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ABSTRACT: Concerns about climate change have driven the development of new environmental theories, 
policies and initiatives, to reduce negative effects of buildings. This has begun to impact the physical 
attributes of buildings such as form, fabric and microclimate. Due to this, design professionals are now 
facing multifaceted challenges as how to balance integrating efficiency initiatives innovatively in order to 
achieve ecologically sustainable design (ESD). This paper argues that ESD can be enhanced with 
reference to new environmental theories and design approaches, such as biomimicry, which seeks 
ecological solutions by emulating nature‟s forms, processes and ecosystems to solve problems 
sustainably. However, an architectural design process that draws from a deep ecology as a model 
remains elusive. Can biomimicry potentially offer an approach that help integrate form, process and the 
ecosystem into an architectural praxis for creating ecologically sustainable buildings? 

Conference theme: Sustainability issues 
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INTRODUCTION 

In order to reduce the negative impacts of human activities to the natural environment, the architectural profession 
has been encouraged to embrace an integrated approach to balance economic and social sustainability within the 
limits of ecological sustainability. This approach has been formulated into environmental policies by many 
architectural institutes such as the AIA (Australian Institute of Architects), AIA (American institute of Architects), and 
RIBA. One response to these policies is to develop optimal design approaches which will direct design towards a 
holistic reduction. These include the introduction of environmental technology initiatives, which effect efficiency and 
performance that address form, fabric and the microclimate of buildings. Environmental theories, policies and 
initiatives pose an architectural challenge; to build up perceptive design approaches to human ecological built 
systems in a way that help integrate and adapt with the natural-ecological systems. The identified gap of knowledge 
is a deficiency of a systematic design thinking process based on a deep ecology (Hyde, Watson, Cheshire, & 
Thomson, 2007; Wines, 2000). New design thinking and implementation strategies are required to-“ move to a 
sustainable way of living within environmental limits over the next few decades, allowing for continued human 
development and population growth, whilst adapting to climate change impacts” (Head, 2008 p.5). 

After 3.8 billion years of evolution, natural systems have learned to be efficient, innovative and sustainable by 
identifying what works, what is appropriate and what lasts(Benyus, 1997). A biological system, recycles waste, 
utilizes energy and resources skilfully, balancing compositions and configurations with materials and structures 
(Edwards, 2001). In an ecosystem every by-product of an organism becomes food for another(Hui, 2005).Identifying 
thriving pattern languages in sustaining an ecosystem can provide a framework that structures information so that 
practitioners can gain a deeper insight into specific problems and develop solutions. It is seen as a living document in 
Hannover principles that derives design concepts by understanding the interdependence of human and nature 
(McDonough, 1992). However, the prospective lessons provided by nature have not been fully exploited in relation to 
an architectural design process. “A very logical approach is to adopt principles that mimic the biological system that 
we are a part of. It is an extension of the sustainability principles where we balance economic, environmental and 
social impact .”(Head, 2008p.41). Can ecosystem mimicking be adopted to develop a design process that help 
understand the integration between the, physical attributes, its microclimate and efficiency initiatives in buildings? 

Biomimicry is viewed as a relatively new environmental theory and a design approach that studies nature; its models, 
systems, processes and elements and then imitates or takes creative inspiration to solve problems sustainably 
(Benyus, 1997). It is a rapid growing area of design research mainly in the field of engineering and now in 
architecture, due to its potential to unleash novel creativity, inspired by nature, which sits within a sustainable 
framework. “Biomimicry offers strategies that professionals of the built environment can harness and adapt buildings 
to climate change” (Pedersen Zari, 2010, p. 176). However, the examination of biomimicry reveals a reductive 
mindset that applicability as a complete design approach within architecture remains elusive. To avoid such 
limitations, this paper proposes a holistic understanding of biomimicry that goes beyond mimicking a particular 
organism, process or an ecosystem, but as an interconnected whole; in view of detecting nature‟s adaptation and 
integration strategies as a transformation, that lead to a user friendly design process. This paper reviews biomimicry 
theory with other matured ecosystem based theories and models via a comparative analysis of the existing 
biomimetic analogical translation systems that are most applicable to architecture. The purpose of this analysis is to 
outline a theoretical framework for ESD that attempts to introduce a two directional mimicking system: general and 
specific, in order to develop a design process that may help increase ecological sustainability in architecture.  



 

45th Annual Conference of the Architectural Science Association, ANZAScA 2011, University of Sydney 

1. DESIGN AS A RESPONSE TO ECOLOGICAL SUSTAINABILITY 

1.1 Ecological Design Challenges  
........we must find a way to live more harmoniously with the natural world. It is therefore important that we have a 
framework for driving change from the agricultural and industrial ages towards the ecological age in 2050, so we can 
meet our three objectives: C02 emissions reduction by 80%, ecological footprint reduction by 1.44gha/person and to 
increase human development index improvement....- (Head, 2008, p. 24). 

