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ABSTRACT

Nature has always been a source of inspiration for human beings to solve their life
problems. Since a few decades ago, methods based on inspiration from nature have
entered to the world of design with various names too. Most of these methods
emphasize on sustainable character of natural solutions and use of them is inevitable
in current situation that world is facing with caused by unconscious use of natural
resources. Biomimicry is one of these methods, which aims to use strategies
developed in nature to create sustainable designs. Emphasis on education by pioneer
organizations working on this field has led to spreading biomimicry approach among
the research centers, universities and institutes. The interior architecture as a new
design discipline has gradually been influenced by the sustainability movement too.
Nevertheless still not many examples of biomimicry in interior architecture can be
found around the world. This study relied on implemented examples, and the
growing interest in biomimicry in education, and investigated the possibility of using
biomimicry in interior architecture education, especially in design studio. To achieve
this, the views and attitudes of the interior architecture instructors in Eastern
Mediterranean University (EMU) who attend in studios about the topic are collected.
In addition, to improve the study, about the possibility of collaboration with
biologists in the design studios, the opinions of the instructors in the Department of

Biological sciences in EMU were also collected.

This survey showed that despite of the interest of the instructors in both of the
departments, lack of educational systematic methods and interdisciplinary

collaboration tradition are the barriers in using biomimicry as a sustainable problem



solving method in the design studios. This research attempts to be a step toward
closing this gap and a guide for instructors and researchers, who wish to use

biomimicry in design education, particularly in interior architecture studio.

Keywords: Biomimicry, interior architecture, design education, teaching in studio,

educational method, interdisciplinary design education



Oz

Doga her zaman insanlarin yagsam problemlerini ¢6zmekte bir esin kaynagi olmustur.
Bir ka¢ yildan beri dogadan esinlenen yontemler farkli adlarla tasarim diinyasina da
girmistir. Bu yontemlerin ¢ogu dogal ¢oziimlerin siirdiirebilirlik dogasin1 vurguladigi
icin, dogal kaynaklarin hizla tikendigi giiniimiizde kullanimlari kaginilmazdir.
Biyomimikri dogada bulunan stratejileri kullanarak siirdiirebilir tasarimlar
gelistirmeyi amaglayan bu yoOntemlerden biridir. Bu konuda c¢alisan Oncii
organizasyonlarin egitime vurgu yapmalari biyomimikri yaklagiminin arastirma
merkezleri, iiniversiteler ve enstitiller arasinda yayilmasma neden olmustur. I¢
Mimarlik da yeni sayilan bir tasarim alani olarak siirdiirebilirlik kavramindan
etkilenmeye baslamistir. Yalniz heniiz bu alanda diinyada biyomimikri yaklagimi ile
tasarlanmis ¢cok ornege rastlanmak miimkiin degildir. Bu ¢alisma, yapilmis 6rneklere
ve egitimde biyomimikri yaklasim konusunda gelisen ilgiye dayanarak, I¢ Mimarlik
egitiminde ve Ozellikle tasarim stiidyosunda biyomimikri yaklagimin kullanim
olanaklarmi arastirir. Bu amacla Dogu Akdeniz Universitesi, I¢ Mimarlik
BOlumui’nde tasarim stiidyosunda egitim veren 6gretim kadrosunun konu ile ilgili
goriigleri toplanmistir. Bununla beraber, calismaya katki koymasi agisindan ve
biyologlar ile tasarim stiidyosunda isbirligi olanaklarini irdelemek igin biyoloji

bolimiindeki 6gretim tiyelerinin konu ile ilgili goriisleri de alinmistir.

Bu calisma, her iki bdliimdeki 6gretim kadrosunun ilgisine ragmen, egitimde
sistematik yOntemlerin ve disiplinler arasi caligma geleneginin olmamasinin
(olmayiginin), tasarim stiidyosunda siirdiirebilir bir problem ¢6zme yontemi olarak

biyomimikrinin kullanilmasina engel olan en 6nemli nedenler oldugunu gosterir. Bu



arastirma bu boslugu doldurmak i¢in bir adim atmaya ve biyomimikriyi tasarim
egitiminde, Ozellikle de tasarim stiidyosunda kullanmak isteyen hocalar ve

arastirmacilar i¢in bir rehber olmay1 amaglanir.

