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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 is the “Global war-

ming” happened from Greenhouse Gases (GHG) - particularly by Carbon Dioxide 

(CO2) emission, which is related with the ascent in Earth's temperature that accom-

panies a rundown of hurtful results. Therefore, architects should bring innovative 

solutions for energy efficient buildings, and the best tutor to learn from how to de-

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 many ways hence su-

staining it. Building skin as subcategory of biomimetic that frames the whole ou-

tside of the building, as the first line of defense for the building against external in-

fluences that will interact with all environmental aspects like living organisms. The 

main aim of this paper is to investigate how energy consumption could be reduced 

through this innovative building skin, by applying biomimetic architecture approa-

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 Sustai-

nable architecture, (ii) new design processes phase through biomimetic vision, (iii) 

building skin design criteria through biomimetic. That will be a road map and gui-

de line for architects to facilitate the process of compatible environmental design 

with zero carbon emissions.  
 

Keywords: global warming, GHG, biomimetic architecture, building skin  

 

Introduction  
 

The Earth is confronting today genuine climatic changes caused by the human 

obstruction in its ecosystem, which was never appeared to be conceivable that peo-

ple were able to change the essential physical and concoction properties of this 

whole huge planet. Right now, in the 21st century everywhere throughout the glo-

be, an enormous amount of primary energy is wasted due to the inefficient design 

of buildings which not compatible with its own environment. In addition, the run-

ning of the machines and equipment used to convert energy into required services, 
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or change it from phase to another. According to McDonough and Braungart 

(1998) question: ―From my designer’s perspective, I ask: Why can‘t I design a 

building like a tree? A building that makes oxygen, fixes nitrogen, sequesters car-

bon, distills water, builds soil, accrues solar energy as fuel, makes complex sugars 

and food, creates microclimates, changes colors with the seasons and self-

replicates. This is using nature as a model and a mentor, not as an inconvenience. 

It‘s a delightful prospect”. Regarding to the previous vision and climatic changes 

there causes and consequences architects have an essential role in protecting their 

environment. Therefore, a number of design approaches and solutions have been 

researched and applied in order to overcome energy problems. One of those 

approaches is “Biomimetic” which is defined as “the 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 energy-efficient buildings. That is because of its 

capability of improving the building’s performance in natural ventilation, 

managing heating transfer, redirecting and filtering daylight and enhancing 

occupant well-being among several other functions. Therefore, it could play an 

important role in reducing the energy consumed in cooling loads. The paper will 

discuss the principals of biomimetic as an approach for sustainable 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 guide-

lines for applying biomimetic principals on building skin, design concepts, 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 energy con-

sumption.  
 

Problem definition 
 

Greenhouse gases affect negatively on the environment, climate, continuing to 

need high maintenance and buildings’ energy demanding will not lead to a 

promising future. Therefore, energy consumption is a growing global concern, 

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 utilizing sophisticated high-tech 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 biodiversity. One of the 

specific area needs further investigation is the building skin, because it determines 

so much of the efficiency of a structure. By proper management, building skin can 

significantly minimize 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 this point 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 building structures.  

 

Research hypothesis 
 

Inspiring architecture from nature will help to find ways for safeguarding the bio-

diversity of the environment from being destroyed. Thus, biomimetic principals 

could provide guidelines for improving the energy efficiency of buildings through 

applying those principals especially on building skin. As the skin furls our body, 

the building envelope furls the building; therefore, building skin should do the sa-

me performance especially in thermos regulating the building, which decreases the 

energy consumed in buildings. Regarding this vision, by mimicking the human 

skin using new techniques and smart materials that act on its own, then building‘s 

skin that thermos-regulate the building naturally without mechanical interference 

thus decreasing the energy consumed to reach a proper thermal comfort. A passive 

defense system could be created through building skin as a simulating from nature, 

which will reduce the environmental negatives to create a positive environment. 

Bio-inspired regenerative architecture can develop the design of mutual relation 

between the building and natural environment.  
 

Research methodology  
 

According to research objectives, research methodology has been carried out in 

four phases:  

- The first phase, a literature review about global warming and its negative effects 

on architecture, biomimetic approaches and biomimetic architecture in building 

skin through the study of existing literature.  

- The second phase, a theoretical study that will introduce Principles of Biomimetic 

Architecture that will be the base for analytical study.  

- The third phase, an analytical study for international case studies will be presen-

ted and analyzed in terms of usage of biomimetic, and the impact they had on redu-

cing the buildings energy consumption, through building skin. 

- Finally, guidelines for creating passive defense system in building skin to solve 

zero carbon construction dilemma to be efficient and regulate energy. 

 

Global warming 
 

Climatic changes and global warming 
 

Climatic changes and global warming refer to an increase in average global tempe-

ratures. Natural events and human activities are believed to be contributing to this 

increase, which is caused primarily by increases in “greenhouse” gases such as 

Carbon Dioxide (CO2). A warming planet thus leads to a change in climate, which 

can affect weather in various ways, as discussed further below. 
 