 
Buildings account for nearly half of all the greenhouse gas emissions and energy consumptions. Thus, to achieve 
80% of carbon reduction by 2050, the built environment has to contribute a way to reduce half of above set targeted 
value. Built environment occupies a large portion of earth‟s surface and is vast in scale (Kibert, Sendzimir, & Guy, 
2002),whilst having a lifespan that lasts for 50 to 100 years (AIA & Mazria, 2010). It in addition consumes significant 
quantities of energy, water, and materials that emit gas, liquid and solid contaminants, as waste; 0.4-0.5 tons per 
capita per year(Kibert, et al., 2002 p.1). However, AIA indicates a plan to reduce emissions in new and retrofit 
building designs by enacting a building sector initiatives, targeting a greenhouse gas reduction of 40% to 60% below 
1990 levels, by 2050 (AIA & Mazria, 2010).This is followed by RAIA's Environment Policy in adopting ecologically 
sustainable development as a conduct to sets out some of the aims under key principles as an environment design 
guide, in order to work towards ecological sustainability (RAIA, 2010).Moreover, today‟s architects are encountered 
with an ecological design challenge, to find and develop optimal processes that help design, construct and operate 
with far less, resources (materials and energy) and waste without restricting creative innovations.  

1.2 Limitations of Ecologically Sustainable Design 

The climate change concerns have initiated an awareness for eco friendly approaches as an integral part design 
process, that needs to be considered at every stage of the building process (RAIA, 2010). As a reaction to this, many 
ESD approaches, have developed in the recent three decades with various terminologies namely, green design, 
environmental design, eco design, sustainable design, bio-climatic design, climate sensitive design, low energy 
design etc. based on ecological principles, striving on environmental efficiencies. However as a whole “ecological 
design is a manner of integrating human purpose with nature‟s own flows, cycles, and patterns” (Van der Ryn & 
Cowan, 1996, p. 24). Although these approaches take different directions to achieve ecological sustainability, their 
overall aim is to lessen the negative impacts of buildings to the natural environment through effective use of energy, 
waste and material to create a healthy environment. 
 
Limitations with the green design movement suggest, there is much work to be done in the area of understanding the 
connections between buildings and nature and their effects of built environment on natural systems. The performance 
improvements needed for widespread resource reduction necessitates going beyond efficiency measures. Whilst 
there are concerns to address, the entire life cycle of the built environment: planning, design, construction, operation, 
renovation and retrofit, the end of life outcome of its materials, and the philosophies for driving deeper integration of 
ecological ideas are missing(Hyde, et al., 2007; Kibert, et al., 2002). This initiates a design revolution of many 
disciplines of approaches based on principles of ecology that studies the relationship of flora and fauna. 

1.3 Ecosystem Design Approaches  

“An ecosystem approach is about application of systems thinking to the analysis and design of biophysical mass and 
energy transformation systems” (Kay, 2002, p. 73). However, currently in attempting to respond to the need to 
connect human activities to nature, many disciplines are beginning to explore their ecology and are trying to 
understand how superlative it is in relation to the behaviour of natural systems (Kibert, et al., 2002).Industrial ecology, 
construction ecology, urban ecology, biophilia design, regenerative design and ecological design are such relatively 
new design and construction disciplines where ecology, society, and economics are studied within the framework of 
an ecosystem functioning. All these disciplines lead to generate ecosystem principles. The diversity in natural forms 
of an ecosystem has many behavioural patterns, hierarchical orders, variety of forms that enables to capture and use 
resources; materials and energy. It is simply understanding the effective and efficient systems of adaptation and 
integration strategies of nature‟s processes in the ecosystem functioning. However, an ecosystem is a stable 
functioning of biological organization that comprises of systematic interactions of living and non-living within its entire 
environment (Hoeller et al., 2007). A group of ecosystem principles have been formulated by Pedersen Zari, in aiming 
to capture a cross-disciplinary understanding of how ecosystems work, in disciplines of ecology, biology, industrial 
ecology, ecological sustainability and biomimicry (Pedersen Zari & Storey, 2007).  

1.4 Ecosystem based Theories  

Many of the design approaches have been developed based on matured environmental theories of ecosystem 
functioning. Some identified are general ecological theory, theory of ecology, ecosystem theory, system theory and 
constructal theory. Ecological theory and general theory of ecology are the theoretical foundations for an ecological 
design approach. The general theory proposes a set of fundamental principles, which consists of a description of the 
domain of ecology; assists establish relationship among these constituent theories via common fundamental 
principles. The fundamental principles have been structured by the following. 

