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Abstract

The entire world is confronting a genuine risk and a continuous issue that has just
begun decades prior, however yet is still expanding, this issue fithkbal wa-

mingd happened fronGreenhousd&sases(GHG) - particularly by Carbon Dioxide
(COy) emission which is related with the ascent in Earth's temperature thatnacco
panies a rundown of hurtful results. Therefore, architects should bring innovative
solutions for energy efficient buildings, and the begirttd learn from how to el

sign such buildings is our great mentor Nature, through the innovative approach of
biomimetic. Which is a new way of viewing and valuing nature that contributes in
making the built environment similar to living organisms in mammysvhences
staining it. Building skin as subcategory of biomimetic that frames the wiele o
tside of the building, as the first line of defense for the building against external i
fluences that will interact with all environmental aspects likimd¢) orgarisms. The

main aim of this paper is to investigate how energy copsamcould be reduced
through this innovative building skin, by applying biomimetic architecture appro
ches in design processes. In order to create a Passive Defense System in building
skin to solve Zero Carbon Construction Dilemma, regarding this new vision the
study will introduce:(i) framework for the Integration of biomimetic and Susta
nable architecturg(ii) newdesign processes phase through biomimetic vigion,
building skindesigncriteria throughbiomimetic. That will be a road map and igu

de line for architects to facilitate the process of compatible environmental design
with zero carbon emissions.

Keywords: global warming, GHG, biomimetic architecturbylilding skin

Intr oduction

The Earth is confronting today genuine climatic changes caused by the human
obstruction in its ecosystem, which was never appeared to be conceivablethat pe
ple were able to change the essential physical and concoction properties of this
whole huge planet. Right now, in the 21st century everywhere throughoutdhe gl
be, an enormous amount of primary energy is wasted due to theierfdesign

of buildings which not compatible with its own environment. In addition, the ru
ning of the machineand equipment used to convert energy into required services,
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or change it from phase to another. AccordingMoDonough andBraungart
(1998)questi on: "Fr® mpenys plecti igwne,r | ask:
building like a tree? A building that makesygen, fixes nitrogen, sequesters-ca

bon, distills water, builds soil, accrues solar energy as fuel, makes complex sugars
and food, creates microclimates, changetors with the seasons and self
replicates. This is using nature as a model and a mentoasrast inconvenience.

It 6s a del o Bdydrding to the pravisup esioh and climatic changes
there causes and consequences architects have an essential role in protecting their
environment. Therefore, a number of design approaches and solutieadeen
researched and applied in order to overcome energy problems. One of those
approaches iéBiomimeticd which is defined asithe applied science that derives
inspiration for solutions to human problems through the study of natural designs,
systems, and process (Benyus, 1998 Building skin is one of the key
considerations in designing energfficient buildings. That is because of its
capability of improving the buildinfig performance in natural ventilation,
managing heating transfer, redirectingdafiltering daylight and enhancing
occupant wetbeing among several other functions. Therefore, it could play an
important role in reducing the energy consumed in cooling IcHus.paper will
discuss the principals diiomimetic as an approach for sus&ble and efficient
design, to create a passive defense system in building skin, that helps to solve zero
carbon construction dilemma. Therefore, the aim of this study is to provide-guid
lines for applyingoiomimetic principals on building skin, designra®pts, criteria,
building technologies, efficient use of materials and process for efficient energy
management. That is to reach a small detail, which would add to architecture to
help to decrease one of the causes of global warming, by decreasing mergy
sumption.

Problem definition

Greenhouse gases affect negatively on the environment, climate, continuing to
need high maintenance and buildings?o
promising future.Therefore, energy consumption is a growing globaiceon,

since buildings contribute significantly to energy usage. Further steps relating to
efficient buildings have to be applied in order to reduce energy consumption in
buildings. By seeking solutions, architects are returning to basic passive design
principles while also iilizing sophisticated higkech systems. Therefore, qualities

of life are becoming the focus while designing of the built environment. This
inspiration found in nature that could be introduced into the artificial, cultural, or
social, environment to maintain the quality of life and biodiversiBne of the
specific area needs further astigation is the building skin, because it determines
so much of the efficiency of a structure. By proper management, building skin can
significantly mnimize a building's energy demand. In addition, skin system can
waste tremendous amounts of energy, if not properly designed. This design will
greatly affect the amount of energy required for lighting, mechanical systems, and
maintenance. Regarding thisipt of view, this paper introduces a new approach
through biomimetic architecture especially in building skin as a passive defense
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system to solve zero carbon construction dilemma that mimics nature and
integrates it with our local conventional buildintgustures.

Researchhypothesis

Inspiring architecture from nature will help to find ways for safeguarding tie bi
diversity of the environment from being destroyed. Thus, biomimetic principals
could provide guidelines for improving the energy efficienfyuildings through
applying those principals especially on building skin. As the skin furls our body,
the building envelope furls the building; therefore, building skin should doathe s
me performance especially in thermos regulating the building, wieictedses the
energy consumed in buildings. Regarding this vision, by mimicking the human
skin using new techniquesxds mar t materi als that act
skin that thermosegulate the building naturally without mechanical interference
thus decreasing the energy consumed to reach a properatheomfort. A passive
defense system could be created through building skin as a simulating from nature,
which will reduce theenvironmentalnegatives to create a positive environment.
Bio-inspired egenerative architecture can develop the design of mutual relation
between the building and natural environment.

