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Biomimicry: A Path to
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Introduction

In his 1998 article, “Design for a Sustainable World,” Victor
Margolin argues that our ecological plight is beckoning design-
ers to broaden their purpose beyond shaping commodities for cli-
ents.! Designers are poised to become agents of change that guide a
sustainability transition. To do so, they must proactively mold the
future profile of their profession by strategically adopting new
forms of practice.? Biomimicry is an emerging paradigm that can
help launch designers into their new role as sustainability inter-
ventionists. However, biomimicry does not necessarily render
sustainable outcomes. To increase the likelihood of sustainable
outcomes, practitioners must consider the form, process, and
ecosystem levels of biomimetic design.

The purpose of this paper is to introduce scholars, students,
and professionals in all fields of design to biomimicry and to its
potential to yield sustainable outcomes when practiced in a deep,
thoughtful way. The design community is an important leverage
point for fueling dialogue about biomimicry because designers
work “at the nexus of values, attitudes, needs, and actions” and,
therefore, are uniquely positioned to act as transdisciplinary inte-
grators and facilitators.?

What is Biomimicry?

Biomimicry involves learning from and emulating biological
forms, processes, and ecosystems tested by the environment and
refined through evolution.* Biomimicry can be applied to solve
technical and social challenges of any scale.’ Biology has inspired
design since prehistoric man fashioned spears from the teeth of
animals and mimicked the effective sneak-and-pounce hunting
technique of large predators, but the development of a meth-
odological framework for translating biological strategies into
design innovations is a recent one. American inventor, Otto
Schmitt, coined the term “biomimetics” in the 1960s to describe
the transfer of ideas from biology to technology.® Three decades
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later, biomimicry was popularized by Janine Benyus, who broad-
cast its enormous potential to inform a new era of design in her
critically acclaimed book, Biomimicry: Innovation Inspired by Nature.”

Biomimicry is a burgeoning field of study, as evidenced by a
growing demand for training in biomimicry theory and practice®
and a fivefold increase in biomimicry patents, scholarly articles,
and research grants since 2000.° According to a report by the Fer-
manian Business & Economic Institute, biomimicry could account
for $425 billion of the U.S. gross domestic product (GDP) and $1.6
trillion of global output by 2030.° The popularization of biomim-
icry is exciting not just because of its economic prospects, but
because of its tremendous potential to inspire eco-friendly designs
at this critical juncture in human history. Biomimicry forces a new
set of questions that can be applied to the design process, as well
as to the outcome. Biological designs are, for instance, resilient,
adaptable, multifunctional, regenerative, and generally zero-waste.
When deeply informed by biology, design thinking shifts away
from an anthropocentric model and considers product life cycles
and earth system limitations.

Some scholars argue that the sustainability criterion is too
limiting," but “smart companies now treat sustainability as inno-
vation’s new frontier.””>? When tackled appropriately, it offers
opportunities for lowering costs and generating additional reve-
nues, and it enables companies to create new businesses to achieve
competitive advantage. However, “imitation of the living world is
not by default environmentally superior.””* Therefore, informing
designers, among others, about the circumstances under which
biomimicry is most likely to lead to sustainable solutions is impor-
tant so that they can engage with the future in a more direct way."
At its best, biomimicry is an elegant merger of sustainability and
innovation that allows designers to continue earning a living
within a system dominated by a consumer culture, while working
alongside biologists to co-create a human civilization able to flour-
ish within the ecological limits of our planetary support system.®

Biomimetic Design Practice

Biologists are key players in the biomimicry design process
because it relies heavily on biological knowledge; however, the role
of the designer remains central. This orientation is particularly
true when it comes to abstracting biological strategies into more
broadly applicable design principles and implementing them to
solve human challenges.* The aim of biomimicry is not to create an
exact replica of a natural form, process, or ecosystem; instead, it is
to derive design principles from biology and use those principles
as stimulus for ideation. That said, a final biomimetic solution
should clearly evidence a transfer of functional or organizational
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principle from biology. After all, the purpose of biomimicry is to
tap the knowledge embodied by nature’s 3.8 billion years of
research and development,” and accomplishing this goal is not
possible if the functional analogy between the natural model and
the final design is lost in translation.

