
Bio Inspired Design of an Electric Scooter Body 
 
Abstract 
Biomimicry promises to be an effective strategy to develop sustainable products, processes and services, by 
learning from nature how to solve complex problems. Compared with other design strategies based on analogies 
with nature, like cradle to cradle and industrial ecology, biomimicry provides both a strong vision on 
sustainability, as well as concrete examples how to materialize this vision. 
Existing tools for applying biomimicry in a product development process are not well known among industrial 
design engineers. And it is questionable whether they are suitable and sufficient for this application. 
This article describes a design inclusive research which has been executed in the context of a graduation project 
for the Delft University of Technology, department of Industrial Design Engineering. A case study was carried 
out concerning the design of an electric scooter body. Main questions were how to apply biomimicry in an 
integral product development process, and whether this application leads to a sustainable design. 
Existing biomimicry tools as proposed by the biomimicry-institute were complemented with existing tools from 
other design strategies. Two tools were developed and applied to introduce the influence of the direct 
environment on the design. 
The final design included several characteristics that are distinctively conceived by the application of 
biomimicry. The main theme of the design was its adaptability to and connectivity with the environment on 
several time scales. 
Overall, applying biomimicry increases the effort and time necessary to complete a product development project. 
It decreases the regular solution-space for design problems, but introduces the natural domain as a new one.  
Due to the nature of creative processes, it is difficult to determine the exact influence of biomimicry on the end-
result. However, for distinct features it is likely they are conceived because of the application of biomimicry.  
As biomimicry uses a qualitative definition of sustainability, which is inherently not quantifiable, its 
sustainability is difficult to proof. 
Tools for Bio Inspired Design need further development, to streamline the process, to increase the influence of 
the environment, and to be able to quantify or otherwise prove the qualitative notion of sustainability as 
proposed by biomimicry. 
 
 
  



Introduction 
In the search for strategies to develop sustainable products and processes, attention has gone out to the examples 
of sustainable organisms and processes in nature. Several design strategies currently exist based on analogies 
with nature. They all promise, if applied to product development processes, to result in sustainable products and 
processes.  
Most prevalent are Cradle to Cradle (CtC), the Natural Step (tNS), Industrial Ecology (IE) and Biomimicry 
(BM).  
This article will discuss Biomimicry and the possibilities of applying it in a product development process, and its 
possible influence on the sustainability of the resulting design. 
 
Biomimicry 
The term biomimicry is a combination of the greek words bios (life) and mimikos (imitation) (Reap, Baumeister, 
& Bras, 2005) It’s a strategy to solve complex problems by learning from nature. Its application mainly lies in 
the field of sustainable product development. 
Biomimicry can be applied on three levels: 
 

1. Nature as model: study, imitate or take inspiration from natural models to solve human problems 
2. Nature as measure: use an ecological standard (called Life’s Principles) to evaluate the “rightness” of 

the solutions to the problems 
3. Nature as mentor: re-view and re-value the human attitude towards nature from utilitarian towards co-

existing (Benyus, 1997) 
 
Most existing examples are of the type 1 category: nature as model. (figure 1) 

- the bullet train based on the streamlined beak of the kingfisher reduces the effect of the shockwave of 
the train when entering tunnels. (biomimicryinstitute.org, 2009) Whalepower’s wind turbines have an 
increased efficiency, due to the geometry of the blades, which are based on the tubercles on the flippers 
of the humpback whale. (biomimicryinstitute.org, 2009) 

 

 

 
Figure 1. On the “Nature as model” level organisms show how to efficiently cope with environmental 
circumstances: the beak of the Kingfisher helps the bullet train to enter tunnels at high speeds with low 
resistance. The flippers of the humpback whale inspired wind turbine developers to emulate the geometry of the 
tubercles, to reduce drag.  
 
Fewer examples introduce the second category, using an ecological standard, as well (figure 2): 

- Interface flor’s carpet tiles are inspired by the random pattern of forest leafs. The tiles are attached to 
the ground using non-permanent adhesives based on the gecko feet (nature as model). Also, all 
materials are recyclable, little waste is generated (nature as measure) (Interfaceflor, 2010) 

 



 
Figure 2. Interfaceflor uses ecological standards, to develop and select sustainable products, up to the 
production and end-of-life system.  
 