The main indicators of climatic changes 

As explained by the US agency, the National Oceanic and Atmospheric Admini- 
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stration (NOAA), there are 7 indicators that would be expected to increase in a 

warming world (and they are), and 3 indicators would be expected to decrease (and 

they are) (Nessim, 2016) (Fig. 1). 
 

 

Figure 1 

Ten indicators for a warming 

world, which confirmed that 

the past decade warmest on 

record according 

to scientists in 48 countries, 

(Source: Nessim, 2016) 

 

Greenhouse effect 
 

The term greenhouse is used in conjunction with the phenomenon known as the 

greenhouse effect (Nessim, 2016) (Fig. 2): 

- sun’s energy that drives the earth‘s climate and atmosphere, and warms the 

earth’s surface; 

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

- some atmospheric gases (water vapor, carbon dioxide) and different gasses trap a 

portion of the active energy, retaining 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. 
 

 

Figure 2 

Greenhouse effect in W/m
2
, 

(Source: Nessim, 2016) 

 

Greenhouse Gases are six main gases plus water vapor that considered a 

greenhouse gas, these gases are:  

- carbon dioxide (CO2); 

- methane (CH4) which is 20 times as potent a greenhouse gas as carbon dioxide;  

- nitrous oxide (N2O); 

 - three fluorinated industrial gases: hydro fluorocarbons (HFCs), perfluoro-carbons 

(PFCs) and sulfur hexafluoride (SF6).  

All these types of greenhouse gases got major consequences on raising the 

temperature of the Earth. The importance of analyzing the electrical consumption 

and energy resources is that non-renewable energies derived from fossil fuel emit 

tons of CO2, which is the main gas of greenhouse gases, hence contributing to 

raising the Earth temperature.  
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Climate change and the built environment 
 

Climatic changes, and related impacts on the built environment, are expected to 

increase in intensity in the future, suggesting that a re-evaluation of the built 

environment is necessary (IPCC, 2007). Established responses to climate change in 

the built environment broadly fall into two categories (Zari, 2010): 

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

- 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 with significant other economic, social and environmental 

benefits can be revealed by a careful study of how certain organisms and the 

ecosystems they create (Table 1). 
 

Table 1. Climate changes direct impacts on the built environment (Source: Zari, 2010). 
 

Potential direct climatic 

changes impacts 
Consequences of the built environment 

Changes in temperatures 

(likely to increase in 
most areas) 

Increased overheating and air conditioning load  

Decreased winter space heating 
Decreased water heating energy 

Intensified 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 façades and internal structure due to rain penetration 

Increased subsidence (clay soils) 

Increased erosion, landslips, rock falls 
Changes in aqwuifers and urban water supply and quality 

Increased pressure on urban drianage systems 

Increased stormwater run-off and leaching of pollutans into waterways or aquifers  

Thermal expansion of 
oceans and changes in 

the cryosphere (ice 

systems), such as 
retreating snow 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 inter-tidal areas acting as buffer zones  

Changes in wind patterns 

and intensities 
Changes in wind loading on buildings 

Increased air pollution 
Increased ventilation needed 
Damage to building façades 

 

 

Approaches to biomimetic (fundamentals concepts – an overview)  
 

For the term “bionic”, there is diverging information available about its creation 

(also known as “biomimetic”, “biomimicry”, “bio-inspiration”, “biognosis”, 

“biologically inspired design”) and similar words and phrases implying 

reproduction, adaptation, or derivation from biology. Consistent is that it was 
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introduced by Steele around 1960 Jack E. Steele (was an American medical doctor 

and retired US Air Force colonel, most widely known for coining the word 

bionics). The term possibly originates from the Greek word “βίον” (bíon), meaning 

(unit of life) and the suffix “ic”, meaning (like or in the manner of, hence it may be 

translated as like life) (Gruber, 2008; Abermann, 2011). According to that, all these 

terms aim to denote it as a study that makes practical use of mechanisms and 

functions as present in biology or nature in engineering, design, chemistry, 

electronics, and so on. Also it is defined as “the study of the formation, structure, 

or function of biologically produced substances and materials (as enzymes or silk) 

and biological mechanisms and processes (as protein synthesis or photosynthesis) 

especially for the purpose of synthesizing similar products by artificial mechanisms 

which mimic natural ones” (Harkness, 2001; Abermann, 2011).  
 

Bionics  
 

The explanations of the term “bionics” mean (biology + technics) which describe 

the process of “copying, imitating, and learning from biology” was conceived by 

Jack Steele in as early as 1960 prior to the infamous bionics symposium, (Iouguina, 

2012).  
 

Biomimicry and biomimetic 
 

The terms Biomimicry and Biomimetic originates from the Greek words bio - 

meaning life, and mimesis - meaning to imitate. As mentioned in Benyus' words: 

"Biomimicry is the conscious emulation of life's genius" (Benyus, 1997). 

