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Abstract
The aim of this Bachelor thesis is to develop ways in which design managers can apply bio-

mimicry in product innovation by integrating it into product development. This paper therefore 

reviews the literature on product innovation to understand its concepts and levels, biomimicry as 

a potential approach to innovation, the current approaches to new product development and the 

role of design management and design thinking. Consequently, the opening research question 

was formulated as follows: “How can a biomimetic approach help product/service development 

to innovate?”

The literature review shows that innovation is an important element in today’s fast-changing 

economy and that developing new products and services is a vital component for companies to 

stay competitive. Biomimicry as an approach to innovation offers methods and processes which 

different companies have already applied. However, biomimicry was never used as stand-alone 

design process, but has always been part of existing approaches. 

This paper also reveals that most best-practice methodologies were designed for incremental 

innovation. Consequently, conventional approaches to new product development (NPD) do not 

have a clear methodology or process for breakthrough innovation or transformational innovation. 

Design Management is an integral element to ensure that NPD projects put forward superior 

products. Design thinking (DT) as a discipline offers a compelling model for breakthrough innova-

tion with a user-centered focus. Hence, the aforementioned arguments led to the development 

of the following hypothesis that aims to provide an answer to the following research ques-

tion:“Integrating biomimicry by means of design thinking in company’s processes supports com-

panies to achieve breakthrough innovations in product development and helps a design manager 

to steer the activities in an ecologically, socially and economically sound way.”

The insights gathered from the literature review led to the development of a preliminary solution 

concept – the Design Manager’s Biomimicry Toolkit, which is developed throughout the research 

and analysis phase of this paper. The toolkit forms the core element of this paper and aims at 

making biomimicry more accessible for companies. Furthermore, design managers benefit from 

a set of tools that support them facilitating processes, managing projects and advising senior 

management when adopting biomimicry.  

The verification of this tool was approached in two sessions: In the first round, expert interviews 

were conducted to define a set of criteria that needed to be met. After the refinement of the 

Design Manager’s Biomimicry Toolkit, the experts were interviewed in a second round to rate the 

final concept against the defined criteria. The experts confirmed that the solution concept met 

the defined criteria and the hypothesis could therefore be verified. 

A final outlook elaborates how the Design Manager’s Biomimicry Toolkit could be taken forward 

to the next stage to be used and tested in practice.  
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1 Introduction
MOTIVATON

Companies are forced to be innovative and bring new products to the market to remain compet-

itive. Achieving breakthrough innovation to create new markets, or even transformational inno-

vation to change a whole industry often fails due to high risk and uncertainty, lack of resources 

and/or inadequate processes. Most companies are stuck in the everyday business of incremental 

innovation, with the result that they compete in markets full of undifferentiated products, dom-

inated by fierce competition on price level.  There is no magic formula for radical innovation, 

but there are promising approaches that have the potential for companies to adopt sustainable 

innovation, one of which is biomimicry. 

My personal motivation with this paper is to find a way to develop new products that are inno-

vative and economically, socially and ecologically sustainable. In my opinion, biomimicry, is an 

approach that addresses both aforementioned elements. It is about examining nature’s models, 

systems, processes and elements in order to emulate or take inspiration from them with a view 

to solving human problems. The biomimicry movement is convinced, that nature with 3.8 bil-

lion years of evolution has resolved most of the challenges that people struggle with. Successful 

examples in the industry - like Interface® with its forest-inspired floors, WhalePower with the 

humpback-whale-inspired fans or Logoplaste with the light-weight PET bottle inspired by the 

spiral growth of a whitebark pine tree - have shown that biomimicry can also be a promising 

approach to finding solutions to design challenges. Moreover, biomimicry can help the develop-

ment, production and commercialization of new products to be aligned with ecologically, socially 

and economically sound standards.  

Achieving the goal of sustainable product innovation is a matter of design. Design is an integral 

component in product innovation and new product development (NPD), not only in terms of 

product aesthetics, but also with respect to organizational processes and strategy. Businesses 

that embrace design on all levels of management are statistically more likely to successfully de-

velop new products and services (Design Council, 2007, p. 8). Managing the design activities in a 

company is therefore a crucial component for this success. 

PURPOSE OF THIS STUDY

“One of the most valuable aspects of design management as an approach is that it provides a 

framework for new processes to be implicitly integrated into existing approaches and method-

ologies. (Best, 2010, p. 9)”  Design management (DM) has the capability to turn to alternative 

approaches or engage with different stakeholders, if a problem-solving process identifies this as 

a need.

Hence, the goal of this thesis is to equip design managers with a practical tool that embraces 

biomimicry as a complementary method that infuses existing approaches to product innovation. 

Furthermore, the study aims to provide design managers access to an amplified solution-space of 

natural models and principles that can be aligned to companies existing sustainability policies.
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STRUCTURE OF THE THESIS

This thesis is structured in two parts, the first being the literature review and the research, 

analysis & synthesis phase. The literature review covers the body of knowledge on the subjects 

relevant to the research questions stated below. The subjects include; product innovation, bio-

mimicry, new product development and design management. Every chapter is concluded with a 

brief summary, highlighting the key learnings of the reviewed chapter and a set of criteria, that 

are critical to the development of the solution in the second part. Based on the resulting hypoth-

esis, the goal of the proceeding sections of the second part is to show how biomimicry can be 

integrated into a product development process. Moreover, the proposed solution to answer the 

research questions is tested in the second part.

RESEARCH QUESTION

The aim of this paper is to find an answer to the following research question:

How can a biomimetic approach help product/service development to innovate?
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Literature Review
The first part of this thesis reviews the body of knowledge on product 

innovation (Chapter 2), biomimicry as an approach to innovation (Chapter 

3), the new product development (Chapter 4), as well as design process 

& management (Chapter 5). Each chapter concludes with a brief summa-

ry.  To reflect the different topics in practice, three case studies (Chapter 

6) are also part of the literature review. The literature discussion (Chapter 7) puts the reviewed 

literature into context of the thesis’ research question and hypothesis, which represents the basis 

of the research, analysis and synthesis phase. 

2 Product Innovation
This paper is focused on how biomimicry can help product innovation, which makes innovation a 

crucial element.  For a word that is thrown around so much, it is important to clearly define what 

innovation means in context of this work. This chapter aims at determining the importance of 

innovation and elaborates possible ways to oversee and differentiate innovation initiatives.

2.1 DEFINITION OF INNOVATION

Innovation is a very broad concept that can be understood in multiple ways.  There is a very ge-

neric definition from the Oxford Dictionary of English, “to innovate” as “make changes in some-

thing established, especially by introducing new methods, ideas, or products”.  To clearly differ-

entiate invention from innovations, Trott (2005) stated that innovation needs to be viewed as a 

process. He further argued that “if one accepts that inventions are new discoveries, new ways of 

doing things, and that products are the eventual outputs from the inventions, that process from 

new discovery to eventual product is the innovation process” (Trott, 2005, p. 13). 

In contrast, Anthony (2012) came up with a different, much shorter definition of innovation: 

“something different that has impact”. Furthermore, he stated that innovation “is a process that 

combines discovering an opportunity, blueprinting an idea to seize that opportunity, and im-

plementing that idea to achieve results” (Anthony, 2012, p. 16-17). Moreover he specified that 

innovation lies in the eye of the beholder that innovation is no innovation without impact. “The 

innovation target – whether it be an end customer, a supervisor, a spouse, or a friend – should 

be the one who considers it different“ (Anthony, 2012, p. 16). “Impact” refers to a measurable 

result, “be it profit, improved performance of a process, a measurable effect on someone’s life, 

or something else entirely” (Anthony, 2012, p. 17). 

There are different types of innovation, such as product, process, market, business and man-

agement innovation. The focus in this paper is on product innovation, which is described as the 

introduction of new products that have characteristics and/or use applications that differ from 

existing products on the market (Crul & Diehl, p. 29). 
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2.2 WHY IS INNOVATION IMPORTANT?

Taking previous definitions of innovation into account; why is it so important for businesses to 

be innovative? Anthony (2012) stated that we are in these times of fundamental change and 

that it is ever present and that the condition of perpetual change has become the new normal. 

Christoph Freeman (as cited in Trott, 2005) formulated it even more drastically in his studies of 

the economics of innovation: “…not to innovate is to die” (Freeman as cited in Trott, 2005, p. 

5). In theory it is possible for companies to survive without any noteworthy developments to its 

products, but this represents the exception not the norm. Long-term success is almost always 

interconnected with the ability to develop products that are superior to the competition (Trott, 

2005, p. 5).

A study performed by Cooper and Kleinschmidt (as cited in Trott, 2005) showed that new 

products (defined here as those between 1997 and 2003) are increasingly taking larger slices 

of a company’s sales. For 3M, for example, new products contributed to 33 per cent of sales in 

the 1970s. This number rose to 40 per cent in the 1980s and account for over 50 percent in the 

1990s “(Cooper and Kleinschmidt as cited in Trott, 2005, p. 385).  

Comparatively, the Boston Consulting Group (BCG) conducted a global survey in 2010 of senior 

executives on their innovation practices. After several years of decline, innovation has bounced 

back on to the top of the list of strategic priorities. 72 percent of the respondents said it’s one 

of their top-three strategic priorities, which increased significantly to 64 percent who said so in 

2009.  A strong majority of respondents – 84 percent – also said that they consider innovation 

important or extremely important for positioning their company to benefit from an economic re-

covery. These statistics give further evidence on the correlation between innovation prowess and 

the overall business success (Andre, Manget, Michael, Taylor, & Zablit, 2010, p. 4). 

2.3 INNOVATION LEVELS

Innovation is a very broad topic, in order to be able to oversee all innovations in a company and 

be able to classify the initiatives, I refer 

to the three levels of innovation by 

Creative Realities, Inc.: 

INCREMENTAL INNOVATION 
Incremental innovation focuses on 

innovations that keep an existing prod-

uct, brand or company in the game. 

Incremental innovation manifests itself 

as line or brand extensions, new pack-

aging, new improved ingredients, etc.

Although breakthrough and transfor-

mational innovation potentially produce Figure 1 Level of Innovation desired (Creative Realities, Inc., 2010)
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substantial revenue, incremental innovation is economically and commercially as important as 

radical innovations. “Incremental innovation and design improvement are known as the ‘bread 

and butter’ of new product development for many firms” (Crul & Diehl, p. 30). Incrementalism is 

the level of innovation that fuels competition on the market. 

This type of innovation requires:

• Multi-disciplined, cross-functional collaboration

• Strong, definable metrics at each decision making point (i.e. Gate)

• Consensus-based decision making between multiple stakeholder functions

• Internal competition for people, budget, and operational resources

Nevertheless, no company will be able to survive on the long run with incremental innovation 

only.  Sebell (2011) argued that every company should have a “parallel process for the explora-

tion, invention, testing and launch of potentially breakthrough innovations, those that change 

the game”(p.3).

BREAKTHROUGH INNOVATION 
Breakthrough ideas create new markets and business opportunities that did not exist before 

(Sebell, 2011, p. 3). Crul & Diehl referred to it as radical innovation and state that “the result is 

a distinctively new product that is markedly different from the company’s existing product line” 

(p. 30). A great example of such a breakthrough innovation is Sony’s PlayStation. At the time of 

its introduction Sony was not present in the electronic games market, but within four years the 

PlayStation was providing 40 percent of Sony Corporation’s operating profits. 

Due to the fact that breakthrough innovation creates new markets, there is a non-existent frame 

of reference. Sebell (2011) further specified that no pre-existing data such as sales numbers upon 

which metrics could be derived as called for a Stage-Gate® process are available. This requires a 

higher level of consideration and judgment. Nevertheless, evaluation measures are still required, 

but should be more strategic, rather than  tactical, like it is the case with Stage-Gate® process 

model metrics.  Senior management involvement is key with breakthrough innovations, because 

“only with the sponsorship, passionate support and air cover from the top can a breakthrough, 

some might even say transformational idea like this [i.e. the Apple iPod] survive” (p. 3-4).

TRANSFORMATIONAL INNOVATION 

Also referred to as disruptive innovation, a term coined by Clayton Christensen, transformational 

change is the most difficult to achieve for companies. Transformational innovation may change 

the way people live and may make big companies, or even whole industries obsolete.  A classic 

example is the electronic entertainment industry where cassette recorders were replaced by CD 

players and latter turned obsolete through the emergence of MP3 players, and so on. Sebell 

(2011) stated that transformational innovation usually doesn’t start in the four walls of an organi-

zational structure, but is initiated by a visionary outsider (p. 2). Although transformational inno-

vation may be initiated by an outside visionary, Crul & Diehl argued that fundamental innovation 

can only happen “in large multinational companies, company clusters or (inter)national research 

programs because of the large human and capital investment needed” (p. 30). 
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COMPARISON BETWEEN INCREMENTAL AND BREAKTHROUGH INNOVATION

Breakthrough and incremental innovations are the most common two levels practiced in an or-

ganization. A comparison points out the key aspects of these two levels.   

Table 1 Comparison Incremental and Breakthrough Innovation (based on Crul & Diehl, p.30)

Incremental Innovation Breakthrough Innovation

Emphasis

Cost or feature improvements in 

existing products, services or pro-

cesses.

Development of new businesses 

products and/or processes that 

transform economies of a business.

Technology Exploitation of existing technology. Exploration of new technologies.

Trajectory Linear and continuous; evolutionary

Sporadic and discontinuous; revolu-

tionary

Key Players Formal cross-functional team

Formal and informal cross-functional 

teams and individuals

Time Frame Short term Mid- to long-term

Risk & Success Predictable Unpredictable and highly uncertain

Process Formal, phase-gate model

Informal, flexible model at early 

stages due to high uncertainty; more 

formal at later stages after uncer-

tainties have been reduced. 

The comparison by Crul & Diehl showed that incremental innovation is linear and involves low 

risk, which makes the management of such a process very predictable, thus can be viewed as a 

‘day-to-day’ business activity.  In contrast, breakthrough innovation requires a different approach 

to management, especially in the early stages to prevent killing off promising ideas too early. 

Moreover, the risk is a lot higher, the outcome uncertain, and therefore a more flexible process is 

required to structure breakthrough innovation.

2.4 SUMMARY CHAPTER 2

Innovation is the lifeblood for most organizations. The survey performed by BCG points out that 

72 percent of senior executives have put innovation back to the top three strategic priorities and 

the example of 3M showed that new products are important for companies to stay competitive 

in the market place. 

There are three levels of innovation; transformational, incremental and breakthrough. As trans-

formational innovation is unlikely to be induced by some planned activities, companies focus on 

incremental and breakthrough innovations. Companies ought to have processes in place for both 

types of innovation, incremental and breakthrough - incremental innovation to secure the ‘daily 

bread’ of companies, and breakthrough innovation to plan for a competitive positioning within the 

future market. 
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CRITERIA

The review of product innovation led to the following criteria, which needed to be considered for 

the development of a solution concept:

• Innovation should be a top priority in a company’s strategy. 

