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CHAPTER 1

INTRODUCTION

"Bomimicry is a vision of a world that works"
- janine Benyus
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1.1 MOTIVATION

Among the most significant environment challenges, of our time, are the global cli-
mate change, excessive fossil fuel dependency and our growing cities demand for
energy, all likely to be major challenges of the twenty first century and some of the
greatest problems facing humanity [Gut 1993].

By looking at the community today, it’s hard not to ask, “how this will end ”? The
earliest known writings of environment challenges were written between the 9th and
the 13th centuries, but were not really thought of until after the World War II.
After the Great Smog in London in 1952, that killed at least 4000 people, the first
major modern environmental legislation was set in 1956, The Clean Air Act. In
the United States, the Congress passed the Clean Air act, the Clean Water Act
and the National Environmental Policy Act between the mid-1950s and early 1970s
[OmAmarson 2011].

Rachel Carson’s published her book “Silent Spring” in 1962. It generated a storm
of controversy over the use of chemical pesticides. She is recognized by many, as
the pioneer of modern environmental awareness. Baker Randall said that “The con-
troversy sparked by Silent Spring led to the enactment of environmental legislation
and the establishment of government agencies to better regulate the use of these
chemicals.[Baker 1996]. In this context, the Intergovernmental Panel on Climate
Change (IPCC) represented in 2007, the work of 2,500 scientists from more than
130 countries, which claim that humans have been the primary cause of global warm-
ing since 1950. In order for mankind to stop affecting the climate , it has to move
away from fossil fuels like coal and oil, within few decades.
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There is ample evidence to suggest that the narrow band of climatic conditions that
supports the on-going survival of the human species is changing. This affects not
only humans but also many, if not most of the other species that inhabit the planet
as well as the complex web of relationships between them:.

The on-going existence of human civilization, in its current form, is potentially in
danger not only due to climate change but also because of ecosystem degradation
and the loss of biodiversity. Because these two problems are caused mostly by
humans, it is apparent that the way many humans currently live, particularly in
industrialized countries is not conducive to the long term continuation of human
civilization [Zari 2012], (Figure 1.1) clarifies this. It illustrates that humans ex-
ist within ecosystems, rather than as separate from them. Ecosystems in turn exist
within and influence the greater global climatic system. Humans impacts on climate
change and biodiversity are represented by the red arrows in Figure 1.1.

= Negative impacts of past’current human behavior/activities
Results of human cansed impacts

Figure 1.1: Drivers and results of change. Source: |Zari 2012|

Human activities and behaviors have impacted negatively on the climate and on
ecosystems (represented by the red arrows). Changes in climate are known to be
largely anthropogenic in origin, and stem from many different kinds of human activ-
ities. This means direct and indirect impacts of climate change on human societies
are occurring (represented by blue arrow 4). The degradation of ecosystems and
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loss of biodiversity are also caused by numerous human activities. This results in
the loss of ecosystem services,in terms of both quality and quantity (represented by
blue arrow 3). The feedback caused by human induced drivers of change between
the climate and ecosystems amplifies in many instances the speed and scale of both
climate change and biodiversity loss (illustrated by blue arrows 5 and 6) creating a
self-reinforcing feedback loop [Zari 2012].

In front of the global climate’s dilemma, scientists and decision makers are con-
scious about the importance of improving and adapting it, and they adopted the
basic principles of sustainable development. As quoted in [Benyus 2002], the signif-
icant problems we face cannot be solved by the same level of thinking that created
them, it is time to both acknowledge the difficult issues that face the integrity of
ecosystem health, as we know it and venture whole-heartedly to find solutions.
Globally, buildings account for around one third of energy use and are responsible
for over half of total greenhouse gas emissions. Studies show that the efficiency im-
provement capacity of buildings is significant; researchers have estimated that the
current energy consumption of buildings could be cut by 30 to 35 per cent simply
by using energy more efficiently. Another 25 per cent could be gained by transform-
ing the existing building stock through retrofitting it into energy-efficient buildings
[Krigger 2004].