The third level is difficult to pinpoint, as it will manifest itself through personal and social changes. It can also be 
incorporated as part of a company vision, or be the central paradigm of political movements. Being so intangible, 
no examples will be given here.  
 
This article presumes the influence of the first two levels on existing product development processes are best 
studied because they are (to a certain degree) measurable, and at least perceptible. Although the third level will 
possibly have the largest influence on product development processes, and is needed to be the dominant 
worldview in a society to render it truly sustainable, (Ehrenfeld, Sustainability by design, 2008) its influence can 
only be made visible through stories or anecdotes, because of its subjective and complex character. Therefore, 
quantitative research is not the best way to proof its influence. 
Furthermore, applying the nature as mentor level is also the largest leap from current paradigms and it is 
therefore uncertain if industrial design engineers are willing to adopt such new ways of viewing reality easily. 
However, if the first the initial two levels are applied rigorously and on a frequent basis, it is assumed likely the 
third level understanding of biomimicry will develop within persons and through them in societal structures. 
(Ehrenfeld, Sustainability by design, 2008) The necessary mind shift is assumed to be achievable through 
incremental experiences of the importance of co-existing with nature, introduced to engineers by applying the 
first two levels of BM. 
There is no clear definition of sustainability offered by BM.  (Reap, Baumeister, & Bras, 2005) mention: 
“Socially beneficial, profitable products that restore or at least leave the environment undamaged”, and 
(biomimicryinstitute.org, 2009) mentions in the Life’s Principles  “life creates conditions conducive for life”, 
and “Life adapts and evolves’ as the main elements of sustainability. Life’s principles are heuristics derived from 
experiences with sustainable eco systems. If followed in the design of products, processes and services, it is 
assumed the result will be sustainable. 
  



Comparison 
To understand the similarities and differences between BM and the other strategies, a comparison is made in 
table 1.  
Nature-based strategies are supplemented with the current standard for sustainable product development as 
approved by United Nations Environment Programme (UNEP): design for sustainability(DfS (U.N.E.P., 2009) 
 

 
 
Table 1 A comparison of strategies for sustainable development, complemented with the current standard of 
Design for Sustainability.Sources: (Benyus, 1997) (Berkel, Willems, & Lafleur, 1997) (Braungart, Mcdonough, 
Anastas, & Zimmerman, 2003) (Burns, 1999) (Ehrenfeld, 1997) (Graedel, 1996) (Reap, Baumeister, & Bras, 
2005) (U.N.E.P., 2009) (Upham, 2008) 
 
All strategies have characteristics in common: embracing systems thinking, based on ecosystems; importance of 
cyclic (material) flows; eliminating harmful substances; efficient energy use. 
They can and do interchange tools (like LCA), however several have different names at different strategies: the 
DfS systems map is similar to the IE process flow chart for example. 
An important difference between several however, is the shift from a mindset which focuses on reductions of 
negative impacts (DfS, IE, tNS), towards a mindset that seeks to increase positive impacts of human activities on 
the environment (CtC, BM). As such a mindset uses terms of possibilities instead of impossibilities, according to 
research on motivation, it is likely to be more motivating for people to embrace.( (Ryan & Deci, 2000)  And 
more importantly, it opens the possibility of a truly sustainable society instead of a less unsustainable one.( 
(Ehrenfeld, Sustainability by design, 2008) It can even be argued that, due to the nature of sustainability as an 
emergent property of complex interconnected systems, it is meaningless to speak of the degree of sustainability 
of a system. A system is sustainable, or it is not. (Ehrenfeld, Sustainability by design, 2008) This would render 
the approach of reducing unsustainability an activity that cannot lead to sustainability.  
As can be seen in the comparison, BM has several tools available to be applied in a product development 
process. These tools are not well known amongst engineers. It is unknown whether they are suitable to apply in a 
regular product development process. (asknature forum, 2009) (Mul, 2009) 
 