• Next to incremental innovation practices, companies should establish parallel processes for 

breakthrough innovation.  

3 Biomimicry
Innovation is a top priority for most companies and one approach to give companies access to an 

inexhaustible source of innovations is biomimicry. Chapter three covers the literature in the field 

of biomimicry, which is mainly based on the book Biomimicry - Innovation Inspired by Nature by 

Janine M. Benyus, biologist and popularizer of the biomimetic discipline, as well as definitions 

and models from the Biomimicry Guild. In essence, this chapter encompasses the definition of 

biomimicry, as well as the way it is practiced in design, which includes the Biomimicry Thinking 

(BT) methodology as well as the overarching principles defined in Life’s Principles.

3.1 DEFINITION

Biomimicry or biomimetics is about learning from nature, its forms, its processes, its ecosystems 

and to emulate in order to solve human problems. The term biomimicry is derived from the 

Greek bios, life, and mimesis, imitation. Benyus (2011) further argued it is about studying a leaf to 

invent better solar cells, or a coral reef to make a resilient company. Nature has already solved the 

problems we are wrestling with, hence nature found a way to live on current solar energy only, 

to produce food sustainably, or to practice benign chemistry. Biomimicry resides in the category 

of a design discipline, a branch of science, a problem-solving method, a sustainability ethos, a 

movement, a stance toward nature, a new way of viewing and valuing diversity (p. 1-2). Biomim-

icry can be approached in three ways, the so-called seeds of biomimicry (Baumeister, 2012):

• Emulate. Its about studying natures models and then imitate or take inspiration from its 

forms, processes and systems to solve human problems.

• Ethos. Biomimicry as an approach to sustainability ethics. Biomimicry takes Life’s Principles 

to judge the “rightness” of our innovations. After 3.8 billion years of evolution, nature has 

learned what works, what fits and what lasts. 

• (Re)connect. This perspective deals with having a different mindset on how nature is per-

ceived. The goal is to introduce an era based on valuing nature, thus instead of extracting 

from the natural world, to learn from it (Baumeister, 2012) (Benyus J. M., 1997) . 

This shows that the biomimicry movement stretches widely into a number of spheres and gives 

adopters many different ways to approach biomimicry. To narrow down the scope of the review, 

it is important to understand how biomimicry is applied in product and service development and 

how it differs from other bio-inspired approaches. 
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3.1.1  THE REALM OF BIOMIMICRY

To better understand biomimicry and the way it differs from other bio-inspired approaches is to 

understand what biomimicry is not. The Biomimicry Guild introduced two definitions; bio-utilized 

and bio-assisted, which are quite different to biomimicry. 

Bio-utilization requires harvesting a product or producer, e.g. cutting wood for floor or wildcraft-

ing medicinal plants. Bio-assisted technologies, involves domesticating an organism to perform a 

function, e.g., bacterial purification of water or cows to produce milk. 

Biomimicry takes a different approach by taking the inspiration from organisms, such as taking 

the idea from a physical blueprint, like the structure of a lotus plant that repels dust and dirt 

particles; or a process in a chemical reaction such as in the case of creating artificial photosyn-

thesis to capture and store energy from sunlight; or the ecosystem principle of nutrient cycles like 

already used in industrial symbiosis. 

Another important aspect is the differentiation between well-adapted, and mal-adapted practic-

es, whereas the latter involves mimicking form alone and still pursuing a path of life-unfriendly, 

unsustainable application (Benyus M. J., 2011, p. 5). Consequently, the goal of this paper is to 

leverage a well-adapted biomimetic approach for product innovation.  

Table 2 How Does Biomimicry Differ from Other Bio-Approaches (Benyus M. J., 2011, S. 9)

Bio-utilization: 
Acquire the product 
or producer

Bio-assisted: Domesti-
cate the producer

Biomimicry: 
Emulate the 
producer

Well-adapted

Sustainable harvest (i.e. 

sustainable harvest of 

silkworm silk)

Natural breeding (i.e. nat-

ural breeding to maximize 

silk production)

Mimicking form, process 

AND ecosystem (mimicry 

of spider’s manufacturing 

process)

Mal-adapted

Unsustainable harvest 

(i.e. over-harvesting of 

silkworm silk)

Transgenics (i.e. splicing 

“silk” gene into goats to 

produce silk proteins in 

milk)

Mimicking form alone; 

heat, beat and treat 

processes.  (i.e. nylon and 

kevlar manufacturing)

3.2. BIOMIMICRY THINKING 

In the three essential elements of biomimicry (emulate, ethos, (re)connect), the BT Diagram pro-

vides a framework or understanding where, how, what, and why biomimicry fits. The BT offers a 

way of distilling nature’s principles, patterns, strategies and functions to make those applicable in 

any kind of design challenge. 

Design in this context refers is a problem-solving process and the outcome of such an endeavor 

is a product or service. BT is divided into four distinct spheres, which are (1) Scoping, (2) Develop-

ing, (3) Creating and (4) Evaluating. Each sphere contains subset of activities, which are described 

when reviewing the spheres (Biomimicry 3.8, 2013). 
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The BT Diagram has originally evolved 

from two different approaches, namely 

Biology to Design and Challenge to Biolo-

gy. Biology to Design came into existence 

from the perspective of applying biomi-

metics with an existing design challenge, 

i.e. the need for more efficient solar cells. 

Challenge to Biology on the other hand 

took a stronger biological focus, and a 

more open approach of how natures pat-

terns, strategies, forms or functions could 

lead to potential applications, such as 

learning from the fins of a humpback that 

lead to the development of more efficient 

fan blades. The third element that influ-

enced the BT diagram are Life’s Principles 

(see Chapter 3.2.1.), which represent life’s 

strategies and serve as a means to measure (sustainability benchmark), mentor (aspirational ide-

als) and model (innovative strategies), to create conditions conducive to life (Mangham, 2012).

(1) SCOPING

The scoping phase aims at framing the design project and put-

ting it into a design brief. It consists of three elements: Define 

Context, Identify Function and Integrate Life’s Principles. De-

fining context is about determining the context of the design 

project. Identifying the function aims at distilling the design 

function, hence asking questions like: “What do you want the 

design to do?” instead of “What do I want to design?” Inte-

grating Life’s Principles sets the boundary conditions and integrates the sustainability ethics into 

the design brief.

The biological intent behind it is that a well-adapted biological strategy must meet a functional 

need of the organism in the context in which it lives in order to contribute to its survival. The 

reasoning behind this perspective is that it is the same for products, for example a Dyson vacuum 

offers vacuum cleaning without any loss of suction and expensive expenditures to contribute to 

the product’s survival on the market. Products also have to incorporate a well-adapted design in 

order to meet the functional needs of the product and the context in order to be truly successful.

The benefits are that a biomimetic approach changes the mindset, broadens the potential 

solution space, deepens the understanding of context and articulates a vision in a life-sustaining 

manner (Mangham, 2012). 

Figure 2 Biomimicry Thinking Diagram (based on Biomimicry 

3.8, 2012, Biomimicry Thinking)

Figure 3 Biomimicry Thinking - Sco-

ping (based on Biomimicry 3.8, 2012)
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(2) DISCOVERING

The goal of the discovering phase is to uncover natural models that 

can be biologically abstracted to deliver useful design strategies into 

the creating phase. Discover Natural Models and Abstract Biological 

Strategies are part of this phase. Discovering natural models intends to 

biologize the design challenge by means of different lenses to ultimate-

ly uncover many different models, forms, processes or ecosystems from 

nature. Abstracting biological strategies is the part where purely biolog-

ical strategies are translated into design principles. The objective is to 

distill design principles that are feasible in order to be able to move to the Creating phase.

The rewarding elements conveyed of a biomimetic discovering phase is that biology offers an 

inexhaustible source of new ideas, which in most cases turn out to be very innovative, as many of 

those ideas have not yet been applied in the industry (Mangham, 2012). For example Interface® 

abstracted the design principle of forest floors to design a new system of flooring, WhalePower 

identified the form of the fins of a humpback whale as a model for more efficient fan blades. 

Furthermore, nature is living proof that there are very elegant, efficient, life-friendly and pretest-

ed solutions. 

 (3) CREATING

Brainstorm Bioinspired Ideas and Emulate Design Principles are the es-

sential elements of this phase. Brainstorming bioinspired ideas is about 

taking the previously stated design principles, as well as Life’s Principles 

as a source of inspiration, to brainstorm a wide range of ideas. Emu-

lating design principles is about taking the previously defined design 

principles distilled from biological strategies to emulate these in a new 

design concept (Mangham, 2012). For example Interface® brainstormed 

bioinspired ideas and emulated new product concepts mimicking the 

identified natural design principle of “organized chaos” of the forest floors, which resulted in a 

successful product line. 

(4) EVALUATING

The evaluation phase brings the principle ethos back into the process, 

hence it’s about measuring using Life’s Principles. Measure Using Life’s 

Principles deals with passing the sustainability test, whereas sustain-

ability in biomimicry is about assessing if the design is suited for the 

survival of the human planet for the long haul. For example one of 

Life’s Principles is “Be Resource Efficient”, which aims at assessing if 

the emulation performed is i.e. recycling materials, fits form to function 

Figure 4 Biomimicry Think-

ing – Discovering (based 

on Biomimicry 3.8, 2012)

Figure 5 Biomimicry Think-

ing - Creating (based on 

Biomimicry 3.8, 2012)

Figure 6 Biomimicry Think-

ing - Evaluating (based on 

Biomimicry 3.8, 2012
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and embraces the principle of using multi-functional or modular design, and so on. When taking 

Interface® as an example again, the emulation of forest floors evaluated against Life’s Principles 

inspired Interface® to also find alternatives to glues that off-gas volatile organic compounds  and 

to use modular elements that resemble natures “organized chaos” to reduce waste. 

The benefits are defined as an approach to identify missed limits and opportunities by asking a 

comprehensive set of questions that are usually not commonly asked in the current design prac-

tice (Mangham, 2012). For Interface® the questions could have been like: Would nature use glue 

to keep flooring elements on the ground? How would a forest reduce waste in the way it does 

its floors?  It is meant to be a measure to pretest the concepts to gain a more holistic under-

standing of success, consequently also increase the likelihood of success. 

3.2.1 AN APPROACH TO SUSTAINABILITY: LIFE’S PRINCIPLES

Before elaborating the understanding of Life’s Principles as an approach to sustainability: what is 

sustainability? The most commonly referred definition of sustainability comes from the Brundt-

land Commission and dates back to 1987:

“(Use and) development that meets the needs of the present without 

compromising the ability of future generations to meet their own 

needs” (Brundtland Commission as cited in Shedroff, 2009, What Is 

Sustainability?, para. 6). 

 __________________________________________________________________

Shedroff (2009) further explained that human needs are systemic, hence in order to address 

human needs, the whole system (the environment) needs to be taken into consideration. Sustain-

ability therefore addresses the needs of people (“human capital”), our cultures, our needs and 

desires, the environment that sustains us (“natural capital”) and the financial mechanisms (“fi-

nancial capital”).  “Solutions that don’t encompass or work in concert with others across these 

aspects of our lives significantly reduce their ability to succeed.” (What is Sustainability?, para. 12)

Comparatively biomimicry also addresses a more systems view on sustainable factors with Life’s 

Principles, which are a set of overarching patterns found amongst species to survive and thrive on 

earth; strategies that are conducive to life and ensure survival over the long haul. Shedroff (2009) 

states that biomimicry does not offer much guidance in terms of social or financial stability, but 

is primarily focused on environmental impacts. However, biomimicry allows learning from natural 

models to find answers for social and financial sustainability. These principles are intended to be 

an aspirational ideal, as well as give the biomimicry practitioners a way to measure, hence bench-

mark their actions in terms of sustainability (The Design Spiral, para. 6). 
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The table below lists the principles in detail.

Table 3 Life’s Principles  (Biomimicry 3.8, 2013)

Evolve to Survive

• Replicate strategies that work

• Integrate the unexpected

Be Resource (Material 
and Energy) Efficient

• Use multi-functional design

• Use low energy processes

• Recycle all materials

• Fit form to function

Adapt to Changing 
Conditions

• Maintain integrity through self-renewal

• Embody resilience through variation, redundancy, and decentralization

• Incorporate diversity

Integrate Development 
with Growth

• Combine modular and nested components

• Build from the bottom up

• Self-organize

Be Locally Attuned 
and Responsive

• Use readily available materials and energy

• Cultivate cooperative relationships

• Leverage cyclic processes

• Use feedback loops

Use Life-friendly 
Chemistry

• Build selectively with a small subset of elements

• Break down products into benign constituents

• Do chemistry in water

3.3 SUMMARY CHAPTER 3

Biomimicry is about mimicking forms, processes and ecosystems with respect to three lenses: 

Emulate, the act of mimicking; Ethos, the sustainability ethics; (re)connect: a new perspective of 

valuing nature as a mentor (Benyus, 2011; Baumeister, 2012). 

The biomimetic practice clearly differentiates from other bioinspired applications, such as bio-uti-

lized and bio-assisted approaches and defined itself as a pure inspiration by means of mimicking 

its functions, processes and ecosystems with a non-negotiable focus on sustainability (Benyus M. 

J., 2011, p. 5).

BT is an approach to practice biomimicry with a set of distinct phases and steps in design. The 

two approaches Biology to Design, Challenge to Biology as well as Life’s Principles are integrated 

into this method (Biomimicry 3.8, 2013, Biomimicry Thinking). 

Life’s principles are the guiding principle in the practice of biomimicry, serving as inspirational 

strategy, as well as a sustainability benchmark (Biomimicry 3.8, 2013, Life’s Principles). 
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CRITERIA

The review of biomimicry led to the following criteria, which need to be considered for the devel-

opment of a solution concept:

• Rather than replacing existing processes, BT needs to be integrated into already existing 

product development processes.

• Translate Life’s Principles into the specific sphere in order to serve as a sustainability assess-

ment. 

4 New Product Development
Biomimicry as an approach to product innovation offers a promising method for developing 

new products, a process commonly referred to as New Product Development (NPD). Subject to 

chapter three is therefore the literature review for NPD. It encompasses a great number and va-

riety of topics and challenges. To preserve a comprehensive structure the chapter is built up into 

three segments, namely “The Project Level”, “The People Level” and the “Strategic Level”, which 

is preceded by the definition of NPD and concluded with chapter summary. Inside the different 

sub-chapters all the topics relevant to the scope of this thesis will be discussed.

