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Abstract— The solar PV modules are generally employed in 

tropical countries like India. Dust and dirt particles 

accumulating on PV panels decreases the solar energy 

reaching the cells, thereby reducing their overall power 

output. The power output reduces as much as by 50% if the 

module is not cleaned for a month. Hence, cleaning the PV 

panels is a problem of great practical engineering interest in 

solar PV power generation. In this paper, the problem is 

reviewed and methods for dust removal are discussed. In 

order to regularly clean the dust, an automatic cleaning 

system has been designed, which senses the dust on the solar 

panel and also cleans the module automatically. This 

automatic system helps in maintaining the overall output of 

the solar firm. For cleaning the PV modules, a mechanism 

consists of a sliding brushes has been developed. In terms of 

daily energy generation, the presented automatic-cleaning 

scheme provides about 30% more energy output when 

compared to the dust accumulated PV module (module kept 

stationary on ground). 
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I. INTRODUCTION 

One of the renewable energy source is the photovoltaic (PV) 

cell, which converts sunlight to electrical current, without 

any form for mechanical or thermal interlink. PV cells are 

usually connected together to make PV modules, consisting 

of 72 PV cells, which generates a DC voltage between 23 

Volt to 45 Volt and a typical maximum power of 160 Watt, 

depending on temperature and solar irradiation. Solar panels 

are normally expected to be designed to produce the most 

ideal output or optimum yield. But, there are environmental 

and natural factors such as the deposition of soil, salt, bird 

droppings, snow etc. On the PV module surfaces that can 

result in inefficiency in the performance of such systems. 

These dirt particles get accumulated on the surface of solar 

panel there by reducing the sun-energy reaching to the 

system, which results in decrease in efficiency. 

 Now a days solar photovoltaic application are in 

demand which consist of several solar panels arranged in a 

particular manner of usage along with battery, a charge 

controller and the load, forming a system. The main purpose 

of it to convert the sun-radiations into electricity. The 

application of solar based systems is now more exhaustive, 

with the solar photovoltaic industry’s combined global 

revenue of US$37 billion in 2008. Photovoltaic array 

installations can now be found anywhere around the world 

like solar farms/parks for very high ratings. These solar 

parks can be expected to provide life up to 20 – 25 years, 

and thus from such panels we need to maximize the power 

generating potential during daily service. The accumulation 

of dust particles and debris on the surface of photovoltaic 

(PV) panels negatively affects the performance the same 

way as if on a cloudy day and obscure the panels reducing 

efficiency. This is especially problematic in arid and dusty 

environment. 

 Due to the accumulation of dust and dirt  10-20 % 

reduction in the performance of the solar panel is found 

followed by Formation of hotspots and dead cells if the 

modules are partially blocked by dust layer deposits, which 

causes a huge reduction in overall power output of the solar 

firm. As soon as the installation is located in dry, dusty 

regions such as the Gulf region, the effect can be increased 

and make a difference in power output of up to 40%. 

Consequently, periodical cleaning of solar panels is very 

important in order to produce and deliver the maximum 

amount of energy to the grid. The effect of dirt and dust on 

the performance of solar panels depends on various factors 

and always needs to be estimated or evaluated for individual 

situations. A 300-megawatt solar plant might spend more 

than $5 million a year on cleaning and lose at least $3.6 

million in energy production lost due to dust cover. 

 The challenges of keeping solar panels dust free 

will grow as more solar power projects are built worldwide. 

So, Our primary aim is to design the automated cleaning 

system and analysis of  the effect of the accumulated dust on 

the performance of the solar panel thereby reducing the 

labour involvement and increasing the overall power output. 

II. CAUSE OF DUST ACCUMULATION 

In dusty areas such as the Middle East and India, solar 

panels could face the reduction in electricity production by 

10 percent to 35 percent over time if they remain unwashed. 

There are two interdependent parameters that effect on 

characterization of soiling accumulation on solar panels, the 

property of dust and the local environment.  The more 

horizontal the surface is, the more dust can be accumulated. 