Anahtar kelimeler: Biomimikri, i¢ mimarlik, tasarim egitimi, stiidyo egitimi, egitim

yontemleri, interdisipliner tasarim egitimi.
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Chapterl

INTRODUCTION

Today’s world is facing with serious problems such as the energy crisis, shortage in
natural resources, climate change, environmental pollution, population etc. Most of
these problems are caused by manmade environment and consequently the designed
environment by man. That is why designers have a great role in producing these
problems, and now it is time to face these facts and look for alternatives in design
that prevent giving harm to our nature. Design is the phenomena that occur when a
problem needs to be solved. With the conventional approaches, we can solve a
problem but generally, we produce other problems for the world. Montana (2010)
belives, design should be a conscious act that can be helpful to fulfill “mankind
necessities” such as energy, water, shelter, comfort, and other concerns (Montana,
2010). Therefore, designers should look for other alternative approaches to design,
that do not destruct the environment. This is why a lot of researchers and designers
have begun to see the natural strategies to create better systems, objects and spaces to

solve these kinds of problems and necessities.

For many years, nature was the biggest source of inspiration for human. Evolved and
adapted strategies in nature through 4.5 billion years of trial and error are a countless
source of ideas to solve human problems from micro to macro scales. Today, these
ideas can be seen in many fields of design such as architecture, engineering,

industrial design, business, medicine, etc. (URL 9).



Learning the techniques of nature for solving problems has helped humanity at the
most stages of life (Vahedi, 2009). This relationship began, when human beings
started to shelter themselves by imitation of animals’ nests and using available
natural materials such as foliage, wood, bones and stone (Figure 1). Thus, it was the

first try to make a structure for living in the history of architecture (Mansour, 2010).

s 2 i =7
Figure 1. The premier shelters illustrated by Giovanni Caselli (URL 43)

Since then, many of primer ideas in architecture had direct relationship with nature.
For instance, using the sun to make baked clay as a material of the structure to
construct straight wall and embedded window (Vahedi, 2009), or finding and using
more durable and local building materials such as stone, wooden timber, reed

bundles and trunks of palm trees (Gruber, 2011).

On the other hand, nature played aesthetically significant role in most of architectural
periods. For instance using organic shapes and plant-forms to make symbolical
elements in buidings are observable on stone columns in Egyptian temples and Greek

columns’capitals (Gruber, 2011), or use of natural patterns in decorative elements,



wallpaper, lighting and furniture design in the aesthetic movements at the beginning

of the 20th (Grigorian, 2014; Stankiewicz, 2010).

This inspirational relationship between human and nature was not only in
architecture. Many of inventions in life have been imitating nature since the
beginning of time. For instance, according to recorded history of the Persian Empire,
by mimicking natural water tunnels, they invented a subterranean waterway system

(Ghanat) to bring water in their living place in 3100 years ago (Grigorian, 2014).

Nature inspiration also could be seen in many of Leonardo Da Vinci's inventions
such as “Flying Machine” that was inspired by bat wings to simulate flight. He
sketched many observations regarding flying. Although Da Vinci’s efforts were not
successful, but his idea became an important source in inventing the premier airplane

in 1903 (Versos & Coelho, 2011).

One of the notable examples of nature inspiration after industrial movement was
Cristal palace in London designed by Joseph Paxton in 1851. The design of the roof
of the this building was inspired by the certain species of Amazonian Lily and was
structured by using glass, iron and wood materials (Figure 2). Crystal Palace was
based on a design that allowed more sunlight into the space (Vincent, 2014).
Although this building was destroyed after a big fire in 1936, but it can still be
counted as a great example of applying natural forms in architectural structure

(Nature Labs, 2014).
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Figure 2. A. Amazon Lily (URL 31) A
B. Structure of Cristal Palace in London (URL 26)

With the rise of industrialization, and development of technology, human beings
began to use natural resources and unconscious manner. Humankind damaged
environment by many of these inventions, which caused as excessive use of fossil
fuel and mines, loss of forest areas, damage to animals’ community, air and water

pollution (Sproule, 2010).