Problem definition 
Biomimicry is said to be a potent paradigm to develop sustainable products. (Benyus, 1997) (Reap, Baumeister, 
& Bras, 2005) (biomimicryinstitute.org, 2009) (Ehrenfeld, 2008) (Papanek, 1971) Amongst industrial design 



engineers interest in biomimicry is present.  However, hesitation exists to apply it, because it is not well known 
how this can be done. (asknature forum, 2009) 
This article has the goal to create an overview of the possibilities of applying biomimicry in existing product 
development processes. It will result in a suggestion of applicable tools for a specific sub-division of biomimicry 
focused on product development, called: bio inspired design (BID). 
 
The main questions that will be answered are: 

1. How can biomimicry be applied to a product development process? 
  1a. Which tools currently exist for implementation? 
  1b. Which tools can be developed for implementation? 

2. What influence does applying biomimicry have on the design of a product? 
  2a. What influence does it have on the characteristics of the design? 

2b. What influence do these characteristics have on the sustainability of the design?  
 
Method 
For answering question 1a.  literature review has been undertaken. 
For the other questions, a research by design project has been initiated during a graduation project. (Christiaan, 
Fraaij, Graaff, & Hendriks, 2004) This execution of the graduation project is used as a case study, to gather 
results for the research by design project. This particular way of applying research by design is called: design 
inclusive research. Its goal is knowledge exploration and construction by involving design as evolving research 
means. (Horvath, 2009)  

 
Figure 3 The design inclusive research is suited to answer questions on design methods. It incorporates a design 
process in the research process to test hypotheses. (Horvath, 2009) 
 
A case study of the design of the body of an electric scooter was selected, due to the sustainable aspirations of 
the company involved (eco-movement, 2009), the potential sustainable character of the product and the necessity 
of improvements on the current design of this product. (AsianDevelopmentBank, 2009) 
An integral product development process was chosen to serve as the basis for implementing biomimicry. This 
approach was selected, for its holistic character, suitable for solving complex problems. (Buijs & Valkenburg, 
2000) As it was the aim to apply both first two levels of biomimicry (nature as model, and nature as measure) in 
this project, while both solving design problems as well as developing the method to solve these, the level of 
complexity of the project was expected to be high, hence the suitability of this design approach. 
Existing biomimicry tools were applied and new tools were developed during the case study. All tools were 
evaluated by the results of this case study. 
 
Results 
Per phase of the integral product development process, tools were selected for the implementation of 
biomimicry. Tools as proposed by the biomimicryinstitute, as well as suitable tools from other sustainable 
product development processes were selected. 
Also, two new tools were developed, based on the arisen insight that a central topic in biomimicry is the 
connectivity of products with their environment. It is assumed the sustainability of a product is dependent on 
these connections. No existing tools were found that helped to increase the connectivity of products.  
Both tools are dependent on each other, as one (environment scan) provides input for the other (connection 
diagram). 
 



An overview of which tools can be used during which phase is given in figure 4

 

  A more elaborate discussion of 
the selected tools can be found in table2, and of the developed tools in table 3. 

  
Figure 4 Per phase different tools can be used to introduce Biomimicry in the process. Several tools, such as the 
selection wheel and asknature.org can be used in multiple phases. Evaluation of results occurs after each phase, 
and at the end of the project. Life’s principles can be used to evaluate, as well as generate ideas: therefore it is 
placed above and below other tools. 

 
Table 2. Tools were selected, applied and evaluated from Biomimicryinstitute.org as well as existing sustainable 
development methods. (asknature forum, 2009) (biomimicryinstitute.org, 2009) (Kepler, 2002) (Papanek, 1971) 
(Remmerswaal & Brezet, 2002) (Roozenburg & J., 1998) 
 
 

 
Table 3. Tools were developed to better introduce the effect of the usage environment on the design of the 
product. (Mul, 2009) 



 
Figure 5 A connection diagram visually summarizes the most influential elements identified during the  
environment scan, on the design of the product. It helps to understand its (possible) connections with its 
environment, and to prioritize between functions of the product. It is similar to a systems diagram, however it 
has a focus on the functionalities of a product in relation to its environment, instead of on the process around the 
realization of the product. 
  