1. The spatial and temporal patterns that exist in nature  
2. The processes that operate within a domain of ecology that consists of distribution and abundance of 

organisms (Scheiner & Willig, 2008). 
Ecosystem theory has been mainly based on hierarchy theory which describes that systems can be grouped into sub 
systems; between systems and elements. The spatiotemporal arrangement of parts and relations determines the 
structure where the function of a system is defined as the order inherent in the interactions, relating to four 
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fundamental factors; order and irreducibility; relationship of parts and their relationship, self regulation; systems are 
able to react invariantly on transformation, self organization; physical and chemical process and hierarchical structure 
(Müller, 1992).Whilst, systems theory focuses on the arrangement of parts which connect them into a whole, general 
systems theory proposes a way to operate in a recursive relationship integrating philosophy and theory as 
knowledge, method and application as action, indicating systems inquiry as knowledgeable action (Von Bertalanffy, 
1974). Constructal theory provides instructions for creating optimized systems that gives an understanding of the 
nature of sustainable technology. It is a physical phenomena that unite all living and nonliving in the generation of 
design; configurations, patterns and geometry which can be understood as the inverse of biomimicry (Bejan, 2006).  
 
1.5 Ecosystem based Models  

Ecosystem based theories have led to develop many ecological models. An ecological model tends to identify the 
process that drives the ecosystem and relationships between flows of energy and materials. It demonstrates, the 
distribution of sustainable energies, including sun, gravity and the natural cycles (Williams, 2006 p.3). “Ecosystems 
are self- organizing hierarchical systems that are complex and adaptive”. (Kay, 2002, p. 75). Nature can act like a 
model in order to design the built environment which serves as a component, to raise an understanding of ecology.  

Odum‟s model which has been developed based on concept of embodied energy flow unifies principle of living 
systems, is represented as analysis, synthesis and appraisal (Markus & Arch, 1973). It illustrates the relationship 
between energy and materials. Furthermore, a systematic bioclimatic approach to proceeding architectural 
expression of built form has been developed by studying interlocking fields as variables in climatology, biology, 
architecture and technology. This model, initiated evolve basic form and building shapes according to the climatic 
regions in order to generate an optimum shape (Olgyay, 1963). However, it is quite difficult to understand how the 
ecosystem work and what properties of the ecological system to mimic. As an answer, SOHO system model was 
developed to understand eco systems as complex, adaptive, self organizing hierarchical open systems (Kay, 2002 
p.74). An ecological design model has introduced an approach based on the system and its environment which refers 
to the processes and activities(Yeang, 1995).As a further advancement ,an efficiency model; virtuous cycle has been 
developed to create and shape the built environment, help connect environmental, economic and social performance 
of different components of built environment in pretext, that change in the design of one, can lead to benefits in 
another (Head, 2008). In this instance biomimicry principles have been used as a framework to guide design in 
implementing and supporting this virtuous cycles of benefit.  

Yet it could be argued that the concept could be a generator in design. Bryan Lawson identifies the hypothesis of the 
„primary generator‟ notion of design as central. “The term „generator‟ became recognised by design theorists to 
describe the use of a single unifying concept, idea, analogy or configuration that drives the design‟s structure at its 
most abstract level through to its detail.” It can be taken as an indicator of design clarity and the designer‟s vigour of 
vision, insight and skill, which is a useful way of thinking of a solution by exploring and elaborating the central pattern 
to understand the problem and to test for suitability(Taylor, 2011).This way of thinking has forward the use of 
biomimicry in sustainable design.  

2 BIOMIMICRY AS A RESPONSE TO DESIGN 

2.1 Biomimicry Defined 

Although, nature has been known as a source of inspiration for innovation, currently there has been an endeavour to 
formalize what is described as bio-inspired design. Scientists have recently coined these names for the specific use 
of nature as an inspiration in design. It uses analogies to biological systems to develop solutions for human problems 
(Helms, Vattam, & Goel, 2009). It is gaining significance as a wide spread movement in design for environmentally 
conscious sustainable development(Benyus, 1997; Papanek, 1995; Pedersen Zari, 2007) that often simulates in 
creative innovation(Benyus, 1997; Vincent, 2006; Vogel, 1998).  