Researchmethodology

According to research objectives, research methodology has been carried out in
four phases:

- Thefirst phase, a litature review about global warming and its negatifects

on architecturg biomimetic approaches andbiomimetic architecture in building
skin through the study of existing literature.

- Thesecond phase, a theoretical study that will introduce Prircipi@iominetic
Architecture that will be the base for analytical study.

- Thethird phase, an analytical study for international case studies will benprese
ted andanalyzed in terms of usage of biomimetic, and the impact they hadwn red
cing the building energy consumption, through building skin.

- Finally, guidelines forcreatingpassivedefensesystem in building skin to solve
zerocarbonconstructiondilemma to be efficient and regulate energy.

Global warming

Climatic changes andglobal warming

Climatic changes and global warming refer to an increase in average global temp
ratures. Naturagvents and human activities are believed to be contributing to this
increase, which is causgaimarily by increases ifigreenhousi gases such as
Carbon DioxidgCGO;,). A warming planethus leads to a change in climate, which
can affect weather in various ways, éscdssed furthdvelow.

The main indicators of climatic changes
As explained by the US agency, the National Oceanic and AtmosphericiAdmin
DOI: 10.6092/issn.2282485/7855
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stration NOAA), there are 7 indicators that would be expected to increase in a
warming world(and they arg and 3 indicators would be expected to decrémse
they areNessim, 201p(Fig. 1).

Figure 1
Ten indicators for a warming
world, which confirmed that
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A the past decade warmest on
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Greenhouse effect

The term greenhouse is used in conjunction with the phenomenon known as the
greenhouse effect (Nessim, 2016) (R

-sunb6és emedgyvedhathe earthdés cli mate a
earthoéds surf ace;

- in turn, the earth radiates energy once again into space;

- some atmospheric gases (water vapor, carbon dioxide) and diffessas geap a
portion of the active energy, retamgi heat somewhat like the glass panels of a
greenhouse;

- therefore, these gases are known as greenhouse gases;

- the greenhouse effect is the rise in temperature on Earth as certain gases in the
atmosphere trap energy.

el raciacion Figure 2
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Earth's land and ocean surface
warmed to an average of 14°C

Greenhouse Gases are six main gases plus water vapor that considered a
greenhouse gas, these gases are:

- carbon dioxid€CO,),

- methangCH,) which is 20 times as potent a greenhouse gas as carbon dioxide

- nitrous oxidg(N,0O);

- three fluorinated industrial gases: hydro fluorocarldtt=C9, perfluorecarbons

(PFC$ and sulfur hexafluorid€SF9.

All these types of greenhouse gases got major consequences on raising the
temperature of the Earth. The importance of analy#tiegelectrical consumption

and energy resources is that renewable energies derived from fossil fuel emit
tons of CQ, which is the main gas of greenhouse gases, hence contributing to
raising the Earth temperature.
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Climate change and thebuilt environment

Climatic changes, and related impacts on the built environment, are expected to
increase in intensity in the future, suggesting that -aveduation of the built
environment is necessaff?CC, 2007. Established responses to climate change in
the huilt environment broadly fall into two categori€sari, 2010:

- the first: is mitigating the causes of climate change by reducing GHG emjssions

- the second: is adapting the existing and future built environment to predicted
climate change impacts.

Many technologies and established design techniques have been assisted to
mitigate the causes of climatic changes, such as: passive solar design, new
techniques or technologies that are able to contribute to mitigation and adaptation
to climatic changes wittsignificant other economic, social and environmental
benefits can be revealed by a careful study of how certain organisms and the

Qual it ®®(2018)1-PBO6Envi r ol

ecosystems they credfeable J.

Table 1.Climate changes direct impacts on the built environment (Source: Zari, 20

Potential direct climatic
changes impacts

Consequences of the built environment

Changes in temperature:
(likely to increase in
most areas)

Increased overheating and air conditioning load
Decreased winter space heating

Decreased water heating energy

Intensfied urban heat island effect

Increased intense
weather events

Damage to buildings and infrastructure

Changes in precipitation
patterns

Damage to foundations, underground pipes/cables, etc.