4.1 DEFINITION OF NEW PRODUCT DEVELOPMENT

“Genius is one percent inspiration and ninety-nine percent perspira-

tion.” – Thomas Edison

 __________________________________________________________________

Thomas Edison registered over a thousand patents and his success proved him right. His genius 

didn’t lie in inventing things, but the exceptional management of a design process from an initial 

idea to a useful product. His example shows that a brilliant idea is merely the start of the journey 

of a useful product. This journey – commonly referred to as NPD – is the disciplined and defined 

set of tasks, steps and phases that describe how a company repetitively converts ideas into sal-

able products and services (Crul & Diehl, p. 31). This set of tasks, steps and phases encompasses 

the strategy, organization, concept generation, product and marketing plan creation and evalua-

tion, and commercialization of a new product (Griffin & Somermeyer, 2007, p. 488).

Koen stated (2005) that NPD is the well-structured and more formal part of an innovation pro-

cess, which comes after the Fuzzy Front End and before the commercialization phase (p. 81). 

The NPD process is often presented as a linear process. However, in practice the NPD process 

includes iterative cycles throughout the process, “meaning that design teams often go back to 

earlier stages and decisions in the product development process to re-evaluate previous decision 

that have been made” (Crul & Diehl, S. 31). 
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Figure 7 The innovation process may be broken in to three parts: The Fuzzy Front End (FFE), New Product Develop-

ment (NPD), and Commercialization (Koen, 2005, S. 82)

4.2 THE PROJECT LEVEL

At the project level the focus is put on the management of an NPD process. For this the tradi-

tional Stage-Gate® Model by Robert G. Cooper is analyzed, which is a best-practice example of 

a model commonly used by countless organizations to manage NPD processes. Also part of this 

chapter, are the role of the customer and possible ways of interacting with the customer, which 

is a crucial element in every product innovation process. 

4.2.1 MANAGING NPD WITH STAGE-GATE® 

Among the available literature on NPD, there are numerous models on the subject, which Trott 

(2005) classified into seven distinct models: Departmental-stage models, activity stage models 

and concurrent engineering, cross-functional models (teams), decision-stage models, conver-

sion-process models, response models and network models. Within this classification deci-

sion-stage models and activity-stage models are the most common models referred to in litera-

ture (p. 399). A classical decision-stage model is Stage-Gate® which is a process, developed by 

Robert G. Cooper to manage the new-product projects through the various stages from an idea 

to launch of the product. It aims at managing, directing and accelerating the company’s product 

innovation efforts. Stage-Gate® is a series of information gathering stages followed by deci-

sion-making gates, so-called Go/Kill decision gates. 

Figure 8 The Five Stages in the Typcial Idea-to-Launch Stage-Gate System (Cooper, Winning at New Products- Creat-

ing Value Through Innovation, 2011)
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To get a basic understanding of how the different gates and stages are manifested in the pro-

cess, the elements of Cooper’s Stage-Gate® process are described in more detail. 

 DISCOVERY OR IDEATION

Ideas represent the trigger in product innovation and it is important for companies to not only 

have great ideas, but to also have lots of them. In many companies this is considered a formal 

stage and is stimulated with various activities (undertaking fundamental technical research, 

capture unarticulated needs and customer problems, etc.) to generate great new-product ideas 

(Cooper, 2011, Discovery or Ideation).

 GATE 1: IDEA SCREEN

The first gate is a “gentle” screen and tentative commitment to the project. The project meets a 

first set of must-meet and should-meet criteria

Possible criteria: Strategic alignment, project feasibility, extent of opportunity and market attrac-

tiveness, product advantage, ability to leverage firm’s resources, and fit with company policies 

(Cooper, 2011, Gate 1: Idea Screen)

 STAGE 1: SCOPING

The scoping gate, also named the ‘homework stage’, is relatively inexpensive and has the objec-

tive to assess a product’s technical feasibility and marketplace potential. Little or no primary re-

search is performed. The goal is to determine the market size, market potential, and likely market 

acceptance, and also to begin shaping the product concept.  A preliminary technical assessment 

through the project team evaluates development and operation (or source-of-supply) routes, 

technical and operations feasibility, possible times and costs to execute, and technical, legal, and 

regulatory risk. The result is an initial version of the business case, but with only uncertain or 

guessed data (Cooper, 2011, Stage 1: Scoping). 

 GATE 2: SECOND SCREEN

Project meets another set of should-meet and must-meet criteria, with a first quick and simple 

assessment of the financial returns. After this stage the project moves into a heavier spending 

stage (Cooper, 2011, Gate 2: Second Screen). 

 STAGE 2: BUILD THE BUSINESS CASE

A cross-functional team in the detailed investigation stage deals with setting up the business 

case, which defines and verifies a product’s attractiveness prior to heavy spending. Elements of 

this stage include: market studies to determine the customers’ needs, wants and preferences; a 

competitive analysis by means of a first presentation to potential customers; a detailed technical 

appraisal, where customer needs and wishes are translated into technically and economically 

feasible solution concepts; a business and financial analysis.  The deliverables of this stage are an 

integrated product definition, a project justification and a detailed project action plan (Cooper, 

2011, Stage 2: Build the Business Case). 
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GATE 3: GO TO DEVELOPMENT 
This gates objective is to sign off a product and project definition. The financial commitments are 

substantial, hence the project moves into a ‘heavy spending’ stage. Just like in the previous gates, 

gate three also involves a set of should-meet and must-meet criteria. Once the approval commit-

tee approves the product definition and agrees on the project plan, a project team is assigned 

and the necessary funding is allocated (Cooper, 2011, Gate 3: Go to Development). 

 STAGE 3: DEVELOPMENT

Setting up the development plan and depending on the size of the project, also set a number of 

milestones. The emphasis in this stage is of technical nature, but also includes marketing and op-

erational activities that work in parallel. A market analysis and customer feedback are evaluated 

against the technical development and are executed in an iterative manner, the so-called “build-

test-feedback-revise spirals”.  This stage eventually defines detailed test plans, market launch 

plans, and operation plans. A financial analysis complements the set of deliverables, together 

with a resolving of regulatory, patent and legal issues (Cooper, 2011, Stage 3: Development). 

 GATE 4: GO TO TESTING

This gate ensures the quality of the work and reviews the product and project attractiveness de-

pending on the specifications defined at gate three. Financial and business data are also evaluat-

ed with new and more accurate data. The Testing Plan for the next stage is approved and will be 

implemented in the next stage. Marketing and Operation Plans are reviewed for possible future 

execution (Cooper, 2011, Go to Testing). 

 STAGE 4: TESTING AND VALIDATION

In this stage the product itself, the production, the customer acceptance, and economic elements 

are tested and validated for its viability. Activities performed in this stage are: In-house product 

tests; user, preference, or field trials of the product; trial, limited, or pilot production /operations; 

simulated test market, or trial sell; revised business and financial analysis( Cooper, 2011, Stage 4: 

Testing and Validation). 

 GATE 5: GO TO LAUNCH

In this stage the decision is made whether a product is ready for full commercialization, hence 

market launch and full production or operations startup. This is the last stage where a project 

could be killed. If the testing and validation results from the prior stage are positive, thus meet 

expected financial returns, the operation plans are solid and that everything is ready for commer-

cialization. The Marketing and Operations Plan, in some firms also the Product Life Cycle Plan get 

their approval for implementation (Cooper, 2011, Gate 5: Go to Launch). 
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 STAGE 5: LAUNCH

Marketing and Operations Plan are being implemented, which includes the acquisition, installa-

tion and commissioning of production equipment; filling of logistic pipelines; and the beginning 

of sales (Cooper, 2011, Stage 5: Launch). 

 POST-LAUNCH REVIEW

The post-launch review usually takes place six to eight months after the launch of the project. 

This phase deals with the assessment of a products performance, including the comparison of 

revenue, costs, expenditures, profits, and timing against earlier projections.  This phase also 

facilitates learning by means of a critical assessment of the project’s strengths and weaknesses. 

Companies often carry out more than one post-launch review, one shortly after launch to make 

immediate course corrections if necessary and make an forecasted ones which signals the official 

end of the project (Cooper, 2011, Post-Launch Review). 

LIMITATIONS OF THE STAGE-GATE® MODEL

The traditional Stage-Gate® model is a best practice process that is applied in many companies, 

some experts found the traditional Stage-Gate® process to be limited to incremental product 

innovation and may not be suitable for platform or breakthrough products (Koen, 2005, p. 80). 

Cooper stated (2011) that the Stage-Gate® is not a rigid process, but should be interpreted as a 

map to get from Point A (idea) to Point B (successful new products) and the model is determined 

to be tailored to the individual companies. Further it is not aimed to be a linear process, stages 

may overlap, and iteration paths may behave in a back-forth-play manner as the project pro-

ceeds. In addition it also includes outside spirals with customers and users. It is a model that is 

intended as a playbook for “project teams and leader to get resources for their projects and then 

speed them to market…”(Not a Control Mechanism, para. 1). 

4.2.2  ROLE OF THE CUSTOMER IN NPD

“Products and services that don’t solve peoples’ problems, or don’t 

solve them at a competitive cost, fail” (Griffin, 2005, p. 212).

 __________________________________________________________________

Innovative firms practice extensive customer interaction to gain crucial input for their NPD pro-

jects. By doing so, firms severely benefit from a number of advantages (Alam, 2005, p. 250-251): 

• Superior and differentiated new-products by uniquely serving customers needs.

• Reduced time-to-market due to obtaining up-to-date information about customer prefer-

ences. 

• Reduced-time-to-acceptance, by educating the customer about specifications and attrib-

utes of a new product with extensive interaction.

• Long-term relationships, customer participation in new product development increases 

customer loyalty.
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Customer interaction may occur at all stages of NPD, but varies from stage to stage. Nonetheless 

customer interaction may be more critical in the early stages of product development. There are 

various possible modes of customer interaction to be considered in the product development 

process, such as in-depth interviews, focus groups and brainstormings, innovation retreats and 

summits, customers introduced into a NPD team, customer panels and groups, observation of 

customers, customer visits or internet-based interaction. 

Critical voices argue that customers cannot clearly articulate their requirements and generally ask 

for things that are unprofitable, such as lower prices or free services (Alam, 2005, p. 256). 

To overcome this issue an iterative problem-solving approach to interaction is needed, in order to 

clarify customer input and requirements until they make sense.  

Understanding the needs of the customer it is crucial to be successful in the marketplace. 

Alam (2005) argued that NPD success hinges on a firm’s ability to decipher the needs of a de-

manding, fickle, and volatile marketplace and to respond with superior and differentiated offer-

ings (p. 261). 

4.3 THE PEOPLE LEVEL

NPD projects are clearly a team effort. It is therefore essential for product development managers 

to pay attention to effective teamwork. Not only has it strong implications for organizational pro-

cesses and leadership, but also requires considerations in the area of work environment (Tham-

hain, 2005, p. 127-128). The people level in an NPD process refers to project teams, the role of 

the team manager in sustaining team effectiveness and how top management support impacts 

NPD activities. 

4.3.1  ORGANIZATION OF PROJECT TEAMS

“A castle is only as strong as the people who defend it.” - Chinese Prov-

erb

 __________________________________________________________________

A successful element in a NPD project is the way a team is organized to increase a team’s overall 

effectiveness, and thus influence the outcome of an NPD project.  Studies have shown that the 

way a project group is organized has a strong influence on the project outcome (Cooper, 2005, 

p. 17). The The American Productivity & Quality Center study found that best performers organ-

ize their NPD project teams with the following elements (as cited in Cooper, 2005, p. 15):

• A clearly assigned team of players for each significant NPD project – people who are part 

of the project and work for it.

• Cross-functional project teams, with team members from Technical, Sales, Marketing, Op-

erations, and so on.

• Cross-functional cooperation within the teams (e.g., not too much time and effort wasted 

on politics, conflicts, inter-departmental prejudices, etc.).

• The project team remaining on the project from beginning to end not just on the project 

for a short-while or a single phase.
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• A clearly identified team leader.

• A project leader responsible for the project from idea through to launch.

• A central shared-information system for project team members.

• Project teams accountable for their project’s end result.

RECOMMENDATIONS FOR EFFECTIVE TEAM MANAGEMENT

Apart from the organization of a project team, it is also important to understand, especially for 

project managers or team leaders how to manage a team effectively. Project managers or team 

leaders often become social architects who understand how organizational and behavioral traits 

interact in order to use this understanding to move a project forward. Thamhain (2005) proposed 

a set of recommendations for managers that are conducive to multidisciplinary task integration 

and building high performing project teams (p. 138-142).

Table 4 Recommendations for effective team management (Thamhain, 2005, p. 138-142)

Recommendation Details

Early Project Life Cycle 
Team Involvement

Will have favorable impact on team environment. Building enthusiasm towards 

assignment and team morale, thus eventually increases team effectiveness.

Define Work Process and 
Team Structure

Properly defined links, task responsibilities, reporting relations, communication 

channels, and work transfer protocols. 

Develop Organizational 
Interfaces

Effective cross-functional integration. Clear understanding of task teams input 

and outputs, interface personnel, and work transfer mechanism. 

Staff and Organize the 
Project Team

One-to-one negotiation of work-assignment with their team members (overall 

task, scope, objectives and performance measures) affects trust, respect, and 

credibility among team members, and eventually team performance. 

Communicate Organiza-
tional Goals and Objec-
tives

Relationship and contribution of individual work to the overall product devel-

opment, the business plans and the importance to the organizational mission 

must be clear to all personnel. 

Build a High-Performance 
Image

Fixing and communicating clear and stable top-down objectives helps in 

building an image of high visibility, importance, priority, and interesting work. 

Fosters a climate of active participation at all levels, helps attract and hold 

quality people, unifies the team, and minimizes conflict. 

Build Enthusiasm and 
Excitement

Making work more interesting leads to increased involvement, better commu-

nication, lower conflict, higher commitment, stronger work effort, and higher 

levels of creativity.

Define Effective Commu-
nication Channels

Prevent poor communication. Management facilitate the free flow of informa-

tion by means of workspace design, regular meetings, review, and information 

sessions.

Create Proper Reward 
Systems

Personnel evaluation and reward systems should be designed to reflect the 

needed power equilibrium and the authority and responsibility sharing needed 

for the concurrent organization to work effectively. 

Ensure Senior Manage-
ment Support

An effective working relationship among resource managers, project leaders, 

and senior management critically affects the credibility, visibility, and priority 

of the development team and their work. 
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4.3.2 RIGHT ENVIRONMENT 

Cooper (2005) argued that another organizational success ingredient is a positive climate for 

innovation. Such a climate is multifaceted and requires a work environment where

• Intrapreneurs and risk taking behavior are supported and encouraged

• Senior management is not afraid to invest in the occasional risky project

• New product successes are rewarded and recognized (and failures are not punished)

• Team efforts are recognized, rather than individuals

• Senior managers refrain from “micromanaging” projects and second-guessing the project 

team members

• Project review meetings are open (the entire project team participates) (p. 17)

4.3.3  TOP MANAGEMENT SUPPORT

A successful product innovation project requires top management support. The role of top 

management is setting the stage for product innovation and act as a facilitator throughout the 

product innovation process. Senior management must make a long-term commitment to product 

development as source of growth. Senior management is responsible for developing a vision, 

objectives and strategy for product innovation. They are also responsible for making all the re-

sources available for a project (Cooper, 2005, p. 18). Cooper further (2005) specified that senior 

management’s most important engagement in the new product development process is review-

ing projects, making timely and firm go/kill decisions, and if a go decision is made, making the 

resource commitments to project teams (p. 18). 

