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Trees perform photosynthesis everyday - some through their leaves and others, such as
the palo verde tree, through their bark. Just as a tree carries out generating energy, our team
wanted to replicate that behavior into creating a solar panel. Furthermore, we wanted the solar
panel to be able to withstand harsh weather environments, like pine needles do, and we wanted it
to be portable. We designed the dowels of the solar panel to be presented in a Fibonacci spiral to
help embrace how these spirals are so evident in nature. We also made the dowels have the
ability to raise up and down together to promote portability. The final design has 1 center piece
of pine wood, 5 retractable dowels, 1 string intertwined between all the dowels to assist in raising
up and down, and the ability to produce only 7% fewer kiloWatt hours on a clear, sunny day than

a flat solar panel with the same surface area.

To begin the design process, our team started with a collection of 25 unique organisms
that were chosen based on our respective interests. To narrow down our organisms, we looked
for similar behaviors or processes between each of them using a Functional Matrix, where we

researched unique adaptations of each organism and potential applications (see Figure 1).
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Figure 1. Our team’s functional matrix.



Through this method, we narrowed down to the palo verde trees, pine cones/needles,
pufferfish, and the white pelican. The palo verde trees and pine cones/needles both produce
energy whereas the pufferfish and white pelican both maintain flexibility while having a
structured shape. These findings inspired us to look into producing an EnerTree solar panel, an
origami tent solar panel, or a kelp inspired solar panel. After prototyping these three devices, we
evaluated them in a Pugh Matrix (see Figure 2), and the EnerTree was selected as the design our

team wanted to move forward with.

Origami
Criteria Baseline=0On house solar panel Tent EnerTree Kelp solar panels

Weight 2-4 |b/sq ft -1 -1 1
Price $250 -1 1 1
Energy Capacity |6 kW 0 2 0
Power rating 320 watts 1 -1 -1
Weather Withstand 1 inch hail falling at 50

resistance mph, winds up to 140 mph 1 2 1
Size 65" x 39" 0 1 -1
Total: 0 4 1

Figure 2. Pugh matrix for our device

Through this thorough design process, each member of our team was able to gain
insights about the unique biological gifts of more than twenty-five organisms, as well as insights
about how to conduct comprehensive analysis techniques, such as the Pugh Matrix and four box
method, to determine the best design concept. Finally, our team was able to gain valuable insight
on the proper way to amalgamate the unique design perspectives of several different people into

one all-inclusive final design.

The EnerTree design can replicate the way the palo verde tree generates solar energy
through its bark, how the pine needles can efficiently produce energy by facing many different
directions at once and withstand harsh weather, and how the pufferfish and white pelican

promote flexibility and strength. The key linchpin of the design is producing energy, and if the



solar panel cannot produce the energy like the trees and needles, then our device would not
qualify as a bio inspired design. Our prototype has dowels that replicate the behavior of the pine
needles since they are able to move up and down. While our design is not actually able to
produce energy as it is merely a prototype, we do think it is an efficient way to improve solar
panels - especially after executing copious calculations - so we do think it would be neat to show

in a gallery.

Our final prototype is inspired primarily by the pine tree, since we found that specifically
for our solar panel design, it was more effective to hone in on a specific concept of an organism.
However, some aspects of our design are more broadly inspired, such as arranging the branches
as a Fibonacci spiral, which is a common design found in many trees and other plants to
maximize area for photosynthesis. A particularly important aspect we wanted to replicate from
the pine tree, though, was its unique adaptations to living in environments with more extreme

weather patterns.

The pine tree is easily able to survive in places
with heavy snowfall because of the shape of the pine
needles, which allows precipitation to roll off, and the
clusters of needles (Figure 3) which shed snow instead of

breaking under the weight of snow build-up. Furthermore,

while strong winds are able to travel more easily around

the needles rather than flat leaves, preventing the tree __

from being knocked over. Even though individual e e
needles have a small surface area, the bundles of needles maximize sunlight capture and are
particularly efficient at high altitudes where there is a lot of reflected light during the winter. We
wanted one of the functions of our solar panels to be that they could be distributed in disaster

zones and be able to perform in suboptimal weather, so in modeling after the design of the pine

needles, we are able to create a more resilient solar panel design.