Increased inland flooding

Damage to feades and internal sitture due to rain penetration

Increased subsidence (clay soils)

Increased erosion, landslips, rock falls

Changes in agwuifers and urban water supply and quality

Increased pressure on urban drianage systems

Increased stormwater rtoff and leaching of palitans into waterways or aquifer:

Thermal expansion of
oceans and changes in
the cryosphere (ice
systems), such as
retreatingsnow lines and
ice packs, and melting
glaciers

Increased coastal flooding

Increased erosion

Cnages in sedimentation patterns

Changes in water tables and possible infiltration of aquifers
Relocation from coastal areas

Loss of inteftidal areas acting as buffer zones

Changes in wind pattern
and intensities

Changes in wind loading on buildings

Increased air pollution

Increased wetilation needed
Damage to building faades

Approaches tobiomimetic (fundamentals concept§ an overview)

For t he
(al so

term
known

ibi
as

oni co, there is di

implying

reproduction, adaptation, or derivation from biology. Consistent is that it was
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introduced by Steele around 19&#&ck E. Steeléwvas an American medical doctor
and retiredUS Air Force colonel, most widely known for coining the word
bionics) The term possibly originates from the Greek widsda @(lsion), meaning

(unit of life) and the suffixico, meaninglike or in the manner of, hence it may be
translated as like lijig(Gruber, 2008Abermann, 2011 According to that, all these
terms aim to denote it as a study that makes practical usgedfanisms and
functions as present in biology or nature in engineering, design, chemistry,
electronics, and so on. Also it is definedfftee study of the formation, structure,

or function of biologically produced substances and matg@alenzymes asilk)

and biological mechanisms and procegsessprotein synthesis or photosynthgsis
especially for the purpose of synthesizing similar products by artificial mechanisms
which mimic natural onés Hdrkness, 200JAbermann, 2011)

Bionics
The explanabns of the ternfibionic® mean(biology + technicswhich describe
the process oficopying, imitating, and learning from biologjyvas conceived by

Jack Steele in as early as 1960 prior to the infarhmugcs symposium,(louguina,
2012.

Biomimicry and biomimetic

The terms Biomimicryand Biomimetic originates from the Greek words bio
meaning life, and mimesismeaning to imitate. As mentioned in Benyus' words:
"Biomimicry is the conscious emulation of life's geniu@Benyus, 1997.
Biomimetic is thetechnical term usually used in biology, biochemistry and
pharmaceuticals, also is commonly used by material scientists in their quest to find
properties in living organisms and natural systems that can be analyzed in order to
recreate those properties fiadustrial, medical, and biological produgidueller,

2008. It represents the studies, i mi tati
processes(Bar-Cohen, 200§. From this vision, nature will be a source of
inspiration for the everyday design. Therefdhe real benefit of using biomimetic

is that it brings in a completely different set of tools and ideas you would not
otherwise have (Mueller, 2008. Therefore, biomimicry and biomimetic
implications are the examination of nature, their models, systesnsetvorks,
procedures and components that can give answers to human issues. Albeit different
types of biomimicry or bignspired design are discussed and examined by
scientists researchers and professionals in the field of sustainable architecture
(Reed, P06 Berkebile, 200y, the boundless and viable use of biomimicry as an
architectural design method and technique remains generally undiscovered, as
demonstrated by the modest number of built case st(feidsdi, 200%. Although,

in the same field therer@ two other terms that need clarificatigiRedolfi and

Shiva, 201% fbio-utilizationd This refers to the direct use of nature for beneficial
purposes, such as incorporating planting in and around buildings to produce
evaporative coolingiBiophiliad this was popularized by the biologistiward O.
Wilson (is an American biologist, researcher, theorist, naturalist and author. His
biological specialty is myrmecology, the study of ants, on which he has been called
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t he wor |l do s, whiehgdint maghypetkepistiat there is an instinctive
bond between human beings and other living organi@ivisson, 1984,1994)

From an architectural perspective, there is an important distinction has to be made
betweenfibiomimeti® and fibiomorphisnd. The Biomorphim approach igusing

nature as a source for unconventional forms and for symbolic assagiatiohthis

was the modern architectds frequent ap
are some examples of how this has produced majestic works of arakitaath as

Eero Saarinen's TWA terminéFig. 3). The reason that it is necessary to make a
distinction is that we require a functional revolution, if we really want to bring
about transformations; it is supposed that it will be biomimetic rather than
biomorphism, which will deliver the solutions needed.

Figure 3
g Eero Saaimen's TWA
terminal.
| (Source: Pawlyn, 2011)

Historical Background.The Greek philosophers in 500 B.C have realized &nd d
scover natural organisms as models for a harmonious bakamteproportion
between the parts of a design that is symuous to the classical ideal of beauty, so

it was the beginning dfiomimicry to appear where. After many centuries, in 1482
Leonardo Da Vinci considered it essential to observe the anatomy amgl tiin-
niques of birds as an inspiration to create a flying machine as an early example of
biomimicry (Fig.4a) (Steadman, 2008 Although his machine was never comypl

ted, the mere principle of being inspired by nature introduces da Vinci as a biom
micry pioneer along with the Wright Brothers, who derived their inspiration from
flying pigeons to construct the first airplane. It helped in the development of their
first prototype to an airplane in 1948. In1958, Jack E. Steele introduced the term
fiBionicsd andhe defined it as the science of natural systems or their anal@jues.
Joseph Paxtofwas an English gardener, architect and Member of Parliament, best
known for designing the Crystal Palace, and for cultivating the Cavendish banana,
the most consumed bama in the Western world). Keas inspired by the leaves of

the water lily, which appeared in his design of the crystal palace by designed a
greenhouse at Chatsworth in England, with a structure based on the study of the
giant Amazonian laves of water liffFig.4b and 4c) For the ternfiBiomimicryo,

first appeared was in 1982. Yet, it's genuine transformation in 1997, Jeiméme
Benyus(scientist and authphas advanced the term more in her progressive book;
fiBiomimicry: Innovation inspired by Natudeln her treatise, as Benyus haéd-d
scribed,iia new science that studies nature's models and then imitates omtakes i
spiration from these designs apcbcesses to solve human problems, e.g. a solar