Biomimicry and Sustainability: The Direct Connection
Humans are currently using energy and resources unsustainably.
Through biomimicry, designers can guide development of technol-
ogies that have net zero or net positive environmental conse-
quences because biological solutions have been time-tested by
billions of years of evolution and embody successful strategies for
thriving on earth.”® To demonstrate how biomimicry—repurposing
nature’s best ideas to solve human challenges—can help inform
sustainable design, consider the following. TRIZ, a widely-used
engineering problem-solving tool, was adapted to create BioIRIZ.”
The original TRIZ, developed by Soviet inventor Genrich Alt-
shuller and his colleagues in 1946, is a matrix where intersections
represent engineering tradeoffs; for instance, to make a vehicle go
faster, you need more power, which consumes more fuel.® At each
intersection, a cell contains numbers that reference technological
design principles for resolving a trade-off.>* For example, if the
vehicle’s body is made more aerodynamic, you can make the vehi-
cle go faster with the same amount of power and fuel. To create
BioTRIZ, researchers analyzed 2,500 trade-offs and resolutions in
biology and populated a matrix with biological instead of techno-
logical design principles.?? Analysts found only a 12% overlap
between trade-off resolutions recommended by BioTRIZ vs. TRIZ,
which shows that biology solves problems differently than tech-
nology. In technology, the manipulation of energy may account for
up to 70% of the solution, whereas in biology, energy never figures
into more than 5% of the solution. Instead of manipulating energy,
biological solutions tend to leverage information transfer and
structure.”

Biomimicry marks a divergence from the unsustainable
Industrial Revolution, which was “an era based on what we can
extract from nature.” Emulating biology is different from harvest-
ing or domesticating organisms to accomplish a desired function.
This difference might seem obvious; however, newcomers to bio-
mimicry commonly seek “to use an organism to ‘do what it does’
instead of leveraging the design principles embodied by the organ-
ism. This is the equivalent of using fireflies themselves to produce
light, rather than understanding and applying the complex chem-
istry involved in bioluminescence.”?
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Biomimicry and Sustainability: The Deeper Connection
Beyond the direct connection between biomimicry and sustain-
ability—the simple fact that in emulating biological systems we
are emulating strategies time-tested by evolution—a much deeper
connection also emerges. Biomimicry does not necessarily render
sustainable outcomes, and we cannot overlook this fact.? A biomi-
metic solution could get high marks in functional performance
but fail miserably in a sustainable life cycle analysis.” Thus,
designers who want to use biomimicry to create more sustainable
designs must strive to emulate biological lessons on three levels:
form, process, and ecosystem.? This multilevel approach is most
effective for achieving solutions that inspire awe in terms of sus-
tainable performance:

1. Form. At the first level, emulating form, consider as an
example the giant leaves of the Amazon water lily. The
shape and support ribs of the leaves can inform a new
innovation of lightweight but structurally strong building
panels.” However, this innovation might or might not be
sustainable. For example, if these panels are made of toxic
materials that pollute the environment, the costs outweigh
the benefits.

2. Process. At the second level of biomimicry, the focus is
on emulating biological processes, or more specifically,
how nature manufactures. Nature assembles structures at
ambient temperature and pressure using non-toxic chemis-
try.® By contrast, most factories form product by carving,
bending, melting, casting, or otherwise manipulating large
blocks of raw materials at high temperatures and pressures.
Compared to biological manufacturing, the factory
approach shows tremendous room for improvement. It
is much more energy-intensive, polluting, and wasteful.

Encouraging a large-scale shift from traditional
to biomimetic manufacturing will be difficult, given the
markedly different infrastructure required. A team might
envision a biomimetic solution that is environmentally
sustainable, in theory, but if no appropriate manufacturing
techniques are at hand, realizing that solution might be
impossible. The development of infrastructure required
to manufacture environmentally friendly, cost-effective
biomimetic products is lagging behind.*

Nearly all biological materials are constructed
of a combination of carbon, hydrogen, oxygen, nitrogen,
phosphorous, and sulfur. It is the way these ingredients
are combined that gives biological materials a great
variety of useful functions. Industrial manufacturers take
a different approach. Instead of combining a few benign
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elements in a multiplicity of ways to achieve a range of
functional properties, we seek out rare and toxic elements
like carcinogenic hexavalent chromium that inherently
exhibit desired functional properties. To further illustrate
this key difference consider the following: A beetle’s shell
provides strength, breathability, color, and waterproofing
but is made from only chitin and protein, which, in turn, are
made from ony the six elements previously named.”