Therefore, need to solve human problems without destroying nature becomes a
concern in design. To increase the environmental quality and productivity, natural
inspiration methods have gradually been appeared in the last fifty years. Bio
inspiration design (BID) is known by different terms such as Bionics (1958),
Biomimetics (1969), Design with Nature (1969), Ecological Design (1970s),
Biomimicry (1997), Ecomimicry (2007), Nature-Inspired Design Strategies (2010)
(Mead, 2014). All of these approaches have similarities in using natural inspiration
for design and most of them “move towards the goal of a sustainable development in

the last 30 years” (Mead, 2014, p. 217). For example, Ecological Design emphasizes



respect to the environment and reduces energy consumption through carefully
considering of structure, to improve quality of life. Alternatively, the practice of
“Ecomimicry” is based on mimicking the natural world with using technological

inventions.

Biomimicry as a well-known approach in natural inspiration is highly improved in
recent years and many biologists, engineers and designers actively attempt to utilize
and integrate biomimicry in many design projects (Gardner, 2012). Benyus (1997)
defines biomimicry as “a new science that studies nature's models and then imitates
or takes inspiration from these designs and processes to solve human problems"”

(Benyus quoted in Todd, 2012, p.168).

Although, this inspirational approach was appeared at 1997, but its theory has been
practiced many years before. An American inventor and engineer, Otto Schmitt
developed the idea in 1951. He worked on this subject during his doctoral research
and named his idea as Biomimetic, which is the combination of two words, bio, and
mimic. “Bio” came from bios means life and “mimic” means imitating (Flint, 2015;

Vincent et al., 2006).

Janine M. Benyus developed this study by publishing a book called, “Biomimicry:
Innovation Inspired by Nature” in 1997. This book popularized Biomimicry and
made it well known for the first time (URL 15). It soon became obvious that the
interest in biomimicry was formed and the existence of an institute became
necessary. Therefore, Benyus and colleagues founded the Biomimicry Institute in
2005, “as the primary sources for ideas about what is biomimicry as a concept and as
an approach to design, development, science and research” (McGregor, 2013, p. 58).

5



Biomimicry movement opened a new dimension of natural inspiration in the design
and achieved promising efflorescence through numerous activities around the world.
The global spread of this phenomenon has influenced scientific and research centers
around the world. Many professors and researchers from dozen universities in the
world embed biomimicry in their design projects. The map below determines global
expansion of biomimicry and showing biomimicry institutes and research centers

around the world (URL 42).
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Figure 3. Global expansio‘h of biomimicry (URL 42)

Lynn Reaser, the pioneer financial analyst in biomimicry asserts, “Scholars
published 2,560 research papers on biomimicry in 2013” (Reaser, 2014). In addition,
the following pie chart is a global analysis from the number of publication of
scientific papers in this area, which indicates biomimicry progress in each continent

of the world at the first six months of 2015 (URL 40).
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Figure 4. Percentage of biomimicry articles around the world (URL 40)

1.1 Problem Statement

This study believes that, it is time to focus on solving major problems through
sustainable processes such as biomimicry. This green strategy should divert on
design education and “can engage students in problem solving, creative thinking and
collaboration, and introduce them to some of the innovative technologies that will
provide the jobs of tomorrow” (Schroeter, 2010, p. 13). Given the many educational
studies on biomimicry in recent years, and the popularity of using biomimicry in
educational centers around the world, this study focuses on using biomimicry in
interior architecture education. Despite the increasing number of activities in
biomimicry such as events, workshops, education programs, summits, projects and
sources, this method have not been much included as an educational approach in
interior architecture programs particularly in studio education. On the other hand, it
is hard to find documents about experiments on ways of teaching, instructions or

pedagogical approaches when using this method in the design studio.



1.2 Aim and Objectives

According to these problems, the main aim of this study is to explore the possibility
of using biomimicry as an educational tool in interior architecture design studio. In
addition, the objectives of the study include:

e To explore the implementation of biomimicry and its examples in interior
architecture.

e To find the reasons why biomimicry is not used widely in interior architecture.

e To investigate methods used in this approach and reveal the reluctance of its
usage in interior architecture education.

e To explore the experiments that can be used as an educational approach in

interior architecture studios.
1.3 Methodology of Study

This study is a qualitative and quantitative research, which is based on the literature
survey on two concepts of biomimicry; and its relation to design education. To
explore the definitions of biomimicry, many related sources, books and articles have
been studied as the primary source of this survey such as “Biomimicry: Innovation
Inspired by Nature, written by Benyus (1997)”. Moreover, the important digital
sources and websites, such as “Biomimicry Institute” and “Biomimicry 3.8” were
investigated to get a full understanding of what sources are available about the topic.
In the first part of literature survey, the concept of biomimicry and several ways to
apply biomimicry have been studied. Then, the examples of biomimicry’s
application in architectural design and other disciplines have been collected.
Afterwards, the educational topics and resources about biomimicry in education have

been studied to figure out the appropriate instructions and methods in interior



architecture education. Consequently, three exemplary studio experiments in design

studios related to interior architecture are described in detail in this part.

