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The 7th-semester elective course on biomimicry 
delved deep into this concept, offering a blend of 
theory and hands-on activities. The class allowed 
us to explore the principles of biomimicry, analyze 
case studies, and even create our own product 
designs inspired by natural organisms. Further 
explorations included the foundational ideas of 
biomimicry, examining examples of its application, 
and sharing insights from our classroom activities, 
including the design of an aromatic diffuser inspired 
by the dandelion.

Abstract : Biomimicry is an innovative approach the draws inspiration from nature’s principles and 
processes to help humanity develop sustainable and efficient designs. Biomimicry focuses on learning 
from nature rather than exploiting it. Its core principles involve viewing nature as a model, measure and 
mentor. 
The article delves into biomimicry which was taken up as an elective by the 7th semester students that 
reflected these principles. It explores the principles and purpose of biomimicry altogether. The course 
involved combining theoretical learning with practical application. Each student’s creativity was 
encouraged and explored via case studies and design projects. Students uncovered notable examples 
of biomimicry as case studies including, the kingfisher inspired Shinkansen train, Velcro modeled based 
on burdock seeds and many more.
One of the highlights of the course was an aromatic diffuser inspired by the functioning of a dandelion that 
inspired students to design their own biomimetic projects. Students eventually designed quite intriguing 
projects themselves that encompassed all of their learning, principles, research and 
understanding about the field. As the course progressed, students also explored how biomimicry can 
influence architecture and urban planning while understanding the various challenges it poses. Despite 
its challenges biomimicry holds promise for addressing global environmental concerns and the article 
summarizes how students arrived at this exact conclusion.
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Nature, with its vast diversity and complexity, has spent billions of years refining its designs through the 
process of evolution. The practice of biomimicry harnesses these natural strategies, adapting them to solve 
human challenges. In essence, biomimicry is an approach to innovation that seeks sustainable solutions by 
emulating nature’s time-tested patterns and strategies. The term comes from the Greek words “bios,” meaning 
life, and “mimesis,” meaning to imitate. Biomimicry isn’t just about copying nature’s forms but understanding 
and applying the underlying principles and processes to human designs. 
The 7th-semester elective course on biomimicry delved deep into this concept, offering a blend of theory 

The Core Principles of Biomimicry 

Biomimicry is grounded in three main principles: 
1. Nature as Model: This involves studying and 
emulating natural forms, processes, and ecosystems 
to solve human problems. Instead of reinventing the 
wheel, we look at how nature has already addressed 
similar issues. 
2. Nature as Measure: Biomimicry evaluates 
human designs based on nature’s principles of 
sustainability. By adhering to life’s principles, we can 
create products, processes, and systems that are 
more efficient and resilient.     
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 3. Nature as Mentor: Rather than exploiting nature, 
biomimicry encourages us to respect and learn 
from it. It shifts our approach from what we can 
extract from the natural world to what we can learn 
from it. 

Biomimicry in Action: Case Studies 

The course introduced a few important examples 
to highlight some well-known innovations in this 
discipline. 
1. The Shinkansen Bullet Train (Japan): The engineers 
behind Japan’s Shinkansen Bullet Train faced a 
significant challenge: the train generated a loud 
boom when it exited tunnels, due to air pressure 
changes. The lead engineer, a birdwatcher, noticed 
that the kingfisher bird could dive into water with 
barely a splash. He modeled the train’s nose after 
the kingfisher’s beak, resulting in a quieter, more 
aerodynamic train that consumed less energy. 
2. Velcro: One of the most famous examples of 
biomimicry, Velcro was inspired by burdock seeds 
that stick to animal fur. In 1941, Swiss engineer George 
de Mestral observed how these seeds clung to his 
dog’s fur during a walk. By mimicking the tiny hooks 
found on the seeds, he invented Velcro, a fastener 
used worldwide. 
3. The Lotus Effect: The lotus plant’s leaves are 
known for their self-cleaning properties, thanks 
to microscopic structures that repel water and 
dirt. This phenomenon inspired the creation of 
self-cleaning surfaces, such as paints and glass 
coatings, reducing the need for chemical cleaning 
agents. 
These case studies illustrate how biomimicry 
can lead to innovative solutions that are efficient, 
sustainable, and environmentally friendly. 

