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Summary 
 
In 2019, the French Natural History Museum (MNHN) launched “Bioinspire-Museum” to coordinate and 

promote Bioinspiration across the full breadth of its activities. In this Scoping Paper, the MNHN puts 

forward its interpretation of Bioinspiration, which covers multiple domains (including artistic and 

aesthetic), encompasses judicious direct uses of nature, and extends beyond technical innovation. 

Bioinspiration is about embracing the richness that the living world can provide humankind across the 

spectrum of well-being (physical, intellectual, emotional), whilst also contributing to the protection of 

the biosphere. The Museum has a critical role to play in supporting Bioinspiration via its research, 

teaching, biological collections, and the dissemination of its data and scientific expertise. Our aspiration 

is to make these vital contributions in close partnership with like-minded institutions nationally and 

internationally, to build a consensus and develop a united force promoting an ethical and sustainable 

vision of Bioinspiration. 
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Introduction 

In 2019, the French Natural History Museum (MNHN) launched “Bioinspire-Museum”, formalising its 

interest in Bioinspiration as a crosscutting issue for the institution. The project began by mapping 

bioinspired activities and personnel within the Museum, and conducting an analysis of the strengths, 

weaknesses, opportunities and threats associated with this growing domain. During this exploratory 

phase, a broad interpretation of Bioinspiration was encouraged.  

In order to support the next phase of Bioinspire-Museum, which will include the development of a Code 

of Ethics, terminological issues require more detailed attention. In this Scoping Paper, the MNHN puts 

forward a description of Bioinspiration to underpin Bioinspire-Museum and provide a basis for 

collaborative projects with our partner organisations.  

  

Box 1: A word on terminology 

To support this Scoping Paper and the future development of a Code of Ethics, Bioinspire-Museum has 

created a glossary1 of common terms used in the field of bioinspiration and related spheres.  

The terminology related to this emerging field is evolving rapidly. There is a plethora of different terms 

with the prefix bio-, reflecting the rising interest in biology within both artistic and industrial fields. 

Terms have been conceived of in parallel domains at the same time, and differing interpretations are 

sometimes proposed for the same words depending on the context of their use. For example, the term 

“Biomaterials” was initially associated with the medical field, yet now appears to be used 

interchangeably with the words “Biotic material”, “Bioproduct” or “Biobased product”. Many terms also 

overlap partially or fully with one another.  

Bioinspire-Museum operates in English and French to foster both national and international 

collaboration around Bioinspiration. This poses certain challenges in the creation of a standardised 

glossary, as each language has its particularities. French, for example, has three words for material 

(“matériel”, “matériau”, and “matière”); English differentiates between Biomanufacturing and 

Bioproduction whilst French usually does not. Some English words are used in French, such as “Low-

tech” and “Big data” (though this may be ephemeral).  

The Bioinspire-Museum Glossary will be adaptive, integrating new terms and changing interpretations 

as required. It should therefore be considered a living document that will evolve over the course of the 

project.  

 

                                                             
1 Bioinspire-Museum Glossary (2020) 
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Bioinspiration: defining inspiration from nature 

Bioinspiration is “a creative approach based on the observation of biological systems”, a definition 

agreed on and published by the Biomimetics Committee of the International Organization for 

Standardization (ISO)2 in 2015. Inspiration can be gleaned from biological systems at multiple scales, 

from microorganisms to ecosystems, and across a range of functions and forms.  

“Bioinspiration” was chosen as an umbrella term for this new MNHN initiative for the following reasons:  

1. Bioinspiration resonates with the Museum’s broad mandate  

The ISO definition of Bioinspiration has wide-ranging scope: as a creative approach, it can be applied 

to scientific, technological, industrial, socio-economic, cultural, artistic and aesthetic fields.  

Nature3 can inspire works of art and literature, design and engineering, as well as cutting-edge 

technology to respond to social and environmental issues. This interpretation of Bioinspiration 

marries well with the Museum’s broad mandate4 and the recognition of Natural History as a meta-

discipline that covers both natural and human sciences.  

Bioinspiration is, of course, just one of the ways in which human beings engage with nature and one 

facet of the Museum’s work in building bridges between science and society. As explained in the 

Museum’s manifesto, “Humans and other animals”, the relationships that humans have developed 

with the natural world “are ambivalent, be they utilitarian, dietary, symbolic or strongly emotional”5.  

2. Bioinspiration can encompass (sustainable and ethical) direct uses of nature  

The observation of biological systems is a vital part of Bioinspiration, and is the basis of the ISO 

definition. Seeking inspiration from nature, in terms of information and ideas, as a conceptual basis 

for sustainable innovation/Ecodesign is often referred to as Biomimetics or Biomimicry (see Box 2). 

This notion of taking “nature as a model” is well documented in the Biomimicry literature.  

Observation, however, does not preclude an ethical and judicious integration of biology in the 

object of creation (whether that be a work of art, a building, or a product of technology). Bioinspire-

Museum has chosen to support an interpretation of Bioinspiration that allows for the direct use of 

biology, under appropriate circumstances.  

 

 

 

 

 

 

                                                             
2 ISO 18458:2015(en): Biomimetics — Terminology, concepts and methodology: 
https://www.iso.org/obp/ui/#iso:std:iso:18458:ed-1:v1:en  
3 In the context of Bioinspire-Museum, refers to the natural world with an emphasis on its living components.  
4 The MNHN’s wide-ranging activities are divided into five main missions: basic and applied research; 
conservation and expansion of its collections; education; the dissemination of knowledge; and expertise. 
5 Artaud, H. et al. (2019) Manifeste du Muséum « Humains et autres animaux », Coédition Reliefs / Muséum 
national d’Histoire naturelle, Paris.  

https://www.iso.org/obp/ui/#iso:std:iso:18458:ed-1:v1:en


Bioinspire-Museum: Scoping Paper 

4 
 

Box 2: Bioinspiration and Biomimicry 

Amongst all the concepts connected to Bioinspiration, Biomimicry is perhaps the closest; indeed, 

these two terms are often used interchangeably.  

Biomimicry is defined by the ISO as a “philosophy and interdisciplinary design approach taking 

nature as a model to meet the challenges of sustainable development (social, environmental, and 

economic)”6. Under this approach, insight and ideas are extracted from nature and used to innovate 

according to “life’s principles”7; nature is thereby used as a model, mentor and measure for 

sustainable human development.  

Insofar as Biomimicry uses biological systems as models, we have categorised the approach as an 

indirect use of nature that falls within the larger domain of (sustainable/ethical) Bioinspiration. 

However, many Biomimicry experts have a more over-arching interpretation of Biomimicry. They 

maintain that Biomimicry is a two-step process: the first involves observing nature and capturing 

relevant ideas/principles. The second involves translating these ideas into action, either by indirect 

or direct uses of nature8. This means biomimetic ideas can be implemented by i) creating an artificial 

object or process that replicates the principles of a natural system or ii) by simply using the natural 

system directly (if the latter is an efficient and sustainable alternative).  

As such, many biomimicry practitioners would include certain types of Bioassistance, Biotechnology, 

Biofabrication, Ecological engineering etc. as examples of the implementation of biomimetic ideas, 

using nature directly. This places the definition of Biomimicry even closer to that of Bioinspiration 

in the context of Bioinspire-Museum.   