The case study of this research is composed of two parts. The first part is done in the
Department of Interior Architecture in Eastern Mediterranean University and the
second part is done in the Department of Biological Sciences. The first part of this
study aims to evaluate the level of awareness about biomimicry in instructors in the
Department of Interior Architecture. Besides, what is the relation between the level
of awareness and level of application of biomimicry in studios? Since, biomimicry
method is not using widely in the studios of this department, what are the reasons
behind this fact? To find the answers for these questions, all of the 14 instructors in
this department who attend in design studios were selected as sample for the study.
Interview with open-ended questions was used as a method of data collection. The

instructors could choose to fill the questionnaire and send it back to the author too.

Literature on Biomimicry, discuss about collaboration with biologists as a
contributory way to facilitate the biomimicry method in design studio. EMU as a
campus university has a great potential for creating a platform for this collaboration.
Thus, the second part of this study was conducted as interviews with 3 full time
instructors in the Department of Biological Sciences. At first, this part aims to
investigate the possibility of interdisciplinary collaboration between two
Departments of Interior Architecture and Biological Sciences. Second, this part of
study aims to figure out the abilities of instructors to provide necessary information
related to biology or attend the studios. The third aim of this part is to find the
problems that exist in the way of interdisciplinary collaboration between the two

departments.



Chapter?2

BIOMIMICRY

2.1 Definition of Biomimicry

Various species of animals, plants or even human beings have been facing with the
harshest conditions on the earth, such as drought, glacial or other environmental
changes. Thus, they have been forced to adapt themselves to the environment and
have gone forward to find a solution. In this regard, all creatures in the world can be
useful sources of inspiration to find proper solutions for design if we can explore and
investigate them carefully. Now Biomimicry as a sensible mimicking approach can
catch pre-solved solutions from this endless source of information to utilize in design

for human being.

Benyus (1997) believes that nature is similar to a library with a billion years of
information and full source of inspiration that is waiting to be studied and used
(Benyus cited in Bakirlioglu, 2012). Biomimicry will take us into this library, where
humans have always been looking for solutions to their problems, for instance, when
they modeled animal claws to make sharp tools or when they learned how leaves

could store water to create a simple bowl (Mansour, 2010).

Today with further study and investigation in nature, we are aware of creatures as
consummate engineers in the world (URL 7). They have “great potential to change

the way we grow food, make materials, harness energy, heal ourselves, store

10



information, and conduct business” (Friend, 2009, p. 102). Benyus believes that
solutions to design problems can be achieved through looking to nature as model, as
measure and as mentor. Benyus (1997) explains these three viewpoints as:

*  “Nature as model, studying nature and inspiring from its designs and processes to
solve human problems.

* Nature as measure, an ecological standard to judge the 'rightness’ of our
innovations.

» Nature as mentor, a new way of viewing and valuing nature, not what we can

extract from but what we can learn from” (URL 28).

An example is when Kingfisher was “modeled” to redesign one of the noisiest trains
in the world (Figure 5). As Benyus explained in TED conference: “Beak of

kingfishers and diving ability into water with little splashing, was modeled to

redesign a quieter and faster train with using 15% less electricity” (Benyus, 2009).

Figure 5. The Japanese bullet train modeled fom kingfisher, which can dive into
water for fishing without much of a splash (URL 24)

Consequently, when we are looking to find efficient solutions to design problems,
the only real model is nature that has worked for long periods and is truly

sustainable. Biomimicry is the science and art of emulating these sustainable ideas in
11



human design (URL 16). Therefore, sustainability is one of the important aspects
related to biomimicry approach and the next section will continue to discuss about
this crucial aspect.

