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ABSTRACT
From Bionics and Biomimetics to Biomimicry, these terms have been used to describe the transfer of knowledge 
from biology to other disciplines. They have been poorly defi ned and inappropriate uses are becoming more 
frequent. In addition, the organization of the framework for describing biological innovations is being devel-
oped in such a way as to reduce access to biological innovation. A need for clarifi cation and the development of 
a rigorous method still exist. An analysis of the frequency of use of the terms associated with mimicking biolog-
ical models reveals that biomimetics is more widely used than biomimicry, but it is unclear whether these terms 
are being used uniformly or accurately. The following defi nition of biomimetics is proposed: ‘the study of bio-
logical functions, its forms, processes, and interactions for the purpose of solving analogous human problems’, 
and it is suggested that biomimicry be reserved to describe sustainable biomimetics. Two case studies are pre-
sented on products widely claimed to be examples of biomimicry that do not meet the criteria for the defi nition 
of biomimetic presented here. They are discussed in the context of biological function. Biomimetic research 
activities are often organized into ‘levels’ – Shape, Process, and Ecosystem – suggesting a hierarchy. Here, it 
is proposed that these levels be referred to as ‘types’ nested within Function and be called: Form, Process, and 
Interaction. A classifi cation system based upon the number of types of biomimetics that are incorporated into 
the innovation is also described. This simple framework will permit the study of biomimetic activity ‘in the 
wild’ as it currently exists so that it will better inform the development of a more rigorous process. 
Keywords: Biomimetics, biomimicry, bionic, bio-inspiration, innovation inspired by nature.

1 INTRODUCTION
The entry into the Anthropocene epoch marks an important change in the drivers that are changing 
the environment [1]. Human activity now dominates those drivers, contributing signifi cantly to the 
crossing of planetary boundaries where abrupt global change would no longer be preventable [2]. 
Curiously, the predominant pathway of economic and technological development remains largely 
unaltered by such threats [3]. Nature has evolved forms, processes, and interactions that, though they 
may be responsible for large-scale environmental paradigm shifts (i.e. photosynthesis), are not 
destructive to life. In fact, they have largely been associated with increasing biodiversity. The transfer 
of knowledge from the fi eld of biology to other domains in human society will play a fundamental 
role in addressing the challenges that arise as these tipping points are reached. 

With the usage in both the popular and scientifi c domains, biomimetics and biomimicry are defi ned 
in various ways throughout the literature. To this end, confusion regarding the delineation of the fi eld 
still exists and though some attempts have been made to clarify the terms and restructure the theo-
retical foundation of biomimetic activity [4–7], the discussion continues to be contained within 
specifi c disciplines of research. Vincent et al. [5] recognize that biomimetics is widely regarded as 
being synonymous with biomimicry, biomimesis, biognosis and similar to biologically inspired 
design. Since the 1990s, biomimetics (in the form biomimicry) has become associated with the 
‘green’ movement and of increasing scientifi c interest in conjunction with a rise in patents referenc-
ing the fi eld [8]. These symptoms suggest a problem recognized as early as the 1960s in biomimetics 
with respect to development in interdisciplinary areas of research: developing a clear interface can-
not be done by uni-disciplinarily trained people [9] and the framework of the fi eld must be derived 
from the discipline of origin rather than applying the framework of another. If frameworks from, for 
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example, engineering are applied to biology, the potential for missing the characterization of disrup-
tive innovation is greatly increased. Traditional disciplinary approaches are hindering the practice of 
biomimetics and this, in combination with a lack of clearly defi ned methodologies, has generated 
considerable scepticism with respect to the future potential of this fi eld [4].

A lack of clarity in the defi nitions and boundaries between the different technical fi elds taking 
inspiration from the aspects of biology leads to confusion about the goals of the innovative process. 
This situation is leading to the inappropriate use of the term in advertising and promotion and con-
tributing to the ‘greenwashing’ of an emerging interdisciplinary scientifi c fi eld [8]. Studying the 
emergence of this fi eld and addressing fundamental weaknesses will strengthen the practice of bio-
mimetics and serve as a guide over the slump that many feel exists. 