Multiple terms tag the practice of learning from organisms and systems are present in the biosphere. These include: 
bionics, biomimetics, biomimicry, biognosis and bio-inspired (Vincent, 2009; Wilson, 2008). Biomimetic is mostly 
referred mainly in the field of mechanical engineering, whilst biomimicry in architecture and product design. 
Biomimicry possesses the same Greek roots, and its denotations almost match those of biomimetic. Hence, 
biomimicry termed by Janine Benyus in 1990s covers the concepts and the same gist as biomimetic, bionics and 
biognosis to a certain extent, (Marshall, 2007)where biology is used to inform technology, structure, material and form 
in design. Moreover, the common interest lies in examining biological phenomenology for gaining insight and 
inspiration for developing human made design systems (Vincent, 2009). Thus, biomimicry is defined as an 
“innovation process encouraging the transfer of ideas, concepts and strategies inspired from the living world, with the 
objective of designing human applications aiming at a sustainable development” (Biomimicry Europa, 2008). 

2.2 Biomimicry Theory 

Biomimicry as a theory is referred to interpret nature as a model, mentor and a measure (Benyus, 1997). It is seen as 
a mentor (guide) for design as a new way of viewing and valuing nature. This involves introducing an era based, not 
on what can be extracted from the natural world, but what can be learnt from it. As a measure of design it uses an 
ecological standard to judge the rightness in innovations in sustainability. As a model it helps emulate natural design 
in relation to forms, processes and ecosystems. (Biomimicry Guild 2008). Ecomimicry (Marshall, 2007),ecosystem 
biomimicry (Pedersen Zari & Storey, 2007) and ecomimesis (Yeang, 2006) are deviation processes developed to 
mimic ecosystem as a model, that coins within biomimicry theory and other ecosystem based theories. However, 
ecosystem biomimicry differs from many others, as it suggests strategies of transferring scientific knowledge from 
ecology(Pedersen Zari, 2010).  
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2.3 Biomimicry Design Approach 

Biomimicry as a design approach typically fall into two main categories: direct and indirect approach. In the direct 
approach; a designer directly mimics strategies of an organism, a behavioural pattern or a system in nature with aid 
of an analogical translation system whilst in the indirect approach; a designer abstracts ideas and concepts as 
principles from nature‟s designs(Faludi, 2005; Panchuk, 2006).The direct approach has two basic variations; where 
different schools of thought follow different steps. Some approaches to understand design problems in two ways: 
from the perspective of design investigating biology and biology investigating design (Biomimicry Institute, 2007; 
Pedersen Zari, 2007). This includes, defining a human need or design problem by understanding and conceptualising 
processes and structures that other organisms or ecosystems use to resolve similar issues. Biomimetic as a design 
approach can be also conceptualized as a problem-driven approach and a solution-driven approach. Whilst, in 
problem-driven approach, the designer begins with a problem that seeks to develop a solution, the solution-driven 
approach involves the designer taking a reverse-engineering approach in solving a design problem. However, both 
these two approaches are attuned to variations that can lead to advantages and disadvantages(Wilson, 2008 p.7). 

The indirect approach to biomimicry is based on the abstraction of principles of natural system functioning. Many 
scholars such as Julian Vincent, Steven Vogel, Janine Benyus, D‟Arcy Thompson, Buckminster Fuller, Kevin Kelly, 
Peter Head, Mc Lennen, Pedersen Zari, Jeremey Faludi, Michael Braungart, Ken Yeang and William McDonough, 
have contributed to the compilation of environmental attributes that have been combined to developed design 
principles, lessons and concepts based on nature‟s characteristics. In spite of which approach it takes, biomimicry 
delivers three levels of increasing requirements in terms of sustainability; shapes which the identified living beings 
actually take, the manufacturing processes operating in those living beings and the interactions which the species 
entertain between each other and by global functioning of natural ecosystems(Biomimicry Europa, 2008).  

2.4 Biomimetic Analogical Translation Systems 

Representation of biological systems involves creating models of biological systems that aid in transferring principles 
from the biological system to manmade systems. “Analogical translation involves identification and systematizing 
transfer of biological principles to the engineering domain” (Wilson, 2008 p.7). Several developed as systems 
pertaining to different schools of thought, suitability varying from various fields that help systematic transfer of biology 
to technology. Most of these approaches are being used mainly in the field of product design; in their own area of 
specialization such as mechanical engineering. The difficulty found in accurately identifying relevant biological 
solutions is the enormous number of answers found in nature. These have been identified as the large analogical 
distance, lack of cross-domain knowledge and identification of relevant strategies (Wilson, 2008). Several 
researchers are developing systematic approaches for leveraging biological examples into architectural design. The 
identified user friendly analogical translation systems for architectural design have been recognized via reviewing of 
literature. It is examined and identified; the most appropriate analogical translation systems currently applicable to 
architecture as Bio-TRIZ and Design Spiral. However, Typological Analysis explores a more architectural design 
approach and Nature Studies Analysis investigates into a more ecologically sustainable design approach to 
architecture. Both these systems of analysis are still at an experimental stage (Table 1).  