2.1.1 Biomimicry and Sustainable Design

With the expanding population on the earth and humankind insisting on the
destructive and unsustainable habits, thinking about sustainable design becomes
more critical as days pass. In the light of these global concerns, there is a great need
to think about living spaces with more efficiency, and products and processes that

have less environmental impacts.

Michael Pawlyn, the author of 'Biomimicry in Architecture' believes that three
changes should be considered in all disciplines for the environmental challenges; we
need to face in the years ahead. First, achieving radical increases in resource
efficiency, second, transition from fossil fuels to solar systems, third, change the
wasteful and polluting ways of using resources to clean approaches (Pawlyn, 2011).
These three key goals will not be easy to apply, but are inevitable in the coming
years, thus, if we insist on making it possible, biomimicry will be ready to help us.

This section is an attempt to show how biomimicry can help us in this regard.

Many authors (Benyus, 1997, Pedersen Zari 2007, Bakirlioglu, 2012, Drake 2011,
Chambers 2011, El Zeiny, 2012, Pawlyn, 2011, Anous, 2015, Gamage, 2012) believe
that sustainability is one of the most striking features of biomimicry. As described by
Biomimicry Institute in 2015, "Biomimicry is an approach to innovation that seeks
sustainable solutions to human challenges by emulating nature’s time-tested patterns
and strategies” (URL 16). Research by Chambers (2011) argues why nature is able to

provide the sustainable ideas:
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Natural organisms and processes rely only on biological practices, which generally
happen in an appropriate, life-friendly range of conditions and are mainly composed
of a limited range of multifunctional components. Hence, copying these components
and processes, can lead to decreased environmental impacts; consist of reduced

resource and energy usage (Chambers, 2011).

Therefore, by mimicking biological evolution, we could design with high-level of
sustainability for this era and the future. Shortly before his death in 2011, Steve Jobs
said, “I think the biggest innovations of the 21% century will be at the intersection of
biology and technology. A new era is beginning” (Jobs quoted in Yoneda, 2012).
Yoneda (2012) believes that, the crossroads that Jobs spoke is biomimicry, and
Mother Nature is one of the universe's most incredible designers (Yoneda, 2012). To
prove this claim, ‘inhabitat.com’ that is a weblog devoted to the future of sustainable
design and clean technology, catalogues the great ideas in nature inspiration. Some

of these examples are introduced in this part.

Scientists at the University of Exeter invent a new generation of solar panels by
nearly 50 percent increasing output that is inspired by the V-shape wings’ posture of
White Butterfly to absorb maximum energy to move muscles for flying in both sunny
and cloudy days (Lofgren, 2015). Figure 6, shows increasing temperature of the
butterfly body in 10 seconds due to its posture, which can be used to design

photovoltaic concentrators in solar panels (Shanks et al., 2015).
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Figure 6. Thermal analysis of butterfly in 10 seconds when the wings are open (90°)
or in a V-shape (17°) (Shanks et al., 2015)

Through the development of bio batteries, Researchers at the University of Utah have
created a battery based on the process of metabolism (Figure 7). As the lead
developer Shelley Minteer explains, in the same way that a child converts sugar to
energy, using sugar as fuel, we catalyzed it with the natural energy conversion
properties of enzymes pathways to apply to the battery (Minteer cited in Monks,
2014). In comparison to traditional batteries, the bio battery can function in
extremely low temperatures due to its versatility and can already be used in devices

such as smartphones and tablets (Monks, 2014).

Figure 7. Using sugar as a fuel to develop Bio-battery (Monks, 2014)

Another example that can be discussed about the relation of biomimicry and

sustainable design is sticky tape inspired from Geckos. This reptile has the ability to

14



scale smooth walls and scamper upside-down across ceilings. The source of their
grip is millions of microscopic hairs on the bottom of their toes (Figure 8). Scientists
estimate that the setae from the tiny toes of a single gecko could theoretically carry
250 pounds and interestingly, by changing the direction of the setae, the grip is
instantly broken and there will be no sticky residues. A team in University of
Massachusetts, Amherst, researchers has developed Geckskin, an adhesive so strong,
inspired by geckos that can hold up to 700 pounds. A form of gecko tape could
replace sutures and staples in the hospitals. The ability to make gecko-tape gloves

and climb the walls like Spiderman may not be far off (URL 45 & Mangels, 2012).
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Figure 8. The adhesion property of geckos 