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 Photovoltaic systems have the ability to assist the country in resolving its energy crisis. The only way to maximize the 

power production from photovoltaic modules on both the demand and generation sides is to reduce the environmental 

factors that affect it. Other environmental factors, particularly dust, are often ignored and have a significant impact on 

solar photovoltaic power producing systems. It has an effect on output as well as the overall efficiency of the PV system. 

As a result, in this analysis, the environmental elements, mainly dust, and their impact on previous experimental data 

are evaluated, and a real-time practical experiment is conducted on a specific site to assess the dust impact. An effective 

cleaning process is required to improve the capturing of electrical power from solar systems. PV performance in this 

generation will be boosted only by an efficient automatic cleaning system. This study outlines a revolutionary, cost-

effective, easy-to-use, and one-of-a-kind system for cleaning PV panels. Data loggers and monitoring tools are required 

for a PV system to function effectively. We can gather all of the system's information about a breakdown using these 

approaches before any further damage is done. As a vital data logging and monitoring tool for PV systems, the IoT 

technology makes life easier. Essentially, IoT is used in the proposed design to monitor the PV system's generating 

electrical parameters, such as current and voltage, on the Cloud platform. 

 

I. Introduction: 

 

Photovoltaic (PV) modules are a viable option for small, off-grid energy 

projects because of their versatility, minimum maintenance, and long 

lifespan. PV power supply systems are justified for supplying electrical 

energy to remote and isolated locations for economic and technological 

reasons [1]. photovoltaic panels are affected by a variety of 

environmental conditions, including shadow, air pollution, and dust. 

Dust deposition on the surface has a greater impact on a solar panel 

because electrical property is sensitive to dust density, an auto cleaning 

system to remove dust and dirt from the panel's surface is essential for 

maximum performance [2-3]. PV Periodic PV cleaning is the greatest 

technique to minimize negative environmental consequences while 

maintaining a high rate of output and efficiency [4]. However, these 

systems must be regularly checked so that individuals can successfully 

track and govern them. Humans control these systems manually. For a 

solar system to perform properly, data loggers and monitoring tools are 

essential. Using these ways, we can gather all of the system's 

information regarding a failure before any further damage is done. 

Some solar plants are located in easily accessible locations, whereas 

others are built in locations where people cannot visit on a regular basis 

to monitor plant activity [5-6]. A highly effective IoT-based solar power 

consumption and monitoring approach that allows users to monitor the 

activities of these solar plants from afar. Only because of IoT it becomes 

possible to control and monitor the current, voltage, and other 

parameters of solar systems automatically while also providing users 

with real-time statistics. 

 

II.  Evaluation of Previous Experimental Data About Dust 

Impact: 

(a) Mohamed AO et. al,[7] For a period of four months, four PV Module 

parameters were tracked. Every week, each module's observation data is 
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collected i.e., before and after being cleaned. The current and voltage of the 

dusty module dropped gradually, led to a significant loss of power.  As a result, 

the generated power of the clean and unclean modules varies between (69W-

74.2W). Despite the PV modules' maximum design power (75W). Power 

status vs time periods from February to May was depicted in Figure 1. 

     Fig 1.  power measurement of the four modules while, cleaned/uncleaned 

[7] 

 

(b) Mustafa et.al, [8] The mono crystalline panels with a peak output of 80 

watts have been used in in the analysis to measure efficiency. For cleaning, 

three panels (panel 1, panel 2, and panel 3) were examined. 

 

           Table 1.  Observation table for panel1, panel2, panel3 [8] 

 

 Fig 2. Panel after (a) 3 months from February-April (b) six months from 

February – July [ 8] 

From the observation it is confirmed that the efficiency increased to a 

considerable percentage after the cleaning the panels and the impact of dust 

has been observed through the results. 

(c) Tejwani et.al, [ 9] Performed an observation to check output result. The 

performance index vs. number of days graph below illustrates that the 

performance of the panel that is not cleaned has fallen considerably, up to 50% 

in around 50 days, whereas the performance of the panel that is retained with 

this tracking-cum-cleaning system has remained about the same. At the last 

of the research, it is observed that dust accumulation blocks the incident light 

thereby reducing the power output by 50% if it has not been cleaned for 1 

month [9]. 

