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Abstract - The increasing demand for renewable energy 
has made the world more dependent on solar power 
systems. The efficiency of solar panels is dramatically 
decreased by the accumulation of debris and dust, 
necessitating effective and low-maintenance cleaning 
solutions. This project suggests a cost-effective and semi-
automated solar panel cleaning system that minimizes 
manual effort and provides constant panel performance. 
The system uses an automatic water pump, sprinkler, and 
brush for cleaning stains and dust from the panel's 
surface. Made of easily procurable and cheaper components, 
the prototype shows the accessible method to keep single 
solar panels, especially those mounted at distant or 
communal locations such as streetlights. The design puts 
stress on how easy it is to install, its low operation cost, and 
the ability to scale up further automation with the use of 
microcontroller-based systems. This solution shows a bright 
direction in improving efficiency and reliability of solar 
power systems in an eco-friendly way. 
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1.INTRODUCTION  

With the prevalence of today's rising energy needs and 
environmental issues, solar photovoltaic (PV) technology 
has become universally used as a green, renewable, and 
sustainable source of power. 

Much as it has numerous benefits, one of the key 
operational challenges of PV systems is the settling of dust, 
dirt, bird feces, and other particulate matter on the surface 
of solar panels. Soiling effect can drastically lower the 
energy conversion efficiency, with research suggesting 
losses of between 2030% in some environments if 
cleaning is ignored from time to time. Manual cleaning 
techniques not only take long and are arduous to execute 
but also are impracticable in bigger-scale or in-site 
installations, causing high costs of operation and 
downtime. As a response to this limitation, the current 
work presents an automatic solar panel cleaner system 
that comprises mechanical and fluid-dispensing elements 
to provide a low-cost, low-maintenance cleaning scheme. 

The suggested design incorporates a small, motor-
powered centrifugal water pump that delivers pressurized 
water through a polymer pipe network and adjustable-
angle sprinklers, efficiently removing surface 
contaminants. 

A rotating brush mechanism also assists in the removal of 
persistent stains and residues. The cleaning unit is 
mounted on a single PV panel module and can be 
configured for modular deployment on multiple panels. 
The architecture of the system permits possible 
automation by integration with microcontrollers such as 
Arduino and sensors to measure dirt levels, allowing for 
condition-based or scheduled activation. Through the use 
of off-the-shelf components and cost-effectiveness, the 
project realizes a total of minimum material cost, which 
makes it extremely affordable for small-scale and 
decentralized solar installations like rooftop arrays and 
solar-powered street lighting systems. Not only does this 
research show a practical solution to a long-standing 
maintenance problem, but it also helps to improve the 
long-term efficiency and viability of solar power systems 
in various environmental conditions. 

1.1 PROBLEM STATEMENT 

The performance of solar photovoltaic (PV) systems is 
considerably impacted by the buildup of dust, dirt, and 
other environmental contaminants on solar panels' 
surfaces, especially in dry, urban, or industrial areas. 

Conventional cleaning techniques are largely labor-
intensive, consuming large quantities of labor, time, and 
water and are oftentimes impractical for remote or high- 
Altitude locations like rooftops and streetlights. This not 
only adds to operational expenses but also causes low 
energy yield and a reduced lifespan for solar panels from 
poor maintenance. Thus, a pressing requirement exists for 
a low-maintenance, automatic, and affordable cleaning 
system that can be easily added to current solar panel 
installations to maintain performance, minimize human 
intervention, and generally increase the viability of solar 
power solutions. 

 

 

 

 

 

 

 

1.2 METHODOLOGY 

The process of developing the automatic solar panel 
cleaning system was conducted by a structured 
engineering design process with the steps encompassing 
problem analysis, selection of the components, mechanical 
assembly, and functional testing. The steps below detail 
the methodology from concept to implementation are as 
follows: 

1. Problem Analysis and Requirement Gathering 

The project started with the identification of the 
fundamental issue: the degradation of solar panel
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2. Design Conceptualization 

There were some design options considered, such as 
robotic wiper mechanisms, air-blowing mechanisms, and 
brush models. A water-based mechanism with an 
incorporated stationary pipe-and-sprinkler system was 
selected as it is simple, efficient, and cost-effective for low-
cost implementation. CAD software (e.g., SolidWorks or 
AutoCAD) were optionally employed for minimal 
schematic design of the mounting layout and fluid delivery 
system. 

3. Component Selection 

 On the basis of performance, availability, and 
budget, the following parts were chosen: 

 Solar Panel: A standard panel (size: 0.42m × 
0.24m × 0.02m) was used as the base module. 

 Water Pump: A 20-watt centrifugal AC pump 
(165220V, 1150 L/h flow rate) was chosen for 
water supply. 

 Piping System: Flexible PVC pipes (0.01m inner 
diameter) for water distribution. 

 Sprinklers: Adjustable nozzles with 120180° 
spray range were used for uniform water 
distribution. 

 Brush Mechanism (optional): A motorized or 
hand-powered soft-bristle brush was employed 
for stain removal. 

 

 
Figure 1: System Components 

 Wiring and Electrical Tape: For insulation and 
electrical connections. 

 Controller (Extension Possibility): Future 
integration with microcontrollers (e.g., Arduino 
UNO), solenoid valves, and dirt sensors is 
facilitated in the design. 

4. Fabrication and Assembly 

1. The pipe system was attached to the pump, and 
sprinklers were evenly mounted along the top 
edge of the panel frame. 

2. A water reservoir was attached to the pump to 
ensure constant water supply. 

3. The brush mechanism was either clamped at 
one end or hand-held, with the possibility of 
automating it with a motorized rack-and-pinion 
system. 