Besides, slow breeze also can result in dust accumulation 

whereas strong wind can clear the panel surface. However, 

airflow due to wind is able to effect the dust accumulation or 

dissipation at particular places of the solar panel. The air 

speed and pressure are not constant over the solar panel 

surface. In presence of a wind, wherever the airspeed is 

higher, there is lower pressure which can result in less soil 

accumulation and vice versa. Dust properties such as type, 

size, weight, and shape also play important role in dust 

scattering. There are some cause of duct accumulation is 

shown below. 
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Fig. 1: Cause of Dust Accumulation 

III. AVAILABLE METHODS OF CLEANING 

As we know that PV Module Washing is an important 

segment that shouldn’t be forgotten. So, at the starting 

stages, to clean the dust conventional methods where 

discovered which are; 

1) Manual Washing  Method 

2) Roller Brush Method 

3) Hydraulic Arm Cleaning Method 

 
Fig. 2: Manual Washing 

 
Fig. 3: Roller Brush 

 
Fig. 3: Hydraulic Washing 

 But all the above mentioned conventional methods 

were so labour-intensive method of sending human workers 

to hose and wipe down panels manually. This method was 

time consuming, plenty of water consuming and not so 

efficient. So, to bring the accuracy in the cleaning method 

robots are designed as an alternative to the conventional 

method. 

 Elite module washing [1], is a manual panel 

washing team that mobilizes to nearly any location in the 

United States and abroad Elite works mostly on utility-scale 

sites and usually won’t take on a new customer unless it’s at 

least 40,000 panels. Contracts are based on how dirty the 

geographic region in arid and agricultural areas tend to be 

dirtier than others and require more frequent cleanings. Elite 

only uses water and a soft bristled brush to clean panels. 

Through local water hook ups, the crew filters the water to 

make sure it’s at 0 TDS (total dissolved solids).CEO Dirkes 

said that even though there are biodegradable soaps, the 

amount you would need to clean a large utility site with 1 

million panels is too much to be comfortable with soaking 

into the ground. 

 But all the above mentioned conventional methods 

were so labour-intensive method of sending human workers 

to hose and wipe down panels manually. This method was 

time consuming, plenty of water consuming and not so 

efficient. So, to bring the accuracy in the cleaning method 

robots are designed as an alternative to the conventional 

method. 
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sites and usually won’t take on a new customer unless it’s at 

least 40,000 panels. Contracts are based on how dirty the 

geographic region in arid and agricultural areas tend to be 

dirtier than others and require more frequent cleanings. Elite 

only uses water and a soft bristled brush to clean panels. 

Through local water hook ups, the crew filters the water to 

make sure it’s at 0 TDS (total dissolved solids).CEO Dirkes 

said that even though there are biodegradable soaps, the 

amount you would need to clean a large utility site with 1 

million panels is too much to be comfortable with soaking 

into the ground. 
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Fig. 4: Elite Module [1] 

 Another is Heliotex[2], Heliotex has been 

manufacturing automatic cleaning systems since 2008 and 

has installations worldwide but focuses on California and 

Arizona. There are no moving parts or robotic elements; the 

Heliotex system looks like a sprinkler, with nozzles 

positioned every few panels. The system runs a wash (with 

soap) cycle and a rinse cycle, with adjustable frequency. No 

tools are used, and panels are cleaned just by gravity. While 

the company suggests a one-minute wash and rinse cycle 

once a week, some installation areas may need more. Take a 

rooftop solar system next to a cement manufacturer. 

 
Fig. 5: Heliotex Washing Method [2] 

IV. CONCLUSION 

There are many of cleaning methods already developed but 

these methods are not that much appropriate to increase the 

overall power output. The design of developed methods 

have lot of complexities. Some of the methods are very 

costly and designed by considering processing constraints. 

There is a need of some methods which would help in 

efficient working of solar panel. By using new technologies 

we can increase the average and overall efficiency of the 

solar farm. As the solar farm efficiency increases we are 

setting a new benchmark for overall efficiency increment. 
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