In contrast, a chip bag is made of several different materials
that each fulfills a separate function. The beetle’s shell is
biodegradable, but the chip bag ends up in a landfill. To
produce our own multifunctional materials from a small
chemical palette, we still have much to learn about biologi-
cal construction. In addition, biological manufacturing has
a higher fault tolerance. Even with minor defects, natural
systems are usually still fully functional. The tolerance

for a discernable degree of variation would allow for
fabrication noise, offering ways to create successful

designs with lower production cost.*

One example of a promising approach to improve
manufacturing is 3D printing, which involves forming a
solid object from a digital model by laying down successive
layers of material. This approach mimics nature’s additive,
material-efficient manufacturing processes. Advances
in 3D printing are unbelievably exciting, but 3D printing
processes urgently need tweaking before this technology
can be considered eco-friendly. Opportunities for enhancing
the technology require looking at other aspects of biological
manufacturing. Right now, 3D printing uses toxic resins,
ceramics, and powdered metal as feedstock,® but research
currently is being conducted to investigate the viability of
using benign, locally sourced feedstocks, such as waste
woodchips, used paper, plastic scrap, clay, or carbon diox-
ide.* At the end of the 3D-printed product’s lifecycle, it
could be disassociated using naturally occurring enzymes,
returning it to printing feedstock for 100% recycling.”

We can also improve 3D printing if we stick material layers
together using attractive forces, such as hydrogen or ionic
bonds, because such forces would eliminate the need for
toxic glue between the additive layers of a 3D-printed
object. Another pressing problem is the amount of energy
the printing process consumes. Currently, 3D printers
consume an estimated 50 to 100 times more electrical
energy than injection molding to create a product of the
same weight.*
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Life's Principles. Life’s Principles is a
systems-thinking tool that contains common
principles embodied by most species on Earth.
Its purpose is to help practitioners create
designs that fit seamlessly within the larger
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3. Ecosystem. Even emulating both form and process does

not guarantee development of a product with a net zero

or net positive environmental impact.* The design might

still be lacking in terms of how it fits within the larger

ecosystem. All organisms are part of a biome that is part

of the bio-sphere. As such, every organism’s continued
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prosperity is dependent on the health of the biosphere.*
The highest level of biomimicry, emulating the ecosystem,
is most difficult because it requires skilled systems
thinking to make sure the design fits seamlessly within

the biosphere. The US-based firm, Biomimicry 3.8 (the

3.8 stands for 3.8 billion years of evolution), developed a
tool called Life’s Principles that helps evaluate a biomimetic
design’s ecosystem-level sustainability. Life’s Principles
summarizes repeated patterns and principles embodied by
organisms and ecosystems on earth. These patterns and
principles are thought to support a sustaining biosphere.*
In total, the tool outlines six major principles and 20
sub-principles (see Figure 1). Inconsistencies with Life’s
Principles are indicators of a potentially unsustainable
innovation and identify opportunities to further optimize
your design. These inconsistencies are easier to detect and
resolve when the tool is used as a benchmark throughout
the entire design process and when the team makes an
effort to integrate Life’s Principles along the way.
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Our focus here is on the technology itself.
We do not provide comment on the
essentiality of a military because that
would reach far beyond the scope of this
paper. We also assume in this discussion
that the robot was made in an environ-
mentally sustainable way, which in many
cases has not yet been accomplished.