Biomimetic is the technical 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 for industrial, medical, and biological products (Mueller, 

2008). It represents the studies, imitation of nature‘s methods, mechanisms and 

processes (Bar-Cohen, 2006). From this vision, nature will be a source of 

inspiration for the everyday design. Therefore, the 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, systems frameworks, 

procedures and components that can give answers to human issues. Albeit different 

types of biomimicry or bio-inspired design are discussed and examined by 

scientists, researchers and professionals in the field of sustainable architecture 

(Reed, 2006; Berkebile, 2007), 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 studies (Faludi, 2005). Although, 

in the same field there are two other terms that need clarification, (Redolfi and 

Shiva, 2015): “bio-utilization”. This refers to the direct use of nature for beneficial 

purposes, such as incorporating planting in and around buildings to produce 

evaporative cooling. “Biophilia”: this was popularized by the biologist Edward 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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the world’s leading expert), which point to a hypothesis that there is an instinctive 

bond between human beings and other living organisms (Wilson, 1984,1994). 

From an architectural perspective, there is an important distinction has to be made 

between “biomimetic” and “biomorphism”. The Biomorphism approach is “using 

nature as a source for unconventional forms and for symbolic association”, and this 

was the modern architect‘s frequent approach. According to this approach, there 

are some examples of how this has produced majestic works of architecture such as 

Eero Saarinen's TWA terminal (Fig. 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 

Eero Saarinen's TWA 

terminal.  
(Source: Pawlyn, 2011) 

 

 

Historical Background. The Greek philosophers in 500 B.C have realized and di-

scover natural organisms as models for a harmonious balance and proportion 

between the parts of a design that is synonymous to the classical ideal of beauty, so 

it was the beginning of biomimicry to appear where. After many centuries, in 1482 

Leonardo Da Vinci considered it essential to observe the anatomy and flying tech-

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 comple-

ted, the mere principle of being inspired by nature introduces da Vinci as a biomi-

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 

“Bionics” and he defined it as the science of natural systems or their analogues. Sir 

Joseph Paxton (was an English gardener, architect and Member of Parliament, best 

known for designing the Crystal Palace, and for cultivating the Cavendish banana, 

the most consumed banana in the Western world). He was 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 lily (Fig.4b and 4c). For the term “Biomimicry”, 

first appeared was in 1982. Yet, it's genuine transformation in 1997, when Janine 

Benyus (scientist and author) has advanced the term more in her progressive book; 

“Biomimicry: Innovation inspired by Nature”. In her treatise, as Benyus had de-

scribed, “a new science that studies nature's models and then imitates or takes in-

spiration from these designs and processes to solve human problems, e.g. a solar 
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cell inspired by a leaf” (Benyus, 1997). The similar term, “biomimetic” was coined 

by Schmitt (1969), one of the early giants in biomedical engineering in his article 

“Some interesting and useful Biomimetic Transforms”. Schmitt (1969) argued that 

nature provides useful models that can be used in science and engineering to solve 

human problems. According to previous, Biomimetic is the replication of the func-

tionality of a biological structure by approximately reproducing an essential feature 

of that structure, (Lakhtakia and Martin-Palma, 2013). 
 

 

  
 

Figure 4. (a) Leonardo Da Vinci's drawings for the flying machine; one of earliest 

Biomimetic designs in the 13th century - (b) Water lilly – (c) Crystal palace. The secret 

was in the rigidity provided by the radiating ribs connecting with flexible cross-ribs. 

Constant experimentation over several of years drove him to devise his glasshouse de-

sign that inspired the crystal palace. 
 

According to the previous background, architects should have an obligation to-

wards upcoming generations to a paradigm shift their way of thinking 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 design strategies. Nature-inspired design strategies are new ways 

of viewing and valuing nature. They are design strategies that base a significant 

proportion of their theory on “learning from nature” and regard nature as the 

paradigm of sustainability (Ingrid 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 human-designed products, materials and the built environment 

(Mazzoleni, 2013). Biomimetic is a new scientific field that studies nature's unique 

ideas and their best practice, and after that imitates these outlines and procedures to 

solve human issues (Rao, 2014). A new ideology joins biology and architecture 

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 and relationships 

among them 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 twenty-first 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. Therefore, biomimetic is a unique and creative approach to innovation 

that helps to invent sustainable solutions to human challenges by emulating nature 

and tested patterns and strategies.  
 

A. Paradigm shift the way of nature design principles. God created nature 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 the natural 

world, but on what we can learn from it (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 principles could identify as underlying nature‘s 

rules for sustaining ecosystems, which are (Minsolmaz, 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,  

- don‘t foul nests,  

- don‘t draw down resources,  

- 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 living within 

the ecological limits of nature, and thus achieving our goal of sustainability 

(Minsolmaz, 2015). In addition, nature solves the following aspects (Giurea, 2016): 

- the economy of constructive materials,  

- original structures,  

- perfectly adapted to their environment  

- aesthetic quality.  