One of the most important design challenges in architecture is designing ecological
buildings located in hot and arid region. This region is situated in two belts at
latitudes between approximately 15 and 30° North and South of the equator. Its
main characteristics are the very hot summer season and a cooler winter season, and
the great temperature difference between day and night (see Figure 1.2).

In this region, scientists recommend the use of the principles of the sustainable de-
sign that are based mainly on reducing the energy consumption of the building and
the achievement of eco-efficiency of buildings.

We have a specific interest to a sustainable approach in the design because we
have a strong feeling that it is time to act, especially to introduce new reflection’s
methods, new ways of thinking and find a new way to approach the architecture
and urbanism in Sahara.

A new approach is emerging attracted our attention since we started looking more
closely to sustainable design, an approach that not only reverses degeneration of the
earth’s natural systems, but creates systems that can co-evolve with us, in a way
that generates mutual benefits and creates an overall expression of life and resilience.
This ideology is called biomimicry that refers to sustainability by looking to nature
for solutions. More precisely, it is a process that involves artificially reproduce nat-
ural properties from biological systems [Yurtkuran 2013].

Biomimicry is the science of copying natural systems and designs, in order to create
new industrial products. It is based on what we can learn from the nature, not on
what we can extract from it [Vincent 2002]. It is defined by Benyus as the technical
term used in biochemistry, biology, pharmaceuticals, engineering, and by material
scientists in their quest for properties in living organisms and natural systems that



4 Chapter 1. INTRODUCTION
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Figure 1.2: World climatic zones

can be extrapolated from observation and scientific analysis, in order to apply them
in industry, medicine as well as other disciplines [Elghawaby 2010].

As seen in [Bahamon 2007|, [Gauthier 2011], [Baumeister 2012|, Biomimicry pro-
vides an example that can serve as a model, a conceptual framework that permits
and enhances the exploration of our world. Instead of having to do cost benefit
analysis of human health and the environment and working to clean up our messes
we could instead model our systems after nature so that there are no messes to begin
with.

Letting nature take a role as teacher has a logic that crosses academic barriers and
suggests that the study of natural processes is a valuable component and potentially
an equal partner with traditional biological disciplines researching nature.
Biomimicry presents a very promising solution to this issue. This is due to both
the fact that it is an inspirational source of possible innovation and because of the
potential, it offers as a way to create a more regenerative built environment.
According to Benyus [Benyus 2002|, the Biomimics are discovering what works in
the natural world, and more important, what lasts. After 3.8 billion years of re-
search and development, what surrounds us is the secret of to survival. The more
our world looks and functions like this natural world, the more likely we are to be
accepted on this home that is ours, but not ours alone.

The principle of Biomimetics strives to learn what can nature learn us and to not
necessarily imitate it but distil from nature the qualities and characteristics of nat-
ural form and systems that may be applicable to our interpretation of architecture.
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1.2 RESEARCH QUESTIONS

The nature gives us several examples and solutions of adaptation to hot climate.
These living biological systems do not only offer special physical characteristics but
also functional systems. In this context, a number of questions are addressed in this
dissertation:

- Could the lessons learned from living natural systems be applied to architecture
to lessen its environmental impact?

- Can the combination of the biological characteristics of life and the built environ-
ment offer new solutions for more appropriate, more sustainable architectural
designs in hot and arid regions?

- Can we use and explore the potential of biomimicry in developing a more sustain-
able reflection’s methods towards a living architecture in hot and arid regions?

1.3 HYPOTHESIS

In the light of various readings, we think that answers to the questions posed pre-
viously, may be summarized in the following hypothesis:

1. The biomimetic ideology offers to the designers the opportunity to develop a
more sustainable reflection’s methods towards a living architecture in hot and
arid regions.

2. Biomimicry offers to the designers the opportunity to design better buildings,
which are located in hot and arid regions by emulating the very natural systems
and processes in ecosystems and translating them into human designs.

The scope of this research is the study and analysis of biomimicry as an important
tool for architectural design and sustainable construction, focusing on the possibil-
ity of applying biomimetic principles selected in the design process, describing their
potential for future sustainable design in hot and arid regions.