The concept of learning from nature is not new [10, 11]; examples are found in traditional knowl-
edge and in the works of artists and engineers from previous centuries. The work of Leonardo da 
Vinci (1452–1519) is one of history’s best documented and most cited early modern examples. 
However, the concept of biomimetics as a scientifi c fi eld of research was formally introduced by the 
American biophysicist Otto Schmitt in the late 1950s, who may have coined the term a decade later 
[12]. Designed to mimic the propagation of electrical energy within the nervous system of cephalo-
pods, Schmitt invented the Schmitt trigger in 1934 and he is credited with having used the term 
biomimetics regularly to describe this work though he never offi cially defi ned it [12]. The Oxford 
English Dictionary attributes the fi rst use of the term biomimetic to 1960 with the following explana-
tion of the rather unusual circumstances: 

The Oxford English Dictionary ascribes the fi rst use of the adjective biomimetic to the index 
(emphasis added) for volume 132 of Science, published in December 1960 (Annon. [13]). The 
index itself refers to two articles published two months apart, each proposing a new naming 
convention for devices which simulate biological functions. The author of the fi rst paper advo-
cates the use of the suffi x –mime for such devices (Van Bergeijk [14]), and it is this suggestion 
that the compiler of the index extrapolates into the adjective biomimetic for the index; the term 
does not appear in either of the papers referred to (Craft, OED Editor, Pers. Comm.).

It is only in 1974 that biomimetics was fi rst defi ned in the Merriam-Webster Dictionary 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 artifi cial mechanisms which mimic 
natural ones’. In this early defi nition of biomimetics, the emphasis is on processes and synthesis, 
associated more with chemistry than the other sciences and at limited scale. 

The coining of a similar term bionics is written to have occurred also in 1960 by Jack Steele 
while working at Wright-Patterson Air Force Base in Dayton, Ohio [5, 11, 15, 16] (also attributes 
Biomimetics to Steele, or in 1958 by Steele Vogel [17]). Though the proceedings from this confer-
ence do not contain a precise defi nition by Steele, it does contain valuable insight into the potential 
challenges that research in biomimetics might encounter [9, 18, 19]. Bionics entered the Merriam-
Webster dictionary in 1960 as ‘a science concerned with the application of data about the 
functioning of biological systems to the solution of engineering problems’. 

In the early defi nitions of both biomimetics and bionics, sustainability and green-products were 
not considered; focus was placed on product development through interdisciplinary cooperation 
between engineering and biology (and mathematics [9]). It is not until much later that sustainabil-
ity criteria based upon what are understood to be principles common to biological systems 
(i.e. integrated, multifunctional, energy saving, recirculating, network construction) are introduced 



 S. Jacobs, Int. J. of Design & Nature and Ecodynamics. Vol. 9, No. 2 (2014) 85

as part of the principles of bionics (Nachtigall [20] as translated in Gruber [6]), in conjunction with 
a switch to using the term biomimicry in the English-speaking world.

If in its early use, the term bionic was not especially linked to the context of robotics and artifi cial 
intelligence, it certainly adopted this connotation in English-speaking realms when Martin Caidin 
wrote his 1972 novel Cyborg which resulted in the 1974 television series ‘The Six Million Dollar 
Man’. Bionic then became widely associated with ‘having or denoting an artifi cial, typically electro-
mechanical, body part or parts’ [21]. Because the term bionic implied supernatural strength, the 
scientifi c community in English-speaking countries largely abandoned it [15]. But bionic is still 
widely used in the fi eld of medicine, robotics, and artifi cial intelligence and is the term of choice 
among German-speaking countries (bionik).

The usage of the word ‘biomimicry’ does not begin until the 1990s (Fig. 1) and when used prior 
to this, even in the scientifi c literature, it is done so without clear defi nition (i.e. [22]). The term was 
widely popularized by Janine Benyus in her 1997 book Biomimicry: Innovation Inspired by Nature. 
Here, biomimicry is defi ned as a ‘new science that studies nature’s models and then imitates or 
takes inspiration from these designs and processes to solve human problems’ and emphasis is 
placed upon sustainability as a core objective of biomimicry. Ataide [22] refers to biomimicry as: 
‘the discipline of applying nature’s principles to solve human problems’. The author is referring 
specifi cally to a list of descriptors intended to represent the principles by which nature operates 
developed by Biomimicry 3.8. Pedersen Zari [7] defi nes biomimicry as: ‘where fl ora, fauna or 
entire ecosystems are emulated as a basis for design’, and Nieuwenhuis and Lammgard [23] defi ne 
it as: ‘the attempt to mimic natural processes in man-made environments’. These last two  defi nitions 
clearly refl ect the fi eld of research in which the authors are engaged (architecture and industrial 