 

Table 1 presents the activities that the Museum considers within, or overlapping with, 

bioinspiration. They include approaches, technologies and practices (see Annex I for details of these 

subdivisions). For clarity, these activities are presented as either direct or indirect uses of nature 

across both i) scientific/technological/industrial and ii) aesthetic/artistic/cultural fields. These 

divisions are not binary: some activities, such as Biodesign or Bioinspired architecture, cross the art-

science divide in innovative and unexpected ways. Equally, many activities use nature both directly 

and indirectly in their operations. The “direct use” activities that fit within Bioinspire-Museum’s 

definition of Bioinspiration are presented in more detail in Diagram 1. 

 

 

 

 

 

                                                             
6 ISO 18458:2015(en): Biomimetics — Terminology, concepts and methodology: 
https://www.iso.org/obp/ui/#iso:std:iso:18458:ed-1:v1:en  
7 https://asknature.org/resource/lifes-principles/  
8 This multi-step process can be problem driven (“technology pull”) or solution driven (“biology push”). Several 
authors have presented this biomimetic methodology in detail, including Fayemi et al. (2017) “Biomimetics: 
Process, tools and practice”, Bioinspiration and Biomimetics, Vol. 12 No. 1, p. 11002. 
https://iopscience.iop.org/article/10.1088/1748-3190/12/1/011002  

https://www.iso.org/obp/ui/#iso:std:iso:18458:ed-1:v1:en
https://asknature.org/resource/lifes-principles/
https://iopscience.iop.org/article/10.1088/1748-3190/12/1/011002
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Table 1: Bioinspiration activities as defined by Bioinspire-Museum 

An “X” means that the activity can be included in Bioinspire-Museum’s definition of Bioinspiration. It 

does not imply that there is perfect alignment or that all operations/processes carried out by a certain 

activity should be considered Bioinspiration. An “(X)” means that this is not the dominant aspect of the 

activity. Examples of (some of) these activities are provided in Annex II.  

 

 
 
 

 
 

Activity 

 
Types of bioinspiration 

 
Indirect 

(information, insight, ideas, imitation) 
 

Direct 
(utilisation, transformation, 
appropriation, integration) 

Scientific/ 
technological/ 

industrial activities 
supported by 
indirect use of 

biology 

Aesthetic/ 
artistic/ cultural 

activities 
supported by 
indirect use of 

biology 

Scientific/ 
technological/ 

industrial activities 
supported by direct 

use of biology 

Aesthetic/ artistic/ 
cultural activities 

supported by 
direct use of 

biology 

Agrobiotechnology x  x  
Agroecology x  x  
Art (bioinspired)  x  (x) 
Bioassistance   x  
Bioart    x 
Biodesign (x)  (x)  x x 
Bioengineering (x)  x  
Biofabrication   x  
Biomanufacturing    x  
Biomechatronics x    
Biomimetics x    
Biomimicry x    
Biomorphisme  x   
Bionanotechnology (or 
nanobiotechnology) 

x  x  

Bionics x    
Biophilic design  x (x) x 
Bioproduct engineering (x)  x  
Bioremediation (x)  x  
Bioreplication x    
Biorobotics x  x  
Biotechnology (x)  x  
Biosynthesis (x)  x  
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Activity 

 
Types of bioinspiration 

 
Indirect 

(information, insight, ideas, imitation) 
 

Direct 
(utilisation, transformation, 
appropriation, integration) 

Scientific/ 
technological/ 

industrial activities 
supported by 
indirect use of 

biology 

Aesthetic/ 
artistic/ cultural 

activities 
supported by 
indirect use of 

biology 

Scientific/ 
technological/ 

industrial activities 
supported by direct 

use of biology 

Aesthetic/ artistic/ 
cultural activities 

supported by 
direct use of 

biology 

Bioutilisation   x  
Ecological engineering  (x)  x  
Ecological art  x  (x) 

Environmental art (or 
land/earth art) 

   x 

Genetic engineering  (x)  x (x) 
Green chemistry x  x  
Green (or ecological) 
urban planning  

x  x (x) 

Nature Based Solutions 
(NBS) 

x  x  

Permaculture x  x  
Pharmaceutical 
bioproduction 

(x)  x  
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Diagram 1: Direct uses of nature that fall within Bioinspire-Museum’s definition of Bioinspiration 
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As shown in Diagram 1, the direct uses of nature in a Bioinspiration context can be broadly divided 

into i) those that relate to the processing, transformation or synthesis of nature and ii) those relating 

to its harvesting, domestication or integration. 

With regards to the first category, “processing, transformation or synthesis”, natural materials can 

be modified, with both high-tech and low-tech processes, to produce complex biobased products 

of economic value (see Diagram 2 on bioproducts). One activity within this category is 

“Biofabrication”, which refers to the transformation of biological matter, (including unwanted 

resources such as organic waste products, fisheries bycatch or invasive species) to create complex 

novel materials such as textiles and construction components, as well as biofuels and 

pharmaceutical products.  

In terms of the second category, “harvesting, domestication or integration”, by integrating nature 

into manmade structures or processes, associated biological services or functions are provided 

directly, without having to imitate or develop an artificial alternative. One example of this is “Nature 

Based Solutions”, whereby bioinspired structures and mechanisms are created (usually at the 

ecosystem scale) to support climate regulation, natural hazard regulation, water purification and 

waste management, particularly in urban and agricultural contexts.   

These kinds of direct uses of nature are no more inherently less ethical or sustainable than indirect 

use, as long as they are appropriately managed to make a positive environmental contribution. 

 

Diagram 2: Some of the different methods involved in creating Biobased products, and their overlap 

with Bioinspiration 
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3.  Bioinspiration extends beyond problem solving or innovation 

Unsustainable resource use, habitat destruction, pollution, invasive species and climate change 

have led to unprecedented declines in biodiversity and the life-sustaining ecosystem goods and 

services it provides.  

Using biology as a source of ideas to counteract these trends, and help sustainably feed, house and 

clothe humanity, is an essential aspect of Bioinspiration. Innovation to solve complex social and 

environmental challenges therefore constitutes the “backbone” of the Bioinspire-Museum project. 

However, Bioinspiration is not just about problem solving. It is also provides a means for emotional 

connection with nature via aesthetic, artistic and cultural endeavours. This aspect, seeking joy in 

and celebrating living forms, should not be overlooked. Building this visceral bond with nature is 

essential if biodiversity is to be preserved: conservation arguments are rarely won with facts and 

warnings alone. True “transformative change” (as described by IPBES9), also requires people’s 

recognition of the delight and well-being nature provides in daily life. This appreciation can 

positively influence social and cultural norms/values, and support more environmentally 

responsible practices.  

Bioinspired activities therefore include those where biology is used as inspiration for art, or even as 

the raw materials for artistic production (in the case of Bioart), helping humans express or challenge 

their relationship with nature. Biophilic design is also included in this category, where natural 

materials and forms are used in the design of buildings, interiors and public spaces to help 

(re)connect people to the natural world and enhance their well-being. 

 

What is not considered Bioinspiration in the context of Bioinspire-Museum? 

The broad scope of our definition of Bioinspiration does not mean that every activity that has a link 

with nature should be considered “bioinspired”. Below we present what lies outside the definition of 

Bioinspiration, in the context of Bioinspire-Museum:  

1. Any use of nature that is unsustainable or unethical  

While Bioinspire-Museum’s definition of Bioinspiration accommodates many different approaches, 

it is uncompromising on environmental and ethical outcomes. Bioinspired activities should be 

conducted according to a rigorous set of principles covering every stage of their operation, including 

their intentions, their implementation and their effects. Associated ecological footprints should be 

low or non-existent, and ideally, bioinspired projects should seek to be regenerative and create 

positive environmental externalities. Their goal must be compatibility with the maintenance and 

evolution of all life, and not only serving human needs. 

