other stays 
unclean to mimic the soiling effect from its located 
environment. 
 
V. NEED OF A SOILING SYSTEM  
 
The most common and easy method of cleaning the 
solar panel is to clean it with water manually and 
using a cotton or linen mob to wipe off the sticky dust 
or the bird poop. 
 
The soiling station will also prove beneficial the 
following ways The station will in getting the exact 
soiling loss, as currently the soiling losses are only 
estimated.  
 
It will produce the field data of soiling which will 
validate the assumption of soiling.  
It will give more precise and real time data of soiling.  
With the help of data generated, cleaning frequency 
can be optimized.  
The cost incurred in terms of plant cleaning can be 
saved. The cost will be saved in terms of salary paid 
to the cleaning person, accommodation of the worker 
at the site  
  
VI. METHODOLOGY ADOPTED 
 
The station is installed at the roof containing 23 kWp 
plant. The following method is adopted to find the 
soiling loss at the site : 
 
Both the modules are initially cleaned.  
One module is cleaned daily while the other is 
allowed to soil.  
 
Voltage and power of both the module is recorded 
during the peak generation hour.  
The difference in the power generated is the soiling 
loss at the site  
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VII. RESULTS OBTAINED 
 

Soiling loss was observed from 25th May 2016 to 8th June 2016. The soiling loss was 3.2%. The loss was 
averaged out over the daily hourly readings. 
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Since the hourly trend of the soiling loss was not 
obtained therefore the value were averaged out for 
the daily soiling loss. The daily Soiling loss results 

are as follows 

 
 

 
 
VIII. OPTIMIZATION OF CLEANING 
FREQUENCY AND REVENUE LOSS 
 
Assuming a cumulative utilization factor of 25% , 
23kWP plant will produce 144kWh daily. For the 

analysis period of 14 days, the total energy generated 
comers out to be 2016kWh. Considering the soiling 
loss to be about 3.2 % at the site during the above 
period, energy loss is 65kWh. Tariff is assumed to be 
Rs 7/kWh, thus the monetary loss due to soiling is Rs 
455. Labour cleaning cost is Rs 200/day and the cost 
of water is Rs 0.5/Ltr. The amount of water required 
to clean the module is 3Litres/module. Number of 
250 Wp modules in a 23kWp plant is 92. Therefore, 
amount of water required is 276 liters. Thus the cost 
of water is Rs 138. The cleaning cost comes out to be 
Rs 338. Therefore the optimized cleaning frequency 
comes out to be 11 days and revenue loss due to 
soiling is Rs 455 in a period of 14 days. 
 
CONCLUSION 
 
Soiling is one of the major loss along with the 
irradiation ,loss and high temperature. It cannot be 
completely eliminated but can be controlled. The 
soiling loss for a period of 14 days at the site was 3.2 
% and the revenue loss due to the soiling at a tariff of 
Rs 7/kWh was Rs 455. Optimized cleaning frequency 
for the plant should be 11 days 
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