Figure 1:  Frequency of the use of words to describe biomimetic (and related) activities/products using 
Google’s ngram viewer analysis of 5.2 million books. (Bionic = white, Biomimetic = 
dark grey, Biomimicry = black dashed.) These data were adapted from the database with 
case sensitivities and plural forms combined into one value. The data are normalized for 
number of books per year.
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ecology, respectively) while many defi nitions refer to the ‘attempt’ rather than the result. Gleich 
et al. [4] defi ne biomimetics as ‘the attempt to learn from nature; it deals with the development of 
innovations on the basis of investigation of natural, evolutionarily optimized biological structures, 
functions, processes, and systems’. Dargent [16] recently defi ned it as: ‘an interdisciplinary fi eld 
that takes inspiration from nature to design innovative products and processes’. These are the least 
problematic of those existing defi nitions, though defi ning biomimetics as an ‘attempt’ rather than a 
process, methodology, or its result and the assumption of evolutionary optimization are problem-
atic while the latter remains limited in scope. Gleich et al. [4] acknowledge the diffi culty associated 
with developing a clear defi nition in light of the increasing number of users associated with biomi-
metic activity and suggest a preference for creating a mission statement (linked to sustainability) 
rather than a precise defi nition. 

Most recently, the ISO/CD 18458 (Biomimetics — Terminology, concepts, and methodology) has 
developed a defi nition of biomimetics (currently in draft form; pers. comm.): ‘interdisciplinary 
cooperation of biology and technology or other fi elds of innovation with the goal of solving practical 
problems through the abstraction, transfer, and application of knowledge gained from biological 
systems’, which highlights the fundamental steps in knowledge transfer but minimizes the impor-
tance of function. 

The defi nition of biomimicry by Benyus [24] more accurately refl ects the intention of biomimet-
ics, though it is largely focussed on ‘sustainable’ biomimetic advancements. In light of this and after 
consideration of studies in which the use of biomimicry is reported (i.e. [22]), there is need for a 
revision of the defi nitions (Table 1) and to clearly identify the differences between each term. 

A review of the frequency of the use of the words associated with biomimetics using Google’s 
Ngram Viewer reveals that biomimetic (Biomimetic, biomimetics, and Biomimetics) is more widely 
used than biomimicry in the literature, with both defi nitions exhibiting a peak use after 2000 (Fig. 1). 
Though it is not possible to verify whether these terms are used appropriately, and understanding 
that this search is from a collection that represents only a limited number of the printed material ever 
produced, certain interesting trends are found. Bionic (Bionics, bionic, and bionics) is also used 
more than biomimicry and the frequency of biomimetics is almost double that of bionics.

As the frequency of biomimicry and its derivatives increases, the frequency of the use of bionic 
and biomimetic and their derivatives decrease (Fig. 1). It is likely that biomimicry, in addition to 
being used by the ‘environmental’ lobby, has also been used by those outside of the lobby due to the 
effective publicity campaigns. 

Taking into account the historical uses of the defi nition, Table 1 presents the proposed refi ne-
ments. Biomimetics is defi ned as:

The study of biological functions, the forms, processes, and interactions for the purpose of 
solving analogous human problems.

Future research will allow us to investigate the usage of each of the terms (and quite possibly 
more) used in the development of biomimetic technologies. Do these technologies mimic biological 
function according to the proposed defi nition? Are biomimetic technologies also sustainable tech-
nologies? Are biomimetic technologies that are also sustainable more commonly described as being 
acts of biomimicry? These types of questions are informative in a fi eld where ‘access’ to knowledge 
is of such fundamental importance. 