 

The MNHN is actively engaged in raising awareness of the importance of biodiversity and its 

conservation. Bioinspiration represents an outstanding framework for learning about (the value of) 

nature. Yet, vigilance will be required to ensure the term is not simply used as a “green washing” 

tool. Bioinspire-Museum endorses only those activities that commit to creating a more sustainable 

and equitable planet, reducing biodiversity loss and addressing climate change. As a minimum, 

therefore, bioinspired practices should support the United Nations Sustainable Development 

                                                             
9 https://ipbes.net/transformative-change  

https://ipbes.net/transformative-change
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Goals10 and conform to the Nagoya Protocol on the Access and Benefit-sharing of biological 

resources, where appropriate11.      

 

The Museum’s decision to use the term Bioinspiration should in no way be taken as a divergence 

from the sustainability commitments that are formally enshrined in the ISO definition of Biomimicry. 

Indeed, the MNHN has decided to build upon the ISO definition of Bioinspiration by explicitly 

including ethical and sustainability criteria in the context of Bioinspire-Museum.  

 

The Museum will develop a Code of Ethics to clarify its interpretation of Bioinspiration, covering 

both direct and indirect uses of nature, and addressing fields such as genetic engineering that 

require particular attention from an ethical standpoint. The frontiers of biology and technology are 

moving forward rapidly, not just within scientific institutions, but also informally through "Do it 

yourself" biology and Fab Labs. Ethical guidelines developed by the MNHN, in partnership with other 

organisations, are a means of keeping bioinspired operations on the right path for humanity and 

nature.   

2. An activity that is simply environmentally sustainable but not bioinspired 

An activity does not necessarily have to be inspired by nature to be sustainable or regenerative. 

There is a growing number of movements and approaches that have laudable environmental and 

social aims, yet do not fall directly within the scope of Bioinspiration. These include Ecodesign and 

some forms of Environmental engineering, as well as the Low-tech movement. Nevertheless, these 

activities may have a contribution to make in terms of exposing bioinspired innovators to concepts 

that help support their work.  

3. An academic discipline or basic science 

Fundamental research often underpins and provides the prerequisite elements for successful 

bioinspired design: without well-funded, long-term research programmes, many of today’s 

bioinspired innovations would not exist. However, it is important to differentiate between an 

academic discipline or basic science, for example Biochemistry, and its potential bioinspired 

outputs. Bioinspiration implies a practical or applied aspect, an activity with a tangible output (even 

though the exact result may not be evident from the outset). It is therefore usually the outcome of 

collaboration between scientific research and the fields of art, design, technology, or industry.  

4. A direct use of nature that does not involve some transformation, integration or 

interpretation  

Humankind, as part of nature, has been using biological materials since its origin. Beginning as 

hunter-gatherers, we have gradually expanded control over natural resources to meet our growing 

needs through domestication, technology, and social evolution. At what point does this use of 

nature become “Bioinspiration”? Encompassing all activities linked to the natural world would leave 

us with too broad a definition of Bioinspiration to be useful.  

We suggest therefore that Bioinspiration comprise only those direct activities that involve some 

significant transformation, integration or interpretation of nature, as indicated in Diagram 112. This 

                                                             
10 https://sdgs.un.org/goals  
11 https://www.cbd.int/abs/  
12 Indirect uses of nature (ideas/insight etc. drawn from biological observation), being less tangible, can be 
included more flexibility in the definition of Bioinspiration. 

https://sdgs.un.org/goals
https://www.cbd.int/abs/
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rational therefore excludes harvesting and consuming agricultural crops or simply building a house 

out of wood. It also excludes most basic processing that does not create significantly more complex 

bioproducts than the original biological raw materials. The thresholds are not absolute (as indicated 

in Diagrams 1 and 2) but Bioinspiration generally constitutes a step beyond Bioutilisation, moving 

rather into the realms of Biofabrication and Bioassistance.  

However, the modification of biology demands caution and careful regulation; not all 

transformations of the living world are compatible with the Museum’s interpretation of 

Bioinspiration. For example, certain practices within the emerging field of Synthetic Biology venture 

into uncharted ethical territory and their consequences for human and other life may not be 

positive. As such, in line with the precautionary principle, Synthetic Biology is not included in the 

Museum’s definition of Bioinspiration. Nevertheless, some of its intersecting technologies (such as 

Genetic Engineering) are included, where these are approached judiciously. This issue will be 

discussed further in Bioinspire-Museum’s Code of Ethics. 

 

Conclusion 

The Museum is in the preliminary stages of outlining its policy on Bioinspiration and its definition in 

relation to the multitude of approaches, technologies and practices that rely on nature. This document 

sets out a series of principles that aim to clarify the scope of the Bioinspire-Museum project. Its key 

messages are that Bioinspiration embraces multiple domains, including artistic, aesthetic and cultural 

undertakings; that it can encompass judicious and ethical direct uses of nature; and that it is not limited 

to optimisation, problem-solving or technical innovation.  

Bioinspiration is about embracing the richness that the living world can provide humankind across the 

spectrum of well-being (physical, intellectual, emotional), whilst also contributing to the protection of 

the biosphere. It has the capacity to be mobilised as a powerful tool in the fight against biodiversity 

decline and global change. It also presents opportunities for sustainable economic development and job 

creation, as part of the growing Bioeconomy.  

Designers, artists, engineers and entrepreneurs are becoming new advocates for preserving the 

biological library of biodiversity. Their bioinspired work shows how humankind can continue to develop 

whilst remaining within ecological limits.  

The Museum has a critical role to play in supporting Bioinspiration via its fundamental and applied 

research, teaching, world-class biological collections, and the dissemination of its data and scientific 

expertise to a new generation hungry for a better understanding of biology and its potential. The MNHN 

will address the moral dimensions of society’s use of nature through the creation of a Code of Ethics for 

Bioinspire-Museum, providing a compass with which to navigate both traditional activities and 

innovative biotechnologies. With four centuries of experience and perspective on the relationship 

between humans and nature, the Museum seeks to ground Bioinspiration in its broader context. Our 

aspiration is to make these vital contributions in close partnership with like-minded institutions 

nationally and internationally, to build a consensus and develop a united force promoting an ethical and 

sustainable vision of Bioinspiration.  
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Annex I: Bioinspiration activities divided into “Approach”, “Technology” and “Practice”  
Bioinspiration can include approaches, technologies and practices that operate at different scales.  

The subdivisions below are suggested for general guidance and are not absolute. 

  
Approach/philosophy 

  

 
Technology/technique 

 

 
Practice 

Agrobiotechnology  x  
Agroecology x  x 
Art (bioinspired) x  x 
Bioassistance  x  
Bioart x  x 
Biodesign x  x 
Bioengineering x x  
Biofabrication  x  
Biomanufacturing   x  
Biomechatronics  x  
Biomimetics x  x 
Biomimicry x  x 
Biomorphisme x  x 
Bionanotechnology (or 
nanobiotechnology) 

 x  

Bionics  x  
Biophilic design x  x 
Bioproduct 
engineering 

 x  

Bioremediation  x x 
Bioreplication  x  
Biorobotics  x  
Biotechnology  x  
Biosynthesis  x  
Bioutilisation  x  
Ecological engineering  x x  
Ecological art x  x 

Environmental art  x  x 
Genetic engineering  x x  
Green chemistry x x  
Green (or ecological) 
urban planning  

x  x 

Nature Based 
Solutions (NBS) 

x  x 

Permaculture x  x 
Pharmaceutical 
bioproduction 

 x  
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Annex II: Examples of bioinspiration 
The activities presented below are included in or intersect with Bioinspire-Museum’s interpretation of 

bioinspiration13 (see also Table 1).  Note that this Annex represents a support to the MNHN’s Scoping 

Paper, and is not an exhaustive list of all bioinspired activities.  