4.4 THE STRATEGIC LEVEL

To set the direction and help determine where the product will compete and explain why it will 

succeed, a strategy prior to any development project ought to be formulated. The purpose of 

a new product strategy is a path of action that is able to create value for desirable customers 

and to capture sustainable value for the Business Unit (BU). The thoughts on strategy should 

be captured either in a product protocol, which aims at defining the major benefits provided to 

customer and how the BU will capture economic profit, or a value proposition, which is a brief 

statement that “clearly explains the mission of the group developing a product concept” (Casel-

lion, 2005, p. 41).
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4.5 SUMMARY CHAPTER 4

The Stage-Gate® model was designed as a best-practice method that enables managers to man-

age the risks of an NPD project and to speed up the product development process. It is intended 

as “playbook” and can be tailored to the needs and requirements of a specific company.

Customer interaction should be included early on in a product development process to mitigate 

the risk of developing a product that fails on the market. 

An effective cross-functional team is an important element in every NPD and is a crucial ingre-

dient to a new products success. The establishment of culture of innovation, the awareness of 

certain drivers and barriers when working with cross-functional teams is crucial for successful 

product innovation. 

The product strategy of an NPD project needs to comply with the overall business strategy, in 

order to deliver value to the target customer, as well as capture sustainable value for the BU.

CRITERIA

The review of NPD led to the following criteria, which needs to be considered for the develop-

ment of a solution concept:

• Cross-functional teams need to be established in NPD activities.

• A culture of innovation is a prerequisite for the development of innovative products.

• Senior management support is central for pushing innovative projects forward.

5 Design Process & Management
Any innovation effort, which includes product development as a product innovation process and 

biomimicry as a possible approach to innovation, is required to be aligned to the overall business 

objectives (strategically and operationally). “Managing how design connects business objectives 

(strategically and operationally) with the customer experience, and then communicating the value 

added by design, is one of the key roles of Design Management (DM)” (Best, 2011, p. 21). 

Similar to the previous topics, DM is an extensive topic and the literature covered in this chapter 

is mainly concerned with subjects related to product development and innovation. The chapter 

will be introduced with the importance of design in businesses and the role of design manage-

ment. The proceeding topics focus on DM related subjects on the tactical level, which includes 

Design Thinking (DT) as a problem-solving process and the Double Diamond model developed by 

the Design Council.  
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5.1 IMPACT OF DESIGN IN BUSINESS

“Success does not happen by accident, it happens by design …Design is 

not incidental to industry, it is absolutely integral … In the new econo-

my, design will be more important than ever …”

(Rt Hon Grordon Brown MP, Chancellor of the Exchequer, Speech at the 

Design Museum as cited in Bruce & Bessant, 2002, p. 16).

 __________________________________________________________________

Best (2010) described design as both a noun (an outcome) and a verb (an activity). The outcome 

of a design project can be seen in products, services, interiors, buildings and software processes 

that we encounter daily. The activity of designing is a user-centered, problem-solving process (p. 

40). 

From an organizational perspective, design operates always in relation to a number of different 

disciplines in an organization, such as marketing, engineering, finance, law and brand manage-

ment. Best (2011) argued that depending on the “design literacy” organizations view design in 

one of the following ways: in respect to aesthetics (look and feel); as a process; as a response to 

users needs; or as a strategic business tool (p. 21). 

When discussing “design literacy”, The Design Management Institute (USA) (as cited in Best, 

2011) advices organizations to become more “design-minded” by integrating design into their 

overall business strategy. Integrating design into the organization should help establish corporate 

identities, develop brands, and differentiate products from their competition (p. 22).

The Design Council (2013) shared this view and argued that businesses that see design as in-

tegral don’t need to compete on price as much as others. Where design is integral, less than 

half of businesses compete on price, in contrast to two thirds of those who don’t use design. 

Furthermore, a study performed by the Design Council revealed that companies where design 

is integrated into a company operation are twice as likely to have developed new products and 

services. (Design Council, 2007, p. 8) 

But how can businesses benefit from the full potential of design, hence achieve a desirable result 

with the design activities and outcome? The answer here can be found in the realm of DM.

5.2 DESIGN MANAGEMENT

The success or failure of a biomimetic product development process is linked to the management 

of people, processes, projects and products & services. Accordingly, Best (2011) stated that DM 

is “the successful management of people, projects, processes and procedures behind the design 

of our everyday products, services, environments and experiences. DM is also about the manage-

ment of the relationships between different disciplines (such as design, management, marketing, 

finance, engineering, production) and different roles (such as clients, designers, project teams 

and stakeholders)” (Best, 2011, p. 23). 
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DM is able to provide a “framework for new processes to be implicitly integrated into existing 

approaches and methodologies” (Best, 2010, p. 9). Best (2010) stated, that design is “a prob-

lem-solving process where an actual design ‘problem’ is also a design ‘opportunity’; to consider, 

if necessary, a new approach or engage different stakeholders in finding a solution, if the pro-

cess of problem solving identifies this as a need” (Best, 2010, p. 9). Hence, DM allows facilitating 

a product development process by implicitly integrating biomimicry as a means to develop new 

innovative products.

Taking a managed approach to design will bring tangible and valuable outcomes, which are sat-

isfying and value-adding in terms of user-experience, financial profit or brand value; are inclusive 

and of maximum benefit to all stakeholders involved (from sponsor to end user) (Best, 2011, p. 

27). 

Figure 9 Lucerne Design management model (based on Acklin, 2009)

In context of an organization, Best (2006) described design as a function, a resource and a way 

of thinking within organizations and one that can be active in the strategic thinking, the devel-

opment processes and, crucially, the implementation of projects, systems and services; the ways 

in which an organization connects with its customers and stakeholders“ (Best, 2006, p. 16). The 

Lucerne Design Management Model (see Figure 5) illustrates how DM works on the previously 

mentioned organization-levels as well as demonstrating the different DM dimensions design 

leadership, design management, and design thinking (see Chapter 5.4). 

5.3 THE DOUBLE DIAMOND DESIGN PROCESS

To understand how design is practiced in business and how such a process ought to be managed 

from a DM perspective it is worthwhile to shed some light on how design is practiced in the 

industry.  The Design Council conducted a study on how leading companies manage design in 

their businesses and came up with the Double Diamond Design Process. It is a simplified, ab-
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stract visualization of the design process that should explain the process of design practiced by 

leading companies (Design Council, 2005, p. 1-6). 

Figure 10 Double Diamond Design Process (Design Council, 2005)

The double diamond method is divided into four distinct phases, displaying the divergent and 

convergent stages of the design process and showing the different modes of thinking that de-

signers use (Design Council, 2005, p. 6): 

Discover: The start of a project is marked by an initial idea or inspiration, often sourced from 

the Discover phase. This divergent phase is aimed at identifying problems, opportunities or user 

needs by means of information sources, such as market research, user research or the involve-

ment of a design research group (Design Council, 2005, p. 8). 

Define: The Define stage should be thought of as a filter where the review, selection and dis-

carding of ideas takes place. This is where findings from the Discover stage are analyzed, defined 

and refined as problems, and ideas for solutions are pitched and prototyped. The goal of the 

define stage is to get a project go-ahead through corporate level sign-off. Key activities include 

the generation of a first set of ideas and project development, on going project management 

and agreed corporate objectives and a project-sign off (Design Council, 2005, p. 14).

Develop: At the Develop stage the project has been taken through a formal sign-off, which 

has given the corporate and financial backing to the development of one or more concepts that 

have addressed the initial problem. By means of multi-disciplinary working, visual management, 

creativity techniques and testing this stage is for the product development team to reach a stage 

where the product or service is ready for production (Design Council, 2005, p. 19). 

Deliver: The Deliver stage of the double diamond design process is where the final concept is 

taken through final testing, signed-off, produced and launched. After the final launch, feeding 

lessons back to inform future projects such as methods, ways of working and relevant informa-

tion are also an essential part of this stage (Design Council, 2005, p. 23). 
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5.4 DESIGN THINKING

Design Thinking (DT) is part of a wider debate about the role of design in business and com-

panies like Philips Design, Procter & Gamble and General Electric. Those companies made an 

attempt to integrate DT in their company’s processes. DM embraces DT as a means to engage 

different stakeholders in an organization, thus “mediates between organizations, products and 

people, and challenges preconceptions and assumptions stakeholders may hold about possible 

solutions” (Best, 2011, p. 18). 

Tim Brown, Chief Executive Officer (CEO) of IDEO and popularizer of the DT method, described 

DT as a discipline that uses the designer’s sensibility and methods to match people’s needs with 

what is technologically feasible and what a viable business strategy can convert into customer 

value and market opportunity (Brown, 2008, Definitions of design thinking). 

THREE SPACES OF INNOVATION

There is no optimal way to move through the process of DT, but useful starting points and 

helpful landmarks, thus the continuum of innovation is best thought of as system of overlapping 

spaces rather than a sequence of orderly steps (Brown, 2009, p. 16). 

The overlapping spaces, also called three spaces of innovation are:

• Inspiration; a problem or opportunity that motivates the search for solutions

• Ideation; the process of generating, developing, and testing ideas

• Implementation; the way from the project room to the market 

DT is an iterative, nonlinear process with the focus on exploring and making unexpected discov-

eries. Iteration implies that a design team at some point is required to rethink basic assumptions, 

for example by gaining insights from consumers when testing a prototype. 

Shimano, a leading Japanese manufacturer of bicycle components went through aforementioned 

spaces to break free from traditional technology-driven innovation. DT enabled Shimano to iden-

tify the problem of their customers with the bewildering complexity and excessive cost of their 

current offering and were able to uncover the need to reconnect with the fun of cycling adults 

had when they were children. A yet untapped market of  “Coasting” bikes was born (Brown, 

2009, p. 13). 

The risk of such an iterative approach is that it appears to extend the time it takes to get an idea 

to market. Brown (2009) argued that this is a shortsighted perception and that predictability 

leads to boredom and boredom leads to the loss of talented people, and that it would also lead 

to solutions that are easy to copy for rivals (p.17). 

THREE OVERLAPPING CRITERIA FOR SUCCESSFUL IDEAS

The foundation of DT is the acceptance of competing constraints. Brown (2009) stated that there 

are three overlapping criteria for successful ideas:

• Feasibility; what is functionally possible within the foreseeable future

• Viability; what is likely to become part of a sustainable business model

• Desirability; what makes sense to people and for people
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Design teams will cycle back through all three considerations throughout the life of a project, but 

the emphasis on fundamental human needs is what drives design thinking to depart from the 

status quo (Brown, 2009, p. 19). 

THE ROLE OF PROTOTYPING

Prototyping is an indispensible tool in DT. It does not describe a finished model that is about to 

be manufactured, but a way to make ideas tangible. Prototypes are created throughout a de-

sign project and are part of exploring potential solutions or “thinking with your hands” as David 

Kelley, founder of IDEO put it. Prototyping allows learning about strengths and weaknesses of 

an idea and to identify new directions that further prototypes might take. Prototypes should 

only take as much time, effort and investment to generate useful feedback and evolve an idea 

(Brown, 2008). 

5.4.1 HUMAN CENTERED APPROACH

Figure 11 The HCD Process (IDEO, 2011)

Human-centered design (HCD) is an integral part of DT.  Biomimicry and HCD share one common 

driver to infuse the design process: Empathy.  Biomimicry uses empathy for nature, whereas HCD 

facilitates empathy for people to solve human problems. In essence, HCD aims at helping people 

articulating latent needs they have not been aware of.

THE PROCESS

The HCD process goes through three phases: Hear, Create, and Deliver.  IDEO stated that “the 

process moves from concrete observations about people, to abstract thinking as you uncover 

insights and themes, then back to the concrete with tangible solutions” (IDEO, 2011, p. 7). In 

the Hear phase stories and inspiration from people is collected. In the Create phase frameworks, 

opportunities, solutions and prototypes are created from what was learned in the Hear phase. 

In this phase the design team moves from a concrete thinking to abstract thinking by identify-

ing themes and opportunities and moves back the concrete with solutions and prototypes. The 

Deliver phase moves the project through rapid revenue and cost modeling, capability assessment 

and implementation planning that aims at helping to launch the new solution (IDEO, 2011). 
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INSIGHT, OBSERVATION AND INSIGHT

The tools used in HCD, are basically three mutually reinforcing elements:

Observation, Insight and Empathy (Brown, 2009, p. 40). 

Observation is another crucial element of DT, which deals with an ethnographic approach of 

gathering qualitative data of people’s lives.  Brown (2009) argued that the only way we can get 

to know people and their needs is to seek them out where they live, work and play.  It is es-

sentially about gaining insights from people’s behaviors, with a strong focus on qualitative, as 

opposed to quantitative data that only confirms “what we already know than learn something 

new and surprising” (Brown, 2009, p. 44). 

Insight is one of the key sources in DT, which is derived from qualitative data, such as observation 

and immersion into people’s lives. Rarely will people who are the consumers of products, cus-

tomer of services, the occupants of buildings or the users of a digital interface be able to articu-

late what they want. Their actual behaviors can provide clues about their range of unmet needs. 

The insight phase is just as important, and every bit as critical as the engineering, and it must be 

taken from wherever it can be found (Brown, 2009, p. 40-41). 

Brown (2009) defined empathy as the mental habit that moves us beyond thinking of people as 

laboratory rats or standard deviations. It is a core element to gain insights from people. Empathy 

is described as “the effort to see the world through the eyes of others, understand the world 

through their experiences, and feel the world through their emotions” (Brown, 2009, p. 50). 

5.5 SUMMARY CHAPTER 5

DM is a suitable management approach for flat and flexible organization and is about manage-

ment of people, projects and processes and procedures around the design of products, services, 

environments and experiences. DM is best integrated on all three levels of an organization: the 

strategic, tactical and operational level. 

One of the most important aspects of DM is to consider alternative approaches to problem solv-

ing required. Implicitly integrating biomimicry into a product development process addresses a 

design manager’s field of competence.

Design as a process, defined by the Design Council, is best described as different divergent and 

convergent stages. The Double Diamond model visualizes in a simplified manner the design pro-

cess practiced in leading companies. It shows the different modes of thinking that designers use. 