When we settled on the idea of a plant-inspired solar panel, we came up with a range of

different sketches to explore all of the possible designs we could think of, including a series of



sketches that eventually became the EnerTree (see Figure 4). Some of the other ideas we
entertained but did not ultimately select, such as a tree-like structure with the solar panels on the
trunk, solar panel buoys modeled after the puffer fish, a pine cone-shaped solar panel that
revolves to keep facing the sun, and a kelp-like structure that could float in a body of water and

absorb radiation from the sun.
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Figure 4. Prototype ideation sketches

Having a lot of different sketches and possible design solutions helped us to ensure that
EnerTree was the best design. After deciding to move forward with the EnerTree design, we
iteratively prototyped a portable, cylindrical device that would eventually be covered on all sides
with solar panels. Our first iteration of this prototype explored the idea of a sturdy base with
different attachable elements to the arms (Figure 5). Our second iteration of the EnerTree
prototype introduced the idea of retractable dowels to add portability and resiliency to the
structure (Figure 6). Our final prototype also incorporated this retractable dowel element, but
was closer to what the actual device would look like so as it could be used for preliminary testing

(Figure 7).

Figure 5. Prototype 1 Figure 6. Prototype 2 Figure 7. Prototype 3



We believe the design of cylindrical solar panels modeled after pine needles is viable
because cylindrical solar panels have already been developed in the past. The original cylindrical
solar panel design failed because originally, they were mounted onto rooftops just like flat solar
panels, which meant that they were not installed to utilize the full potential of the solar panels’
ability to absorb solar radiation from all angles, and thus the performance was far lower than the
creators were expecting. However, if the cylindrical solar panels are part of a pine tree structure,
then the shape is maximized, especially in snowy areas where the underneath of the panels would
be subject to reflected light from the ground. Translating the single solar panels to our design

would be an achievable process.

In the process of creating our prototype, we took advantage of the wide variety of skills
that our team possessed. We utilized the mechanical engineering expertise of our team to model,
construct, and add dynamic movement to our prototype. The team took advantage of the
biological/biomedical engineering knowledge to analyse and apply the biologically inspired
component of our design. The industrial engineering know-how of our group allowed us to apply
optimization principles and engineering methods to the design of our prototype, which allowed
us to design and create our device in the most efficient way possible. Finally, we were able to use
the environmental engineering insight of our team to identify our design’s applications in the real

world, such as in harsh weather conditions and in disaster zone environments.

Our specific prototype is exclusively testable for size and portability concerns, but does
not have the ability to be tested for energy conversion efficiency. However, our team does have a
plan to test our prototype to obtain objective data. For our testing plan going forward, our team
will conduct a series of light tests and measure the surface area of our prototype that is exposed
to light at several different light angles, and along with the knowledge of the specific
photovoltaic output of the type of solar panels that will comprise our device, we will calculate
the amount of energy converted by our device at each light level. After evaluating the viability of
the results of this test, the next step of our testing plan would be to create another prototype that

had the flexible cylindrical solar panels covering the surfaces of the prototype, and then conduct



similar light tests and compare the results to a typical photovoltaic cell, so as to truly validate the

energy conversion efficiency of our design.

The viability of our prototype has been assessed through energy output prediction
calculations. We utilized the equation for finding the solar PV energy output of a photovoltaic
system and calculated the energy output of our solar array in different environments (see Figure
8). We then compared this value to the calculated output of a flat solar panel with the same
surface area (Figure 9). We used surface irradiance data from NASA’s Climatology Database to
determine the daily change in sunlight intensity in Atlanta, GA. Under normal, sunny conditions,
EnerTree is predicted to make only 7% less energy than a standard solar panel. In snowy

conditions, EnerTree is capable of generating energy where flat panels can not.

Radiance for Surface * Surface Area
Morning ("6am-10am)

1/4 Direct Sun 0.00327841 kW-hr/day h DNR MAX
1/2 Indirect Sun 0.00313867 kW-hr/day DIFF MAX
1/4 Shad 0.00095665 kW-hr/day DIFF MIN - ;
/ a Heny Calculation of the solar PV energy ouput of a photovoltaic system
Total Surface Radiance: 000737373 kW-hr/day

Yelow cell = enter your own data
Green cell = result (do not change the value)
White cell = calculated value (do not change the value)

Midday (*10am-2pm)