As indicated in Annex I, bioinspired activities operate at different levels, and domains can overlap with 

each other (for example “Bioassistance” overlaps with “Biodesign”; “Bioproduct engineering” with 

“Biofabrication”; “Ecological Engineering” with “Nature Based Solutions”; “Bioengineering” with 

“Biotechnology” and so on).  

Figure 1 of Annex II presents this crossover via listed examples of bioinspiration; Figure 2 presents a 

word cloud visualisation and Figure 3 shows underlying structures in the data by way of a multiple 

correspondence analysis (MCA).  

Underlined examples are those connected to MNHN research projects14 (at various stages of 

development).  Note that not all examples provided have reached commercially viability.  

 

1. Bioassistance: the domestication of an organism to accomplish a function. 

Bioinspiration examples:  

 Improving plant health with microbial endophytes: bacterial and fungal endophytes can 

make plants more resistant to disease, potentially leading to new biocontrols15,16,17,18.  

 Self-repairing bio-concrete: limestone-producing bacteria added to cement fill in micro-

cracks when exposed to air and moisture19,20.  

 Mushroom “leather”: mycelium cells can be engineered into a durable leather-like 

material that has the potential to biodegrade21,22. 

 

 

2. Biodesign: the incorporation of living organisms as essential components in design, enhancing 

function by replacing industrial or mechanical systems with biological processes, thereby 

synthesizing new hybrid objects. 

Bioinspiration examples:  

 Green roofs and walls: vegetation integrated into buildings can help to regulate storm 

water, moderate urban heat islands, attenuate noise, as well as contribute to biodiversity 

in cities23,24,25,26.  

                                                             
13 Definitions have been taken from Bioinspire-Museum’s Glossary (2020). 
14 As identified via Bioinspire-Museum’s internal interviews conducted in 2019. 
15https://www.researchgate.net/publication/335374670_A_community_perspective_on_the_concept_of_marine_holobionts_current_stat
us_challenges_and_future_directions  
16 https://doi.org/10.1016/j.fgb.2020.103383  
17 https://hal.sorbonne-universite.fr/hal-02297595  
18 https://hal.sorbonne-universite.fr/hal-02277573  
19 https://www.sciencedirect.com/science/article/pii/S0950061817313752  
20 https://www.basiliskconcrete.com/zelfherstellend-biobeeton-tu-delft-genomineerd-voor-european-inventor-award/?lang=en  
21 https://www.researchgate.net/publication/336831184_Fungi_as_source_for_new_bio-based_materials_a_patent_review  
22 https://boltthreads.com/technology/mylo/  
23 https://hal.sorbonne-universite.fr/hal-01830073  
24 https://www.researchgate.net/publication/323620591_Vertical_Greening_Systems_as_Habitat_for_Biodiversity  
25 https://www.researchgate.net/publication/336756093_Biodiversite_et_urbanisme;   
26 https://www.sciencedirect.com/book/9780128121504/nature-based-strategies-for-urban-and-building-sustainability#book-description   

https://www.researchgate.net/publication/335374670_A_community_perspective_on_the_concept_of_marine_holobionts_current_status_challenges_and_future_directions
https://www.researchgate.net/publication/335374670_A_community_perspective_on_the_concept_of_marine_holobionts_current_status_challenges_and_future_directions
https://doi.org/10.1016/j.fgb.2020.103383
https://hal.sorbonne-universite.fr/hal-02297595
https://hal.sorbonne-universite.fr/hal-02277573
https://www.sciencedirect.com/science/article/pii/S0950061817313752
https://www.basiliskconcrete.com/zelfherstellend-biobeeton-tu-delft-genomineerd-voor-european-inventor-award/?lang=en
https://www.researchgate.net/publication/336831184_Fungi_as_source_for_new_bio-based_materials_a_patent_review
https://boltthreads.com/technology/mylo/
https://hal.sorbonne-universite.fr/hal-01830073
https://www.researchgate.net/publication/323620591_Vertical_Greening_Systems_as_Habitat_for_Biodiversity
https://www.researchgate.net/publication/336756093_Biodiversite_et_urbanisme
https://www.sciencedirect.com/book/9780128121504/nature-based-strategies-for-urban-and-building-sustainability#book-description
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 Bioreactor façades: attaching vertical glass panels to building exteriors can generate 

biofuels in the form of microalgae, via photosynthesis 27, 28.  

 Sculptured root systems: plant roots can be trained to form interwoven shapes around 

moulds, and then harvested for use as artwork or textiles29,30,31,32.  

 

3. Bioengineering (or biological engineering): the application of principles of biology and the tools 

of engineering to create usable, tangible, economically viable products in a vast range of 

fields. 

Bioinspiration examples:  

 Bioengineered masonry bricks: blocks of biocement can be grown at ambient temperature 

from a combination of sand, bacteria, nitrogen, calcium and water33,34. 

 Antibacterial shark skin: inspired by sharks’ dermal denticles, materials have been 

developed that inhibit bacterial colonisation35, 36.  

 Fin pumps: flexible membranes inspired by fish fins have been developed to support 

cardiovascular interventions37,38. 

 

 

4. Biofabrication: the fabrication of complex biological products (bioproducts), both living and 

non-living, using biological mechanisms and biological raw materials as building blocks. Cell 

and developmental biology, biomaterials science, and mechanical engineering are the main 

contributing disciplines39.  

Bioinspiration examples:  

 Biodegradable mushroom packaging: a biodegradable alternative to conventional foams 

can be created from mycelium and agricultural waste40,41. 

 Novel bioplastics from waste: biopolymers can be made from a range of waste materials, 

including chitosan bioplastic created from seafood waste42,43.  

                                                             
27 https://www.researchgate.net/publication/305479357_SolarLeaf_The_world%27s_first_bioreactive_facade;  
28 https://www.arup.com/projects/solar-leaf  
29 http://dianascherer.nl/  
30 https://www.researchgate.net/publication/335686474_Alive_Active_Adaptive_Experiential_Knowledge_and_Emerging_Materials   
31 https://nph.onlinelibrary.wiley.com/doi/full/10.1002/ppp3.48  
32 https://newmaterialaward.hetnieuweinstituut.nl/en/new-material-fellow/diana-scherer  
33https://www.researchgate.net/publication/328793329_Biocement_Fabrication_and_Design_Application_for_a_Sustainable_Urban_Area  
34 https://biomason.com/  
35https://www.researchgate.net/publication/275030448_Surface_Micropattern_Resists_Bacterial_Contamination_Transferred_by_Healthc
are_Practioners  
36 https://www.sharklet.com/  
37 https://www.corwave.com/wave-membrane/  
38 https://www.sciencedirect.com/science/article/pii/S1053249819308666?via%3Dihub  
39 Note: in some cases (e.g. leather or fur production from living cells and biofuel production from algae), biofabrication and 
biomanufacturing can overlap. However, classical biomanufacturing usually does not create more complex bioproducts than the original 
biological raw materials. 
40 https://www.researchgate.net/publication/336146038_Mushroom_Packages_An_Ecovative_Approach_in_Packaging_Industry   
41 https://mushroompackaging.com/ and https://ecovativedesign.com/  
42https://www.researchgate.net/publication/309492814_Current_Status_and_New_Perspectives_on_Chitin_and_Chitosan_as_Functional
_Biopolymers  
43 https://www.theshellworks.com/  