DT is a comprehensive approach, divided in overlapping spaces (inspiration ideation, implementa-

tion) to innovation that if practiced right may help organizations to come with breakthrough ide-

as. HCD as an element of DT is targeted at deriving insights from customers by means of insight, 

observation and empathy. 
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CRITERIA

The review of design process & management led to the following criteria, which need to be con-

sidered for the development of a solution concept:

• DM needs to establish the links to the senior management (align product strategy with 

overall business strategy).

• NPD initiatives require the role of design manager to coordinate people, projects, processes 

and procedures.

• DM is the central role for implicitly integrating biomimicry into existing processes.

6 Case Studies
Chapter 6 describes three case studies that give an example of how biomimicry is applied in 

concrete cases. These cases were considered based on the their relation to biomimicry which is 

either applied in emulating physical form and structures, processes or systems. Case one looks at 

the example of plastic packaging manufacturer Logoplaste where the spiral growth of a white-

bark pine tree helped creating the lightest PET bottle on the market. Case two describes the case 

of the energy-efficiency tech-company REGEN Energy™ where the way bees communicate in 

a beehive served as an inspiration for their energy demand management products. Case three 

elaborates the example of biomimicry applied on a systems-level, namely the Kalundborg in-

dustrial symbiosis that resembles a rainforest managing poor soils. These case studies serve as a 

means to determine the status quo of current biomimicry efforts, which will help identify oppor-

tunities of how biomimicry can help product development to innovate in part II. 

6.1 CASE STUDY 1: LOGOPLASTE

Company: Logoplaste Innovation Lab, Cascais, Portugal

Product Type: Lightweight PET bottle

Figure 12 Biomimicry Process Logoplaste

Inspired by the whitebark pine tree and its spiral growth principle (1) Logoplaste developed a 



29

new PET bottle for Vitalis that is lighter than traditional bottles and provides a strong brand iden-

tity. The design challenge was to enable Vitalis to consolidate brand identity and sustainability 

strategies. Conventional engineering measures to make PET bottles lighter, by adding horizontal 

lines in the structure, would have compromised the aspects of brand identity of the bottle. By 

mimicking the structure of the spiral growth of a pine tree (2) Logoplaste was able to develop 

(3,4,5) a PET bottle that allowed Vitalis to comply with their sustainability strategies, by saving 

250 tons of raw materials every year, and at the same time establish a strong emotional link to 

the brand of  Vitalis (Rego, 2013; Ask Nature, 2013). 

Table 5 Case Study: Logoplaste

Context Activities

Biomimicry 

Applied the “Challenge to Biology” process developed by the Biomimicry Institute. 

Used the AskNature.org database to find the spiral growth of whitebark pine tree as 

suitable model.  The spiral growth allows whitebark pine trees to grow in an environ-

ment of strong winds and snow, allowing it to withstand compressing and stretching 

forces without breaking. Once the natural model was identified, extra research was 

performed on biological knowledge on the selected natural model. The research ena-

bled Logoplaste to brainstorm bio-inspired ideas and continue with the NPD process.

NPD

Cross-functional design teams in place from beginning to end. Customer interaction 

throughout the design project. 

Innovation

Processes in place to do incremental innovation (stage-models), and breakthrough 

innovation (design thinking & biomimicry). Top management support, with a business 

strategy, compatible with product strategy.  

Design

Design Thinking methods applied in development process, with respect to the three 

criteria of DT (viable, desirable, feasible).

The Vitalis bottle was the first product for Logoplaste to be developed with a biomimetic ap-

proach. Logoplaste used the design thinking method and processes of biomimicry in combi-

nation to come up with a product that is situated on the breakthrough end of the innovation 

spectrum with the result of creating a product that is superior for the customer and competitive 

in the market.  Although biomimicry in this example was performed only on a project level, it 

showed that a biomimetic approach has the potential to come up with successful product inno-

vations. 

6.2 CASE STUDY 2: REGEN ENERGY

Company: REGEN Energy,  Toronto, Ontario, Canada

Product Type: Wireless energy controllers

Inspired by the way hives of bees communicate and coordinate with each other using simple 

rules allowed REGEN to develop the EnviroGrid Controller that acts as a smart power switch. 

REGEN tried to emulate the bee’s principle of self-organization and emulate the pattern of their 

communication, where an actual behavior of a group emerges through the collective interactions 
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of all individuals.  The REGEN controllers also “talk to each other” like in a swarm and these 

“thinking” nodes make a decision every few minutes to ensure the most efficient use of energy. 

These controllers can be installed on any electrical heating, cooling, or discretionary electrical 

load (Biomimicry 3.8, Case Study – REGEN Energy). 

Table 6 Case Study: Regen Energy

Context Activities

Biomimicry 

Inspired by Steven Johnson’s book Emergence: The Connected Lives of Ants, Brains, Cities, 

and Software. REGEN emulated the bee’s principle of self-organization to develop an ener-

gy demand management controller.  No official biomimicry process applied, but basic steps 

of the biomimicry process visible. 

NPD

Non-cross-functional team, both from the same industry performing the same function. 

Used a response-model (focus on organization’s response to a new project proposal or new 

idea) approach to develop new product. 

Innovation

Entrepreneurial endeavor. A start up company that identified an underserved market. Ap-

proaches to breakthrough innovation (biomimicry). 

Design

Basic approaches of design thinking, by trying to apply HCD related methods (identifying 

the latent need of customers in relation to energy management).

Biomimicry was applied in this example, but unaware of an existing biomimetic process. Nev-

ertheless, the start-up used a natural model, abstracted its design principles to come up with a 

breakthrough product. In innovation terms, this is clearly a radical innovation that disrupted the 

existing market of energy supply management products and services. REGEN may be considered 

as “design illiterate” – they used basic approaches of HCD but also not intentionally. 

6.3 CASE STUDY 3: KALUNDBORG

Company: Kalunborg Municipality and nearby industries, in Kalundborg, Denmark

Product Type: Example of industrial symbiosis

Kalundborg Industrial Symbiosis shows mutually beneficial relationships between companies 

that see their respective industrial by-products as valuable resource for other partner companies. 

Figure 13 Regen Swarm Energy Managemen (based on REGEN Energy, 2003) 
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It serves an industrial example that mimics a rainforest that make the best of poor soils with a 

species-rich aboveground community that captures water and nutrients before they can be lost. 

Kalundborg has evolved to a complex network of companies, continually motivated to turn every 

possible by-product into a useful resource. However, making use of industrial by-products and 

striving for a closed-loop for industrial resources is also subject in other approaches like Industrial 

Ecology or Cradle-to-Cradle, which puts their main focus on sustainability. Biomimicry also has a 

strong focus on sustainability but in this case also exemplifies learning from natural models like 

the rainforest and mimicking its system by making sure resources like gas, cooling water, and 

gypsum are kept in a cycle and that ones waste is another company’s resource (Suarez, 2012).

Table 7 Case Study: Kalundborg

Context Activities

Biomimicry 

The industrial symbiosis exemplifies the potential of mimicking the ecosystem of a rainforest 

managing poor soils. They didn’t follow a specific biomimetic process, rather the symbiosis 

has evolved over more than three decades. 

NPD

The system and its available resources, are taken into account in the member companies of 

the symbiosis. A network model (coupling external linkages with internal activities) here is 

likely in place. Cross-functional teams also most likely in place, not only internal, but across 

different industries. 

Innovation

Innovation is performed with a resource-based view ( an inside view; focus on a companies 

resources as a main driver for innovation activities). The system itself is potentially disrup-

tive, as this model is the world first industrial symbiosis.

Design

The symbiosis as a means to providing resources, also affects the way their design efforts 

are managed, possibly on all three levels (strategic, tactical, operational)

Kalundborg exemplifies biomimicry practiced on a systems-level. It is a symbiosis that has evolved 

over decades and wasn’t planned or invented with a biomimetic intention. Nevertheless, Kalund-

borg is an example of a functioning symbiosis of industry partners that reduce waste, by keeping 

industrial bi-products in a cycle. In terms of design this system also affects the way the compa-

nies direct their design efforts, respecting the cycle of resources also in their design activities. 

Figure 14 Kalundborg Symbiosis (Suarez, 2012)
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7 Literature Discussion 
The literature discussion aims at distilling the data gathered in the literature review and put 

it into the context of the research question. The insights gained in this phase will lead to the 

hypothesis, which will be the linking component to the research, analysis and conclusion of the 

thesis. 

7.1 KEY FINDINGS AND HYPOTHESIS

KEY FINDINGS

Parallel processes for breakthrough and incremental innovation

Just as Trott (2005) identified that long-term success is almost always interconnected with the 

ability to develop products that are superior to the competition (p. 384).  It is therefore impor-

tant for companies to have functioning processes in place that foster breakthrough innovations 

next to existing processes for incremental innovations (such as Stage-Gate®). Sebell (2011) argued 

that every company should have a “parallel process for exploration, invention, testing and launch 

of potentially breakthrough innovations, those that change the game” (p. 13).

Biomimicry – an approach to innovation with a lack of practicality

Although the methodology is still very abstract and requires more practicality, Biomimicry offers 

a strong ideological as well as inspirational problem-solving methodology. Biomimicry is a bioin-

spired practice with a very holistic view that aims at mimicking not only form but also processes 

and ecosystems. Biomimicry as a standalone solution for product development is difficult to 

achieve, but it has strong elements that complement with companies existing processes. A clear 

strategic proposal or guideline of how to transform business to become truly biomimetic with 

its products, its processes and the whole system it is embedded in, is still missing in biomimicry 

(Rego, 2013; Mangham, 2013).

BT as a holistic design process suited for breakthrough innovation, with some manage-

rial deficiencies

In the context of the design process, biomimicry offers a suggestion for a design process, the BT 

methodology. The combination of two different approaches (Biology to Design, and Challenge 

to Biology) makes sense in regards to having an integrated methodology for both approaches 

(Mangham, 2013). Nevertheless, for existing companies the process Challenge to Biology is the 

most practical. 

DT as a best practice method with a strong user-centered focus

A method and a comprehensive method that has proven to be suited for breakthrough innova-

tion is DT. With a strong user-centered focus DT is suitable to identify the latent needs of people. 

Prototyping with an iterative approach makes sense in a design process as this allows testing 

ideas and assumptions physically. 
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Tactical importance of DM

DM and the role of the design manager are important in the product development process, 

especially at the tactical level, acting as a facilitator of the process and safeguards the design 

projects from the idea to the actual product. 

A complementary approach to innovation – DT plus BT combined

Biomimicry and Design Thinking have striking similarities. Both have a very wide scope in the 

beginning allowing for ideas to develop in a divergent / convergent manner and how the pro-

cess is structured, but they also have a completely different perception of where innovations 

are triggered. Biomimicry focuses very strongly on the emulation part and thinking in analogies, 

where challenges are translated into functional questions, allowing filtering natural models, and 

to eventually spot suitable models.  However, this model lacks taking the end-user into consid-

eration. DT focuses on creativity techniques that help “out-of-the-box” thinking with a strong 

human centered approach, but do not consider the element of emulation as potential means to 

discover innovative ideas.  Nevertheless, a complementary approach between BT and DT has the 

potential to be a powerful innovation process. 

CRITERIA COLLOCATION 
Within the different chapter summaries, criteria were defined that serve as a control measure for 

the concept development. In context of the thesis research questions, these criteria need to be 

met in order to develop a valid solutions concept. The criteria are collocated below:

Table 5 Criteria Collocation

Area Criterion

Innovation

• Innovation is a top priority in a company’s strategy. 

• Next to incremental innovation practices, parallel processes for breakthrough 

innovation are established.

Biomimicry

• BT is integrated into already existing product development processes.

• Life’s Principles are translated into the specific sphere in order to serve as a sus-

tainability assessment. 

New Product 

Development

• Cross-functional teams are established in NPD activities.

• A culture of innovation is in place for the development of innovative products.

• Senior management support is given for pushing innovative projects forward.

Design Processes & 

Management

• A design manager, who coordinates people, projects, processes and procedures, 

manages NPD initiatives. 

• DM has established links to the senior management (aligning product strategy 

with overall business strategy).

• DM is the central role for implicitly integrating biomimicry into existing processes.
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HYPOTHESIS

In the introduction of this paper the research question (How can a biomimetic approach help 

product/service development to innovate?) guided the literature review, which enabled the 

author of this paper to gain important insights stated above.  Based on these insights, the result 

of the literature review is the formulation of the following hypothesis that intends to provide an 

answer to the research question:

Integrating biomimicry by means of design thinking in company’s processes supports companies 

to achieve breakthrough innovations in product development and helps a design manager to 

steer the activities in an ecologically, socially and economically sound way.

TRANSITION 
The hypothesis as a concluding element of the research phase is a first proposal of how the 

problem space addressed with the research question could be resolved. It serves as a basis for 

the research, analysis and synthesis phase with the objective to define how the hypothesis can 

be implemented. Moreover, to conclude the thesis with an evaluation, if the solutions proposed 

are able to verify or falsify the hypothesis. 
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Research, Analysis and 
Synthesis
The first part of this thesis studied the literature available on the topics of 

product innovation, biomimicry, new product development and design 

processes & management. The second part deals with the development 

of a preliminary concept, gaining additional insights into the topic (Research), develop a refined 

set of criteria (Analysis), and develop a solution concept. Finally, the solution concept will be eval-

uated against the aforementioned criteria to verify the hypothesis (Synthesis). 

8 Preliminary Concept
In this chapter a first solution concept is presented that attempts to answer the research ques-

tion and prove the hypothesis.

8.1 CONCEPT DEVELOPMENT METHODOLOGY

Creativity methods for framing the opportunity, ideation and selection were used to develop a 

preliminary solution concept. The goal of developing such a concept prior to any further research 

allows the solution to evolve through a number of iterative steps, hence optimizing the final solu-

tion concept with several feedback rounds of prototypes. 

The opening phase of the concept development was about setting the stage by collecting all the 

information and insights gathered from the literature, case studies and discussions with experts. 

Different creativity methods like mind maps or affinity maps helped identifying patterns and 

themes for the ideation phase.

In the second phase, the identified patterns and themes were transformed into a number “How 

might…”-questions, which served as a starting point for the brainstorming.   

In the last phase the ideas were then evaluated against the criteria defined in the literature re-

view and the most promising ideas were selected. The collocation of different ideas then resulted 

in a first solution concept – the Design Managers Biomimicry Toolkit.

8.2 DESIGN MANAGERS BIOMIMICRY TOOLKIT

The following solution concept - a Design Managers Biomimicry Toolkit - aims at helping a 

design manager effectively integrate biomimicry into a company’s product innovation activities. 

The toolkit offers assistance at an operational level (The Biomimetic Design Thinking Process), on 

a tactical level (The Life’s Principles Metrics), and on a strategic level (The Biomimicry Progress 

Matrix).