1.4 OBJECTIVES OF THE RESEARCH

The main objective of this research is to link the two emerging sciences, Biomimicry
and architectural design, exploring their potential in developing a more sustainable
reflectionds methods towards a living architecture in hot and arid regions. To reach
this objective we are aiming to:
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- Imitate such living biological systems of adaptation found in flora and fauna of
the desert biome (living in hot and arid climates) in order to transform them
into architectural design principles.

- Investigate new strategies for sustainable design in hot and arid climates, which
are derived from the natural designs, living systems and processes, from their
material, properties and from their adaptive response to changes in their en-
vironment.

The current work attempts to investigate new strategies for sustainable design in
hot and arid climates, which are derived from the natural designs, living systems
and processes, from their material, properties and from their adaptive response to
changes in their environment.

Simultaneously, the nature gives us several examples and solutions of adaptation
to hot climate. These living biological systems do not only offer special physical
characteristics but also functional systems. In this research, we try to imitate such
living biological systems of adaptation found in flora and fauna of the desert biome
(living in hot and arid climates) in order to transform them into architectural design
principles aiming to prove that the human reasoning is illogical and we can rectify
it using the nature’s genius.

1.5 STRUCTURE & METHODOLOGY

Through an exploratory and analytical research, this work is an attempt to establish
a link between biomimicry and architectural design. It starts by the exploration of
the influence of biomimicry on architecture, resulting in a set of selected principles
that could be applied in the design in hot and arid climate. These principles are
then abstracted in order to use them as specific architectural design concepts.
Architectural design and natural sciences are both vast and complex fields. To
avoid creating a superficial relation between the two disciplines, a comprehensive
and careful examination are necessary. Methods used for this investigation are
diverse. Literature research, expert interviews and analyze of natural mechanisms
and systems are carried out.

To achieve the main objective of this research, the following steps are carried out:

Investigate adaptation strategies and mechanisms found in nature.

- Explain the basics of biomimicry.

Analyze design methods existing in literature and summarize their merits and
limitations.

Introduce and investigate some case studies that have been built or that are in
developing stage. These cases will aim to explain three main aspects of nature’s
mentoring approaches, which are natural forms, processes and systems.
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e We will look at some precedent built examples that have been inspired
from natural forms.

e We will look at theoretical examples that have been developed from the
understanding of natural processes.

e We will look at natural systems that act as mentor to inform architectural
design solution in the desert biome.

- Explore the potential of biomimicry on architecture.

- Explore the possibility of implementing and correlating selected biological princi-
ples with architectural design.

The outline of this thesis is as follows: this thesis contains two parts; theoretical
and practical part:

1. The theoretical part:” Biomimicry, innovation inspired by nature”. This part
contains two chapters ( chapter 2, chapter 3) reviewing, respectively, the natu-
ral world and theoretical framework on biomimicry . The contents of chapter
2 tell how is nature is a living laboratory, how it can be a model, measure
and mentor by having the best solutions for nowadays problems. Chapter3
introduces the biomimetic approach and deals with the analysis of the dif-
ferent design methods and approaches of Biomimicry found in literature and
summarizes their merits, and how we can explore them in the design.

2. The practical part:

"Towards a living architecture” contains three chapters (chapter 4; chapter 5,
chapter 6). In chapter 4, an overview of Biomimicry and its influence on archi-
tectural design, we will explore its potential in architecture and the possibility
of implementing biological principles with architectural design. This chapter
deals with the analysis of some applications of Biomimicry in architecture to
find out the advantages and the spaces that exist in this approach of design. In
chapter 5, we present the case of the study and the Biobrainstorming method-
ology, a useful bio-key tool based on biomimetic principles to find new methods
and systems for renewable energy in hot and arid regions. This methodology
is relevant to various disciplines as a problem solver to optimize the energy
use; this is due to the generality of the strategy tools. Chapter 6 includes the
simulation, the main highlights, results and final remarks. Finnaly, chapter 7
contains the research contributions, recommendations and the perspectives.