https://www.researchgate.net/publication/305479357_SolarLeaf_The_world%27s_first_bioreactive_facade
https://www.arup.com/projects/solar-leaf
http://dianascherer.nl/
https://www.researchgate.net/publication/335686474_Alive_Active_Adaptive_Experiential_Knowledge_and_Emerging_Materials
https://nph.onlinelibrary.wiley.com/doi/full/10.1002/ppp3.48
https://newmaterialaward.hetnieuweinstituut.nl/en/new-material-fellow/diana-scherer
https://www.researchgate.net/publication/328793329_Biocement_Fabrication_and_Design_Application_for_a_Sustainable_Urban_Area
https://biomason.com/
https://www.researchgate.net/publication/275030448_Surface_Micropattern_Resists_Bacterial_Contamination_Transferred_by_Healthcare_Practioners
https://www.researchgate.net/publication/275030448_Surface_Micropattern_Resists_Bacterial_Contamination_Transferred_by_Healthcare_Practioners
https://www.sharklet.com/
https://www.corwave.com/wave-membrane/
https://www.sciencedirect.com/science/article/pii/S1053249819308666?via%3Dihub
https://www.researchgate.net/publication/336146038_Mushroom_Packages_An_Ecovative_Approach_in_Packaging_Industry
https://mushroompackaging.com/
https://ecovativedesign.com/
https://www.researchgate.net/publication/309492814_Current_Status_and_New_Perspectives_on_Chitin_and_Chitosan_as_Functional_Biopolymers
https://www.researchgate.net/publication/309492814_Current_Status_and_New_Perspectives_on_Chitin_and_Chitosan_as_Functional_Biopolymers
https://www.theshellworks.com/


Bioinspire-Museum: Scoping Paper 

15 
 

 Digitally fabricated biocomposites: derived from organic matter (chitosan, cellulose, 

pectin) calcium carbonate and water, these innovative materials are 3D printed; their 

mechanical and aesthetic properties vary according to their exact composition44,45, 46,47.  

 Biofabricated collagen for “leather”: through fermentation, genetically-modified yeast 
cells are employed to produce collagen for artificial leather production48,49.  
 

 

5. Biomimetics: the interdisciplinary cooperation of biology and technology or other fields of 

innovation with the goal of solving practical problems through the functional analysis of 

biological systems, their abstraction into models, and the transfer into and application of 

these models to the solution. 

Bioinspiration examples:  

 Structures inspired by bone morphology: mimicking bone microanatomy can help create 

efficient, light and resistant construction materials50,51,52. 

 Self-regulating architecture:  by studying animals’ capacities for thermoregulation, 

adaptive building façades could be developed, thus reducing energy consumption53.  

 Glass production inspired by microalgae: replicating diatoms’ capacity to fabricate silica at 

ambient temperatures has led to more energy-efficient glass manufacture and might even 

be used as filters by the cosmetic industry 54,55,56.  

 Ecosystem-based urban planning: healthier cities can be built/reorganised along the 

principles of functioning ecosystems57,58,59. 

 

6. Bionics: a technical discipline that seeks to replicate, increase, or replace biological functions 

by their electronic and/or mechanical equivalents 

Bioinspiration examples:  

                                                             
44 https://mediatedmattergroup.com/aguahoja  
45 https://www.researchgate.net/publication/282620228_Flow-
Based_Fabrication_An_integrated_computational_workflow_for_design_and_digital_additive_manufacturing_of_multifunctional_heterog
eneously_structured_objects  
46 https://www.liebertpub.com/doi/10.1089/3dp.2014.0014  
47 https://mediatedmattergroup.com/publications-2-1/2018/10/16/designing-for-decay-parametric-material-distribution-for-hierarchical-
dissociation-of-water-based-biopolymer-composites  
48 https://www.sciencedirect.com/science/article/pii/S2589234719300193#!  
49 http://www.modernmeadow.com/our-technology/  
50 https://www.researchgate.net/publication/328167331_Bio-
inspired_method_based_on_bone_architecture_to_optimize_the_structure_of_mechanical_workspieces; ; 
https://theconversation.com/sinspirer-dos-pour-construire-une-base-lunaire-avec-une-imprimante-3d-113259   
51https://www.researchgate.net/publication/281608444_Biomechanical_evolution_of_solid_bones_in_large_animals_A_microanatomical
_investigation 
52 https://theconversation.com/sinspirer-dos-pour-construire-une-base-lunaire-avec-une-imprimante-3d-113259   
53https://www.researchgate.net/publication/321047502_Animal_thermoregulation_A_review_of_insulation_physiology_and_behaviour_r
elevant_to_temperature_control_in_buildings  
54 https://www.researchgate.net/publication/7906487_Prospects_in_diatom_research  
55 https://www.researchgate.net/publication/230709025_From_Diatoms_to_Bio-Inspired_Materials_and_Back  
56 https://news.cnrs.fr/articles/soft-chemistry-naturally-creative  
57https://www.researchgate.net/publication/299379748_Catalyzing_sustainable_urban_transformations_towards_smarter_healthier_cit ie
s_through_urban_ecological_infrastructure_regenerative_development_eco_towns_and_regional_prosperity  
58https://www.researchgate.net/publication/282245580_The_Art_of_Imitating_Life_The_Potential_Contribution_of_Biomimicry_in_Shapi
ng_the_Future_of_Our_Cities  
59https://www.researchgate.net/publication/270462919_India's_ecocity_Environment_urbanisation_and_mobility_in_the_making_of_Lav
asa  