36

8.2.1 THE LIFE’S PRINCIPLES METRICS

The Life’s Principles Metrics is a metric tool 

based on the “Weighted Objectives Method” 

commonly used as an evaluation method to 

compare design concepts. This is a tool for 

design managers, who are overseeing NPD 

projects, in collaboration with the project 

managers or team-leaders of a multidisciplinary 

design team. This tool tries to make biomimic-

ry objectively measurable, thus helps a design 

manager to make more accurate decisions and 

recommendations to improve a product devel-

opment’s project overall sustainability perfor-

mance. 

This method makes Life’s Principles measurable 

by translating the principles into a set of measurable criteria from the sphere of use, in this case 

product development. By including a reference solution, which could be a solution concept that 

is from the market (market leader in the desired market) or a predecessor product, the tool al-

lows comparing a design concept with an external reference. The reference solution will thus be 

evaluated against the current solution concept from the NDP project. By setting a metric weight, 

the design manager is able to prioritize the different criteria aligned to the challenge at hand. 

The tool allows the design manager to make recommendations in what area the development 

process could be improved. This will ensure that the final result will be a gradual improvement 

towards a truly biomimetic product development.

8.2.2 THE BIOMIMETIC DESIGN THINKING PROCESS

 Figure 16 Preliminary Concept - The Biomimetic Design Thinking Process

Figure 15 Preliminary Concept - The Life’s Principles 

Metrics
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The Biomimetic Design Thinking Process is basically a merger of IDEO’s DT process and the BT 

process. The intention behind merging these two processes, is that the DT process already is a 

proven way to develop breakthrough products. So then, by infusing the methods from the BT 

methodology a powerful new process evolves that ensures that products are not just relevant to 

the user, but also fulfill a high sustainability standard.  The process is designed for design manag-

ers to support managing the overall product development process with a biomimetic focus and 

for all NPD stakeholders to ensure their challenge meets the goals in terms of desirability, viabili-

ty, feasibility and biomimicry.

8.2.3 THE BIOMIMICRY PRODUCT PORTFOLIO PROGRESS MATRIX

The Biomimicry Product Portfolio 

Progress Matrix is a tool for design 

managers in collaboration with sen-

ior managers to assess the current 

product portfolio on the basis of its 

positioning in terms of the level of 

bio¬mimicry achieved and whether it 

is overall sustainable or not. The goal 

of this tool is to tackle the challenge of 

getting senior management support 

when integrating biomimicry by show-

ing how well their product portfolio performs on a biomimetic scale. 

This helps makes strategic decisions about their current product portfolio. Products and services 

that are positioned in the bottom right end of the “Opportunist” area have the greatest need to 

be redesigned or even to be phased out. A company should strive for the top right category (The 

Survivor) of the matrix with its product innovation efforts to achieve a product portfolio that is 

sustainable for the long haul. 

9 Research
In the research, the Design Managers Biomimicry Toolkit is evaluated in a first round of inter-

views.  The results of the research allow collecting insights from experts. This will allow redefin-

ing the criteria and reworking the preliminary concept. 

9.1 RESEARCH OBJECTIVES

The objectives of this research are two-fold. Using the form of expert interviews, additional 

insights on the application of biomimicry in the field of NPD, innovation and design processes 

and management in relation to the scope of this thesis are gathered. Furthermore, the experts 

critically assess the first drafted solution concept. Consequently, the set of criteria previously de-

fined in the Literature Discussion (Chapter 7) allows refining and improving the drafted solution 

Figure 17 Preliminary Concept - The Biomimicry Product 

Portfolio Progress Matrix
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concept. This provides the fundamentals for creating a final assessment of the solution, hence 

answer the research question and validate the hypothesis. 

9.2 RESEARCH SCOPE

The research focuses on experts in biomimicry with a professional background in design and 

NPD, innovation or business. Since the number of active practitioners in biomimicry is still very 

small, no local experts from Switzerland were available for the interviews. Nevertheless, the ex-

pertise of the selected interview partners in biomimicry as well as their professional background 

covers all relevant aspects related to this study. 

9.3 RESEARCH METHODOLOGY 
9.3.1 SEMI STANDARDIZED EXPERT INTERVIEWS

For the expert interviews a qualitative research method, namely the semi standardized interview 

method was selected. According to Flick (2006) research questions pursued with this method 

concentrate partly on the content of subjective theories and partly on how they are applied in 

practice (p. 160). This makes this method best suited to elaborate the expert’s views on biomim-

icry inside their professional practice.

This interview approach provided flexibility in the way questions were posed and allowed gaining 

deeper insights with the use of probing questions. The only structure was a set of general topical 

areas and questions, which served as a guideline and not a fixed interview procedure. 

Since two experts are from the United States of America and one from Portugal, the interview 

was conducted in English. 

The interview was divided into two rounds. In the first round, interviewees were asked to elab-

orate on their understanding and application of biomimicry in their professional domain. In the 

second round, the preliminary drafted solution of the Design Manager’s Biomimicry Toolkit was 

presented and the experts were able to share their thoughts and opinions on the solution. Since 

the interview was conducted using a internet telephony and video conferencing technology, the 

solution concept was sent to the experts prior to the meeting, which allowed the experts to give 

focused and critical inputs. 

9.3.2 EXPERTS

Special attention was paid with the selection of the interview partners, which had to provide the 

right professional background to ensure the research objectives could be met. Therefore, the fol-

lowing three experts were selected for the semi-standardized interviews, based on their exper-

tise in business & entrepreneurship, innovation, and design and design management:  
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9.3.3 INTERVIEW SETTING

All three interviews were conducted via Internet telephony and video conferencing software, as 

the interview participants were not available for a face-to-face conversation due to their current 

whereabouts in Portugal and United States of America. Nevertheless, the superior sound and 

video quality allowed for an unconfined interview setting.  With the approval of the research 

participants the interviews were audio recorded (found transcribed or as an MP4 format on the 

attached CD) that allowed the interviewer to review the session and analyze the answers given 

by the experts. Furthermore this allowed the interviewer to stay focused on the dialog and also 

probe with additional questions.

9.4 RESERCH FINDINGS

9.4.1 INTERVIEW WITH COLIN MANGHAM

The Role of Biomimicry in Business

Colin Mangham uses biomimicry in his work as a consultant in innovation and entrepreneurship 

for helping to inspire and create concepts and designs that could be for products, communica-

tions, or whole systems and organizations. He further states that biomimicry helps in a long and 

often tiring innovation process to infuse a creative and inspiring spirit to keep people motivated 

and on the path of discovery.

He further argues that biomimicry cannot work as a standalone discipline, but rather has to be 

integrated into a company’s existing methodologies. 

COLIN MANGHAM 

Expert: Business & 

Entrepreneurship and 

Biomimicry

CEO & Founder of Daily 

Brand Group and Business 

Catalyst at Biomimicry 3.8

DENISE DELUCA

Expert: Creative Innova-

tion and 

Biomimicry

Co-Founder & Director, BCI: 

Biomimicry for Creative  

Innovation

CARLOS REGO

Expert: Designer, Design 

Management and 

Biomimicry

Design Manager and  

Biomimicry Specialist at  

Logoplaste Innovation Lab
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“You can’t achieve true innovation, true sustainability, true passion-in-

fused entrepreneurship that gets the job done without having a variety 

of tools at your disposal” (Mangham, Expert Interview, 2013).

 __________________________________________________________________

The challenge of biomimicry in business from a strategic point of view is the complexity of apply-

ing it on deeper level. Which is difficult to achieve for adopters, especially after the initial excite-

ment about the biomimetic methodology. Consequently, a biomimetic methodology bears the 

risk that it is taken too metaphorically and only applied very simplistically.

For a company to access biological knowledge, Colin Mangham argues that a system might be 

helpful to get a sense of what biomimicry is about. Nevertheless, to truly follow biomimicry there 

is a need to make a deep dive into biological data, which is optimally achieved with the assis-

tance of a practitioner with a strong biological background. 

To fully infuse and integrate biomimicry in a company’s existing processes and structures, the 

support of a champion at higher levels of a company’s organizational structure is needed. Fur-

thermore he argues that a business case has to be presented to senior management, where cost 

benefit of the endeavor has to be pointed out. Moreover, before you are able to integrate bio-

mimicry it is important to understand how this affects the business, such as profit margins, cost 

structures, and how this reflects on the long and short term (Mangham, Expert Interview, 2013). 

Feedback on the Preliminary Drafted Concept of a DM Biomimicry Toolkit

Colin Mangham considers a toolkit that is conceptually tied to existing approaches, such as 

IDEO’s DT process, for design managers as highly beneficial. However, the biomimetic design 

thinking process, which is presented in a linear model does not yet sufficiently reflect a bio-

mimetic approach, which in his opinion should be visualized in a circular manner.  While he 

understands that a design thinking process requires empathy for the end user, he challenges 

the assumption that the process should make a distinction between empathy for humans and 

empathy for nature. He states that from a biomimetic perspective humans are part of nature and 

that there is no distinction between these two elements. 

The biomimetic level achieved matrix he interprets as a sustainability matrix indicating the level of 

sustainability achieved. He does not entirely agree with the axis of the model and specifies that a 

matrix in his opinion should show how closely a company has managed to emulate natural forms 

and processes. Nevertheless, he emphasizes for successful biomimetic integration a tool that 

measures biomimicry is required (Mangham, Expert Interview, 2013). 

 

9.4.2 INTERVIEW WITH DENISE DELUCA

The Role of Biomimicry in Innovation

Denise DeLuca argues that for radical innovation to take place in a company special attention 
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has to be brought to a company’s organizational structure and leadership model.  Moreover, she 

states that every kind of sustainable design is radical innovation, hence is biomimicry. She asked 

herself how nature would achieve radical innovation and discovered that nature follows a co-cre-

ative process to achieve the very same thing, thus is a core element of biomimicry.  

She further points out that biomimicry bears the risk of being interpreted very shallowly and of-

ten never passes the inspiration phase, which is not enough to affect real change. Just like Colin 

Mangham she shares the view that successfully integrating biomimicry only works supplemen-

tally to existing processes. Consequently, biomimicry covers different phases but is not a replace-

ment for processes of other disciplines. For example “emulate” describes the design process but 

does not tell you anything about engineering or anything about design. 

Concerning a biomimetic understanding among members of a product development team, she 

argues that as long as the design team works as a cohesive unit sharing a common vision and 

values, it is not required that every member has to understand the biomimicry process. Never-

theless, everyone should still have an understanding of the bigger picture, to excel at his or her 

individual contribution to the overall process. However, she specifies that once you have a sense 

of where the project is going, you need real biological knowledge, because you could easily get 

it wrong. 

Another point Denise DeLuca’s opinion is congruent with Colin Mangham’s, is that biomimicry 

requires the support of someone, or a whole team at the very top of the hierarchy in an or-

ganization. She further specifies that top management support is required to develop the right 

organizational structure that allows biomimicry to be integrated. 

She further emphasizes the fact that biomimicry is very strong in showing up the long-term 

benefits, but still needs to develop in terms of showing also its short term benefits. Moreover, 

outlining long and short-term benefits is crucial to ensure a top management commitment to 

such a transformation (DeLuca, 2013). 

Feedback on the Preliminary Drafted Concept of a DM Biomimicry Toolkit

Denise DeLuca agrees that a Design Manager’s Biomimicry Toolkit would be beneficial to a com-

pany’s innovation process, that it is holistic and addresses the board level, the management level 

as well as the designers themselves. 

For a metric tool, such as the Life’s Principles Metris to be effective, Denise DeLuca argues that 

the metrics need to have numbers and units to be really measurable. Furthermore she points out 

that the metrics tool should be part of a learning process and the number of actual parameters is 

extended through time. 

Concerning the Biomimetic Design Thinking Process Denise DeLuca states that BT embedded 

into the DT process, enables biomimicry to be applied beyond an inspirational function. Just like 

Colin Mangham she challenges the idea of showing the process as a linear process and prefers 

it to be visualized in more circular manner. Inside the process she emphasizes the importance of 

the evaluation stage, which should force a project to pause and reflect and move forward with 

intention. She also agrees on visualizing the divergent and convergent thinking in such a process, 
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which she considers should be facilitated by a special role that guides the process and its differ-

ent thinking modes. 

She further makes the suggestion to also address what happens between the different phases, 

and that guidelines would make the tool even more powerful. 

In order to make radical innovation possible, she emphasizes the importance of incremental inno-

vation on the way of such a process and that ideas derived from the Biomimetic Design Thinking 

Process may fuel ideas into an incremental innovation process. 

Denise DeLuca also struggles with the way the axis are defined but agrees with the format of the 

tool. She argues that the tool should allow someone from the CXO-level to see why he or she 

should care about biomimicry. She makes the suggestion that the two axes should reflect how 

Life’s Principles merge with the business goals in order to see where the business wants to be in 

the future. 

Finally she would also welcome if the three tools would be better integrated, showing the inter-

dependence of the different tools (DeLuca, 2013).

9.4.3 INTERVIEW WITH CARLOS REGO

The Role of Biomimicry in Design

For Carlos Rego as a designer / design manager biomimicry is a tool that expands the potential 

solution space and is a suitable approach to the sustainable development of products, processes 

or an entire system. Like the other experts he agrees that biomimicry is a complementing process 

and works very well side by side with other processes, for example the design thinking process. 

The greatest risk in adopting biomimicry he sees when the focus is put only on the visual aspects 

of a design. Carlos Rego shares the view with Colin Mangham that a biomimetic understanding 

inside an NPD team should be present in order to opt for the greatest benefit of biomimicry: 

developing truly sustainable solutions. However, he also points out that tools have to be provided 

that do not require any biomimetic understanding.

“It’s very easy to be completely thrilled with visual aspects of biomimic-

ry and lose the focus on the heart and soul of what biomimicry is really 

about, which goes far beyond aesthetics.  … You don’t see something 

beautiful in nature just because it is beautiful; usually it is a conse-

quence of a design strategy that tries to solve a specific problem of an 

organism “(Rego, 2013). 

 __________________________________________________________________

Like the other experts, he also seeks the support from senior management as a must-meet cri-

teria for biomimicry to be successfully integrated. He further specifies that it has to be communi-

cated to management how biomimicry is able to bring an added value to the business and how 

it is able to provide a return on investment.  As an example he states that biomimicry is able to 

go further than most other sustainability approaches, putting the adopter ahead of its competi-
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tion and thus brings added value for the company and its clients. 

To introduce a biomimetic approach in a business, Carlos Rego states that the design manager’s 

role is most relevant when being involved in defining the business strategy.  Managing a MDT 

with a biomimetic background, or even a biologist at the design table should not be a major 

challenge for a design manager, which is part of a design manager’s competence (Rego, 2013). 

Feedback on the Preliminary Drafted Concept of a DM Biomimicry Toolkit

Carlos Rego states that the metrics are important to see if a company makes progress with its 

innovations in terms of biomimicry, thus sustainability.  He supports the use of a metric weight, a 

final score as well as the use of a reference, as this is important to track the actual improvement.  