So, nature‘s principles provide verified information through the natural selection 

process. 
 

B. The way of thinking about nature (Wasfi, 2014): 
 

B.1 Nature as model: studies nature‘s perfect models and strategies then imitates or 

takes inspiration from their designs criteria and processes to solve human problems 

of humanity in a sustainable manner. 
 

B.2 Nature as measure: utilizing nature's 3.8 billion years of advancement, quality 

control and ecological guidelines to determine the sustainability of innovations. 
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Nature has officially realized what works sustainably; Nature has realized what 

works and what keeps going (according to nature‘s life principals). Biomimetic uti-

lizes an ecological standard to judge “rightness” of our innovative creations. 
 

B.3 Nature as mentor: finally, relationship with nature would change by Biomime-

tic from seeing nature as a source of raw materials, to a source of ideas for pro-

blem-solving, a mentor that has the wisdom and knowledge for survival and living 

sustainably (Anous, 2015). A new way of seeing and valuing nature as a resource 

that we can learn from and that we should preserve instead of uncontrollably ex-

tracting its resources valuing nature.  

Biomimetic presents an era of ecological creation not in light of what we can ex-

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

 

Applying biomimetic in the design process: biomimicry design spiral 
 

The Biomimicry Institute created a design spiral methodology as shown in (Fig. 5) 

to help people learn and practice Biomimicry (Rossin, 2010). Biomimicry design 

spiral usually used by architects as a tool to guide through the reiterative process of 

design. Innovative architects explore the true functions they want their design to 

accomplish, and then search for what organisms in nature depend on those func-

tions for survival. 

 

 

Figure 5  

Design spiral by  

the biomimicry institute. 
(Source: Rossin, 2010) 

 

Biomimetic architecture design methodology/ approaches 
 

Biomimetic as described before 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 levels (Miles and Michael, 2009): 

- mimicking of natural form; 

- natural process (or how things operate); 

- mimicking of natural systems (like eco-systems). 
 

Some of these levels used in certain design fields exclusively, but in terms of archi-

tecture; all three could be used either on their own or in combination (Miles and 

Michael, 2009). Biomimetic use Life's Principles as an overarching, scoping and 

general evaluation tool. We need to know how the biomimetic methodology works, 
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to realize how one applies this practically to the design process. Therefore, for 

biomimetic approaches as a design process commonly introduce through three ca-

tegories: 

- Design approach: problem-based approach (Design to biology); 

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

- Stochastic approach. 
 

Direct approach: problem – based approach (Design to biology) (Fig. 6). 
 

This approach has different naming “Design looking to biology”, “Top-down ap-

proach”, “Problem driven biologically inspired design”, “Challenge to biology”, all 

is mainly based on an existing design problem looks to nature for solu-

tions/inspiration (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 problem-driven biologi-

cally inspired design process follows a progression of steps which in practice, is 

non-linear and dynamic in the sense that output from later stages frequently in-

fluences previous stages, providing iterative feedback and refinement loops (Helms 

et al., 2009). 
 

 
Figure 6. (a) Daimler Crysler bionic car inspired by the boxfish and tree growth patterns 

(Source: Zari, 2009) – (b) Top-Down design approach (Source: El Ahmar, 2011) – (c) 

Problem-based approach (Source: https://biomimicry.net/the-buzz/resources/designlens-

biomimicry-thinking/) 
 

In addition, this approach has been defined through 6 definite steps, which are very 

similar to those defined by the Biomimicry Institute, (Helms et al., 2009): 

- Step 1: problem definition 

- 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 “top-down approach‟, also known as ―biology influencing design‖ is mainly 

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

https://biomimicry.net/the-buzz/resources/designlens-
https://biomimicry.net/the-buzz/resources/designlens-
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by identifying a certain characteristic, behaviour or functions in an organism or 

ecosystem then translating that into human designs, which known as biology in-

fluencing the design (Fig. 7). In this manner, the collaborative design process is at 

first dependent& concentrating on individuals that knowing about important natu-

ral or biological research as opposed to on decided human outline issues (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 through the environment, exists with such a way to deal with biomimetic 

design (El Ahmar, 2011). 

 

 
 

Figure 7. (a) The lotus effect; a self-cleaning method in nature. Mimicked into self-cleaning 

paint (Source: Zari, 2009) – (b) Bottom-Up Design Approach, (Source: El Ahmar, 2011) – 

(c) solution based (Source: https://biomimicry.net/the-buzz/resources/ designlens-biomi 

micry-thinking/). 
 

In addition, this approach has been also defined through 7 definite steps, which are 

very similar to those defined by the Biomimicry Institute (Helms 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 problem-driven process.  

- Step 6: problem definition. 

- Step 7: principle application.  
 

Stochastic approach 
 

This approach performed by using large databases, through gathering many 

different phenomena from nature as possible, to collect the desired information. 