DOI: 10.6092/issn.2284485/7855
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cel l inspired by a | eaf o omMBemeytusc,0 Wa%s7)
by Schmitt (1969), one of the early giants in biomedical engineering in his article
iSome interesting and useful Bi omi met i c

nature provides useful adels that can be used in science and engimg¢oi solve
human problems. According to previous, Biomimetic is the replication of thee fun
tionality of a biological structure by approximately reproducing an essential feature
of that structure, (&htakia andViartin-Palma 2013).

ERihd’ !
Figure 4. (a) Leonardo Da Vinci's drawings for the flying machine; one of earl
Biomimetic designs in the 13th centurfp) Water lilly i (c) Crystal palace The secret
was in the rigidity provided by the radiating ribs connecting with flexible eriss
Constantexperimentation over several of years drowm to devise his glasshouse-c
sign that inspired the crystal palace.

According to the previous background, architects should have an obligation t
wards upcoming generations to a paradigm shift their way okitig in design
towards not only enhancing identity, functionality and aesthetic values, but also
towards the interpreting sustainable strategies and methodologies in integration
with nature.

Nature-inspired designstrategies.Natureinspired design stragies are new ways

of viewing and valuinghature. They are desigstrategies that base a significant
proportion of their theory orilearning from natuie and regardnature as the
paradigm of sustainabilityIngrid et al, 2010. Regarding to that, the main
concepts are to benefit from nature as apart, to conserve the environment and to
have zero carbon building.

The philosophy behind biomimetic Biomimetic described as a tool that increases
the sustainability of humadesigned products, materials and lioélt environment
(Mazzoleni, 201R Biomimetic is a new scientififield that studies nature's unique
ideas and their best practice, and after that imitates these outlines and procedures to
solve human issuedRao, 2013 A new ideology joins biology andrchitecture
keeping in mind the end goal to accomplish finish solidarity the building and
nature. Regarding that, a biomimetic approach based on studying the living
organisms- their structures, functions, processes, interactions raladionships
among hem and their surroundings, in order to learn from their strategies, methods
and principles and emulate them to optimize the environmental performance and
attitude of the designs.

Importance of biomimetic research Biomimetic is considered one of the most
important design tools that flourished with the dawn of the twérgl century to
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evolve revolutionary sustainable design solutions. This is consistent with global
attention for the importance of new vision toward zero carbon buildings &
structures. Theefore, biomimetic is a unique and creative approach to innovation
that helps to invent sustainable solutions to human challenges by emulating nature
andtested patterns and strategies.

A. Paradigm shift the way of nature design principleSod created ature to be

our mentor for survival on earth, not merely a source of extracted goods. Therefore,
our way of thinking has to be shifted, by seeing nature as a model, a measure and a
mentor will introduce an era based not on what we can extract from thalnatu
world, but on what we can learn from(Benyus,1997. Therefore, nature's unique
characteristics and principals could be applied and help develop architecture. One
of the impressive biological processes is the ability of adaptation found in natural
organisms. Flora and fauna offer numerous examples of adaptation methods to hot
climate by means of physical characteristics, behavioral reactions.

According to Benyus Vision, ten princi
rules for sustaining ecostems, which aréMinsolmaz 2015
- use waste as a resource,

- diversify and cooperate to fully use the habitat,

- gather and use energy efficiently,

- optimize rather than maximize,

- use material sparingly,

-dondét foul nest s,

-donot dresowces, 0 wn

- remain in balance with the biosphere,

- run on information and shop locally.

Therefore, if interior spaces, buildings and cities have designed in accordance with
these principles, as Benyus suggests, we would be well on the way to lithig w

the ecological limits of nature, and thus achieving our goal of sustainability
(Minsolmaz 2015. In addition, nature solves the following asp€@airea, 2018

- the economy of constructive materials,

- original structures,

- perfectly adaptedottheir environment

- aesthetic quality.

So, n @rinaipte® @rovide verified information through the natural selection
process.

B. Theway ofthinking about nature (Wasfi, 2014):

B.1 Natureasmodes t udi es natur eds p eherdimimtesomo d e |
takes inspiration from their designs criteria and processes to solve hushiems
of humanity in a sustainable manner.

B.2 Nature as measuretilizing nature's 3.8 billion years of advancemengligu
control and ecological guidelings determine the sustainability of innovations.
DOI: 10.6092/issn.2284485/7855
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Nature has officially realized what works sustainably; Nature has realized what

and what

an

wor ks keeps

| i zes

goi ng

ecol ogi c ads ssa aonfd aor udr

(accoridi ng t

tion n ouvdagtei wi

B.3 Nature as mentofinally, relationship with nature would change by Bioreim
tic from seeing nature as a source of raw materials, to a source of ideas-for pr
blemsolving, a mentor that has the wisdom and knowledgsuuorival and living
sustainably (Anous, 2015\ new way of seeing and valuing nature as a resource
that we can learn from and that we should preserve instead of uncontrokably e

tracting its resources valuimgture.