He emphasizes the importance of having a good understanding of Life’s Principles essence to 

be able to translate it to sufficient metrics. Like Denise DeLuca he shares the view, that the Life’s 

Principles metrics should not be a fixed set of parameters, but should be flexible and that there 

should a great number of parameters, to ensure an accurate measurement.  Moreover, the scores 

should be as objective as possible as subjectivity compromises the credibility of such a tool. He 

also states that the metrics should not be done for the different disciplines like marketing, engi-

neering, etc. but should focus on the universe of the product, for example packaging design. 

Carlos Rego sees the The Biomimicry Progress Matrix as a tool for showing management or the 

clients where they are in terms of sustainability. It serves as a useful tool to communicate, very 

diplomatically and elegantly to a company or its client how they are really performing on a sus-

tainability level (Rego, 2013). 

10 Analysis
This chapter analyses the research findings and aims at revealing additional insights that will lead 

to a reformulated set of criteria, thus are targeted at the assessment and verification of the final 

solution. 

10.1 ANALYSIS METHODOLOGY

To be able to gain deeper insights on the data collected in the expert interviews, a thorough 

analysis of the interviews was required. Therefore, the audio-recorded interviews were reviewed 

and transcribed. The transcripts were read several times and the answers given by the experts 

were collated and clustered into topical areas. The clustered insights were paraphrased and com-

pared in order to have a clear overview of similar statements.

10.2 INSIGHTS

Integrating biomimicry beyond mere inspiration is a complex process.

All experts agree that biomimicry is a powerful tool that inspires breakthrough ideas, and pro-

vides a different perspective to challenges. Furthermore they all agree that from the moment 

biomimicry is applied beyond the stage of inspiration, it gets very complex and bears the risk of 



44

misinterpretation and misuse of the BT process.  This is also reflected in the cases reviewed in the 

literature review, for example, REGEN Energy has not yet manage to pass the inspirational stage 

of biomimicry. Logoplaste showed that full commitment and the awareness of the longitude of 

such a transformation helped them to overcome this hurdle. Logoplaste now is at the stage to 

embrace biomimicry beyond the level of inspiration with aligning their current sustainability to 

policies to Life’s Principles. 

Biomimicry needs to show financial benefits to be relevant for business. 

All experts agree on the fact that senior management support and their commitment towards bi-

omimicry is required to achieve a successful integration. Denise DeLuca (2013) hereby emphasizes 

the fact that it is important to also show short-term benefits, rather than just long-term bene-

fits to management. Colin Mangham (2013) also agrees that a business case has to be made, 

by showing up how biomimicry influences a company’s sales margins, cost structures, and so 

on. Logoplaste is an example of how important it is to have a champion in the higher positions, 

without the support of senior management they would not have been likely to push forward 

with this organizational transformation (Rego, 2013).  

Deep biological knowledge is required when reaching the discovery phase.

Carlos Rego (2013) and Colin Mangham (2013) share the view that a biomimetic understanding 

is required among all members of a design team, whereas Denise DeLuca (2013) states that not 

everyone has to understand the biomimetic process, but that everyone has to see the big pic-

ture. However, they all share the same opinion, that once a project gets into the phase of discov-

ering natural models and emulation, that biological expertise is required. The case of Logoplaste 

exemplified that a first search can be done with a basic understanding of the biomimetic meth-

odology but once natural models were selected and design principles abstracted, a deep biologi-

cal knowledge is required to prevent a misinterpretation. 

Design management needs to act on different organizational levels.

Carlos Rego (2013) sees the role of the design manager also in managing MDT teams. Denise 

DeLuca (2013) addresses the role of the facilitator that guides a design team through the differ-

ent processes. Carlos Rego (2013) further states, that a design managers role is also to advise 

senior management on a business strategy level. Reviewing the case studies, only Logoplaste has 

a design manager established who is in close contact with senior management and fulfills the 

role of the facilitator in a MDT team environment. 

Biomimicry needs objective metrics.

All experts have come to the understanding that currently biomimicry lacks objectivity in terms 

of being able to measure both impacts biomimicry has on a business level, as well as on a 

sustainability level. This fact becomes evident when looking back at the cases, as there are no 

metrics available that allow tracking a company’s biomimetic progress. 
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Biomimicry is not a standalone discipline.

All experts see biomimicry as a methodology that does not work as a standalone discipline, but 

has to be integrated into existing processes and structures within a company.  The cases of Logo-

plaste, REGEN Energy and Kalundborg all have applied biomimicry as a complementary method-

ology to existing processes and methods. 

10.3 CRITERIA REFINEMENT 

The following criteria are derived from the expert interviews and are complementing the criteria 

defined in the literature discussion. The refined set of criteria enable the preliminary solution con-

cept of the Design Managers Biomimicry Toolkit to be reworked and allows the refined solution 

concept to be evaluated in a second round of expert interviews. Below the refined criteria are 

marked in bold letters:

Table 9 Criteria Refinement

Area Criterion

Innovation

• Innovation is a top priority in a company’s strategy. 

• Radical innovation processes will produce several incremental innovations 

on the way, to ensure a company can meet short-term as well as long-term 

goals. 

Biomimicry

• BT is integrated into already existing product development processes.

• Life’s Principles are translated into the specific sphere in order to serve as a sustaina-

bility assessment. 

• Complexity to adopt biomimicry is reduced

• Uses biomimicry holistically (beyond the stage of inspiration)

• Biomimetic efforts can be measured objectively.

New Product 

Development

• Cross-functional teams are established in NPD activities.

• A culture of innovation and co-creation is established for the development 

of innovative products.

• Senior management support and commitment is given for pushing biomi-

metic product development projects forward

Design Processes & 

Management

• A design manager, who coordinates people, projects, processes and procedures, 

manages NPD initiatives. 

• DM has established links to the senior management (aligning product strategy with 

overall business strategy).

• DM is the central role for implicitly integrating biomimicry into existing processes.



11 Solution Concept 

STRATEGY LEVEL
TACTICAL LEVEL & OPERATIONAL LEVELTACTICAL LEVEL

The Biomimicry Innovation Matrix helps aligning a 
company strategy with a new product strategy, while 
being compliant with sustainability policies. Hence, 
helps gaining senior management support for the suc-
cessful integration of biomimicry. 

The Life’s Principles Metrics allow measuring the prod-
uct development project progress and outcome and in 
terms of Life’s Principles alignment.
Data from this measurement feed back into the Bio-
mimicry Innovation Matrix.

The Biomimetic Design Thinking integrates Biomim-
icry into the operational andt tactical sphere of an 
organization. It gives an multidisciplinary NPD team 
a clear biomimetic process to follow, as well as a 
design manager a clear process to manage.

11. 3 The Life’s Principles Metrics

The Life’s Principles Weighted Objectives is a metric 
tool based on the “Weighted Objectives Method” 
commonly used as an evaluation method to compare 
design concepts. This is a tool for Design Managers, 
who are overseeing NPD projects, in collaboration 
with a biomimicry specialist, the project managers or 
team-leaders of an multidisciplinary design team. The 
tool allows measuring a projects performance in re-
spect to it’s alignment to Life’s Principles.  The metrics 
used are based on Life’s Principles and translated in 
the sphere of use (for example packaging design). The 
translation is not part of the measuring process, but 
happens before the actual use of the tool.  
Once the metrics for the project have been defined, 
the Life’s Principles metrics are used at different stages 
during the product development to asses the biomi-
metic performance of a project. The tool allows setting 
weights for the different metrics, to allow prioritizing 
certain metrics, as well as allows measuring the project 
against a reference. The reference could be a solution 
on the market or a predecessor product. 

Canvas

The Life’s Principles Metrics Canvas can be printed out 
in a large format, such as A2 or even A1 and serves as 
tool for design managers and project managers / team 
leaders to discuss the metrics for the design challenge 
at hand.
This is also suitable to be physically placed, and visible 
to all team members of an NPD team, to raise the 
awareness of Life’s Principles and the defined metrics. 

Filing Cards

The Life’s Principles Filing Cards  are templates for cre-
ating a whole catalog of parameters measuring Life’s 
Principles for the specific sphere.

They serve as a basis for the discussion between the 
design manager, the biomimicry specialist and the 
project manager / team leader and of an NPD team to 
discuss the best suited parameters. It’s an interactive 
way of finding the right metrics for the design chal-
lenge at hand. 

Furthermore, in the reflection stage of every design 
challenge new criteria can be defined and added to 
the catalog of Life’s Principles Metrics. 

Design Manager (DM)
ADVISE

M
EA

SU
R

E 

FACILITATE & MANAGE

Overview 
The Design Manager’s Biomimicry Toolkit is an integrated set of tools for design 
managers that aims at making biomimicry accessible for a companies that look for 
new ways for radical innovation and sustainable design. 

The Toolkit consists of three tools:

• Biomimicry Innovation Matrix
• Life’s Principles Metrics Canvas and Filing Cards
• Biomimetic Design Thinking Process Guide

The toolkit is specifically designed to address stakeholders on all levels of an organisa-
tion, namely the board level, the mangement level, as well as the staff level (multidis-
ciplinary design teams). 

The goal of this toolkit is to have a simple guide for design managers to adopt bio-
mimicry in a companies product innovation processes. 

11. 2 The Biomimcry Innovation Matrix

The Biomimicry Innovation Matrix is a tool for design 
managers that is applied in collaboration with senior 
managers. The tool assesses the current product portfo-
lio in terms of biomimetic benefits achieved (alignment 
with Life’s Principles) relative to the overall business 
performance (Return on Product Development Expense). 
While The business performance metrics can be derived 
from accounting, the Life’s Principles data can be derived 
from Life’s Principles Metrics. 

This helps making strategic decisions about their current 
product portfolio. Ideally the current product portfolio 
should eliminate products in the “silent” category and 
should strive for products in the “survivor” category.

THE SILENT
Products on the market that don’t 
sell well and that are completely un-
sustainable. Withdrawal of product 
to be considered. 

THE FIGHTER
Products that are on a competitive 
market, that have a good return 
on product development, but are 
completely unsustainable. Consider 
redesigning for moving towards 
“The Prudent” category. 

THE FAST MOVER
Products that have an excellent 
sales, thus are highly competitive, 
but are exploitive in sustainable 
terms, thus consider redesigning to 
move towards “The Smart Mover” 
category. 

THE COMPASSIONATE
The compassionate is a product 
that has scored well against Life’s 
Principles but doesn’t really sell 

well. Consider optimizing offering 
by focusing on the needs of the 
customer. 

THE PRUDENT
The prudent has good results in 
terms of Life’s Principles alignment, 
and is also in a good competitive 
situation. Not urgent changes 
required, but strive further invest 
in both needs of the customer and 
alignment of Life’s Principiples to 
move towards “The Survivor” cate-
gory in future. 

THE SMART MOVER
The smart mover product is a 
greatly desired product, produc-
ing excellent sales and has a good 
alignment with Life’s Principles. 
No urgent changes required, but 
consider optimizing Life’s Principles 
alignment.  

THE PHILANTROPIST
Products that have an excellent 
alignnent with Life’s Principles, thus 
are sustainable, but don’t perform 
very well on the market. Consider 
revising the voice of customer to 
better address customers needs.

THE AMBITIOUS
Products that have an excellent 
alignment with Life’s Principles and 
are in a competitive situation on the 
market. A sheer ideal position that 
can only be optimized by investing 
more into research in terms of the 
targets audience needs. 

THE THRIVER
Products that dominate the market 
not only in terms of  its exccellents 
sales, but alse by its excellent sus-
tainability performance. The ideal 
positioning. Keep score by constant-
ly revising both market performance 
and customer needs to maintain 
positioning. 

The Biomimetic Design Thinking process is basically a 
merger of IDEO’s DT process and the BT process. The 
intention behind merging these two processes is that 
the DT process already is a proven way to develop 
breakthrough products. So then, by infusing the meth-
ods from the BT methodology a powerful new process 
evolves that ensures that products are not just relevant 
to the user, but also fulfill a high sustainability stand-
ard. Furthermore, it amplifies the potential solutions 
space by including nature as an inspiration.
The process is designed for design managers to 
support managing the overall product development 
process with a biomimetic focus and for all NPD stake-
holder to ensure their challenge meets the goals in 
terms of desirability, viability, feasibility and biomimicry.

The guide is in fan deck format, that allows a design 
manager to have quick access to the different phases 
of the biomimietic design thinking process and gets an 
overview of the different actions, the thinking mode, 
as well as some facilitators notes with helpful remarks. 
The fan is not intended to be used as a step-by-step 
process but should facilitate a flexible use of the dif-
ferent steps described, hence encourages an iterative 
work approach.

11.4. The Biomimetic Design Thinking 
Process Guide

MANAGEADVISE

The design manager manages the biomimetic design 
thinking process and supports project managers or 
teamleaders in meeting the Life’s Prirnciples metrics 
and gives recommendations of how to optimize the 
overall results.

The design manager is actively involved in forming a 
business strategy, giving advice to senior management 
in terms of strategic decisions for biomimetic product 
innovation. The design manager also advices team 
leaders or project managers in terms of biomimetic 
tools and methodologies.

FACILITATE / COORDINATE

The design manager facilitates the the biomimetic 
design thinking process. The design manager also gives 
members of a multidisciplinary NPD team a framework 
and guides the team through the different phases.

11 . 1 Role of Design Management

MOVE FORWARDSTART THE
CHALLENGE

DISCOVERY

INTERPRETATION

IDEATION

EXPERIMENTATION

REFLECTION

EVOLUTION STAGE 1

EVOLUTION STAGE 2

EVOLUTION STAGE 3

EVOLUTION STAGE 4

SCOPING
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12 Synthesis
In the synthesis the Design Managers Biomimicry Toolkit is evaluated in a second round of 

interviews.  The results of the synthesis allow drawing a final conclusion, hence verify the hy-

pothesis and determine if the research questions could be answered. 

12.1 SYNTHESIS METHODOLOGY

Because there is no comparable solution available, the expert interview is the ideal form of as-

sessing the final solution concept. A quantitative research approach was considered as a means 

to support the evaluation of the final solution concept.  To be more specific, a social survey 

method was chosen, which has the advantage by means of measured variable to test the hy-

pothesis (Silverman, 2009). The social survey was done in a face-to-face interview with the same 

experts that took part in the first round of interviews. The interviewees received the solution 

concept prior to the interview. The interviewees were asked to rate the solution concept ac-

cording to the measured variables, which are derived from the redefined criteria defined earlier 

in this paper (See Chapter 10.3).  This will allow synthesizing the answers given by the different 

interviewees and draw a final conclusion. However, the experts were not able to actually test the 

solution, hence the answers given were based on personal opinions and estimates. 