The European Space Agency (ESA) uses a “biomimetic database” to look for 

https://biomimicry.net/the-buzz/resources/
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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 application of biomimetic to architecture, sometimes changes 

have to be made regarding to the scale, the medium, or the time dimension, as 

shown in a scheme (Fig. 8) Gruber (2008), introducing biomimetic application to 

sustainable architecture. The main aspect of this biomimetic approach for architects 

is that it raises the prospect of closer integration of form and function (with regard 

to a holistic building design) (Abermann, 2011). 

 

 Figure 8 

Possible transfers of  

various natural aspects  

into technical applica-

tions. 

(Source: Gruber, 2008). 

 

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 architecture. 

 

Biomimetic as a new approach to sustainable architecture 
 

Biomimetic described as a tool to increase the sustainability of human-designed 

products, materials, and the built environment (Abermann, 2011). In the field of 

sustainable architecture, different types of biomimetic or bio-inspired it is reliably 

presumed that the widespread and practical utilization of biomimetic as an archi-

tectural design method remains a great extent undiscovered, as shown by the mo-

dest number of built case studies. 
 

Levels of biomimicry 
 

Regarding to Pedersen Zari vision (Zari, 2009) there are three levels of mimicry 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 the organism. 
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Behaviour level. Refers to mimicking a specific type of behavior or act that the or-

ganism does to survive or replicates on a daily basis in relation to larger context. 
 

Ecosystems level. Refers to the mimicking of a specific and how it functions suc-

cessfully as well as what elements and principles are required for it to function suc-

cessfully.  

Through each of these levels, a further five conceivable mimic dimensions exist. 

The design may be biomimetic for example in terms of what it looks like (form), 

what it is made out of (material), how it is made (construction), how it works (pro-

cess) or what it is able to do (function) (Table 2, Fig.9 and 10) (Zari, 2009). 
 

Table 2. A Framework for the application of biomimicry adapted from Zari (2009). 
 

Five possible 

mimic  

dimensions 

exist in 

building 

Levels of Biomimicry [Example - A building that mimics termites] 

Organism Level 

(mimicking  
of a specific 

organism) 

Behaviour Level 

(mimicking of how an orga-
nism behaves or relates  

to its larger context) 

Ecosystem Level 

(mimicking of  
an ecosystem) 

 

Form 

 

The building looks like 

a termite. 

 

The building looks like it was 

made by a termite; a replica of 

a mound. 

The building looks like an ecosy-

stem (a termite would live in) 

Material 

 

The building is made 

from the same material 
as a termite; a material 

the mimics termite exo-

skeleton skin for exam-

ple. 

The building is made from the 

same material as a termite 
builds with; using digested fine 

soil as the primary material for 

example. 

 

The building is made from the sa- 

me kind of materials that (a termite) 
ecosystem is made of; it uses natu-

rally occurring common compounds, 

and water as the primary chemical 

medium for example 

Construction 

The building is made in 

the same way as a ter-

mite; it goes through va-

rious growth cycles for 

example. 

The building is made in the 

same way that a termite would 

build in, piling earth 

in certain places at certain ti-

mes for example. 

The building is assembled in the sa-

me way as a [termite] ecosystem; 

principles of succession and increa-

sing complexity over time are used. 

Process 

The building works in 
the same way as an in-

dividual termite; it pro-

duces hydrogen effi-

ciently through meta-

genomics for example. 

The building works in the sa 
me way that a termite; by care-

ful orientation, shape, mate 

rial selection and natural venti-

lation for example or it mimics 

how termites work together. 

The building works in the same way 
as a[termite] ecosystem; it captures 

and converts energy from the sun, 

and stores water for example 

Function 

The building functions 

like a termite in a larger 

context; it recycles cel-

lulose waste and creates 
soil for example. 

 

The building functions in the 

same way it would if made by 

termites; internal conditions are 

regulated to be optimal and 
thermally stable for example. It 

may also function in the same 

way that a termite mound does 

in a larger context 

The building is able to function in 

the same way that a [termite] ecosy-

stem would and forms part of a 

complex system by utilizing the re-
lationships between processes; it is 

able to participate in the hydrologi-

cal, carbon and nitrogen cycles in a 

similar way to an ecosystem 
///// 

  

Figure 9 

Levels of Biomimicry. 