4. All wiring connections were well-insulated and 
secured with cable clamps. 

5. The cleaning unit was clamped onto the panel 
with brackets, making it easy to remove or 
service. 

5. Testing and Calibration 

The system was evaluated for flow efficiency, spray 
coverage, cleaning performance, and power usage. Water 
pressure was set so that dirt was effectively removed 
without water wastage or damage to the panel surface. 
The sprinkling cycle was cycled several times, and brush 
performance was tested dry and wet. 

2. WORKING 

2.1 Working Principle 

The self-cleaning system for solar panels works on the 
principles of mechanical agitation and fluid dynamics to 
remove dust and debris from the surface of solar panels. 

performance caused by dust buildup. A survey of current 
manual and semi-automatic cleaning methods identified 
the necessity for an autonomous, water-based, low-cost 
cleaning system. The major requirements were 
established, such as minimal human intervention, low cost 
of operation, compatibility with small-scale PV 
installations, simplicity of installation, and low 
maintenance. 

The system relies on a pressurized water delivery system, 
using a submersible pump to drive water through a piping 
system into a series of strategically placed sprinklers. 

These sprinklers spread water over the panel surface in a 
wide-angle spray, with the help of mechanical brushes that 
further clean the panel to remove more stubborn 
contaminants like mud, bird droppings, and stains. 
Removal of the surface impurities enhances the 
photovoltaic efficiency of the panels by reducing the 
scattering and absorption losses due to dust deposition. 
The system has been made with the least intervention by 
humans possible and can also be optimized with the
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Figure 2: Basic Schematic Design 

2.2 System Working 

For cleaning of solar panel following procedure of given 
steps is used to achieve desired results: 

 

Figure 3: Flowchart Of Cleaning System 

1. Starting Water Supply: 

 The operation drives a 20-watt single-phase AC pump 
(165-220 V) for withdrawal of water from an outer storage. 

The water gets drawn through the use of PVC pipe (Øin = 
0.01 m, Øout = 0.015 m) for progression towards sprinkler 
manifold. 

2. Process of Sprinkling: 

Sprinklers spaced at proper intervals spread water in a 
range of 120°-180°, providing uniform coverage of the 
solar panel surface (0.42 m × 0.24 m × 0.02 m). 

3. Mechanical Brushing: 

After sprinkling, manual or semi-automatic brushes pass 
over the wetted surface to remove stuck particles. 

4. Repetition of Process: 

The process is repeated two to three times, depending on 
the dust and debris accumulated on the panel. 

During the completion of the cleaning, the system shuts off 
water supply, and the panel dries up, leaving clean panel 
and operating at enhanced efficiency. 

 

inclusion of microcontrollers like Arduino to switch on 
automatically according to sensor reading (e.g., dust value 
or fall in solar irradiance). 

3. OBSERVATIONS 

The experimental operation and application of the 
automatic solar panel cleaning system provided a number 
of practical and performance-based observations. These 
observations were noted during repeated test cycles 
performed on a typical photovoltaic panel under 
controlled environmental conditions. 

3.1 Operational Performance 

 The water jet pressure created by the 20-watt 
pump was sufficient to loosen weakly stuck dust 
particles from the panel surface. 

 Sprinkler coverage sufficiently covered the 
majority of the panel surface, confirming proper 
angular orientation (120°-180° range) to ensure 
uniform water distribution. 

 Manual brushing, when combined with sprinkling 
water, further facilitated removal of persistent 
debris such as bird droppings and dried mud. 

 A 2-3 cycle repetition was determined to provide 
a visibly clean panel, which indicates an effective 
integration of fluid and mechanical action. 
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3.2 Cleaning Efficiency 

 Visual observation pre- and post-cleaning 
revealed a significant decrease in dust deposit. 

 A comparison of simulated power output pre- and 
post-cleaning revealed enhanced light exposure 
and energy conversion, though accurate electrical 
measurement was not included in the present 
stage. 

 The overall cleaning time per cycle was found to 
average 2-3 minutes, thus showing time efficiency 
for small and medium-sized panels. 

3.3 Component Durability 

 There was no noticeable wear on sprinkler or 
brush mechanisms during first-time usage, 
showing component durability under regular 
operating conditions. 

3.4 Limitations Observed 

 User intervention is required for the operation of 
manual pump and brushing; full automation 
currently is absent. 

 Efficiency in cleaning may be varying based on 
weather, debris, and installation angle of panel. 

  Usage of water is continuous in operation; 
optimizing flow rate or practicing water recycling 
can make it more sustainable. 

 
Figure 4: Solar Panel Cleaning Model  

4. FUTURE SCOPES 

In future technologies complete automation with 
microcontrollers such as Arduino with integration of IoT-
sensors for intelligent control, water use reductions via 
recycling and or mist-spray systems. 

The design can scale up for larger installations and be 
flexible to accommodate varied panel orientations. The 
addition of motorized brushes and the use of safe long life 
sustainable materials will improve efficiency and 
longevity. These elements will make the system more 
autonomous, energy efficient, and have the potential to be 
used on a wide scale for the solar energy sector which is 
expanding. 

5. CONCLUSION 

The development of an automated solar panel cleaning 
system addresses a primary solar energy maintenance 
dust and debris accumulation that decreases panel 
efficiency. 

 

The proposed design is a low-cost, high-efficiency, and 
viable method of cleaning via a system utilizing water jets 
and brushing. 

The system reduces man-hours and time significantly, 
hence ideal for one-panel and minor installations. As much 
as the current version is semi-automatic, its modularity 
allows for unparalleled future potential towards 
automation and scale-up. Based on future automations, 
water conservation, and smart monitoring capabilities, the 
system has the possibility of being an efficient addition to 
green solar power infrastructure. 
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