Fig 3.  Graph of comparison of dusty and stationary, tracked and cleaned the 

around 45 day’s period [9] 

(d) AIDARA MC et.al, [ 10] Performed an experiment on the evolution of 

the unclean module's deterioration rate in relation to the specific module via 

time. The analyses were carried out under real-life conditions. Due to dust 

collection on the dusty panel's surface, it was determined that degradation 

increased over time. After one month of exposure, the dirt module showed a 

maximum degradation of 17.13% as compared to the clean module. From 

the results it confirmed that the clean and dirty modules degrade at rates of 

10.16 and 24.09 percent, respectively. 

                                       Fig 4. Evolution of the degradation rate over time [10] 

Fig 5.  Evolution of the degradation as a function of time for the clean 

module and the dirty module [10] 

 

III. Investigation of Dust Impact on Real Time on A 

Specific Site: 

 

Selected site is the AEGCL Mariani, located in Jorhat district of Assam. 11th 

of September 2020 and 15th of June 2021 on a duration gap of 9 months 

performed two observations to check the impact of the dust on the system i.e., 

before cleaning and after cleaning the PV panel. Calculated the value of Voc 

and Isc of the PV system by considering two conditions. 

                              Table 2. Observation Site PV system data 

 

 

                                  

 

 

 

 

 

 

 

                                            Fig 6. Data collection process 

Parameters Panel 1- 

Not 

Cleaned for 

1 day 

 

Panel 2- 

Not 

Cleaned 

for 1 week 

 

Panel 3- 

Not 

Cleaned for 

1 month 

 

Before Cleaning 0% 0% 0% 

Dry Cleaning 2.608% 8.858% 49.213% 

Cleaning with 

Water 

4.803% 9.776% 53.675% 

Cleaning with 

Solution 

10.395% 10.19% 51.867% 

Data 

logging 

date 

Weather 

condition 

Before cleaning After cleaning 

 

 

 Voc 

(V) 

Isc 

(A) 

P 

(W) 

Voc 

(V) 

Isc 

(A) 

P 

(W) 

11/09/2020 Clear 

sunshine 

19.7 1.97 38.809 20.1 2.11 42.411 

15/06/2021 Cloudy 14.3 0.3 4.29 15.2 0.7 10.64 
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From the above data, it is observed that due to dust deposition on the PV 

impacts on the PV output. So, panel dust cleaning mechanism is necessary to 

reduce the loss and for increasing the overall efficiency. 

 

IV.  Proposed IoT Based PV Dust Cleaning and 

Monitoring System: 

The design of cleaning system is very unique, simple and low cost. IoT 

introduced in the cleaning system to monitor and data logging of PV 

output parameters with the real time. So, it can easily detect if any failure 

or damage happen in the system. 

                         Fig 7. Flow Chart of the overall system design 

 

(1) Cleaning System Part: 

(a) Architecture of the design: 

 The PV dust cleaning system architecture is totally design by using 

SolidWorks a computer aided design-based software. The whole architecture 

is in 3d with proper dimensions. 

 

                Fig 8.  3d view of the designed cleaning system 

The main parts of the design are basically border support, frame, crank, slider, 

solar plate and brush. Geared DC motor and Dust sensor are the main 

components related in the cleaning process. The motor shaft is permanently 

fixed to the crank, so when the motor starts rotating, the crank also rotates. The 

slider is also attached to the crank at a point where it can move forward and 

backward in the crank motion. The brush is directly fixed to the slider and it is 

also fixed above the solar panel with the help of body support so that it can 

easily move forward and backward along with the slider. 

 

(b) Flow Chart of Cleaning System Working Process: 

                       

 

 

 

 

 

 

        

                         Fig 9. Flow chart of the cleaning system process 

 

The Dust Sensor detects dust particles in the air and the detection limit is set in 

the Arduino Uno Microcontroller so that if it detects the set limit of dust, it 

sends commands to the relay to operate the motor. Finally, the motor rotates 

and the cleaning process starts. 

 

(2) Monitoring System Part: 

The main components related to the monitoring system are 

NodeMCU(esp8266), Voltage sensor (DC), Current sensor, PV panel, 

resistor.  The cloud platform Thinger.IO is used to monitor the real time data 

of the PV output parameters. The programming is done in a such way that it 

can deliver proper correct data in real time. 

 

(a) Flow Chart of The Monitoring System Process: 

                         Fig 10. Flow chart of the Monitoring system process 

 

(b)  Cloud Dashboard Interface for The Monitoring the 

System: 

                             Fig 11.  Thinger.IO dashboard (cloud dashboard) 

The above figure showing the real time-based data of the PV System. 