Exploring Biomimicry in Design Thinking

The course included an investigation into case 
studies on products or systems inspired by specific 
plants or animals. Each group was assigned an 
organism, and the challenge was to understand 
its unique characteristics and think of a practical 
application. Let us demonstrate examples below:

Biomimetic Application:
 
Inspired by this dispersal mechanism, the diffuser 
was designed to replicate the way dandelions 
release their seeds. The diffuser’s structure mimics 
the spherical shape of the dandelion seed head. 
The aromatic oil is stored in a central reservoir, 
and the fragrance is dispersed through thin, hair-
like structures radiating outward. As air passes 
through, it picks up the scent and disperses it into 
the surrounding environment, much like how the 
wind carries dandelion seeds. This design not only 
enhances the diffusion process but also creates 
a visually striking product that embodies the 
elegance of nature. 

The Aromatic Diffuser Inspired by the 
Dandelion 

One of the products designed during the course 
was an aromatic diffuser inspired by the dandelion: 
known for its ability to disperse seeds efficiently 
over a wide area, became a source of inspiration. 
The design process unfolded through: 
Observation: 
The dandelion’s spherical seed head is made up 
of numerous tiny seeds attached to fine, hair-like 
structures called pappi. These pappi act like tiny 
parachutes, allowing the seeds to be carried by 
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Outcome:
The final product was a minimalist yet efficient 
diffuser that required no electricity. It used the 
natural airflow in the room to spread the aroma, 
making it an eco-friendly and sustainable choice 
for home fragrance.

Source : Author

Bionicles



The Adaptive Fabric Inspired by Octopus 
Skin 

Observation: 
An innovative product developed during the course 
is a dynamic, color-changing fabric inspired by the 
camouflage abilities of the day to mimic an octopus. 
These cephalopods can adjust their skin color and 
texture instantly, responding to different lighting 
conditions and surroundings to blend seamlessly. 
Octopuses possess specialized skin cells called 
chromatophores that expand and contract to 
reveal various colors. Beneath these are light-
reflecting iridophores and leucophores, allowing 
further color and light manipulation to match the 
environment throughout the day. Additionally, 
small, muscle-controlled projections called papillae 
let octopuses alter their skin texture, changing 
from smooth to textured in one-fifth of a second to 
enhance their camouflage. 

Biomimetic Application:
The adaptive fabric uses responsive pigments and 
light-sensitive cells within its fibers to alter color 
based on sunlight wavelengths, mimicking octopus 
skin. It also includes muscle-like units that inflate or 
deflate to change texture, imitating the octopus’s 
papillae. 
Research at Shanghai Jiao Tong University (SJTU) 
has been instrumental in advancing this concept, 
focusing on cephalopod-inspired camouflage 
materials. SJTU’s team has developed synthetic 
chromatophores using thermochromic and 
photochromic materials which are embedded 
with nanoparticles that can reflect different 
wavelengths of light based on the environment, 
controlled by microfluidics and electroactive 
polymers to achieve color changes with minimal 
power. Embedded nanoparticles allow these cells 
to reflect specific light wavelengths, creating 
adaptable, thin, flexible fabrics. 

Outcome: 
The final product is ideal for fashion, outdoor gear, 
and interiors, and outdoor pavilion structures 
responding naturally to changing light and 
requiring only sunlight and low electrical input for 
color and texture changes, making it a sustainable 
innovation.This innovative fabric requires minimal 
power, relying primarily on sunlight and subtle 
electrical stimulation.
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Exploring Other Designs: Animal and Plant 
Inspirations 

