Research Uuestion

Questions:

How can solar energy be harnessed efficiently and effectively
without the use of electricity for motors and other electrical
components?

What is the effective increase in energy harnessed by such a
solar tracker system compared to a fixed solar panel system?

Problem: Solar tracking solutions have increasingly grown in
terms of its popularity and overall usage. However, given that
solar tracking traditionally depends on electrical components, it is
not always a cost-effective solution for developing nations.
Hence, efficient solar tracking without the use of electricity is
essential for the viability of this solution to harness electricity.

pthesis

Solar energy can be harnessed efficiently and effectively without
the use of electricity by using a nature inspired phototropic solar
tracker system.

The amount of increase in the energy harnessed using a
phototropic solar tracker is estimated to be about 50%. The
horizontal sweep angle of the sun is nearly 180° and that the
effective light reception angle of a fixed-axis system is nearly 90°
which implies that it does not harness energy half of the time.
Given that the phototropic solar tracker continuously tracks light,
it is expected that it will yield at least 50% increase in energy.

ackgroun

Phototropism is a biological phenomenon that occurs when a
plant follows the movement of the sun during the day.
Phototropic movement in response to light is stimulated by the
concentration of hormones such as auxins. They allow the plant
to autonomously and instantaneously detect and track incident
light in 3D space without auxiliary power supply.
Thermo-photoresponsive polymers are polymers that exhibit
drastic changes in their physical properties with temperature and
light. For instance, poly(N-isopropylacrylamide) (PNIPAAmM)
copolymerized with polyacrylamide (PAM) and gold nanoparticles
(AuNPs) exhibits stimulus-responsive behavior and rapidly
changes equilibrium state in response to external stimuli such as
light. Therefore, such artificial stimulus-responsive materials can
be integrated to offer a nature inspired approach to solar tracking
without the use of any electrical source to power tracking.

colrack: Nature Inspired Phototropic Solar
racking For Developing And Developed Nations

Ecolrack Solar Tracker

Procedure

. Place the project board on a table and turn on the switch.

. Position a cell phone such that there is no line-of-sight to the
panel system and that the distance between the cell phone and
the panel system is about 0.5 m. This would be considered as
the East position to mimic sunrise.

. Turn on the light on your phone and gradually move 1 step
towards West at an interval of 1 minute for a total of 5
minutes. The elevation of the light should be gradually
increased up to about 0.5 m at around 2.5 minutes and then
decreased until the light is out of line-of-sight mimicking
sunset. The light should now be turned off.

. The microcontroller data recording should now be saved.

. Conduct steps 1-4 for the fixed, dual-axis, and EcoTrack tracker
(via simulation) systems and plot the recorded data for trials.
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The comparison plot shows the voltage vs time profile obtained
from the fixed, dual-axis, and EcoTrack tracker systems. A line of

Relevance

Given that phototropic solar tracking systems do not use
electricity for tracking, it is viable to implement this system in
developing nations where solar tracking is not an affordable
option. Nature inspired solar trackers can be used as a higher
energy output green source to power households and can also be
used for industrial purposes.

Green Electric Car Battery Charging Commercial Grid Power Supply Agricultural Farms

Circling back to the two research questions posed for this project,
the findings indicate that solar energy can be efficiently and
effectively harnessed using the proposed nature inspired
phototropic solar tracker. Additionally, the phototropic solar
tracker does not require electricity for solar tracking. The
effective increase in solar energy harnessed by this system is
nearly 50% compared to a fixed solar panel system.

Thus, the experimental results confirm the original hypothesis.
The proposed solution offers a low-cost and low-maintenance
solar tracking solution that can serve as a renewable and effective
option for both developing and developed nations. This system,
when scaled, is an ideal solution to applications ranging from
electric vehicle charging, power grids, and farms.
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eOperates at 3 — 12 Volts
¢20-30mA current output

Servo Motors
eOperates at 4.8 — 7.2 Volts

e Continuous 0 — 180° Rotation
e Lightweight

Solar Panels

e Output of each panel: 6V
o3 in parallel and 3 in series
e Total Operating Voltage: 12V

for all systems. Given that Ey rnesseq = 1 fot Vdt =1 X AUC and

that the total current supplied by the panels is 0.15A, the energy
harnessed by both systems can be obtained.

The energy lost due to added components for the dual-axis
tracker must be considered. The total energy used by the
microcontroller (0.040A), 2 servos (0.400A total), 1 DC motor
(0.100A) is E = 3.3V x 0.020A x 300s + 6V x 0.040A x 50s +
12V x 0.050A x 2s = 33 J. Thus, the net energy harnessed by the
tracker is 118.86 J — 33) = 85.86 J. The EcoTrack system harnessed
87% and 119% more energy than the dual-axis and fixed trackers
respectively given same exposure time to light.
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Abstract: Greater Austin Regional Science and Engineering Fair

EcoTrack: A Low-Cost, Low-Maintenance, and Efficient Solution to Solar
Power Production for Both Developing and Developed Nations Using Nature
Inspired Phototropic Solar Tracking

Om Bhatt

Vista Ridge High School, Cedar Park, Texas, United States

Solar tracking solutions have become increasingly popular and have been widely adopted. However,
given that tracking traditionally depends on electrical components, it is a cost-ineffective anad
high-maintenance option for developing nations. Hence, efficient solar tracking without the use of
electricity is essential for the viability of this technology. Thus, the two primary research questions for this
project are: 1) How can solar energy be harnessed efficiently and effectively without the use of electricity?
and 2) What is the effective increase in energy harnessed by such a solar tracker compared to traditional
trackers? In this work, EcoTrack, a nature inspired phototropic solar tracker system that does not use
electricity for tracking is proposed. Given that EcoTrack can track light at all times, it is expected that it will
yield at least 50% increase in energy. A working prototype to confirm this hypothesis was developed and
the experiments conducted involved the collection of voltage and current with respect to time while
mimicking the daily movement of the sun. The experimental results demonstrate that the EcoTrack
system harnessed 87% and 119% more energy than traditional dual-axis and fixed trackers respectively.
Consequently, the proposed solution offers a superior alternative to traditional solar panel tracker
systems. Moreover, it provides a low-cost and low-maintenance solution for developing nations. Such
phototropic tracking systems have a significant practical relevance given that they offer a renewable and
effective solution for commercial and personal use in applications such as farming, vehicle charging, and
power grids.
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