The proposed defi nition emphasizes the importance of function. Mimicking a biological function 
is the entrance to biomimetic innovation; it is not simply one of the categories or levels or aspects to 
consider. Indeed, human innovation outside of the context of mimicking the biological function is 
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simply an art made of either biological material or a biological aesthetic. Theories of living systems 
acknowledge the importance of function: it is what makes biology different from other natural 
 sciences [25, 26]. A function in living and non-living systems can be the result of different combina-
tions of forms (or structures), processes (or synthesis, or behaviours), and interactions (or systems). 
Achieving the function in biomimetics is the desired result – the target of the innovative work– but 
it is also the action or the service provided as a result of a specifi c form (i.e. a protein), a process (i.e. 
chemical cascade), or an interaction (i.e. mutualism; but also including the emergent properties of 
systems).

In the context of the above defi nition, two types of misuses occur. The fi rst is confusion between 
biomimetics (or past uses of biomimicry) and bio-assistance or bio-utilization. The second is confu-
sion between biomimetics (or past uses of biomimicry) and simply copying nature without mimicking 
function.

2 CASE: BIO-ASSISTANCE
Bio-assisted technology incorporates living molecules, cells, tissues, organs, individuals in some 
aspect of the product. It is not mimicking the process, system structure or types of interactions to 
solve a human problem but rather it uses biological parts that already exist in nature to perform a 
biological function. This distinction has important consequences for theoretical development and 
classifi cation schemes. 

Table 1: Current defi nitions and proposed refi nements of terms.

Term Defi nition Revised defi nition Scope

Biomimetics ‘Modelled on or resembling 
a natural biological material, 
process, etc.; (of a synthetic 
method) that mimics 
biochemical processes’ 
(OED 1960)

The study of biological 
functions, the forms, 
processes, and interactions 
for the purpose of solving 
analogous human problems

Wide: 
Engineering
Medicine
Information
Technology
Economics
Systems science

Bionics ‘The science of systems 
which have some function 
copied from nature, or which 
represent characteristics of 
natural systems or their 
analogues’ [20]

Biomimetic approach 
to augment or replace a 
particular biological 
function with electronic 
or electromechanical 
components

Limited: 
Engineering
Medicine
Cybernetics

Biomimicry ‘New science that studies 
nature’s models and then 
imitates or takes inspiration 
from these designs and 
processes to solve human 
problems’ [24]

Biomimetics for the 
purpose of developing 
sustainable innovations; 
sustainable biomimetics

Limited: 
Research and 
development 
with a goal of 
sustainable 
development
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An example of mis-classifi cation comes from Ataide [22]. Biolytixwater, an Australian company, 
has developed a wastewater treatment system to turn household black and grey water into irrigation-
quality water. Essentially, they have housed the organisms and materials of the forest that carry out 
natural fi ltration and cleaning processes. The benefi ts of this organic fi lter include decreased costs of 
servicing, elimination of aeration, no pump-outs, and decreased energy consumption by up to 90%. 
As exciting as this product appears to be with respect to the promotion of the principles of sustain-
able development, this is a clear case of bio-assisted technology rather than biomimetics. Instead of 
designing and producing a technology that provides the same service as the forest fl oor, Biolytixwa-
ter has taken pieces of the actual forest fl oor to do the job. In fact, they have shown that using 
biomimetics (by creating a forest fl oor replacement widget) would likely generate more waste and 
require more energy. Bio-assistance is the preferred sustainable solution but simply using living 
materials directly from nature even for environmental reasons does not fall within the scope of bio-
mimetics. It is interesting to note that the company Biolytixwater makes no claim in any published 
material of having practiced biomimetics or biomimicry. 

This case, however, could be classifi ed as mimicking the function of a forest fl oor. Because forest 
fl oors provide the function of cleaning contaminated water in natural systems, an argument could be 
made for having mimicked this biological model but only at the simple entry point of function. 
Claims of having mimicked only function, however, are rather weak because, equally, it could be 
that a bulldozer mimics the function of a bird’s feet when it kicks up stones to make a shallow 
depression.

3 CASE: FORGETTING FUNCTION
Copying something observed in nature is not suffi cient to be claimed under the scope of biomimetics. 
If this were so, a painter could paint a house green and call it biomimetic because she was inspired 
by the colour of a forest canopy. Nature’s innovation of photosynthetic organelles is not being mim-
icked and, therefore, painting a house green for aesthetic purposes is not biomimetic. To call it 
biomimetic, our painter would need to paint a house with energy-producing paint whether it is green 
or otherwise. Though the green house may seem like an exaggerated example, this misuse of the 
biomimetic label does exist in alarming frequency. Widely celebrated as a champion of biomimetics 
(or biomimicry), Interface fl ooring represents one such example. In 2000, InterfaceFlor announced 
the launch of their fi rst biomimicry-based fl ooring system, Entropy. This was followed up in 2003 
with the launch of i2 fl ooring, also heralded as an example of biomimetic technology [27].