2.4.1 Bio- TRIZ (BT) 

Bio-TRIZ and TRIZ, is a systematic development of a method for inventive problem solving. In using BT, design 
problems are distinguished as a couple of contradictory characteristics by technology(Wilson, 2008 p.9). It proposes 
the system operator hierarchy for biological systems. In biology, the hierarchical levels are organelle, cell, tissue, 
organ, organism, population, and the ecosystem. The hierarchical level of the object under inquiry is always referred 
to as the system. The super-system represents the assemblage of which the system is apart; a cell to a tissue for an 
organism; and the sub-system represents one of the components of the system; a cell is an organelle; for an 
organism; an organ(Vincent, 2006).  

2.4.2 Design Spiral (DS) 

The Design spiral has been introduced by Carl Hastrich, enables to bring designer‟s sensibility to a process. He 
suggests that the process in a spiral would be visually understandable to designers. This system is used by Janine 
Benyus and Dayna Baumeister to teach and practice biomimicry.DS includes six steps; identify, translate, observe, 
abstract, apply, and evaluate performed in an iterative fashion. It helps for innovators to biologize a challenge, query 
the natural world for inspiration, then evaluate to ensure that the final design that mimics nature at all levels: form 
,process and ecosystem (Biomimicry Institute, 2007). 

2.4.3 Typological Analysis (TA) 

Typological Analysis help examines nature at three levels of mimicry; the organism, behavioural and eco system. 
Each of these three levels are further categorized into five dimensions; form, material, construction, process, and 
functions to look at different aspects of design that may be mimicked in an organism or a system (Pedersen Zari, 
2007). It is a framework to understand the application of biomimicry at these different levels, which attempts to clarify 
the potential of using biomimicry as a tool to increase regenerative capacity of the built environment. This can be 
used by designers to utilize biomimicry as a methodology for improving the sustainability of the environment to 
identify an effective approach (Pedersen Zari & Storey, 2007). 

2.4.4 Nature Studies Analysis (NSA) 

Nature studies analysis; a systematic method originally adopted as a design teaching tool, is a critical discourse on 
the architectural principles that can be delineated from nature, and argues what sustainability demands are precisely 
the fundamental ecological principles which direct nature. In this process of study, nature is taken as an model to give 
a grasp of design composition by systematically analysing; adaptation of functions and context (Gamage & 
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Wickramanayake, 2005).It help categorize and understand the scientific reasoning of functional and contextual 
adaptations to aesthetic appearances, which is then transferred to a two or a three dimensional design. 

2.4.5 Comparative Analysis of Analogical Translation Systems 

Bio-TRIZ identifies the relationship between sub-system and super-system to a given system. It considers the 
hierarchy which regulates resources, energy distribution and capacity of the system, being expressed at a different 
level. In this method an organism is considered as the system, and the super-system as the environment or 
ecosystem and sub-system as the organs or the parts within the organism (Vincent, 2006; Wilson, 2008). Such 
classification to some degree is arbitrary, but in general super-system maximizes input and use of the system as a 
resource, whilst the system minimizes the effort and its resource from the super-system. This method helps identify a 
problem, understand it, find suitable solutions and concludes with a biomimetic answer (Table 1). However, the 
Design Spiral emphasizes the reiterative nature of the process, after solving one challenge and evaluating the other. 
It can either apply at form, process or the ecosystem level. DS denotes a systematic process of mimicking by 
identifying human needs via developing a design brief, interpreting the brief from nature's perspective by biologizing, 
discovering the appropriate answer/resolve the challenges, abstracting to find the repeating patterns and processes 
within that emulates nature‟s strategies; finally evaluating against life‟s principles (Biomimicry Guild, 2009)(Table 1). 

 
Table 1: Comparative Analysis of Analogical Translation Systems 

Analogical 
Translations 

Nature Studies 
Analysis k(NSA)     

Typological  Analysis 
(TA) 

Design Spiral (DS) Bio-TRIZ  (BT) 

Scales of 
Application 

Ecosystem, Process,  
Form 

Organism, Behavioural, 
Ecosystem  

Form, Process,  
Ecosystem 

System, Sub-system, 
Super- system 

Design Process  

 

Categorization 
Scientific Reasoning- 
Functional Adaptation 
Contextual Adaptation 
Aesthetic Formation 

Form  
Process  
Material  
Construction   
Function 

Identify, Interpret  
Discover 
Abstract  
Emulate  
Evaluate 

Problem Identification 
Problem Understanding  
Logical Solutions  
Biomimetic  Solution  

