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Problem

Aceumulation of dust on solar panels ean reduce output significantly.

Widely used Solutions*:

Washing with water - cleaning solar panels currently is estimated to use about 10 billion gallons of water per

year — enough to supply drinking water for up to 2 million people.
Waterless cleaning/ Serubbing - tend to cause irreversible scratching of the surfaces, which also reduces

efficiency.

Added problem: Cleaning is a labor intensive task

*https://news.mit.edu/2022/solar-panels-dust-magnets-0311



Idea - Drone Deployed Electrode and Air Based Solar Panel Cleaning Mechanism

———> Dione.
d l 7 Weach 5‘/5*&"\
https://www.science.org/doi/10.1126/sciadv.abm0078
- Electrode based 7_ \\’%> uwn:nJ Hzchenivm
electrostatic repulsion
to disrupt dust
particles
1 ¥ Solov pw\e.(
- Inspired by research at o
MIT Feed bunck
- Still an experimental Mechanise
system

2 available drone based
panel cleaning systems
in market

Water based
Rover based



Solar Industry
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Hardware Software

- AeroNU - NUAV - ArduPilot
Frog - Python (DroneKit)
- Custom Landing
Gear
- GPS Positioning
- Pixhawk
- NVIDIA Jetson




Hardware: Software

- Purpose: To lower and - Arduino IDE was used to
raise the cleaning program the ESP32
mechanism - ESP32 on the winch will

- An ESP32 provides the lower, raise, or stop the
motor with =12V winch depending on signals

- A distance sensor is received from the
used to tell when to mechanism.

stop the motor from
retracting the cleaning

mechanism
- Nylon thread used to
suspend cleaning

mechanism




Hardware

- NEMA11 stepper motor
with linear actuator driven
by A4988 motor driver

- Brushless ducted fan motor
pushes large particles and
small particles that were
pulled off with electrode.

- Air channeled through vinyl
tube and 3D printed
mechanism with holes

- Nylon string holds frame
vertically from winch

- Electronics placed atop the
linear actuators frame

Software

ESP32 used to control all
aspects of the mechanism
Stepper motor accelerates and
decelerates

Relay is utilized to turn
channeled air on and off
VL6180X laser distance
sensor connected via 12C
determines distance between
mechanism and solar panel.
Height control messages to
winch over WiFi (ESP-NOW
protocol). Message is also sent
at end of cycle.




Solar Panel Housing

Hardware Software
- Purpose: To house the solar panel circuit, - Keeps track of the current
and to monitor the output voltage and average voltage
- The solar panel is equipped with an produced by the solar panel.
ESP32 to keep voltage data over time - Sends this data using the
- The average voltage over time will drop ESP32 to control center.

once covered by various particles/dust
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High Voltage Supply

Hardware:

- Purpose: To apply high-voltage demand to produce
the required electrostatic induction to displace dust
- Analog Technologies Inc. 1-10 kV DC-DC Power
Supply (AHV12V10KV1MAW) generates high
voltage
- Given 12V/1A input
- Regulated output by 10k-ohm potentiometer

- Wired and housed in box that sits beside and
directly connects to solar panel housing/bottom \)
electrode N

High Voltage Power Supply
AHV12V10KV1MAW

VOUT GND  VPS CTRL 5V






http://www.youtube.com/watch?v=8oMJun4fMXs
http://www.youtube.com/watch?v=8oMJun4fMXs
http://www.youtube.com/watch?v=ss-RWX-0hsQ
http://www.youtube.com/watch?v=ss-RWX-0hsQ

Changes if the solution was to be scaled

Angle Cleaning Mechanism Larger Drone and High Voltage on the Drone
i Cleaning Mechanism |

B2

Price if produced at volume:

Drone: $25,000 (Avg. Commercial Drone Price $10-50K) Context:
HV Supply + Power System: $600 1 MW (6-8 Acre) Solar Farm - $ 1 M **
Mechanism -+ Batteries: $2000 1MW farm produces about 1,825MWh of

electricity per year ***
Avg. Project Size - 69 MW *¥**

Total= $27,600 x 2 Drones = 55,200 (For a 1 MW Farm)

o %20Much %20Does%20it%20Cost SEIA s

(4 Cost of glass layer and contact)

*********

V. W/2023/02/17 /over-25. f-solar-is-actively-l in-th 220are% 1v%20366%20utility.adding%2010.2%20GW %200{% i



https://coldwellsolar.com/commercial-solar-blog/how-much-investment-do-you-need-for-a-solar-farm/#:~:text=How%20Much%20Does%20it%20Cost,SEIA's%20average%20national%20cost%20numbers
https://solarmentors.com/how-much-energy-does-a-solar-farm-produce/#:~:text=Key%20Takeaways,weather%20conditions%2C%20and%20technological%20efficiency
https://pv-magazine-usa.com/2023/02/17/over-25-gw-of-solar-is-actively-being-constructed-in-the-u-s/#:~:text=There%20are%20currently%20366%20utility,adding%2010.2%20GW%20of%20capacity

Challenges

- Producing a High Voltage

- Procuring AZO Glass

- Channeling compressed air

- Managing overall drone payload weight
- Stability of drone during cleaning cycle
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