It is claimed that Entropy and i2 mimic the random design of a forest fl oor [27]. The fl ooring tiles 
vary in colour and individual pattern and do not need to be laid in a specifi c sequence. The company 
designers claim that they asked themselves ‘how would nature design a fl oor tile?’ [28]. The cost 
savings and reduced environmental impact of this product is, without question, signifi cant; varia-
tions in colour and pattern allow for minimal storage requirements because each product line and 
tiles can be replaced individually. However, forest fl oors have not produced a fl ooring system for the 
purposes of walking upon or decorating the ecosystem. InterfaceFlor designers did not ask: ‘has 
nature designed a fl oor tile?’

The function of a forest fl oor is not aesthetic, nor is it to provide a surface upon which to walk. 
Forest fl oors act as a reservoir for nutrients in the form of organic material and consequently regulate 
many processes throughout the ecosystem [28, 29]. In addition, the perceived random nature of the 
forest fl oor aesthetic is a consequence of the processes associated with its formation and function, 
just as the colour green is a consequence of the presence of chlorophyll within plant cells. In fact, 
forest species dispersion is not at all random, it is patchy [30, 31], and the consequent composition 
of the fl oor beneath is also, therefore, patchy [32]. Furthermore, random dispersions are the least 
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common form and the most diffi cult to identify. This has led some scientists to question whether it 
is in fact a type of dispersion at all (Solomon et al. [32] more readily accessible: Wikipedia). Inter-
faceFlor is painting the fl oor green as far as their participation in biomimetic activity is concerned.

Though marketing persons may be quick to adopt the label biomimicry because of its ‘green’ 
associations, there must be a clear separation between what is biomimetic and what is environmen-
tally friendly(ier), or sustainable. The importance of sustainable production or other areas of research 
reduce environmental impact is not being diminished. Rather, it is important to note that these goals 
can also be attained in ways other than biomimetics (e.g. bio-assistance) and, for the development of 
the fi eld of biomimetic research, it is important to understand the potential and boundaries that exist 
while recognizing that biomimetic research conducted under the principles of sustainability and 
environmental awareness is an important goal.

4 LEVELS AND TYPES – DEVELOPING A COMMON LANGUAGE
Several references to three ‘levels’ of biomimicry are available online and in the non-peer reviewed 
literature (i.e. Biomimicry 3.8, Biomimicry Europa, etc.), and one classifi cation system was pre-
sented at a conference [7]. In all cases, biomimetic research activity is organized into ‘levels’ 
suggesting a hierarchy in which the fi rst level is not as desirable, or perhaps as complicated as level 
2 or 3.

Pedersen Zari’s [7] classifi cation is intricate with three levels each containing fi ve dimensions. 
The three levels are Organism, Behaviour, and Ecosystem and a comprehensive list of possible out-
comes (the product) are presented. The results of this thought experiment produced some delightful 
examples. The author presents fi ve dimensions for each: Form, Material, Construction, Process, and 
Function. In some cases, there is confusion with respect to the biological level of organization at 
which the product is made and the author acknowledges that there is some redundancy in the scheme 
presented [7]. Irrespective of these small hurdles, this effort is indeed lacking in the biomimetic lit-
erature and though the Pedersen Zari scheme was developed for use within the fi eld of architecture, 
it is an acknowledgement of the need for a taxonomy; a common language and classifi cation system 
will facilitate research into (and the ‘quantifi cation’ of) the process of knowledge transfer for the 
purposes of biomimetic activity.