Biomimetic presents an era of ecologi creation not in light of what we car-e

tract from the natural world; however, what we can gain from it.

Applying biomimetic in the designprocess:biomimicry designspiral

The Biomimicry Institute createddesignspiral methodology as shown (fig. 5)

to help people learn and practice Biomimi¢Rossin, 2010 Biomimicry design
spiral usually used by architects as a tool to guide through the reiteratbesof
design. Innovative architects explore the true functions they want their design to
accomplish, and then search for what organisms in nature depend on those fun

tions for survival.

THE CHALLENGE
TO BIOLOGY
Design Spiral

% DISTILL
pond N DISTILL THE DESIGN FUNCTION
+ Dontask “what do you want 10 design?*
+ Instead ask“what do you want your design to do?*
+ Keep asking “why do you want your design to do that?”

EVALUATE
EVALUATE YOUR DESIGN AGAINST 0
LIFE"S PRINCIPLES b i) TRANSLATE
Can your design adapt and evolve? » ” i TRANSLATE TO BIOLOGY
Does your design create conditions « - o : + Identlfy the functions
conductive to life? o e + Ask “how does nature do that function*
How can you improve your design? =

* Reframe the question
u EMULATE

* Define habitat conditions that
EMULATE NATURES STRATEGIES

reflect design parameters

DISCOVER - Transiate Life's Principles into
Brainstorm multiple solutions +
Refer back to the discover phase «

DISCOVER NATURAL MODELS  design parameters
consider chimera designs

« Gooutside
+ Consider both literal and

Consult with biological experts +

Go back to your model and explore «
more strategles

metaphorical models
+ comb the literature
+ Brainstorm with biologists

v + Create taxonomy of life’s strategies

Figure 5
Designspiral by

thebiomimicryinstitute.
(Source: Rossin, 2010)

Biomimetic architecture designmethodology/ approaches

Biomimetic as describeflefore is mimicking life, so it is necessary to identify
what exactly it is in life could mimicked. Commonly for life mimicking, there are

three existing level@Miles andMichael 2009:

- mimicking of natural form

- natural procesfr how things opeta);

- mimicking of natural systemike ecosystemy

Some of these levels used in certain design fields exclusively, but in termsief arch
tecture; all threeould be used either on their own or in combina(ilies and
Michael, 2009. Biomimetic use ffe's Principles as an overarching, scoping and
general evaluation tool. We needkimow how the biomimetic methodology works,
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to realize how one applies this practically to thesign process. Therefore, for
biomimetic approaches as a design process caoyniitroducethrough three &-
tegories:

- Design approaciproblembased approach (Design to biology);

- Indirect approach: solutiebasedapproach (Biology to design);

- Stochastic approach.

Direct approach: problem 1 basedapproach (Design to biology (Fig. 6).

This approach has different naownapg ffADe
pr oac h o, driverrbiolodicallgimspiredde si gGha@al | @nge to bio
is mainly based on an existing design problem looks to nature far sol
tions/inspiratia (Zari, 2009). By characterizing a human need or design issue and
looking to the ways that different organisms or ecosystems solve, this named here
design looking to biology. From analyzing the pattern of proldeiven biolog-

cally inspired design procgedollows a progression of steps which in practice, is
nonlinear and dynamic in the sense that output from later stages frequently i
fluences previous stages, providing iterative feedback and refinement loops (Helms

et al., 2009).

Top Down

1 design problem

2 search for biological
analogles

3 identification of ap-
propriate principles

4 abstraction, detachment
from biological model

S testing, analysis and
feedback

6 design solution

Figure 6. (a) Daimler Crysler bionic car inspired by the boxfish and tree growtttgras
(Source: Zari, 2009 i (b) Top-Down designapproach (Source: EI Ahmar, 2031 (c)

Problembased approachiSource: https://biomimicry.net/thduzz/resources/designlen
biomimicrythinking)

In addition, this approach has been defined through 6 definite steps, which are very
similar to thosalefined by the Biomimicry Institut€iHelms et al.2009:

- Step 1: problemefinition

- Step 2: reframe the problem

- Step 3: biological solution search

- Step 4: define the biological solution

- Step 5: principle extraction

- Step 6: principle application

Indirect approach: solution-based approach (Biology to design)

The -dotwnp approach | al so known as " biol

based on inspiration from nature applied to an existing area of interest (Zari, 2009),

DOI: 10.6092/issn.2284485/7855
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by identifying a certain characteristic, behaviour or functions in an organism or
ecosystem then trakating that into human designs, which known as biology i
fluencing the design (Fig. 7n this manner, the collaborative design process is at
first dependent& concentrating on individustteit knowing about important nat

ral or biological research as amed to on decided human outlirssues(Zari,

2009. This approach mirrors the potential for genuine moves in the way people
outline and what is centered around as an answer for an issue within comparative
thinking throughthe envirmment, exists with suca way to deal with biomimetic
design(El Ahmar, 2011

6 design solution
S technical implementation

4 abstraction, detachment
from biological mode!