(Source: El Ahmar, 2011) 

///// 
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Figure 10 

Levels  

of biomimicry 
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Principles of biomimetic architecture 
 

Regarding to previous biomimetic applications fields in architecture, learning from 

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: what 

works; what is appropriate; what lasts. Mimicking nature is the biomimetic ap-

proach, and it is a new field that architects started giving attention to after bio-

morphism. In Biomimicry, architects work with biologists and chemists through 

creative experiment, 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 control 

- 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 conventional mate-

rials that do not respond to the surrounding stimulus as temperature, light or humi-

dity, is no longer acceptable in buildings with the increase on energy demand and 

its negative effect on climate change. Through biomimetic, buildings need to func-

tion as the human skin does and interact naturally and automatically without any 

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 sustainability 
 

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 perfor-

mance 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 phase-change of the matter is evaporation 

(Mazzoleni and Price, 2013) (Table 3). There are numerous building features that 

affect heat gain and loss, but according to the research‘ vision will focus only on 

features related to the building skin. The idea of the sustainable building means that 

it uses a very little energy, and then depends mainly on renewable energy resources 

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

Also, there are passive cooling systems which are considered the most efficient 

way in conserving energy which are targets to make use of available technologies 

to cool building naturally without the need of power energy and it‘s mainly based 

on five main natural processes: radiation, evaporation, ventilation, shading, and in-

sulation, all of this are mostly expressed through building skin. 

 



EQA – Environmental quality / Qualité de l’Environnement / Qualità ambientale, 29 (2018) 1-28 
 

DOI: 10.6092/issn.2281-4485/7855 

17 
 

Table 3. Heat transfer processes and the influencing building skin features. (Source: El 

Ahmar, 2011). 
 

Radiation Conduction Convection Phase-change 
●Size/shape/location of 

openings  

●Shading elements 
●Skin overall morphology 

●Reflectance/ emittence  

of outer material  

●Thermal resistance  

(insulation) 

●Thermal capacity 
●Materials’ thickness  

morphology 

●Materials’ arrangement 

●Ventilation systen 

●Size of openings 

●Location of openings 
●(De)Humidification   

●(De)Humidification  

●Ventilation system 

●Permeability of  
building skin materials 

●Phase-change materials   

 

Building envelope as skin 
 

To design within the environment, architects should design buildings better suited 

to its environment. This interface occurs in a building‘s first line of defense to the 

environment, the building envelope that includes the exterior walls, roof, and 

exterior openings. Commonly, the building envelope is referred to as ―building 

skin‖, but through Biomimetic design, Skin is most appropriate for its biological 

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 get about 

the design of a project. Even though it is:  

- A thin membrane cladding the structure system,  

- Regulating the systems [mechanical, plumbing and electrical],  

- 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 barriers from the outside world, instead of 

filters like a natural skin (Yowell, 2011).  
 

Building skins criteria 
 

To enrich and develop building skin‘s efficiency and construction, sustainable 

building skin functions should be identified accurately and clearly. Regarding to 

foster sustainable building skin criteria, it got functions as follows (Yowell, 2011):  

- Protection from the natural elements.  

- Environmentally-friendly 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.  
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According to these functions, a building (skin), 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 through building skin 
 

Biomimetic new technologies illustrate on mitigating GHG emissions through 

building skin criteria, which could be divided into three categories (Zari, 2010). 

The first approach: by mimicking the energy efficiency or effectiveness of living 

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 fossil 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 environment (Zari, 2008). A third 

biomimetic approach: for mitigating GHG emissions, 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 main basic 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 biomimetic inspiration, in order to create 

passive defense system in building skin; 

- Biomimetic inspiration. It will be analyzing through; a- Imitation process from 

nature to help achieving design‘s aim through design‘s concept. b- Level of 

biomimetic. c- Type of approach to biomimetic. d- Analyzing building skin design; 

(function and criteria).  

- Architecture results. According to RIBA (Royal Institute of British Architects), it 

will be analyzed through & LEED (Leadership in Energy and Environmental 

Design):  

a. building technologies: materials, structural systems, technologies included; 

b. energy efficiency: orientation-interactive with natural environment - natural 

ventilation, lighting, and filtration-heat isolation-environmental technologies; 

c. minimizing usage of HVAC; 

d. total energy saving.  
 

Case Studies 
 

1. The (Water-cube) National Aquatic Swimming Centre, Beijing (Fig. 11),  

(http://www.arup.com/Projects/Chinese_National_Aquatics_Center/Facts.aspxGros

sFloor).  

2. Council House 2 (CH2) 10 stories sustainable building currently residing in 

Melbourne (Fig. 12) (www.containerconnection.com.au).  
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3. “Eastgate centre”, Harare, Zimbabwe (Fig. 13) (The ARUP Journal, 1997). 

 

 

Figure 11  
Case study:  

The (Water-

cube)  

National  

Aquatic  

Swimming  

Centre, 

Beijing 

//// 
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 Figure 12  
Case study: 

Council  

House2 

(CH2),  

Melbourne 
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 Figure 13 

Case study: 

“Eastgate  

centre”,  

Harare,  

Zimbabwe 
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Results of the analytical study  
 

According to previous analytical study, it is so obvious now the importance of 

building skin criteria. However, to make these results in a clear vision they will be 

collected in the summarized table 4. For obtaining a building skins design 

guidelines is to compare the case studies and their objectives. As illustrated in table 

4 an analysis was conducted of the different criteria met throughout the three case 

studies in order to determine the level of energy efficiency and the strength of each 

case study. 