https://mediatedmattergroup.com/aguahoja
https://www.researchgate.net/publication/282620228_Flow-Based_Fabrication_An_integrated_computational_workflow_for_design_and_digital_additive_manufacturing_of_multifunctional_heterogeneously_structured_objects
https://www.researchgate.net/publication/282620228_Flow-Based_Fabrication_An_integrated_computational_workflow_for_design_and_digital_additive_manufacturing_of_multifunctional_heterogeneously_structured_objects
https://www.researchgate.net/publication/282620228_Flow-Based_Fabrication_An_integrated_computational_workflow_for_design_and_digital_additive_manufacturing_of_multifunctional_heterogeneously_structured_objects
https://www.liebertpub.com/doi/10.1089/3dp.2014.0014
https://mediatedmattergroup.com/publications-2-1/2018/10/16/designing-for-decay-parametric-material-distribution-for-hierarchical-dissociation-of-water-based-biopolymer-composites
https://mediatedmattergroup.com/publications-2-1/2018/10/16/designing-for-decay-parametric-material-distribution-for-hierarchical-dissociation-of-water-based-biopolymer-composites
https://www.sciencedirect.com/science/article/pii/S2589234719300193
http://www.modernmeadow.com/our-technology/
https://www.researchgate.net/publication/328167331_Bio-inspired_method_based_on_bone_architecture_to_optimize_the_structure_of_mechanical_workspieces
https://www.researchgate.net/publication/328167331_Bio-inspired_method_based_on_bone_architecture_to_optimize_the_structure_of_mechanical_workspieces
https://theconversation.com/sinspirer-dos-pour-construire-une-base-lunaire-avec-une-imprimante-3d-113259
https://www.researchgate.net/publication/281608444_Biomechanical_evolution_of_solid_bones_in_large_animals_A_microanatomical_investigation
https://www.researchgate.net/publication/281608444_Biomechanical_evolution_of_solid_bones_in_large_animals_A_microanatomical_investigation
https://theconversation.com/sinspirer-dos-pour-construire-une-base-lunaire-avec-une-imprimante-3d-113259
https://www.researchgate.net/publication/321047502_Animal_thermoregulation_A_review_of_insulation_physiology_and_behaviour_relevant_to_temperature_control_in_buildings
https://www.researchgate.net/publication/321047502_Animal_thermoregulation_A_review_of_insulation_physiology_and_behaviour_relevant_to_temperature_control_in_buildings
https://www.researchgate.net/publication/7906487_Prospects_in_diatom_research
https://www.researchgate.net/publication/230709025_From_Diatoms_to_Bio-Inspired_Materials_and_Back
https://news.cnrs.fr/articles/soft-chemistry-naturally-creative
https://www.researchgate.net/publication/299379748_Catalyzing_sustainable_urban_transformations_towards_smarter_healthier_cities_through_urban_ecological_infrastructure_regenerative_development_eco_towns_and_regional_prosperity
https://www.researchgate.net/publication/299379748_Catalyzing_sustainable_urban_transformations_towards_smarter_healthier_cities_through_urban_ecological_infrastructure_regenerative_development_eco_towns_and_regional_prosperity
https://www.researchgate.net/publication/282245580_The_Art_of_Imitating_Life_The_Potential_Contribution_of_Biomimicry_in_Shaping_the_Future_of_Our_Cities
https://www.researchgate.net/publication/282245580_The_Art_of_Imitating_Life_The_Potential_Contribution_of_Biomimicry_in_Shaping_the_Future_of_Our_Cities
https://www.researchgate.net/publication/270462919_India's_ecocity_Environment_urbanisation_and_mobility_in_the_making_of_Lavasa
https://www.researchgate.net/publication/270462919_India's_ecocity_Environment_urbanisation_and_mobility_in_the_making_of_Lavasa
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 Adhesion inspired by lizards: mechanistic studies on how reptiles’ toepads cling to surfaces 

has helped inspired new adhesive materials60,61,62.    

 Eel-inspired energy generation: by copying the undulating movement of fish, an 

ecologically-friendly tidal energy system has been developed63,64,65.  

 Autonomous aerial robots: inspired by honeybees, flying robots can support farming 

operations to increase yields and allow more efficient irrigation practices66,67.  

 Artificial leaves:  bionic leaves can convert sunlight into fuel more efficiently than 
photosynthesis, potentially providing power to remote locations68, 69,70. 

 

 

7. Bioproduct engineering: the engineering of products from renewable bioresources71. This 

pertains to the design, development and implementation of processes, technologies for the 

sustainable manufacture of materials, chemicals and energy from renewable biological 

resources.  

Bioinspiration examples:  

 Algal fertilisers: invasive Sargassum algae (Sargassum fluitans; Sargassum natans) can be 

transformed into compost for agriculture72,73.   

 Plant-based adhesives: superglue can be developed from cellulose nanocrystals, sourced 

directly from residual biomass (agro-industry or recycled paper)74,75. 

 Biolaminates: rice agricultural waste, algae, reeds, pine needles, and mussel shells can be 

transformed into laminates76,77,78.  

 Bioinspired hydrogels: three-dimensional biocompatible materials mimic biological tissues 
can be customised for application in a wide variety of medical contexts, including bone 
and cartilage tissue engineering using marine polysaccharides 79,80.   

 

 

                                                             
60https://www.researchgate.net/publication/9053500_Effects_of_loading_and_size_on_maximum_power_output_and_kinematics_in_gec
kos  
61 https://www.researchgate.net/publication/6832214_Whole-organism_studies_of_adhesion_in_pad-
bearing_lizards_Creative_evolutionary_solutions_to_functional_problems  
62 https://geckskin.umass.edu/  
63 https://wwz.ifremer.fr/manchemerdunord/Technologie-marine/Actualites/2014/Caracterisation-du-fonctionnement-de-la-membrane-
ondulante-Eel-Energy  
64 https://tel.archives-ouvertes.fr/tel-01434312  
65 https://www.eel-energy.fr/  
66 https://www.kumarrobotics.org/research/  
67 https://www.ted.com/talks/vijay_kumar_the_future_of_flying_robots/details  
68 https://science.sciencemag.org/content/352/6290/1210  
69 https://www.scientificamerican.com/custom-media/pictet/besting-nature/  
70 https://www.newscientist.com/article/mg23431210-400-make-like-a-leaf-how-copying-photosynthesis-can-change-society/  
71 Bioproduct engineering overlaps with biofabrication and biomanufacturing. 
72 http://www.cnrs.fr/fr/un-projet-de-recherche-aux-antilles-francaises-pour-valoriser-les-sargasses  
73https://www.researchgate.net/publication/323407341_Composting_as_an_Alternative_Management_Strategy_for_Sargassum_Drifts_o
n_Coastlines  
74 https://onlinelibrary.wiley.com/doi/full/10.1002/adma.201906886  
75 https://www.aalto.fi/en/news/the-combination-of-plant-based-particles-and-water-forxms-an-eco-super-glue  
76 https://atelier-luma.org/en/projects/factory-of-smart-fibres?locale=en  
77 https://materialdistrict.com/material/bio-laminates/  
78 https://www.huisveendam.com/lab/  
79 https://www.frontiersin.org/10.3389/conf.fbioe.2016.01.00938/event_abstract  
80 https://www.ncbi.nlm.nih.gov/pubmed/27022979   
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https://www.ncbi.nlm.nih.gov/pubmed/27022979


Bioinspire-Museum: Scoping Paper 

17 
 

8. Bioreplication: the direct reproduction of a biological structure in order to realize at least one 

specific functionality. Bioreplication is different from molecular biological processes (e.g. 

cloning) in that the replicas are inanimate.  

Bioinspiration examples:  

 Nacre-like composites: by replicating the hierarchical structure of nacre, multi-layered 

materials with advantageous mechanical properties can be developed81,82.  

 Self-cleaning surfaces: the hydrophobic surface morphology of the lotus leaf (Nelumbo 

nucifera) has been replicated to produce water repellent coatings83,84,85.  

 Structural colours: by copying microstructures found in nature (e.g. the iridescent blue of 

Morpho rhetenor butterfly’s wings), colours can be produced physically, without the need 

for pigments86,87,88.   

 

 

9. Biorobotics: covers the fields of cybernetics, bionics and genetic engineering as a collective 

study, and incorporates several approaches including creating robots that emulate or simulate 

living biological organisms/systems mechanically or even chemically (bioinspired robotics). 

Bioinspiration examples:  

 Grasping robots: interdisciplinary studies (behaviour, morphology, biomechanics, 

modelling) of different taxonomic groups’ manipulation techniques (including tool use) 

using their hands, trunks, claws, paws etc. could lead to the development of more agile 

and soft robotic systems89,90.  

 Bird-inspired robotic arms: research into the anatomy, mechanical properties and 

functions of birds’ necks underpins the design of energy efficient, dextrous robots91,92,93. 

 AntBot: a six-legged mobile robot with outdoor localization has been developed based on 

the homing capacity of desert ants94,95. 