3 understanding the
principles.

2 blomechanics, functional
morphology & anatomy

1 biological research

i Bottom Up

Figure 7. (a) The lotus effect; a setfleaning method in nature. Mimicked into selfaning
paint (Source: Zari, 2009) (b) BottomUp Design Approach, (Source: El Ahmar, 2011
(c) solution based (Sourcehttps://biomimicry.net/thduzz/resourcestiesignlensbiomi
micry-thinking)).

In addition, this approach has been also defined through 7 definite steps, which are
very similar to hose defined by the Biomimicry Institutidelms et al.2009:

- Step 1: biological solution identification, here designers start with a particular
biological solution in mind.

- Step 2: define the biological solution

- Step 3: principle extraction

- Step 4: reframe the solution, In this case reframing forces designers to think in
terms of how humans might view the usefulness of the biological function being
achieved.

- Step 5: problem search, whereas search in the biological domain includes search
through some finite space of documented biological solutions, problem search may
include defining entirely new problems. This is much different from the solution
search step in the probledniven process.

- Step 6: problem definitian

- Step 7: principle ggication

Stochasticapproach

This approach performed by using large databases, through gathering many
different phenomena from nature as possible, to collect the desired information.
The European Space Agen¢§SA) uses afbiomimetic databageto look for
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suitable role models from nature, through ordering them as follows (Abermann,
2011)

- Structures and materials

- Mechanisms and processes

- Behaviour and control

- Sensors and communication

- Generative biomimicry

In the case of the applicaticof biomimetic to architecture, sometimes changes
have to be made regarding to the scale, the medium, or the time dimension, as
shown in a schem@ig. 8) Gruber(2008) introducing biomimetic application to
sustainable architecture. The main aspect ofdiloiiimetic approach for architects

is that it raises the prospect of closer integration of form and funitidim regard

to a holistic building designAbermann, 2011

Transfer f t Technical licati Figure 8
ransfer from nature or echnical application .
natural science Social / level POSSlbIe tranSferS Of

various natural aspects
e into technical applie-
" -material .
+ change of n.-le:hu.m . - building element tions.
+ change of time dimension _ structure (Source:GrUber 2(X)8)

- construction

- surface
-material

- function

- structure
-construction

+ change of scale

- mechanism
- principle
- process

- building
- settlement structure
- built environment

Regarding to these approaches seeks nature's advice in all stages of architectural
design process, from scoping, creation, to evaluation in order to complete the
grammar of architure.

Biomimetic as a new approach to sustaable architecture

Biomimetic described as a tool to increase the sustainability of hdesgned
products, materialsand the built environmer{Abermann, 201)1 In the field of
sustainable architecture, differagpes of biomimetic or binspired itis reliably
presumed that the widespread and pracitititization of biomimetic as an arth
tectural design method remains a great extent undiscoveresthoash by the m-
dest number of built case studies.

Levels ofbiomimicry

Regarding tdPedersen Zasision (Zari, 2009)there are three levels ofimicry as
following:

Organism level Alludes to mimicking a particular organism resembling a plant or
animal,may include mimicking the whole organism or a bit of theaoigm.

DOI: 10.6092/issn.2284485/7855
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Behaviour level Refers to miritking a specific type of behavior or act that the o
ganismdoes to survive or replicates on a daily basis in relation to largerxto

Ecosystems leveRefers to the mimicking of a specific and how it functions-su
cessfully asvell as what elements drprinciples are required for it to functioncsu
cessfully.

Through each of these levels, a further five conceivable mimic dimensions exist.
The design may bbiomimetic for example in terms of what it looks lierm),

what it is made out dimateria), how it is made(constructiof, how it works(pro-

ces$ or what it is able to d¢function) (Table 2 Fig.9 and 10 (Zari, 2009.

Table 2. A Framework for thapplication ofbiomimicry adapted from Zari (2009).

Five possible Levels of Biomimicry [Example- A building that mimics termites]
mimic Organism Level Behaviour Level Ecosystem Level
dimensions (mimicking (mimicking of how an org- (mimicking of
exist in of a specific nism behavesr relates an ecogsten)
building organism) to its larger catext)
= The building looks ike  The building looks like it was The building looks like an ecgs
orm ) ol ) b A
atermite. made by aermite; a eplica of stem(atermite would live i
a mound.
The building is made The building is made from the The building is made from thea
from the same material same material as a termite me kindof materials thafa ternite)
Material as a territe; amateial  builds with; usingdigested fine ecosystem is made of; it useswal
the mimics termiteexo-  soil as the primary matial for  rally occurring common eopounds,
skeleton skin for exa- example. and water as th@rimary chemical
ple. medium for exenple
The building is rade in  The building ismade in the The building is assembled in tha-s
the same way as arte same way that a termite woul me way as a [termite] ecosyster
Construction mite; it goeghrough va-  build in, piling earth principlesof succession and inae
rious growth cycles for in certain places at certai t sing canplexity over time are used.
example mes for example.
The building works in The building works in the s¢ The building works in the same wa
the same way as an-i me way that a termite; by @ar as aftermite] ecosystem; it caps
Process dividual termite; it po-  ful orientation, shapemnat and converts energy from the sur
duces hydrogen eff rial selection and natural vént and stores water for example
ciently through meta- lation for example or it imics
genomics for exaple. how termites workdgether.
The building fumtions The building functions in the The building is able to function ir
like atermite in a lager same way itwould if made by thesame way that a [termite] eges
cortext; it recycles ck  termites; internatondtions are stem would and forms part of &
Function Iulpse waste andreates regulated to be optimaknd comple)_(system by utilizing theq— .
soil for exanple. thermally stable for example. | lationshipsbetween processes; it i
may also function in the same¢ able to participatén the hydrolog
way thd atermite mound does cal, carbon and nitrogenycles in a
in a largercontext similar wayto an ecogstem
LEVELS OF BIOMIMICRY FIgUI’e 9
ORGANISM Levels of Biomimicry.
% (Source: El Ahmar, 2011)
E BEHAVIOUR g 'g S E
g g E
i :
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Bird's Nest as structure &
environmental behaviour