Biomimetic designs, like all designs, can be used in a vari-
ety of ways, including those that are potentially dangerous and
counterproductive. Another aspect of ecosystem-level biomim-
icry focuses on ensuring that biomimetic designs are used in ways
that are socially beneficial. Regulating how innovations are used
is not always possible, but designers still need to do what they can
to ensure solutions that are deployed do “what is possible and use-
ful” rather than “what is possible, but harmful.”>

The Defense Advanced Research Projects Agency (DARPA)
has been the biggest financial supporter of biomimicry research,
as well as of the development of biomimetic concepts.* DARPA
recognizes that, if understood properly, biological strategies could
inform new defense capabilities. DARPA’s Defense Sciences
Office (DSO) focuses on “understanding and emulating the unique
locomotion and chemical, visual, and aural sensing capabilities of
animals.”* DARPA’s DSO funded the development of BigDog, a
dynamically stable quadruped robot that can run over rough-ter-
rains and carry heavy loads. BigDog mimics quadruped mammal
leg articulation, with compliant elements that absorb shock and
recycle energy from one step to the next.* DARPA regards and val-
ues BigDog as a robotic mule to accompany soldiers in terrains too
rough for conventional vehicles. Biomimetic robotic technologies
like BigDog can be used in both productive and destructive ways.*
They can venture into remote or dangerous areas, preventing pos-
sible human injury or death. They can dismantle mines or locate
survivors after a chemical disaster. On the other hand, robots can
be used to illegally surveil or kill innocent civilians.

Design affects how we interface with the world, so we
should balance the profound innovation possible through biomim-
icry with a lens of environmental and social scrutiny. This analysis
requires effort on the part of the designer to selectively transfer
desirable aspects of the natural model to the final design and to
advocate for its being used for positive ends. That said, the lofty
ideal of net social and environmental contribution should not
dissuade designers from using the biomimicry approach. A bio-
mimetic design that does not achieve net positive effect but does
improve environmental or social performance by any increment
compared to the status quo is worth pursuit. Every biomimetic
design is at least one stride ahead in the marathon toward a better
relationship with each other and our natural environment.

Conclusion

Given our ecological plight, now is the time for designers to
broaden their purpose beyond just shaping commodities according
to client specifications. Designers have a unique opportunity to act
as sustainability interventionists. To do so, they must adopt new
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forms of practice that yield sustainable solutions. Biomimicry is
one such emerging practice, which involves repurposing biology’s
best ideas to solve human challenges.

Biomimicry has generated designs that are environmentally
and socially sustainable. Consider the success of Stabilitech, a U.K.
company that has created a biomimetic technology that allows
storage and handling of biological samples without refrigeration.
Traditionally, biological materials, such as vaccines, have to be
kept refrigerated until delivery to the patient to prevent degrada-
tion. Healthcare facilities in developing countries lacking reliable
refrigeration infrastructure were forced to discard half of supplied
vaccines because of problems with temperature control.” Some
organisms—like spikemoss, tardigrades, and brine shrimp—are
able to temporarily halt their metabolism in response to adverse
environmental conditions, such as extreme dryness and cold tem-
peratures.*® By mimicking the principles of biological mechanisms,
Stabilitech successfully developed non-toxic and inexpensive
chemical excipients that stabilize biological materials in ambient
temperatures.® Now viable vaccines are made available to a greater
number of people in developing countries for a lower cost. And the
technology is sustainable. According to a Stanford University pilot
project, shifting the storage of biological samples from frozen stor-
age to room temperature could result in energy savings of 200,000
million BT Us for refrigeration and a reduction of more than 18,000
tons in associated reduced carbon dioxide emissions over the next
ten years.

Design practitioners can set an example for others by
practicing a deep form of biomimicry, which considers emulation
of form, process, and ecosystem. This multilevel approach should
not be limiting—it is not an all-or-nothing proposition—but is
most likely to lead to solutions that awe in terms of sustainability.
Much remains to be investigated and learned about biomimicry
for the paradigm to mature. As more design practitioners adopt
biomimicry, this development can happen more quickly. Through
trial-and-error, biomimetic design practitioners can evolve best
practices. As in nature’s way, maladapted strategies should rapidly
disappear or transition into better-adapted ones. Every attempt at
biomimicry provides value in the form of lessons learned, and reg-
ular practice will encourage a sense of responsibility to care for
nature, as a mentor and source of inspiration for innovative solu-
tions.”!
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