 
Table 4. Analitycal results 
 

Comparative aspects The Water-cube Council House 2 Eastgate centre 

B
io

m
im

e
ti

c
  

In
sp

ir
a
 t

io
n

 

Concept Natural soap bubbles Planet‘s ecology Breathing skin 

Level of biomimetic Organism level Organism and behavior Behavior level 

Approach to biomimetic Design to biology Design to biology Design to biology 

B
u

il
d

in
g

 

sk
in

 Criteria Transparent teflon 

Overcome the cooling 

problems in hot climate  

and energy conservation 

Massive protruding 

stone elements 

Function  
Capture more heat 

energy 
 Passive cooling 

A
r
c
h

it
ec

tu
r
e 

o
u

tc
o

m
e
 c

r
it

e
ri

a
 

B
u

il
d

in
g

 

te
c
h

n
o

lo
g

ie
s 

Materials Steel - ETFE sheets 
All Recycled - Timber –  

Steel - Concrete 

Concrete - double 

thickness brick 

Structural systems 
Network of steel 

tubular members 
Concrete structure Reinforced concrete 

Technologies 

included 

Photovoltaic panels 

and solar panels – 

(ETFE) 

(PCM) - 100 year life – 

 Cycle costing model 

Utilizing the natural 

cracking of the rocks, 

‗light tech‘ steel 

trusses, 

E
n

e
r
g
y

 e
ff

ic
ie

n
c
y

 

Orientation Natural lighting 
Façade express orientation 

according to tree behaviour 

Interactive with 

orientation 

Interactive  

with natural  

environment 

Maximizing natural 

light and capturing 

solar energy 

Façade moderated external 

climate - Windpipes  

Passive cooling – cli-

mate control - tempe-

rature regulation  

Natural ventilation 65% 55% 90% 

Filtration 0% 100% 100% 

Heat isolation 
Great thermal 

efficiency 

Works with natural 

environment - Shading  

for visual comfort 

Minimize solar heat - 

a well-shaded 

Environmental  

technologies 

80% of the water 

reused, 90% of solar 

rays are absorbed 

Chilled ceilings - (MWR) 

sewer mining plant - 

Sprinkler water reclaim - 

Solar photovoltaic cells - 

Shower towers - Wind 

turbines - (ODP) - 

Refrigerant leak detection - 

Storm water pollution 

Management and treatment 

– (PCM) thermal storage - 

Gas boosted solar hot water. 

Restricting larger 

energy - reducing air 

speed – enhanced ( by 

maximizing floor –to 

ceiling heights within) 

Minimizing usage of HVAC 30% 20% 100% 

Total energy saving 82% 82% 90% 

Reduction CO2 emission 100% 36% 100% 

Reduction of GHG  100% 87% 60% 

 

The outcome of the total savings is a direct resultant of the different criteria that 

were met throughout the project. According to each case study description and 

through LEED the ratio of GHG & CO2 emission were abstracted.  For instance, 

the usage of solar panels, usage of the sun path diagram, and visual comfort all 

contributed the end product of the total energy savings, HVAC savings and natural 
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lighting and ventilation. Figure 14 illustrates the percentage of savings for each 

case study.     

 

 
 

Figure 14 

Percentages of total  

energy saved, reduction  

of CO2 emission and 

reduction of GHG in case 

studies regarding to each 

case study descriptions & 

LEED roles. 

 

Biomimetic architecture: creating a passive defense system in building skin to 

solve zero carbon construction dilemma  
 

Integration of biomimetic and sustainable architecture, a framework 
 

Regarding to previous theoretical and analytical studies, within the vision of 

creating a passive defense system in building skin to solve zero carbon 

construction. This critical dilemma, which affected negatively on any building 

through all processes from designing, constructing, and using.  
 

The framework for implementing biomimetic through building skin got steps to 

follow to achieve zero carbon construction:  

- Efficient architecture design: by analyzing site, orientation, climate, 

topographical factors, local constraints and natural resources. While searching 

within biomimetic solutions for imitate the same design needed characteristics. 

- Efficient structures systems: by searching and examine structural characters, 

permanence/temporariness, integration with building components.  

- Modular applicable systems: criteria of construction and assembling methods to 

facilitate substitution, repair, maintenance, diversified lifetime.  

- Materials manufacture and renewability: choosing efficient material or a 

product through its (size, standardization, structural adequacy, complexity, 

appropriateness, cost, labour involved, plantation origin, method of growth, 

embodied energy, recycled and reused content, toxicity).  

- Building skin criteria: control of energy flows that enter (or leave) an enclosed 

volume, within consideration of orientation, seasonal variations, surrounding 

environment, function, and typology.  

- Thermal environment control: using of renewable and non-conventional energy 

systems, by integrating sources of energy that do not reduce or exhaust their point 

of origin.  