Biomimicry Design 
Approach 

Natural systems to built 
systems & Built 
systems to natural  

Biology influencing 
design & Design 
looking to biology 

Biology investigating 
design & Design 
investigating biology 

Solution driven approach 
& Problem driven 
approach 

 
TA helps identify mimicry of a specific organism, how it relates to the larger context by mimicking an ecosystem in 
different dimensions. It identifies form; what the building looks like, material; what the building is made out from, 
construction; how the building is assembled, process; how the building works, function; how the building operates 
(Pedersen Zari, 2007)(Table.1).TA is a developed framework that has the ability for problem solving is more 
applicable for architecture. It is an attempt to coin BT and DS. However, Nature Studies Analysis, endeavours to 
identify a process to generate form by scientifically analysing the reasons behind the generic formation of natural 
form in relation to external forces and internal forces (Gamage & Wickramanayake, 2005).This involves categorizing 
the species into groups, reasoning scientifically as to how they adapt to the environment and perform its functions to 
synthesize an innovative form with certain physical characteristics (Table.1).This teaching tool of analysis enables to 
understand the scientific reasoning of the fit between form, process and its ecosystem to a certain extend.  
 
A Comparative analysis of these analogical translation systems: BT, DS, TA and NSA (Table.1), help examine the 
similarities, differences, and specific significance to develop an appropriate biomimicry theoretical framework. All four 
translations help investigate and understand the level and sequence of application and parallel transferring of nature 
to man-made systems. This included mapping each analogical translation and identifying the relationship between 
each stage. Each of the systems has a macro to micro level of applicability which indicates certain levels of hierarchy. 
Moreover, it is revealed that all the systems can be used as analytical tools to determine the mimicking process in 
transferring strategies basically at three levels: form, process and ecosystem, but the disadvantage is the difficulty in 
linking each level into a sequential design process as in architecture. 

 
3. BIOMIMICRY THEORITICAL FRAMEWORK (BTF) 
 
The comparative analysis of the four analogical translations helped distinguish the most suitable applicability for 
mimicking or taking creative inspiration for a design process appropriate for architecture. This involves in identifying 
the inter-relationships and inter-connectedness as strategies of nature. This can be accomplished by understanding 
the environmental attributes of ecological, constructal, ecosystem and systems theories. These have been used to 
systemize the structuring of the proposed theoretical framework. BTF attempts to advance a holistic approach to ESD 
that includes identifying systematic strategies of functional integration and environmental adaptations of natural 
systems. Nature Studies Analysis has been adapted primarily to structure this frame work, since its steps has a 
sequence similar to a conventional architectural design process. However, TA, BT and DS have been utilized as 
supporting systems to help identify the links between the form, process and the ecosystem.  
 
BTF exposes some important underlying patterns, to facilitate in identifying the correlation between each scale of 
application: form, process and ecosystem, holistically. The main significance of BTF is the systematic organisation of 
a design thinking process based on identifying the patterns of interconnectedness and interrelationships of the 
ecosystem and scaling down to its processes in creating an innovative form. Thus, BTF proposes a sequence of 
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questions as to; what is the type of categorization; what are type of strategies used to integrate functions and adapt to 
the environment effectively and how it is expressed in relation to its physical form which emphasises as to how each 
part is synthesised into a coherent whole. The key phases and components of the framework includes: 
categorization, functional integration, environmental adaptation and innovation of form (Table 2). 
 

Table 2: Biomimicry Theoretical Framework (BTF) 

Scale of application Design Process   Direct Approach: Specific mimicking Indirect Approach: General mimicking  

Ecosystem:  

How does it fit with 
the whole? 

 

Process:  

How does it 
perform and how is 
it made? 

 

 

Form: 

What is the shape? 

1. Categorization 
What is the type of 
classification? 

Type of Species, Physical 
characteristics, Climatic zones, 
Relationship between species, Size 
variations, Form variations  

Identification of building type, Types of 
users, Size variations, Form variations, 
Relationship with users &organisms, 
Climatic zones 

2. Functional 
Integration- What 
are the innovative 
strategies? 

Hierarchy of functions: primary, 
secondary , Techniques Physical 
Characteristics, Mechanisms, Patterns, 
Behaviour patterns , Needs, 
Communication ,Organization  

Users & user needs, Hierarchy of 
functions: primary, secondary functions, 
Techniques,   Physical characteristics, 
Mechanisms, User behaviour, Patterns, 
Needs, Occupancy, Communication   