The three levels most commonly described are shape, process, and ecosystem [33]. Descriptions 
of these levels and the use of the word ‘level’ suggest that there is a hierarchy to which biomimetics 
can be conducted, that working at the ecosystem level is somehow more desirable or complex than 
working at the level of shape. This likely originates from only a basic understanding of the biologi-
cal levels of organization and the interchange between the words ecosystem and system (used 
synonymously with interaction) in classifi cation schemes that consequently suggests that mimicking 
something at the interaction level necessitates that one be guided by the characteristics of an ecosys-
tem (which includes the word ‘interaction’ in its defi nition) and that this is somehow superior to (or 
more sustainable than) mimicking other ‘lesser’ aspects. Because biomimetics takes its model from 
biology, we may not be able to include mimicking aspects of ecosystems (because they include non-
living components), except to mimic the interactions between the living and the non-living, perhaps. 
We can, however, mimic aspects of Communities (the assemblage of living components within an 
ecosystem) and certainly from interactions among living things at other levels of biological organi-
zation. Most importantly, interaction-type biomimetics is not obviously any ‘better’ than the other 
types, nor is it necessarily more sustainable. Because the overlaying motivator for engaging in bio-
mimetic research is to mimic function linked to specifi c goals or effects, mimicking something that 
has no function would be of no human use apart from, perhaps, the aesthetic. Therefore, all the 
examples of biomimetics that exist, from Velcro, to STO Corp paint, should be mimicking some 
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function(s) in nature. Within biological systems, function can be achieved through form, process, or 
interaction. Therefore, it is possible for a biomimetic product, mimicking a biological function, to 
achieve that function by mimicking form, process, or interaction of the biological model. These 
types are, therefore, nested within function (Fig. 2). 

If we were to simply mimic the function of something found in nature but not the way in which it 
accomplishes that function, then the type of biomimetic activity would be simply characterized as 
Function. In most cases, it would be trivial to practice biomimetics at the Function type only, though 
it is possible that a new biological function be discovered and this type will likely become of greater 
importance as we are pushed to investigate further the intricacies of Ecosystem Services that will 
need to be replaced with technology as we approach the tipping point of planetary boundaries [2].

Defi nition of terms:

Form: the shape or confi guration. 
Form refers to the three-dimensional aspects of the thing being mimicked, the space it 
takes up, the way it is confi gured, and its internal or external structure. We would ask: 
what aspect of its form promotes its function? 

Process: the operation of change that is performed in order to achieve a particular function.
Process describes the way in which a function is accomplished or the way in which 
something is produced with a consequent function. We would ask: how is it made or 
acquired? 

Interaction: the relationship between two or more systems. 
Interaction refers to the way in which exchanges occur, either of the same or different 
system. We would ask: how does it interact? (It should be noted here that in several of 
the thought experiments that have been conducted, interactions have become functions 
if the super-system is considered.) 

In a few classifi cation schemes, the level (or type) material has been proposed. This is inconsist-
ent with the revised defi nition of biomimetics because mimicking a material by using another 
material would fall within the type form if it was the form of the material that was mimicked, or 
within process if it was the way that a material changed or was utilized that was mimicked, or within 
interaction if it was the way that that material related to other materials that was mimicked. A tech-
nology that simply uses a living material found in nature as part of some innovation is not specifi cally 
biomimetic but, rather, bio-assistance. 

Figure 2: The types of biomimetics; Form, Process, and Interaction are nested within Function.
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5 BIOMIMETICS, TYPES, AND SUSTAINABLE DEVELOPMENT
Discussions around how best to identify the products of biomimetic activity for the purposes of 
promotion have often considered the incorporation of more than one type of biomimetic inspiration 
to be of greater value than only one type. This value has been placed largely within the lobby for 
Sustainable Development. (It is predicted that sustainable technologies are more often associated 
with bio-assistance rather than biomimetics. The framework presented here will allow this to be 
investigated.) A simple and elegant answer is often the most desirable, and likely more effi cient, 
especially in fi elds such as engineering. Incorporating a second or third biomimetic solution may not 
be necessary. However, within this framework, a hierarchical scheme can now be developed to iden-
tify the actual ‘Level’ to which the product or activity is biomimetic. 

A classifi cation system based upon the number of types of biomimetics that are incorporated into 
the innovation can be developed. In this case, a technology, for example, that mimics nature in all 
types (Form, Process, and Interaction) would fall at a higher level than one that mimics only two 
types. The scheme is presented in Fig. 3. Here, all those innovations that mimic only Function are 
given a 0 rating, those that use 1 type are designated as 1, and so on until level 3. Alternatively, this 
scheme could be modifi ed to allow for the use of two different mimicked forms to receive a designa-
tion of 2, for example. 