1/4 Direct Sun 0.00327841 kW-hr/day DNR MAX Global formula : E=A*r*H*PR
1/2 Indirect Sun 0.00313867 kW-hr/day DIFF MAX E = Energy (kWh) 2811] kWhian
1/4 Shade 0.00095665 kW-hr/day DIFF MIN A = Total solar panel Area (m?) 20| m?
Total Surface Radiance:  0.00737373 kW-hr/day £ soler paiel yield (%) 15
H = Annual average irradiation on tilted panels (shadings not included)* 1250 | kWh/m*.an
PR = Performance ratio, coefficient for losses (range between 0.9 and 0.5, default value = 0.75)| 0.75

Evening ((2pm-6pm)
Total power of the system KWp

1/4 Direct Sun 0.00327841 kW-hr/day DNR MAX
Losses details (depend of site, technology, and sizing of the system)

1/2 Indirect Sun 0.00313867 kW-hr/day DIFF MAX - Inverter losses (6% to 15 %) 8%
- Température losses (5% to 15%) 8%
1/4 Shade 0.00095665 kW-hrfday DIFF MIN - DC cables losses (1 103 %) 2%
. | - AC cables losses (1 to 3 %) 2%
Total Surface Radiance: 0.00737373 kW-hr/day " Shadings 0% o 40% (dapends of &to) =
ALL TOTAL: 0.02212120 - Losses weak irradiation 3% yo 7% 3%
- Losses due to dust, snow... (2%) 2%
- Other Losses 0%

solar Energy Output (kWh/day)

A*H = 0.02212120
r= 0.17
Pr= 0.75
Energy 0.03384544 kWh/day

Figure 8. EnerTree energy calculation Figure 9. Standard solar panel energy



However, these calculations are only predictions. We would have to do proper
light-shadow testing to determine the true daily energy output of the solar arrays. Due to the
technical aspect of working with solar panels, our prototypes were not operable and modeled the
shape changes in the array more so than the actual functionality. As a result, there could be
electrical and material problems with our design that we did not have the knowledge to predict or
experiment with during the class. Further testing and prototyping with actual solar panels would
be needed to verify the absolute viability of our design before it could be applied to real

scenarios.

We have demonstrated an elementary understanding of the natural systems that were used
as inspiration for the EnerTree, however, given the vast complexities of each organism, we
believe that we will never ever be able to completely understand the natural systems referenced
in our work. We have drawn inspiration from a multitude of organisms for the final prototype,
but we primarily focused on the morphology of certain natural systems without delving too
deeply into the mechanistic attributes of the organisms. Morphology alone was enough for us to
develop a solid foundation for a product idea and prototype. With more time and resources, we
will be able to develop a thorough understanding of our organisms’ and natural systems’
attributes, and subsequently create more advanced iterations of the EnerTree. For example,
further research into plants who have found ways to optimize photosynthetic energy storage can

help us design the circuitry to improve energy retention efficiency.

Through this design process, our team learned how inspirations from nature can be used
to develop new products and/or elevate existing technologies. Unlike other design courses that
our team members have been exposed to, the Biolnspired methodology used in this course forced
us to seek out applications or issues that could benefit from our product. This required us to think
in a new manner and approach design from a new perspective. As a team, we were able to look
at 25 organisms, isolate interesting functions and attributes from each, and uses a series of
unique tools to brainstorm potential solutions. With a 4.5-billion-year head start when compared

to mankind, nature has already developed solutions and clever mechanisms to address large



problems. We simply utilized this fact to expedite the research and development of the EnerTree,

a Bio-Inspired approach to revolutionize the morphology and deployment of solar panels.

To maximize energy production during the day while also retaining the benefits of round
panels, we could modify the branches to be more almond-shaped. That way the panels can still
produce energy on their undersides during snowy weather and also expose a larger percent of
their surface area to the sun when it is clear. To further increase energy output, it would be useful
to program or design the solar array so the branches can be raised at a specific degree to the
horizon that allows maximal irradiance absorption. Such a degree can be easily found for any

location on the NASA Climatology Database (see Figure 10)
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Figure 10. NASA Climatology Database radiance graph

More improvements would be evident as we transitioned to working with real solar
panels. Aspects such as electrical efficiency, deployment, stabilization, and weather resistance
would all be more easily hashed out with further prototyping and field testing. It would also be

beneficial to determine what surface area to size ratio is most efficient for our solar array.