- The hot, dry climate of Qatar an arca that only 3.2 inches of rainfall annually.

~The skin of onc of the hardicst plants of the desert "Cactus" is applicd 1o the design of the fagades of a desert
buildin

- Channel the rainwater down to the base of the plant where it is collected and stored to help shade the plant
from the intense sun.

- Lower intemal temperature & Tower the size and amount of artificial cooling, skin panels with hundreds of
smart shades that open and close dcrmdmg on the strength of the sun

- The botanic dome at the base of the tower will provide sustainable food source irrigated from Grey and
black water treatment - innovative method to reduce the wastage of electricity and water.

The “Green Olvmoics™ in Beiiing. reauires that all construction of venues and facilitics must meet
environmental and enerev-efliciency standards. The bird’s nest was the desien inspiration to meet Gold-LEED
certified building standards. To construct a sustainable building of this magnitude, it is crucial that the HVAC
system have a strong sense of environmental il

Beijing's Olympic Stadium draws dircetly from natur, as clements of the bird nest are exposed as fts major

sguise the structure. In keeping with the bird’s nest analogy,

small pieces of material between the

the fagade is in-filled with translucent ETFE panels in much the same way that a nest is insulated by stuffing
vigs that make up the structure.

~Fagadcs openings allow natural ventilation by containing & 1FI: pancls thal msulate by staffing small picces
of materials in the twigs

-panels reduce the dead load supported by the roof and provide sunlight fltration,

-cost reduction, durable, and recyclable.

Chinesc have developed a special firc suppression system called ‘water cannon’

 solae panels

Design & considering from the
nature, how 10 utilize nature's
compelling capacities

Design Earth-ships to integrate with nature.

Design Earth-ships to integrate with nature. Considering how to use naturc's effective functions such as heating and
cooling system, protecting natural light and ventilation

- Constructed with recyeled and local materials - Heating and Cooling: From the sun and the carth - Water Harvesting -
Renewable Electricity: Photovoltaic / wind power system - Recycle Sewage - Food production

DOI: 10.6092/issn.2284485/7855
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Principles of biomimetic architecture

Regarding to previous biomimetic applications fields in architecturmitepfrom

nature since it was able to survive more than 3.8 years of evolution, nature with its
plants, animals and microbes gained a lot of experience, and has learned: wha
works; what is appropriate; what lasts. Mimicking nature is the biomimetic a
proach, and it is a new field that architects started giving attention to after bi
morphism. In Biomimicry, architects work with biologists and chemists through
creative experimnt, trying to extract from nature techniques and ideas that could
be utilized in architecture and they succeeded in six main disciplines:

- Efficient Structures

- Materials manufacture

- Waste management systems

- Water management

- Thermal environment crol

- Energy Production

Moreover, because the building skin and the internal walls have a great effect on
the internal temperature and behaviour of the building, so using conventioeal mat
rials that do not respond to the surrounding stimulus as temperhgint or huni

dity, is no longer acceptable in buildings with the increase on energy demand and
its negative effect on climate changdwough biomimetic, buildings need to ftn

tion as the human skin does and interact naturally and automatically watimput
human interference. This could achieve by using smart materials in architecture
combined with biomimetic design; this could contribute a lot to energy efficient
design in architecture.

Building skin a new vision for energy management through sustairml ity

According to the vision of reaching zero carbon building, by reducing heat gain
and as a result improving thermal comfort and reducing cooling loads. Therefore,
the physical processes of heat transfer are the main criteria to manage skin perfo
mane through this vision. Generally, heat transfers through four main strategies,
which are radiation, conduction and convection. In case of living organisms, the
fourth strategy(which is related to phasghange of the matter is evaporation
(Mazzoleni and Rece, 2013) Table 3. There are numerous building features that
affect heat gain and | oss, but accordi
features redted to the building skin. The idea of the sustainable building means that

it uses a very littleenergy, and then depends mainly on renewable enesgyrces

in cooling, ventilation, and lighting processes (El Ahmar, 2011).