In addition to the aromatic diffuser, students 
created several other innovative designs inspired 
by different plants and animals: 
1. The Kingfisher-Inspired Diving Suit 
Taking inspiration from the kingfisher’s streamlined 
beak, a diving suit was designed to reduce drag 
and enhance underwater speed. The suit featured 
a sleek, hydrodynamic design that mimicked the 
kingfisher’s body, minimizing resistance as the diver 
moved through water. This design aimed to improve 
efficiency and speed for competitive swimming 
and underwater exploration. 
2. The Gecko-Inspired Climbing Gear 
Geckos can effortlessly scale vertical surfaces 
thanks to millions of microscopic hair-like structures 
called setae on their feet. These setae create Van 
der Waals forces (1), allowing geckos to adhere 
to surfaces without any adhesive substances. A 
group of students used this principle to design 
climbing gloves that mimicked the gecko’s foot. The 
gloves had a textured surface with synthetic setae, 
enabling climbers to grip surfaces without relying 
on traditional equipment like hooks and ropes. 
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3. The Termite-Inspired Ventilation System 
Termite mounds in African savannas are known for 
their efficient natural ventilation systems. Despite 
the external temperature fluctuations, the internal 
temperature of the mounds remains constant. 
This is achieved through a network of tunnels that 
regulate airflow. Inspired by this, a team of students 
designed a passive ventilation system for buildings. 
The system used a network of air channels, 
similar to termite mounds, to naturally regulate 
indoor temperatures, reducing the need for air 
conditioning and lowering energy consumption. 
Nature’s Wisdom in Architecture and Urban Design 
The course further explored how biomimicry 
can influence architecture and urban planning. 
Buildings and cities can be designed to be more 
efficient, sustainable, and in harmony with their 
surroundings by emulating natural ecosystems. 
For instance, in our own marketplace 
redevelopment project, we applied the concept of 
a layered urban ecosystem. By drawing inspiration 
from natural ecosystems, we created a multi-level 
design that accommodates various activities while 
maintaining a porous, breathable environment at 
the ground level. This approach reflects the way a 
forest functions, with different layers of vegetation, 
each fulfilling a unique ecological role.

 1. The key mechanism behind a gecko’s ability to stick to surfaces, where tiny hair-like structures on their feet called setae create extremely 
close contact with a surface
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Challenges and Future of Biomimicry 

While biomimicry offers immense potential, it also 
faces certain challenges:
1. Understanding Nature’s Complex Systems: 
Nature’s designs are often the result of millions of 
years of evolution, making them incredibly complex. 
Deciphering these intricate systems requires 
extensive research and a deep understanding of 
biological processes. 
2. Translating Biological Principles to Human Design: 
Adapting natural principles to human-made 
products is not always straightforward. It requires 
interdisciplinary collaboration between biologists, 
engineers, designers, and architects. 
3. Balancing Aesthetics and Functionality: 
While nature-inspired designs can be aesthetically 
pleasing, they must also meet functional and 
practical requirements. Achieving this balance 
can be challenging but is essential for the success 
of biomimetic products. Despite these challenges, 
the future of biomimicry is promising. As we 
face growing environmental concerns, there is 
an increasing need for sustainable and resilient 
solutions. Biomimicry offers a pathway to create 
designs that not only meet human needs but also 
work in harmony with the natural world. 

The elective course gave us a unique opportunity 
to explore the intersection of nature, design, and 
technology. Through studying natural organisms 
and their adaptive strategies, we learned how 
to develop innovative solutions to real-world 
problems. The process of observing, analyzing, and 
applying nature’s principles taught us to appreciate 
the elegance and efficiency of the natural world. 

The design of an aromatic diffuser inspired by the 
dandelion was just one example of how we can 
harness nature’s genius. It demonstrated that even 
the simplest natural mechanisms could inspire 
practical and sustainable designs. From diving 
suits inspired by kingfishers to climbing gloves 
modeled after gecko feet, our projects showed how 
biomimicry could lead to innovative, eco-friendly 
products. As we continue to face global challenges 
such as climate change, resource depletion, and 
environmental degradation, biomimicry provides a 
hopeful vision for the future. By learning from and 
emulating nature, we can create a world that is not 
only more.
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