 

10. Biotechnology:  a broad discipline in which biological processes, organisms, cells or cellular 

components are exploited to develop new technologies. Depending on the tools and 

applications, it often overlaps with the (related) fields of molecular biology, bioengineering, 

biomedical engineering, biomanufacturing, and molecular engineering. 

Bioinspiration examples:  

                                                             
81 https://www.sciencedirect.com/science/article/pii/S0263822319333884  
82 https://www.sciencedirect.com/science/article/pii/S2352431619302895  
83 https://link.springer.com/article/10.1007/s004250050096  
84 https://link.springer.com/article/10.1007%2Fs40820-016-0125-1  
85 https://www.stocorp.com/coatings-us/  
86 https://www.researchgate.net/publication/253828383_Structural_colors_cosmetics_and_fabrics 
87 https://jeb.biologists.org/content/209/4/748 
88 https://www.viavisolutions.com/en-us/osp/products/chromaflair 
89 https://academic.oup.com/biolinnean/article/127/3/535/5521438  
90 http://mecadev.cnrs.fr/index.php?post/Pouydebat-Emmanuelle  
91 https://anr.fr/Project-ANR-16-CE33-0025  
92 https://hal.archives-ouvertes.fr/hal-02355070/document 
93 https://royalsocietypublishing.org/doi/10.1098/rsos.181588  
94 https://robotics.sciencemag.org/content/4/27/eaau0307  
95 https://hal-amu.archives-ouvertes.fr/hal-02272156/  
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https://link.springer.com/article/10.1007%2Fs40820-016-0125-1
https://www.stocorp.com/coatings-us/
https://www.researchgate.net/publication/253828383_Structural_colors_cosmetics_and_fabrics
https://jeb.biologists.org/content/209/4/748
https://www.viavisolutions.com/en-us/osp/products/chromaflair
https://academic.oup.com/biolinnean/article/127/3/535/5521438
http://mecadev.cnrs.fr/index.php?post/Pouydebat-Emmanuelle
https://anr.fr/Project-ANR-16-CE33-0025
https://hal.archives-ouvertes.fr/hal-02355070/document
https://royalsocietypublishing.org/doi/10.1098/rsos.181588
https://robotics.sciencemag.org/content/4/27/eaau0307
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 Novel antimicrobials: research into quorum sensing could help control harmful bacteria 

(via virulence factor production), without requiring direct elimination96. 

 Marine bio-glue: certain marine polychaetes produce biocements that function efficiently 

underwater, and could inspire new waterproof bio-adhesives97,98.  

 Crab-shell and seaweed fibres: by combining the flexibility of alginate and the strength of 

chitin, a robust anti-microbial yarn has been created99,100.  

 

 

11. Biosynthesis: pertains to i) Natural biosynthesis: the formation of chemical compounds by a 

living organism, including photosynthesis, nucleic acid synthesis, chemosynthesis, amino acid 

synthesis, and ATP synthesis. ii) Artificial biosynthesis: the laboratory preparation of biological 

molecules by the use of reagents or catalysts derived from natural substances and modelled 

on a series of reactions occurring in a living organism.  

Bioinspiration examples:  

 Marine snails:  Conidae produce molecules (neurotoxins, insulins, serotonins, 

anticoagulants, etc.) which could have multiple therapeutic applications for humans (for 

example, the analgesic drug Prialt)101,102,103.   

 Cyanobacteria:  these photosynthetic microorganisms produce compounds (antibacterial, 

antifungal, anti-cancerous, immunosuppressive, anti-inflammatory, and anti-tuberculosis 

activities) of interest for a range of different sectors: pharmacology, cosmetology, 

agriculture 104,105,106. 

 Anti-malarial phytochemicals: using fermentation techniques, it is possible to artificially 

synthetize an organic anti-malarial drug called artemisinin produced by the sweet 

wormwood plant (Artemisia annua)107 .  

 

 

12. Ecological engineering:  using ecology and engineering to predict, design, construct, restore 

and manage ecosystems that integrate human society with its natural environment for the 

benefit of both.  

Bioinspiration examples:  

 Artificial reefs: 3D-printed artificial reefs can be used as a tool to restore habitats in marine 

protected areas and sustain artisanal fisheries108. 

                                                             
96 https://onlinelibrary.wiley.com/doi/full/10.1002/anie.201809981  
97 https://www.researchgate.net/publication/333755508_Marine_bio-
glue_from_molecular_characterization_to_applications_in_wet_environments  
98 https://www.sciencedirect.com/science/article/pii/S1742706118301685?via%3Dihub  
99 https://www.aalto.fi/en/news/crab-shell-and-seaweed-compounds-spin-into-yarns-for-sustainable-and-functional-materials  
100 https://pubs.acs.org/doi/abs/10.1021/acssuschemeng.9b06099?source=cen  
101 https://www.researchgate.net/publication/307583009_Systematics_and_Evolution_of_the_Conoidea  
102 https://theconversation.com/en-direct-des-especes-des-coquillages-qui-ont-du-mordant-110855  
103 https://www.sciencedirect.com/science/article/pii/S1874391918302185  
104 https://www.researchgate.net/publication/333499332_Natural_Products_from_Cyanobacteria_Focus_on_Beneficial_Activities  
105 https://www.mnhn.fr/en/collections/collection-groups/biological-resources-living-and-cryopreserved-cells/microalgae-and-
cyanobacteria   
106 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4882571/  
107 https://www.nature.com/articles/nature12051  
108 https://www.researchgate.net/publication/321917750_The_3D-
printed_artificial_reefs_a_modern_tool_to_restore_habitats_in_marine_protected_areas_The_Larvotto-Monaco_context  

https://onlinelibrary.wiley.com/doi/full/10.1002/anie.201809981
https://www.researchgate.net/publication/333755508_Marine_bio-glue_from_molecular_characterization_to_applications_in_wet_environments
https://www.researchgate.net/publication/333755508_Marine_bio-glue_from_molecular_characterization_to_applications_in_wet_environments
https://www.sciencedirect.com/science/article/pii/S1742706118301685?via%3Dihub
https://www.aalto.fi/en/news/crab-shell-and-seaweed-compounds-spin-into-yarns-for-sustainable-and-functional-materials
https://pubs.acs.org/doi/abs/10.1021/acssuschemeng.9b06099?source=cen
https://www.researchgate.net/publication/307583009_Systematics_and_Evolution_of_the_Conoidea
https://theconversation.com/en-direct-des-especes-des-coquillages-qui-ont-du-mordant-110855
https://www.sciencedirect.com/science/article/pii/S1874391918302185
https://www.researchgate.net/publication/333499332_Natural_Products_from_Cyanobacteria_Focus_on_Beneficial_Activities
https://www.mnhn.fr/en/collections/collection-groups/biological-resources-living-and-cryopreserved-cells/microalgae-and-cyanobacteria
https://www.mnhn.fr/en/collections/collection-groups/biological-resources-living-and-cryopreserved-cells/microalgae-and-cyanobacteria
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4882571/
https://www.nature.com/articles/nature12051
https://www.researchgate.net/publication/321917750_The_3D-printed_artificial_reefs_a_modern_tool_to_restore_habitats_in_marine_protected_areas_The_Larvotto-Monaco_context
https://www.researchgate.net/publication/321917750_The_3D-printed_artificial_reefs_a_modern_tool_to_restore_habitats_in_marine_protected_areas_The_Larvotto-Monaco_context
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 Decontamination using microorganisms: certain microalgae and bacteria can detoxify 

organic and inorganic pollutants thereby supporting wastewater treatment, for example in 

agricultural contexts109, 110. 