In an informing leaflet the method is presented to the target group of industrial design engineers. Within it, the 
reasoning for why to apply it is mentioned. An overview of possible tools is given, as well as the life’s 
principles. Finally, a multimedial reference list for initial orientation in the field of biomimicry is given. 
 

 
Figure 6 A leaflet was made aimed at industrial design engineers to inform them on bioinspired design and how 
to apply it. 
 
Bio Inspired Scooter Body: the Fit 
The main theme of the final design of the scooter body is adaptability to and connectivity with its environment. 
The lightweight magnesium alloy frame is constructed of a repetition of one unique element. It is modular, and 
connectable to form different lengths and angles, to suit the driver. The flexible textile body is adaptable to 
different wind directions. It is customizable in shape, and appearance to fit the changing needs of customers. The 
textile is coated with a TiO2 solution, which actively decomposes Volatile Organic Compounds present in the 
air.  
 
The final design of the scooter body and its features are presented in two figures.  
 
 Nature as model 
As shown in fig. 7. several organisms have led to direction inspiration for the design of the Fit. (Mul, 2009) 



 
Figure 7 Several organisms and organs and general natural principles have stood as a model for inspiration for 
the design of the Fit. 
 
 Nature as measure 
In a more general sense, the life principles are applied in the design as shown in fig.8 

 
Figure 8 Life’s principles have been applied throughout the Fit concept design. Nature has been applied as a 
measure of good design. (Mul, 2009) 
 
 
 
 



Conclusions 
Using several existing tools and using sources of biological knowledge, it is possible to introduce biomimicry on 
a “nature as model” level in an existing product development process. Most solutions found this way are in need 
of further fundamental research, before they can be successfully applied in a product. Although studying 
working principles in nature can trigger associative idea generation, it is likely that within the time restrictions of 
product development processes, it is not possible to translate these working principles into a realistic product 
design.  
The “nature as measure” level is implemented by including a relevant selection of life’s principles with largest 
influence on the design, into the program of demands for the product. Design solutions have been evaluated on 
their compliance with this program of demands, ultimately rejecting solutions not in line with life’s principles. 
This reduces the regular solution space of technical solutions. This reduction however is partially 
counterbalanced by introducing the natural solution space. However, because a large part of these solutions are 
not applicable before fundamental research has been executed, the overall solution space will be reduced when 
following life’s principles.  
It takes time to understand life’s principles well, but after this investment, they can be readily applied. 
Implementing biomimicry in a product development process should lead to a focus on the usage environment of 
the product, to be able to develop symbiotic relationships with actors in this environment. 
In general, application of biomimicry seems to increase the effort and time necessary for a product development 
project. However, it also yields results as new sources for solutions are introduced.  
 
As a product development process is a complex creative process, in which inherently not all motivations can be 
consciously experienced and communicated, it will remain uncertain what exact influence biomimicry has had 
on the design choices. However, for several distinct features of the final design, it can be made assumable how 
they were conceived, and which tools have triggered this conception. 
The following features of the design are supposed to have been conceived through application of biomimicry, 
and would not have been present if a common product development process had been followed: 
 

- The overall theme of this concept is adaptability. Biomimicry as a paradigm not only focuses on the 
necessary cyclicity of ecosystems, but also on its ever changing state. This focus has been applied to the 
design as well, resulting in an adaptable design on several time scales and with respect to different 
environmental factors. 

- The metaphor of a product being grown in its own habitat / usage environment  like an organism, has 
helped to understand the importance of understanding and analyzing the factors present in the (usage) 
environment of the product. This has lead to the “environment scan” and the “connection diagram”, 
both focused on finding possible connection in the direct environment of the product. Concretely, it 
resulted in the idea of applying TiO2 on the fabric, the adaptable modular frame, and the bendable body 
for the wind. This body reconfigures its shape to form ad-hoc the most aerodynamic shape.  
The metaphor helped as well to realize the importance of adaptability to the actor with most influence in 
the environment, the user. 