This scheme will allow for the quantifi cation of different technologies that will help to elucidate 
the process by which knowledge transfer occurs with respect to the types of biomimetics. Are forms 
more readily (easily) explored? Are processes mimicked more often in association with interactions? 

Figure 3:  BioM labelling scheme. A product that mimics only Function is designated as BioM0. 
A product that mimics one or more types of biomimetics (Form, Process, and/or Interaction) 
is given a designation of BioM1-3 depending upon the number of types incorporated.
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Are biological interactions largely ignored? Understanding how biomimetics is conducted ‘in the 
wild’ will inform researchers developing a biomimetic process that will increase access and facilitate 
knowledge transfer.

Mimicking function: an example of a case that mimics function only is that of the seafl oor mooring 
described in patent number US 7,976,245 B2. Here, the mooring technology mimics the function of 
a large macrophyte (kelp) in its ability to remain secured to the seabed. However, the way in which 
this function is accomplished does not mimic a macrophytic holdfast; it is secured with a series of 
anchor bolts attached to a base that is subsequently connected to the energy capturing device (for 
example) by a tensile transmission line.

Mimicking form: The case of Whalepower and tubercle technology is a classic example of form 
biomimetics. The leading edge of a humpback whale has ridges that have been shown to decrease 
the turbulence on the trailing edge and, therefore, increase the lift and consequent effi ciency of the 
fi n. This principle has been transferred to wind turbine technology in patent number US 6,431,498 
B1. More specifi cally, it is the form of the humpback whale fi n with its tubercles (and not the whale 
itself) that is being mimicked. Engineers wanting to search for further biological principles that 
might contribute to effi ciency would likely explore the super and subsystems of the fi n; both the tis-
sue of the tubercles themselves, and the organ systems involved in operating the fi n.

Mimicking process: there is increasing interest in further developing knowledge transfer from bio-
logical processes to technology. It is understood that biological processes are sustainable and are 
generally not detrimental to life. An interesting example is that of the technology described in US 
patent application 2009/0269847 A1 on self-assembling peptide amphiphiles described in more 
accessible detail in Palmer et al. [34]. Here, biomolecules called peptide amphiphiles are used to 
mimic the natural way that a collagen scaffold functions to guide bone formation.

Mimicking interaction: biological systems have evolved specifi c types of interactions that serve dif-
ferent functions. Though there are very few examples of transferring biological interactions to other 
disciplines, the inclusion of closed-loop industrial activities might be explored.

6 CONCLUSION
The need for biomimetic advancement is threefold:

1. Within natural systems, there exists an incredible bank of ‘solutions’ that designers have only just 
begun to formally investigate.

2. With the increase in negative human impacts on our planet, fi nding less damaging forms, pro-
cesses, and interactions would reduce these impacts and could contribute to preventing the fur-
ther loss of key ecosystem services.

3. Once/if we surpass the planetary tipping point, ecological services will need to be replaced by 
analogous technological services. This, by defi nition, will be only biomimetics.

Bridging engineering and biology with respect to terminology and concept has often been cited 
as one of the major challenges associated with biomimetic research [9, 10], but the gap fi lling 
should allow for bridging among a suite of fi elds including economics, systems science, and the 
social sciences if the full of potential of biomimetics is to be explored. A standardized vocabulary 
and solid theoretical foundation is a preliminary requirement for conducting and communicating 
research and for studying the way in which designers approach and interpret literature outside 
of their respective fi elds. In biomimetics, biology is being ‘forced’ to adapt to the conceptual 
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 framework of other disciplines. In doing this, a theoretical wall has been constructed upon the 
bridge beyond which lies the potential for further innovation. Instead, the biomimetic framework 
must be derived from biology before a bridge can be accessed.

If solving problems, biological or otherwise, begins with Function then, it is important to use it as 
a starting point, and not only another aspect to consider, or a step to explore, or another level. Within 
biological systems function can be achieved by Forms, Processes, and Interactions. This can now be 
used to identify and classify cases of biomimetic technologies to describe the types and levels of 
approaches to biomimetic activity, the vocabulary used to describe them, and biological models that 
are currently being explored.

6.1 Future directions

The scheme developed here will now be applied to the over 350 cases collected in the BioM Innova-
tion Database and will be combined with information derived from detailed interviews with 
developers to elucidate the current practice of biomimetics.
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