3. Environmental 
Adaptation- What 
are the innovative 
strategies? 

Macro & micro environment, Physical 
Characteristics, Habitat, Topography, 
Macro & Micro climate: wind, sun path, 
temperature, humidity, rainfall 

Macro & micro environment, Physical 
Characteristics Topography, Macro & 
Micro Climate: wind, sun path, 
temperature, humidity, rainfall 

4. Innovation of 
form-What is the 
expression? 

Design fundamentals: lines, shape, 
texture, colour, patterns, Geometric 
progression: module, unit to whole, 
scale and proportions 

Design fundamentals: lines, shape, 
texture, colour, patterns, geometric 
progression: module, unit to whole, scale 
and proportions 

 
3.1 Categorisation 
What is the type of classification?  

The categorisation in this frame work is to understand the rationale behind the differences and similarities of species 
and which basis they have been characterized. In this phase species (family) are mainly categorized according to 
their general and specific characteristics: scientific classification (genetic code). This phase, help establish general 
characteristics by identifying behavioural patterns, habitats, food consumption patterns, and life cycle within its 
ecosystem. However, nature has its own laws and systems of working. Darwin in natural selection helped to discover 
keys to the genesis of species and their interdependence and interconnectedness within habitats which have been 
followed and developed by many. Species within similar habits and genetic codes have been categorized as a 
particular type; groups (families), sub groups, enabling in identifying similarities and dissimilarities. In natural selection 
the concept is simple but powerful; individuals best adapts to their environments are more likely to survive and 
reproduce. As long as there is some variation between them, there will be an inevitable selection of individuals with 
the most advantageous variations(Darwin, 1859). The selected species are categorized either according to the 
climatic conditions, physical characteristics; size, form, colours, scientific classification, behavioural patterns or 
habitat. Systems theory is used to help identify these trans-disciplinary complex systems in nature and the abstract 
organization of phenomena, independent of their substance, type, spatial or temporal scale of existence that can 
investigate a group of species that work together in an ecosystem. This phenomenon is then used to help compare in 
categorising of a typology in built systems which maintains a similar functional or a contextual pattern. 
 
3.2 Functional Integration  
What are the innovative strategies of natural systems and how can they be transferred to build systems?  
In this phase it questions in identifying the hierarchy of functions: primary and secondary functions; characteristics, 
techniques, mechanisms, behaviour and needs of different types of species. For instance, primary function identified 
in a leaf is photosynthesis. The leaf is designed to spread out and make the surface wide in order to capture the 
utmost level of sunlight in tropics to facilitate maximum production of food. Secondary functions may be how it is 
designed to withstand the climatic conditions; humidity, temperature, rainfall and wind. Species also use many 
techniques of defence as camouflaging and mimicking strategies to perform functions. Natural systems have the 
capacity to self organize at all levels: form, process and ecosystem. The hierarchical nature of ecosystems can be 
that all animals have repertoire behavioural patterns. The behaviour repertoire of an animal could be entirely under 
genetic control as also might be the integration mechanism. This indicates how some species in its environmental 
experiences bring about modification to the behaviour or its integration (Hansell, 2005, p. 183). Systems theory can 
help provide a general method to study the ecosystem incorporating organizational patterns. A system can be defined 
as a collection of interrelated parts that work as a whole by some driving force. Functional relationships exist between 
the parts suggests the flow and transfer of some type of energy and matter. These parts and processes of a system 
have functional as well a material and structural connection between each other (Von Bertalanffy, 1974). This phase 
help understand the self–organizing character and multi- functionality by identifying the diversity of behavioural 
patterns of organisms. This phenomenon can help identify hierarchical connections and synergy between technology, 
materials, structure and form in order to optimise built systems. Thus, identifying functional integration enables 
eliminate waste spaces and help integrate physical attributes by identifying hierarchical organization in built systems. 
 
3.3 Environmental Adaptation 
What are the innovative strategies of natural systems and how can they be transferred to build systems? 
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Adaptation is one of the basic phenomenology of biology, and is the process whereby an organism becomes better 
suited to its habitat. The term adaptation may refer to a trait that is important for an organism's survival. Formation of 
leaves; size, shape, colour, texture vary as per different climatic conditions. This relates to the behavioural, physical 
and psychological adaptation in biology. Olgyay‟s model help develop a taxonomy of environmentally adapted 
building typology. It aided to identify a plant morphology in various climates that bear an analogy to the formation of 
buildings (Olgyay, 1963). Indigenous plants, animals and natural formation tend to adapt according to its habitat, 
topography and micro climate conditions: wind, sun path, temperature, humidity, and rainfall. However this phase 
helps identify how species vary with regard to its physical characteristics and adapt according to its microclimatic 
conditions. The size, colour, pattern and texture variances in the form occur due to the inherent characteristics of the 
climatic variances: hot humid, hot arid, cool temperate and cold climate and the conditions of the micro habitat: land, 
water and air. An indigenous plant species in a foreign environment will have the same physical characteristics, but 
will adapt according to microclimatic and other environmental conditions in terms of shape, size, colour, and texture. 
(Kay, 2002). The linkage among species within the habitat helps to balance and sustain as an ecosystem. In built 
systems the physical attributes; fabric and mass may be designed accordingly to these adaptation strategies, proper 
orientation; sun path, light, ventilation accordance to climatic conditions and spatial organising mechanisms. 