A.S.Y. Mohamed EQA, 29(2018) 1-28 

  24 

- Creative HVAC Systems: using of strategies that provide thermo-hygrometric and 

air quality comfort, exploiting mechanically regulated, hybrid, or, preferably, 

totally passive techniques.  

- Water management systems: (collect and storage) by adopting methods, system 

and strategies that can positively collect, store, distribute, use, recycle and re-use 

water.  
 

New design processes phase through biomimetic vision  
 

Regarding to Benyus's challenge to biology design spiral, a new design process 

phases could be concluded with an innovative approach - through biomimetic 

vision. As shown in figure 15, in order to reach biomimetic effective skin. 
 

 
Figure 15. New Design processes phase through biomimetic vision, abstracting from Be-

nyus's challenge to biology design spiral. 
 

According to Figure 15 new design process phases will be: 

- Problem Definition: reading the problem means to clarify all aspects needed for 

the design process, starting from function, skin criteria and why (reasons). Therefo-

re, the idea here is to focus about what should be reached by design not only what 

you wish to design. 

- Construe: then we should think how nature will deal with the same problem crite-

ria. Searching for the same function needed in nature, then construe life principals 

through design parameters. 

- Find out: by searching through nature as considering it your mentor and then 

start cooperation with biologists through brainstorming. 

- Abstract: roles and principles from nature. 

- Mimic: abstract from process & function, start your creative thinking for multiple 

solutions, by utilizing technology to achieve design, and then review biologists. 

- Evaluate versus life principles: by asking some questions; Is It adjustable? Is it 

sustainable? Does form follow functions, skin needs and compatible with structu-

re?  

The study introduces a new criteria for evaluating project design processes - buil-

ding skin design criteria through biomemitic - this through gathering three main 

factors according to the aim of the research (Biomimetic Inspiration + Building 
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skin Criteria + LEED certificate credit) (Table 5). The design matrix includes the 

main criteria needed in order for the skin design to be energy efficient for each ca-

tegory. This will serve as a guide to design energy efficient Skin. 

- Development & Improvement process: after evaluation architect should continue 

developing &improving project to fill in gaps appeared while evaluation to reach 

final project with Biomimetic Effective Skin. 

 
Table 5. Suggested criteria to check skin environmentally effectiveness through Biomimetic. 

 

Biomimetic 

Inspiration 
Building Skin Criteria  
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Sustainable 
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Water 

efficiency 

                     
Energy & 
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Material & 

recourses  

                     
Indoor quality 

Environment  
 

  
Level of biomimetic chosen 

regarding to design problem 
 

Building skin design 

 criteria evaluation 
 

 

 

Conclusions 
  

Building Skin Energy Efficiency. One of the most important aspects in linking 

biomimetic visions with living nature is Energy efficiency. As building skin 

represents the interface between internal space and environment, skin innovation 

technology is a concentration of research in the energy efficiency of architecture. 

Apart from facade concepts, ventilation is another key issue. 

Material/Structure/Surface. Nature as a model, differentiation between material, 

structure and surface is no longer valid, this is important also for biomimetic 

approaches to the energy efficiency through building skin. Research and 

development take place on more than one scale; so the topic of energy efficiency is 

strongly connected to the influence of nanotechnology in architecture, also the use  
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of smart materials that can react to changing environmental conditions has already 

become common in building industry. From this vision there are many examples 

could be applied in building skin like:  

- self-healing and damage repair: a standout amongst the most momentous 

properties of natural materials is their ability of self-repair; numerous life forms 

have the capacity to redesign the material;  

- growth through functional adaptation: influenced by the outer conditions, for 

example, temperature, mechanical stacking, and supply of light, water or 

sustenance; 

- intensive hierarchical structuring: an incredible accomplishment of the 

development procedure of organs. Plainly, various leveled organizing gives a 

noteworthy chance to bio-propelled material amalgamation and adjustment of 

properties for particular capacities. Various leveled cross breed materials can 

likewise give development and motility.  
 

The inventive biomimetic configuration is ending up increasingly well-known 

crosswise over many fields of research because of its potential advantages, and the 

field of design is no special case. Tending to the issue CO2 emanations, expanding 

cooling loads in hot atmospheres and how to profit by regular light and common 

ventilation, this paper speaks to an examination concerning plants to gain from 

them how to limit GHG. For planners who are intending to settle zero carbon-

building predicament identified with the building skin. This paper shows the 

underlying period of this biomimetic configuration approach.  
 

Advances in material science permitted the outline group to choose materials with 

suitable properties for the venture. A blend of common motivation, social design 

and imaginative building makes an extraordinary venture in its own right.  
 

Biomimetic does not seek to make everyone into a biologist, but rather suggests 

that engineers, architects, designers, scientists and biologists (who all possess a 

wealth of knowledge of their own respective fields should share their knowledge 

with others through means of interdisciplinary learning. The vital cooperation of 

biological insight and engineering pragmatism is vital to success in biomimetic.  
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