- Two direct examples of bioinspired solution finding was the insight of how bones are detachably 
connection by ligaments. This resulted in the integration of the tensile strength of the textile body to 
attach the spacers semi-permanently. Secondly, the shape reconfiguration of leaves on trees to minimize 
wind resistance (Vogel, 2003), has stood model for the shape reconfigurating flexible body. 

- Asknature.org has been directly responsible for the generation of ideas for sub-problems. Although 
many were discarded as much research would’ve been necessary to make them viable, and others were 
the basis of already familiar engineering tools, they stimulated out of the box thinking, and increased 
understanding of the underlying constructive principles of nature, so to conceive other own developed 
solutions. 

 
Because the exact influence of Biomimicry on the final design is unknown, its influence on the sustainability of 
the design is unknown as well. This problem is amplified by the vague definition of sustainability being used by 
biomimicry. And only few life’s principles can be quantifiably measured, like energy efficiency. This makes it 
difficult to assess to what degree the principles have been accounted for in the design.  
It follows that operationalization of biomimicry’s vision on sustainability is troublesome: following life’s 
principles should result in sustainable designs, however following all is next to impossible. Furthermore, 
although not all are prerequisite for the sustainability of a design, it remains unclear which exact life principles 
are, and which not. Finally, it is uncertain how to measure to what extent the life’s principles have been 
followed. 
 



The introduction of the environment as an important factor for defining the design of a product (its shape, 
desired functionalities, materials etc.) is, for industrial design engineers, the most important, interesting, and 
influencing way of applying biomimicry. Not so much the working principles of the product themselves, but the 
underlying process of the identification of possibilities and limitations present in the always complex and 
dynamic environment in which a product should function, offer new possibilities and challenges for industrial 
design engineers. Adding more connections and interactions between the product and its environment quite 
possibly will lead to more realistic and effective products. If sustainability can be defined as being connected 
with the environment solely through cyclic and mutually beneficial connections, this approach to product design 
may well lead to truly sustainable products. However, this last assumption should stand in the shadow of the 
large “if” in front of it, until better ways are developed to show the magnitude and impact of such connections. 
Finally, besides all logic arguments and sustainability claims, another important positive aspect of Biomimicry 
should be noted: the sheer pleasure of lessening a thirsty curiosity by discovering geniuses of nature, over and 
over again. 
 
Recommendations 
 
Further research 
To further develop the BioInspiredDesign method, it should be reapplied to the development of physically less 
complex products. This way more attention can go out to the development of tools, instead of to the complexity 
of the product itself. 
To do so, BioInspiredDesign should be put in practice: an actual case of a company should be executed 
according to the BioInspiredDesign method. 
 
The influence of biomimicry in the development of design solutions remains hidden for observation (being an 
internal creative process). One case study is therefore insufficient for any valid conclusions. A large study 
including a large number of case studies, in which the only changing parameter should be the design method, 
should be undertaken to draw valid conclusions on its actual influence. 
 
Other tools 
To assess the sustainability of a product according to the premise that the connections with its environment are 
the key to this, a tool could be developed that evaluates the product on basis of its connections. 
An indicator of sustainability could be the amount of mutual beneficial or cyclic relationships, measured as a 
ratio against the non mutually beneficial or cyclic relations.  
 
The “host method” (in this case integral product development) should be evaluated. It is possible more rigorous 
adaptations to this method can be made to increase the influence of biomimicry on the product development 
process. For example, it could incorporate the notion of continual parallel background evalution in mind of the 
designer: this is what happens when developing design solutions with life’s principles literally in the back of 
your mind. 
 
General recommendations 
To ensure information of nature is implemented in the process, a biologist and / or ecologist should be a member 
of a bio-inspired design team. Especially for the environment scan, but as well for the idea generation, his/her 
knowledge of nature will be an addition of great value. 
 
In general, if the goal is to engage in the development of sustainable products, it should not be necessary to limit 
yourself to only one of the methods, based on the assumption it is the best. Better, other methods should be 
considered and understood as well. Doing so, it will be possible to enhance each strategy by cross-fertilization. 
Each method can likewise be enriched with tools well suited for specific problems at specific stages of the 
product development process. 
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