12.2 THE EXPERT SURVEY

The three experts were asked to review the final solution concept of the Design Managers Bio-

mimicry Toolkit and were asked to answer the questions below.  The experts were able to rate 

the variables from 1 (not at all) to 5 (To a large extent). 

Table 9 Expert Survey Rating The Final Solution Concept

Scale: 1= Not at all; 2=To a little extent; 3=To some extent; 4=To a moderate extent; 5=To a large extent.

Measured Variable Colin Mangham Denise DeLuca Carlos Rego

Does the solution help a company to 

gain short-term benefits (incremen-

tal innovation) as well as long-term 

benefits (radical innovation)? 4 5 5

Does the solution allow integrating 

biomimicry into existing processes? 4 5 5

Does the solution provide the means 

to translate Life’s Principles into the 

specific sphere? 4 4 1

Does the solution reduce the com-

plexity to adopt biomimicry? 2 5 5

Does the solution help using 

biomimicry holistically, beyond the 

stage of inspiration? 3 5 5
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Can the biomimetic efforts be meas-

ured objectively? 3 4 3

Does the solution embrace 

cross-functional teams for the new 

product development process? 5 3 5

Does the solution help creating a 

culture of co-creation and innova-

tion? 4 3 5

Does the solution help getting senior 

management support? 4 5 5

Does the solution integrate the role 

of design management as a role 

manages NPD projects, hence a role 

that coordinates processes, projects 

and procedures? 5 5 5

Is the design manager a central 

role that establishes links to senior 

management? 5 4 5

Is the design manager the central 

role of integrating biomimicry into a 

company’s existing processes? 5 3 5

Total (max.  60) 48 51 54

12.3 SYNTHESIS RESULTS

The survey revealed that the experts agreed that the Design Manager’s Biomimicry Toolkit meets 

almost all measured variables from a moderate to a large extent. Discrepancies between the 

expert ratings are found in the rating of delivering the means to translate Life’s Principles. Carlos 

Rego (2013) pointed out that the solution concept was not able to meet the criteria of doing the 

actual translation of Life’s Principles into measurable metrics, as it does not reveal how the actual 

translation works, but rather delivers the tool to apply and measure the metrics. Colin Mangham 

(2013) stated that the solution might not really reduce the complexity to adopt biomimicry. 

Denise DeLuca (2013) pointed out that cross functional teams in NPD projects to work needs a 

culture of co-creativity, which requires the adoption of co-creativity skills. She therefore rated the 

variable as met to some extent. Furthermore, she argued that integrating biomimicry in a com-

pany’s processes requires everyone involved to understand their roles, goals and processes. She 

sees the design manager as a facilitator and coordinator. Consequently, she rated this variable 

as met to some extent. Overall, the solution meets most criteria and is with some minor details 

approved by the experts. 

13 Outlook
The Design Managers Biomimicry Toolkit is at the stage where it could be handed over to design 

managers to use and test the tools in practice. The using and testing of the solution will provide 

more key insights that will allow entering another iteration to refine and optimize the toolkit. 



49

However, there are certain points that need to be considered prior to such testing, as it requires 

the right organizational environment to perform such testing. 

INCLUDE A BIOMIMICRY SPECIALIST

Especially in the early phases of an integration it is important to include a biomimicry specialist to 

ensure that biomimicry, above all Life’s Principles is interpreted correctly. This will ensure that this 

endeavor is not compromising the overall credibility of a biomimetic approach to product inno-

vation. Furthermore, it is important that all key stakeholders have an accurate understanding of 

what biomimicry is about, and what it is not. 

ENSURE SUPPORT FROM THE TOP 
Even if it is only testing the solution concept, the support of a champion at the top of the hierar-

chy is required to really perform an accurate testing of the toolkit. Senior management support 

will ensure open doors and ears when making a usability test. 

TRANSLATE LIFE’S PRINCIPLES INTO SPECIFIC SPHERE

The application of the Life’s Principles Metrics requires a proper translation of a first set of gener-

al metrics for the specific sphere of use. Again, a biomimicry specialist ought to be consulted to 

ensure a proper understanding of the essence of Life’s Principles and ensure a proper translation 

into objective metrics. 

COMPATIBLE BUSINESS STRATEGY AND SUSTAINABILITY POLICIES

A company’s business strategy, as well as its existing sustainability policies should complement 

with the methodology of biomimicry. Without an existing business strategy or sustainability 

policies in place that seek more sustainable innovation, testing the toolkit may be difficult, if not 

impossible. 

ENGAGE KEY STAKEHOLDERS 
In the an initial testing phase it is important to engage all key stakeholders and collect insights 

from everyone involved in the process of integrating biomimicry. These insights will be key for 

the next iteration and play a key role in refining and optimizing the solution. 
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14 Conclusion
The aim of this paper was to find out how biomimicry can help product / service development to 

innovate. With the literature review this paper elaborated the importance of having incremental, 

as well as breakthrough innovation processes in place. A possible way to achieve such radical 

innovation can be found in biomimicry and BT that has the potential for companies to benefit 

from an inexhaustible source of ideas and solutions found in nature. Conventional NPD processes 

for incremental innovation already exist, such as Stage-Gate®, thus emphasize the need of having 

radical innovation processes in place. DT by Ideo is a best-practice example of how to achieve 

radical innovation. Consequently, the solution concept takes DT as a key element to infuse bio-

mimicry in a company’s product development processes. 

The Design Managers Biomimicry Toolkit is a conceptual solution developed from the insights 

drawn in the literature discussion, and is designed to meet the criteria defined in the literature 

discussion, with integrated refinements from the analysis phase. Based on the feedback received 

from the experts in the synthesis phase, the solution was approved, hence the hypothesis “Inte-

grating biomimicry by means of design thinking in company’s processes supports companies to 

achieve breakthrough innovations in product development and helps a design manager to steer 

the activities in an ecologically, socially and economically sound way.“ can be verified. 

However, it is important to understand that the solution is still at a conceptual stage, hence it is 

not a standalone solution for companies to adopt biomimicry. However, the proposed solution 

concept makes it easier for companies to get access to the discipline of biomimicry and allows 

design managers to benefit from a set of tool that eases the process of managing, advising and 

facilitating biomimetic activities in a company. 

15 Limitations of Study and Further Research
The research results are based on the inputs of three experts, which is a small sample and there-

fore can only indicate a general tendency. Conducting a long-term study to prove the hypothesis 

of this paper was out of scope and time for this thesis.  The Design Managers Biomimicry Toolkit 

is very generic and not focused on a special industry. The solution concept is still in a conceptual 

phase and therefore only offering a basic framework. Additional field research and testing is re-

quired to really make the Design Managers Biomimicry Toolkit practically applicable. Testing the 

toolkit was not possible because radical innovation is a long-term endeavor and could not have 

been accomplished in the scope of this paper.   

The interviews revealed that companies are still in the early phase of adopting biomimicry in their 

organizations and are still in the area of using biomimicry as means to inspire new solutions. It 

would be interesting to test the conceptual solution in practice and conduct further field re-

search to see whether a biomimetic design thinking, a life’s principles metrics or the biomimicry 

innovation matrix could push those organizations to embrace biomimicry holistically.  From a de-

sign managers point of view it would be interesting to develop an integrated solution or service 

around this and to find out if this could be used to consult companies. 
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Appendix: Research, Analysis & Synthesis 
Weighted-Objectives Method

For the metrics tool the weighted-objectives method was chosen. “The Weighted Objectives 

Method is an evaluation method for comparing design concepts based on an overall value per 

design concept” (The industrial Design Engineering Wiki, 2013). This method assigns scores to 

the degree a design meets a specific criterion. In order to differ between the importance of the 

defined criteria, this method involves assigning a weight to the criteria. For example for a certain 

design challenge the aesthetics may be more important than the cost. This allows the deci-

sion-maker to take into account the differences between criteria (The industrial Design Engineer-

ing Wiki, 2013). 

First Round of Interviews: Feedback and Criteria Determina-
tion 

The transcribed interviews can be found on the attached CD.  

CARLOS REGO

Introduction (Time: 5’’) 

The role of Design Management in integrating Biomimicry in Product Innovation (Time: 5’’) 

1. Briefly, could you describe to me in a few words what the role of biomimicry is in your 

professional practice?

2. Could you specify how you would describe biomimicry’s influence in a design process?

3. Do you think Biomimicry as a methodology can be integrated into existing design pro-

cesses or should it be a replacement of existing design processes?

4. What would you consider the strong points of adopting the biomimetic methodology in 

a design context? Which ones are the weak points

5. How important do you think it is to have a biomimetic understanding among members 

of NPD project? Please elaborate.

6. Do you think it is important to have a role or an interface in place that enables a MDT 

team access to biological knowledge?

7. How important would you define senior management support when attempting to inte-

grate biomimicry in a design process? Briefly explain the role of senior management, and what 

the main challenges are?

8. What would you consider important aspect in achieving senior management acceptance 

concerning Biomimicry?

9. What comes to your mind when you compare the BT Methodology and Design Thinking?  

10. Would you say that these two methodologies could be used simultaneously?

11. Where do you see the role of the design manager in a product design context?
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12. How would you describe his responsibility in integrating Biomimicry in a product innova-

tion process?

Concept evaluation

1. Would you think a Design Manager could benefit from a toolkit with different tools that 

facilitate the integration of Biomimicry?

a. Looking at the metric tool: what are your thoughts on this?

b. Looking at the biomimetic design thinking process: what are your thoughts on this?

c. Looking at the matrix tool: what are your thoughts on this?

2. Overall, what do you consider the strong points of the solution concept?

3. Overall, what would you consider the weak points of the solution concept?

4. From a Design Management perspective, what do you consider important criteria for a 

solution to work when looking at the following hypothesis:

Integrating biomimicry by means of design thinking in company’s processes supports companies 

to achieve breakthrough innovations in product development and helps a design manager to 

steer the activities in an ecologically, socially and economically sound way.“

Conclusion

COLIN MANGHAM

Introduction (Time: 5’’) 

The role of Business in integrating Biomimicry in Product Innovation (Time: 5’’) 

1. Briefly, could you describe to me in a few words what the role of biomimicry is in your 

professional practice?

2. Could you specify how you would describe biomimicry’s influence when doing business?

3. Do you think Biomimicry as a methodology can be integrated into existing design pro-

cesses or should it be a replacement of existing design processes?

4. Looking at Biomimicry from a strategic point of view in a business, what would you con-

sider the strong points of adopting the biomimetic methodology in a business? Which ones are 

the weak points?

5. Looking at businesses that develop products and services. How important do you think it 

is to have a biomimetic understanding among members of a product development team? 

6. Are there any other key roles who should have a biomimicry knowledge to be able to 

successfully implement it in a company? Please elaborate.

Do you think it is important to have a role or an interface in place that enables a business to have 

access to biological knowledge in order to come up with biomimetic products and services?

7. How important would you define senior management support when attempting to inte-

grate biomimicry in a companies design process? Briefly explain the role of senior management, 



58

and what the main challenges are?

8. What would you consider important aspect in achieving senior management acceptance 

concerning Biomimicry?

9. What elements in business have to be focused on when thinking of integrating biomimic-

ry in an existing companies structures and processes?

10. What do you consider key criteria that have to be met for business that develop products 

and services to adopt a biomimicry methodology?

Concept evaluation

1. Would you think, if you evaluate it from a business perspective, that if a design manag-

er could benefit from a toolkit with different tools that facilitate the integration of Biomimicry, 

would that be likely to help a business achieve in its innovation efforts?

a. Looking at the metric tool: what are your thoughts on this?

b. Looking at the biomimetic design thinking process: what are your thoughts on this?

2. Looking at the matrix tool: what are your thoughts on this?

Overall, what do you consider the strong points of the solution concept?

3. Overall, what would you consider the weak points of the solution concept?

4. From a business perspective, what do you consider important criteria for a solution to 

work when looking at the following hypothesis:

Integrating biomimicry by means of design thinking in company’s processes supports companies 

to achieve breakthrough innovations in product development and helps a design manager to 

steer the activities in an ecologically, socially and economically sound way.

Conclusion

DENISE DELUCA

Introduction (Time: 5’’) 

The role of Business in integrating Biomimicry in Product Innovation (Time: 5’’) 

1. Briefly, could you describe to me in a few words what the role of biomimicry is in your 

professional practice as a creative innovation expert?

2. Could you specify how you would describe biomimicry’s influence when doing business?

3. Do you think Biomimicry as a methodology can be integrated into existing design pro-

cesses or should it be a replacement of existing design processes?

4. Looking at Biomimicry from a strategic point of view in a business, what would you con-

sider the strong points of adopting the biomimetic methodology in a business? Which ones are 

the weak points?

5. Looking at businesses that develop products and services. How important do you think it 

is to have a biomimetic understanding among members of a product development team? 
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6. Are there any other key roles who should have a biomimicry knowledge to be ablle to 

successfully implement it in a company? Please elaborate.

Do you think it is important to have a role or an interface in place that enables a business to have 

access to biological knowledge in order to come up with biomimetic products and services?

How important would you define senior management support when attempting to integrate 

biomimicry in a companies design process? Briefly explain the role of senior management, and 

what the main challenges are?

7. What would you consider important aspect in achieving senior management acceptance 

concerning Biomimicry?

What elements in business have to be focused on when thinking of integrating biomimicry in an 

existing companies structures and processes?

8. What do you consider key criteria that have to be met for business that develop products 

and services to adopt a biomimicry methodology?

Concept evaluation

1. Would you think, if you evaluate it from a business perspective, that if a design manag-

er could benefit from a toolkit with different tools that facilitate the integration of Biomimicry, 

would that be likely to help a business achieve in its innovation efforts?

a. Looking at the metric tool: what are your thoughts on this?

b. Looking at the biomimetic design thinking process: what are your thoughts on this?

2. Looking at the matrix tool: what are your thoughts on this?

Overall, what do you consider the strong points of the solution concept?

3. Overall, what would you consider the weak points of the solution concept?

4. From a business perspective, what do you consider important criteria for a solution to 

work when looking at the following hypothesis:

Integrating biomimicry by means of design thinking in company’s processes supports companies 

to achieve breakthrough innovations in product development and helps a design manager to 

steer the activities in an ecologically, socially and economically sound way.

Conclusion
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Design Manager’s Biomimicry Toolkit

THE LIFE’S PRINCIPLES METRICS

The Life’s Principles Metrics Canvas and the Filing Cards Templates can be found on the attached 

CD.

THE BIOMIMETIC DESIGN THINKING PROCESS GUIDE

The Biomimetic Design Thinking Process Guide can be found on the attached CD.
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THE BIOMIMICRY INNOVATION MATRIX

The Biomimicry Innovation Matrix can be found on the attached CD.

CD with Research & Analysis Material 

 

This CD can be ordered from the author.

The contact details can be found on the title page.
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