 
3.4 Innovative Form 

What is the expression of the physical characteristics of natural systems?  
The expression of natural system has been mapped by identifying the design fundamentals: lines, shape, texture, 
colour, pattern, of the physical forms of the species. This entails understanding the physical components of natural 
systems in relation to the geometric progression; module, unit to whole and scale and proportions. This is ultimately 
understanding the forces that give rise, as a representation of a form to a diagram of forces in equilibrium (Olgyay, 
1963).This reveals that internal forces of functional integrations and external forces of environmental adaptations help 
evolve the final development of form. As per theory of evolution the genetic forces of its functions gives appearance 
to the form and the environmental conditions tend to give shape to its mass. In this instance, constructal theory helps 
understand the flow systems to persist, sustain or survive that gives shape and structure. An innovative design form 
is an investigation and understanding the synthesis of both internal forces; functional integration and external forces; 
environmental adaptation. In natural systems the scientific reasoning behind its existence in relation to form and 
shape can be understood further via analysing the design fundamentals with the aid of existing geometric systems 
such as Golden section and Fibonacci series (Vajda, 1989) which are based on nature‟s proportions to evaluate the 
level of expressiveness of form. Hence the expression of a form of a natural organism can help recognize the 
strategies of functional integration and environmental adaptations used for its survival. This phenomenon can then be 
transferred to build system when determining shape and form in order to determining aesthetics in buildings. 

 
BTF can be applicable in terms for both biomimicry approaches; direct and indirect. The direct approach can 
investigate natural systems to built system and built systems to natural system. The indirect approach abstracts 
principles, concepts of nature as a universal process. This indicates that the direct approach can preferably use the 
specific mimicking system and the indirect approach can use the general mimicking system as per the procedure of 
the framework. Specific mimicking system imitates a particular species, its behaviour patterns within its microclimate 
which in turn is transferred as per the phases in the framework. General mimicking system includes only following the 
steps that are followed by nature as a design process to help generate architecture in a sequential manner (Table 
2).This introduces a more flexible design process that is holistic which may be potential for any mode of application.  

 

CONCLUSIONS 

BTF can be utilised as a bottom-up approach in ESD process as a general or a specific mimicking system. Both 
specific and general mimicking systems help understand the connection between a form (species), process 
(mechanism) and an eco system (context) as an assemblage of interrelated parts that work together. These systems 
have the possibility either to apply at any level or as a continuous design process in order to understand the 
interconnectedness and the interrelationship between form, process and the ecosystem. The application of BTF can 
help identify strategies in synergising relationships between the microclimate and physical attributes: form and fabric 
in buildings. This process can be assessed within the conventional ESD criteria such as to material impact, structural 
efficiency, energy consumption, emission of gases and solid waste as an early detector to achieve ecological 
sustainability in architecture. However the integration on biomimicry offers more scope for conceptual drivers in 
design which underpins the need of higher order gains that can currently be achieved. Hence bio-enhanced design 
could be a „game changer‟ in the design of ecologically sustainable buildings. 
 
The greatest potential of BTF lies in its application for problem solving as a process rather than directly mimicking of 
biological shapes and forms. It intend to guide by mimicking or taking creative inspiration of natural strategies such as 
camouflaging, defence techniques, locomotion, attraction of the opposite, forces of gravity, least energy, use of local 
resources and behavioural patterns as mechanisms of integration and adaptation. These can help increase the level 
of multi-functionality and diversity in order to optimize designs. However, this systematic process facilitates; identify 
the connection between components, built systems and the ecosystem. Moreover, it demonstrates that higher the 
level of functional integration and environmental adaptation may potentially assist in synthesizing an optimal form. 
This procedure offers a design thinking, which draws taking ecology as an analogical model, whilst following the 
conventional design process to assist synthesis efficiency initiatives innovatively with its physical attributes. Thus, this 
process as a concept generator can aid integrate and adapt eco-technologies as a part of the whole system design 
rather than assembling elements to synthesis the whole, which focuses towards a less waste- innovative approach.  
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