Fig shows series graph of voltage and current with respect to time. The 

dashboard showing time along with the location of the device from 

where data is collecting to the server.
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(3) Complete Circuit Diagram of The PV Cleaning and Monitoring System:  

 

                                                                                  Fig 12.  Complete circuit diagram for the PV cleaning and monitoring system 

 

The components of the circuit are  NodeMCU ,Arduino UNO ,Relay(5v),Voltage sensor ,Current sensor ,battery,Geared DC motor,Dust Sensor ,Diode 

,resistor,connecting cables and Solar panel. . The resistor is considered as a load for current calculation in the system. The current sensor detects the current between solar 

and load. Then it transfers the data to NodeMCU. Similarly, the Voltage Sensor detects the voltage output of the solar panel and transfers that data to the NodeMCU. 

Diode circuit is connected to block the reverse voltage to the Solar panel. The 12V  batttery provide power  to cleaning process related components to work poperlyand  

9V battery provides power to the  PV output parameters monitoring circuit to work properly. 

(4) Software Design Based Developed  Actual System : 

 

 

 

 

 

 

 

 

 

 

 

                                 

 

                                     

 

                                       Fig 13.  Actual developed design  

(5) Experimental Results: 

Due  rainy climate of Assam  it is had to check the actual dust impact on the 

output paramaters of the PV.So an obervation has been done with the system 

in a  roof where sun light falls in the PV panel and  the panel should not 

washed in rain. I conducted data collection of the PV system for 7 days, 

considering two conditions, i.e., before cleaned data and after cleaned data. All 

the recorded data is placed in the below table, and the same data is placed in 

the graph to check the improvement of PV parameters by using the developed 

system. 

    Table 3. Recorded data of   the PV system i.e., before cleaning and after 

cleaning 

Day Before 

clean   

VOC 

Before 

clean 

ISC 

Before 

clean P 

After 

clean 

VOC 

After 

clean 

ISC  

After 

clean  

P 

1 4.91 1.63 8.0033 4.93 1.73 8.5289 

2 5.01 1.81 9.0681 5.15 1.96 10.094 

3 4.01 1.04 4..1704 4.17 1.14 4.7538 

4 4.58 1.21 5.5418 4.71 1.29 6.0759 
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5 5.28 2.04 10.7712 5.29 2.08 11.003 

6 5.50 2.10 11.55 5.51 2.14 11.791 

7 3.50 0.89 3.115 3.52 0.91 3.2032 

 

                                Fig 14. Graph view of  experimental  data  

 

From the above graph it is observed that  the  Vo ,Isc and P  increases to a 

certain level after the cleaning by the designed system. Simillary it can be 

concluded that  the designed system cleans dust  perfectly and takes important 

role in enhancing the performance of  the PV  outputs. 

(6) Data Logging  In The IoT Platform: 

 

 

         Fig 15. Time Series graph of  Voltage reading in IoT Platform 

               Fig 16. Time Series graph of Current reading in IoT Platform 

 

The above Fig 14 and Fig 16  showing time series graph of the values . All the 

observation are real time based  recorded. 

 

 

 

(7) Conclusion: 

This report examines the impact of dust on solar PV production systems.  The 

impact of dust on a system was seen in an experiment, and the power loss 

from the system due to dust was determined per day by comparing data before 

and after cleaning power. The developed actual design working smoothly as 

expected in the software-based animation view of working. The IoT-enabled 

monitoring system combined with the PV dust-cleaning technology elevates 

the entire system to the next level. PV parameters, such as current and voltage, 

are monitored using sensors and subsequently sent to an IoT Cloud platform. 

 

(8) Drawback Of The System: 

The dust sensor in the system can only detect dust particles in the air, not the 

amount of dust present in the PV panel actually. 

(9)Advantages Of The System: 

 The system's overall cost is minimal. 

 Installation is simple, and maintenance is minimal. 

 The system can be easily monitored from 

anywhere on the globe. 

 

(10) Future Scope: 

To produce more advanced IoT inbuilt PV systems, additional research is 

required. PV-based power will only be able to meet electricity needs in the 

future. As a result, a lot of monitoring and maintenance will be required to 

improve the PV system. The IoT-based solution will be extremely useful for 

monitoring the PV system at that time. 
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