Also, there are passive cooling systems wrachconsidered the most efficient

way in conserving energy which are targets tkenuse of available technologies

to cool buildingat ur al 'y wi thout the need of pow
on five main natural processes: radiatiemaporation, ventilation, shading, amd i
sulation, all of this are mostly expressed through imgldkin.
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Table 3. Heat transfer processes and the influencing building skin features. (Source
Ahmar, 2011).

Radiation Conduction Convection Phasechange
0Sizel/ shape/ 6Thermal re 6Ventilati o6(De)Humidi
openings (insulation) 0 S i of gpenings 6Ventilatio
0Shading ele 6Thermal ca 6Locatiesngs O0Per meabili
0Skin ovebgl|l 6Mat er ikaesss ® 6 ( De) Hu mi d building skin materials
O0Refl ect anc e morplology 0 P h &lsarge materials
of outer material 0 Mat er ingeimsend

Building envelope asskin

To design within the environment, architects should desifidibgs better suited

to its environment. This interface o0cc!
environment, the building envelope that includes the exterior walls, roof, and
exterior openings. Commonly, the building envelope is referred tofasu i | di ng
skin¢, but through Biomimetic design,
reference(Yowell, 2011). Regarding to this vision, skin acts as a filter, not an
envelope, which selectively admits and rejects the environment based on the needs
of the body across time Accordingly, skin is where the action is in the building and
as a relatively thin layer; it is constantly working to protect the interior inhabitants.
Additionally, the building skin is commonly the first impression people gettabou

the design of a project. Even though it is:

- A thin membrane cladding the structure system,

- Regulating the systems [mechanical, plumbing and electricall,

- Defining the interior space,

- It is like a natural skin, plays a vital role.

Through this era of revolutionary techniques, modern buildings have the
opportunity to employ technology and create new Interactive skins. The most
amazing models for how building skins should behave are Natural skins.
Therefore, current envelopes are seen as bafrarsthe outside world, instead of

filters like a natural skifYowell, 201J.

Building skins criteria

To enrich and develop building skinds
building skin functions should be identified accurately and clearygaRling to

foster sustainable building skin criteria, it got functions as follp¢esvell, 2017):

- Protection from the natural elements.

- Environmentallyfriendly manufacturing.

- Not be harmful to the natural environment at the end of its life.

- Integrate multiple systems within the thin membrane.

- Regulate transfer of heat, air and water efficiently.

- Be adaptable to its local environment and respond accordingly.

- Be beautiful.

DOI: 10.6092/issn.2284485/7855
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According to these functions, a buildigskin), will get multiple tasks. Therefore,
architects should be creative and experienced to meet these challenges. That will be
achieved through good concentrated reading for the environment and its creative
lessons wherever we look.

Biomimetic to mitigate GHG emissions thraugh building skin

Biomimetic new technologies illustrate on mitigating GHG emissions through
building skin criteria, which could be divided into three categofzesi, 201Q.

The first approach: by mimicking the energy efficiency or effectiveness aflivi
organisms and systems. The motive is that by being more energy efficient, less
fossil fuel is burnt and therefore fewer GHGs are emitted into the atmosphere. The
second approach: by devising new ways of producing energy to reduce human
dependence on fes fuels, then prevent additional GHGs from being emitted.
These strategies are the most common approaches to mitigating the causes of
climate change associated with the built environmgtdri, 2008. A third
biomimetic approach: for mitigating GHG enimss, by investigating organisms or
ecosystems to find examples of processes within them that are able to sequester
and store carbon.

Criteria of the analytical study

The study will analyze the elements of building skin according to the aim of it
through three mairbasic elements, which will be:

- Aims of design According to building function and site environmental aspects
included in the design process. That means all environmental considerations that
achieved through design creation within biomimétispiration, in order to create
passive defense system in building skin

- Biomimetic inspiration. It will be analyzing througha- Imitation process from
nature to help achieving des-ilgwléo§ ai m
biomimetic. ¢ Type of aproach to biomimetid- Analyzing building skin design;
(function and criterip

- Architectureresults According to RBA (Royal Institute of British Architectsjt

will be analyzed througt& LEED (Leadership in Energy and Environmental
Design):

a. building technologies: materials, structural systems, technologies in¢luded

b. energy efficiency: orientaticinteractive with natural environment natural
ventilation, lighting, and filtratioheat isolatiorenvironmental technologigs

¢. minimizing usag of HVAC,

d. total energy saving.

Case Studies

1. The(Watercubg National Aquatic Swimming Centre, Beijir{gig. 11),
(http://www.arup.com/Projects/Chinese_National_Aquatics_Center/Facts.aspxGros
sFloor).

2. Council House ZCH2) 10 stories sustaibée building currently residing in
Melbourne(Fig. 12) (www.containerconnection.com.au).
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3. fEastgate centéeHarare, ZimbabwéFig. 13) (The ARUP Journal, 1997).

Project name : al Aquatic cct  Chniss Boss, Trista / Figure 11
' ' Case study:
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cube)
National
Aquatic
Swimming
Centre,
Beijing
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Figure 12
Case study:
Council
House2
(CH2),
Melbourne



