Beyond Sunshine: Optimization of Solar Energy
Production Using Automated Robot Control
❖ Experimental Methods

❖ Introduction
The use of solar energy has risen immensely over the
years to become one of the most popular energy sources for
use by industries and homeowners. As the dangers of
climate change loom, the growth of green energy has
skyrocketed as one part of the multi-faceted solution to
climate change. Solar generation currently accounts for 3%
of total U.S. energy production but is expected to reach 20%
by 2050. Despite this growth, solar energy has a capacity
factor of only 24.5%, which means it only generates an
average of 24.5% of its maximum capable energy over some
time.
One root of this relatively low capacity factor is the
presence and disturbance of particulate matter, as well as
other obstructions, on the surface of the solar panels.
Particulate matter is responsible for reducing energy
generation by up to 25% in the world’s most polluted regions.
Ordinary particulate matters and obstructions include dirt,
debris, water, and other particles. With the presence of
particulate matter causing a drastic decrease in energy
generation, the hypothesis is that debris and water will have
similar effects, though to a lesser extent.
Energy production from a solar panel and the illumination
present are directly related because higher illuminance
levels will lead to more photon contact with the solar cells.
Because of this, illuminance levels were chosen as the
variable of measurement because it is the most accurate
way of determining the exact light reduction when particulate
matter or obstructions are present on the solar panel.

❖Design of Robot Pseudocode

❖ Preparation for Testing

Our multifaceted pseudocode, based on the Java
programming language, utilizes three classes to represent a
single solar panel, a solar field, and the robot. In these
classes, multiple methods and algorithms, such as weather
fetchers, energy readers, and a multitude of conditional
statements, are used to determine when the robot will engage
in cleaning the solar panel.
The SolarPanel class organizes the data for a single solar
panel. This data includes energy output, how much energy it
should be generating based on the current conditions, if it was
cleaned recently, and if it’s flagged and needs inspection. It
contains the data which the robot references to determine
whether the panel needs to be cleaned or not.
The purpose of the SolarField class is to create a list of
several SolarPanel objects which collectively represent a solar
field. This class is used by the robot to accurately traverse the
solar field and call upon individual SolarPanel objects.
Finally, the Robot class considers the data from the
SolarPanel and SolarField classes and gives the robot the
appropriate commands for cleaning and movement.

For testing, a foam base was modified to house five light
sensors, embedded into the foam in an “X” pattern. This pattern
most accurately captured the illuminance reading from multiple
regions of the polycarbonate. This illuminance reading, the
measure outputted from the light sensors, represented the amount
of light that passed through the test case.
In a solar panel, this reading would
represent energy generation. This
testing method and style eliminated the
need for a solar panel, which reduced
the overall resources used.
To help simulate particulate matter
[f]
and obstructions on a solar panel, we
cut four pieces of polycarbonate, upon
which the obstructions were applied.
Afterward, the polycarbonate piece was
put on the testing rig, where the light
sensors measure the change in
illuminance. Finally, we cleaned and
re-tested the polycarbonate to illustrate Figure 3: Design Process for
and log the effects that cleaning the the testing rig (top to bottom:
final product, final sketch).
panels would have.

❖ Engineering Goal
The main goal for this project was to determine the
extent to which particles and obstructions affect the energy
output of a solar installation, and to what degree cleaning
the solar panel can remedy the issue.

Figure 2: Flowchart representing the needToRun algorithm. This
algorithm determines when the robot should clean the solar panels

❖ Discussion
Overall, the data mostly agreed with our hypothesis. Water
yielded the most fascinating result, with its presence
increasing illumination in some cases. This is believed to be
caused by water’s magnification properties. When the
sunlight hits the water particles, its concave lens shape
refracts the light rays outward. This refraction results in a
magnification effect for light, which causes the illuminance
levels to be higher. Furthermore, the water’s transparent
properties allow light to travel through its presence with
relative ease. With both of these properties, it can be seen
how water produced these unusual and surprising results.
Both dirt and debris produced predictable results. As
hypothesized, the presence of either obstruction significantly
reduced the illumination levels passing through the
polycarbonate. Though, the debris has a lesser effect on the
illumination because there were more points of access for
light to pass through. Compared to the debris, the dirt was
evenly distributed and reduced the number of entry points for
light.
The cleaning of the panel helped rejuvenate the
illumination levels of the dirty panels. Cleaning the
polycarbonate with water and forced air increased
illumination to pre-obstruction levels. This result is especially
important because solar panels require relatively little
maintenance to upkeep. The only regular maintenance that
needs to be performed on solar panels is cleaning them of
particles and obstructions. With a robot, regular maintenance
by a maintainer is no longer necessary because the entire
process is automated. Furthermore, this automated process
is extremely successful in restoring the energy generation to
normal levels, similar to a maintainer.

Figure 4: Final pieces of polycarbonate (from left to right: dirt, debris, water,
control).

❖ Data Analysis

❖ Design Process of the Robot

❖ Particlate Matter: Dirt

❖ Obstructions: Debris & Water

Given that the purpose of the robot is to clean the robot
to increase the energy output, we cannot afford to damage
the panel. This led us to a touchless design, which utilizes
a modular guide rail system that can traverse solar fields
of many sizes, shapes, and orientations.

Overall, the presence of dirt on polycarbonate significantly
reduced the illumination under the panel. Trial 1 yielded a
36.5% decrease in illuminance, while Trial 2 produced a more
drastic 44.8% decrease. Both trials utilized ¼ cup of dirt,
sprinkled randomly and evenly across the panel.

The presence of debris on polycarbonate produced an
expected result, with the illuminance levels reducing 33.6% in
Trial 1 and 34.9% in Trial 2. Both tests utilized a variety of
debris, from twigs to leaves, and both samples were 1 cup.
Cleaning the polycarbonate using water and forced air
induced an average illuminance increase of 29.5%.

Figure 5: Trial 1 testing with the testing rig angled 30°; polycarbonate
with obstruction (left to right: dirt, debris, water)

Figure 6: Trial 2 testing with the testing rig angled 30°; polycarbonate
with obstruction (left to right: dirt, debris, water)

❖ Conclusion & Future Work
We have concluded that some forms of debris affect the energy
output of a solar panel, some more than others. However, a simple
resolution to this problem is to clean the panel to maximize its
efficiency. We plan to expand our code to include weather APIs.

Figure 1: Cleaning robot with squeegee and water pump for
clearing debris, obstacles, and particulate matter.

Furthermore, additional experiments were conducted to
test the result of cleaning the dirt polycarbonate. Cleaning the
panel using water and air resulted in an average increase in
illuminance of 38.1% compared to its dirty counterpart.

The obstruction of water on polycarbonate yielded
surprising results. In Trial 1, the illuminance increased 10.6%.
But in Trial 2, there was less than 0% reduction in illuminance.
Cleaning the panel using forced air resulted in an average
illuminance increase of 5.7%
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