Part I

BIOMIMICRY, INNOVATION
INSPIRED BY NATURE






CHAPTER 2

NATURE: A LIVING
LABORATORY

"Look deep into nature, and then you will understand everything better."
- Albert Einstein
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2.1 Introduction

After 3.8 billion years of evolution, nature has “learned” what works, what is ap-
propriate, what lasts, and what survives. Nature is a model of efficiency, where
virtually nothing is wasted, and where natural systems work in harmony with each
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other, in communities. The “model of nature” has been used as a source of inspira-
tion for design of the human environment for millennia. The forms, structures and
organizing principles found in nature have inspired countless concepts, processes
and products in art, design and architecture. In this chapter, we will show what we
could from nature, studying the science of nature and by exploring native organisms
and ecosystems.

Figure 2.1: MonarchButterfly (Source: http://biomimicryqi.org/biomimetisme/)

2.2 DEFINITION OF NATURE AND SIGNIFICATIONS

It will be attempted to discover what exactly it is meant when someone refers to
nature, what is the meaning of the world nature and which elements belong in the
physical planet.Nature is the phenomena of the physical world collectively, includ-
ing plants, animals, the landscape, and other features and products of the earth,
as opposed to humans or human creations. Based on this definition, nature is the
natural world without any change that people made, thanks to the development
of this civilization. The nature includes all the elements of the natural world, for
instance, mountains, trees, animals, or lakes [Tselas 2013].

Macnab [Macnab 2012] has mentioned some facts about the direct connection of na-
ture with architecture. That is explained by the fact that there are so many different
kinds of architecture that are connected with nature. Some examples of these kinds
of architecture are: organic, biomimicry, vernacular and landscape architecture. All
of these different categories use nature as inspiration for the form of building, the
functions that could be applied or the way that a building could be combined with
the natural environment. According to Alvaro Siza, “ What is made by man is
not natural. More and more think that there must be a certain distance between
the natural and the manmade. However, there must be also a dialogue between
the two. Architecture comes from nature forms but it also transforms nature...”
[Finsterwalder 2011].

Nature is a great source of inspiration. Inspiration is the process of being mentally
stimulated to do or feel something, especially to do something creative. When a
project started architects, start to look around in hope to find inspiration in order
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to design their idea. This idea after many changes and a lot of development will
take the final shape. Inspiration could be almost anything for the architects. For
instance, inspiration for an architect could be a painting that they saw, the shape of
the site for which they have to design the building or the functionality of the build-
ing . There are many common sources of inspiration, which are used very often
and other sources of inspiration that could be extraordinary. One of the most used
sources of inspiration is nature because it offers many ideas that an architect can
use for a design. Like said Feuerstein in [Feuerstein 2002]) “the variety of forms in
nature seems endless. Out of a limited quantity of mathematical rules, a seemingly
endless quantity of forms and patterns arise. The beauty of patterns and forms in
nature based on mathematical rules, the regularity and uniformity, and symmetry
are what man feels as harmonious.”

Nature is the grand experimentalist, and bio-inspiration looks at naturel’s successful
experiments and attempts to apply their solutions to present-day human problems.

2.3 LIFE, BIOLOGY

The discussion of the natural world requires a discussion of living systems and life
itself. What is life? There is no universal agreement on the definition of life.

Life is a characteristic distinguishing physical entities having biological processes
(such as signaling and self-sustaining processes) from those that do not, either be-
cause such functions have ceased (death), or because they lack such functions and
are classified as inanimate. Various forms of life exist such as plants, animals, fungi,
protists, archaea, and bacteria. The criteria can at times be ambiguous and may
or may not define viruses, viroids or potential artificial life as living. Biology is the
primary science concerned with the study of life, although many other sciences are
involved [Koshland 2002].

The smallest contiguous unit of life is called an organism. Organisms are composed
of one, or more, cells, undergo metabolism, maintain homeostasis, can grow, re-
spond to stimuli, reproduce and, through evolution, adapt to their environment in
successive generations, [Koshland 2002]. A diverse array of living organisms can be
found in the biosphere of Earth, and the properties common to these organisms
plants, animals, fungi, protists, archaea, and bacteria are a carbon and water-based
cellular fo