 Carbon sequestration cultivation: neotropical Maya nut trees (Brosimum alicastrum) can 

be planted for their carbon sequestration properties111.  

 

13. Genetic engineering: the direct modification or manipulation of an organism's genes using 

biotechnology. Genetic engineering technologies are used to change the genetic makeup of 

cells, including the transfer of genes within and across species boundaries to produce 

improved or novel organisms. 

Bioinspiration examples:  

 Watchfrog: by genetically labelling juvenile fish and tadpoles with fluorescent biomarkers, 

the presence of certain pollutants (such as endocrine disruptors) can be rapidly identified 

in water samples (and other substances)112.  

 Spider silk textiles: genetically modified yeast can produce spider silk proteins, which can 

be subsequently transformed into fibres and biodegradable fabrics/garments113,114.  

Genetically modified bacteria have been developed for the same purpose115,116.  

 Bioluminescent lighting: genetically engineered bioluminescent bacteria could power light 

cases for night-time illumination117,118.  

 Smart textiles: synthetic bio-skin can be assembled by micron-resolution bioprinting of 

natto cells (Bacillus Subtilis), and transformed into responsive fabrics119,120.  

 

14. Nature Based Solutions (NBS): solutions to challenges (such as climate change, water security, 

water pollution, food security, human health, and disaster risk management) that are inspired 

and supported by nature, which are cost-effective and resource-efficient, simultaneously 

providing environmental, social and economic benefits and helping build resilience . The focus 

is on using the properties of natural ecosystems and their services in a smart, flexible and 

'engineered' way to solve problems, working with nature rather than against it.   

Bioinspiration examples:  

 Cities’ microbiomes: urban bioremediation solutions may be discovered by studying the 

community structure of aquatic street microorganisms121,122. 

                                                             
109 https://www.frontiersin.org/articles/10.3389/fmicb.2018.03210/full  
110 http://mcam.mnhn.fr/fr/cce-cyanobacteries-cyanotoxines-et-environnement-452  
111 https://link.springer.com/article/10.1007/s11104-016-3135-3  
112 https://www.watchfrog.fr/en/  
113 https://www.researchgate.net/publication/301124331_Bolt_Threads  
114 https://boltthreads.com/technology/microsilk/  
115 https://onlinelibrary.wiley.com/doi/full/10.1002/adma.201404234  
116 https://www.amsilk.com/home/  
117 https://www.glowee.eu/  
118 https://patents.google.com/patent/WO2017093682A1/fr  
119 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5438213/  
120 https://tangible.media.mit.edu/project/biologic/  
121https://www.researchgate.net/publication/320383111_Aquatic_urban_ecology_at_the_scale_of_a_capital_Community_structure_and_
interactions_in_street_gutters  
122 https://www.researchgate.net/publication/338913245_Analysis_of_interdomain_taxonomic_patterns_in_urban_street_mats  

https://www.frontiersin.org/articles/10.3389/fmicb.2018.03210/full
http://mcam.mnhn.fr/fr/cce-cyanobacteries-cyanotoxines-et-environnement-452
https://link.springer.com/article/10.1007/s11104-016-3135-3
https://www.watchfrog.fr/en/
https://www.researchgate.net/publication/301124331_Bolt_Threads
https://boltthreads.com/technology/microsilk/
https://onlinelibrary.wiley.com/doi/full/10.1002/adma.201404234
https://www.amsilk.com/home/
https://www.glowee.eu/
https://patents.google.com/patent/WO2017093682A1/fr
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5438213/
https://tangible.media.mit.edu/project/biologic/
https://www.researchgate.net/publication/320383111_Aquatic_urban_ecology_at_the_scale_of_a_capital_Community_structure_and_interactions_in_street_gutters
https://www.researchgate.net/publication/320383111_Aquatic_urban_ecology_at_the_scale_of_a_capital_Community_structure_and_interactions_in_street_gutters
https://www.researchgate.net/publication/338913245_Analysis_of_interdomain_taxonomic_patterns_in_urban_street_mats
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 Living root bridges:  planned a decade in advance, living rubber tree roots (Ficus elastica) 

can be guided to create sturdy bridges lasting hundreds of years123,124. 

 Shellfish infrastructure:  biogenic reef creation could improve habitat and water quality, 

restore biodiversity, and attenuate flooding in coastal areas125,126,127.  

 

15. Pharmaceutical bioproduction: the production of biopharmaceutical products from biological 

sources; drugs that are so complex they can only be made in living systems or indeed are a 

living system (ex. cell therapies). 

Bioinspiration examples:  

 Alternative antibiotics: genome sequencing has revealed the immense but under-explored 

potential of microorganisms to synthesize new molecules of medical interest, especially 

those with a narrow spectrum of antimicrobial action128.  

 Marine haemoglobin:  extracted from inter-tidal marine worms, this natural biopolymer 

allows high-level oxygenation of human tissues129,130. 

 Jellyfish collagen:  a next generation biomaterial is derived from jellyfish for cell culture, 

regenerative medicine and tissue engineering applications131,132. 

 

                                                             
123 https://www.researchgate.net/publication/335326005_Living_bridges_using_aerial_roots_of_ficus_elastica_-
_an_interdisciplinary_perspective  
124 https://www.researchgate.net/publication/305404991_Living_Root_Bridge_A_potential_no_cost_eco-
technology_for_mitigating_rural_communication_problems  
125 https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0022396  
126 https://www.researchgate.net/publication/265895566_Shellfish_as_Living_Infrastructure  
127 https://www.scapestudio.com/projects/oyster-tecture/  
128 https://hal.archives-ouvertes.fr/hal-01430638   
129 https://www.hemarina.com/  
130 https://onlinelibrary.wiley.com/doi/abs/10.1002/9783527681501.ch16  
131 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6923181/  
132 https://www.jellagen.co.uk/  

https://www.researchgate.net/publication/335326005_Living_bridges_using_aerial_roots_of_ficus_elastica_-_an_interdisciplinary_perspective
https://www.researchgate.net/publication/335326005_Living_bridges_using_aerial_roots_of_ficus_elastica_-_an_interdisciplinary_perspective
https://www.researchgate.net/publication/305404991_Living_Root_Bridge_A_potential_no_cost_eco-technology_for_mitigating_rural_communication_problems
https://www.researchgate.net/publication/305404991_Living_Root_Bridge_A_potential_no_cost_eco-technology_for_mitigating_rural_communication_problems
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0022396
https://www.researchgate.net/publication/265895566_Shellfish_as_Living_Infrastructure
https://www.scapestudio.com/projects/oyster-tecture/
https://hal.archives-ouvertes.fr/hal-01430638
https://www.hemarina.com/
https://onlinelibrary.wiley.com/doi/abs/10.1002/9783527681501.ch16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6923181/
https://www.jellagen.co.uk/
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Figure 1: Table showing the overlap of categories amongst the selected examples of bioinspiration (MNHN examples in bold)  

 Types of bioinspiration 
Examples Bioassistance Biodesign Biological 

engineering 
Biofabrication Biomimetics Bionics Bioproduct 

engineering 
Bioreplication Biorobotics Biotechnology Biosynthesis Ecological 

engineering 
Genetic 
engineering 

Nature based 
solutions  

Pharmaceutical 
bioproduction 

Microbial endophytes x  x  x     x      

Bio-concrete x x x x x  (x)   x      

Mushroom « leather » x (x) x x (x)  x   x      

Green roofs and walls x x          x  x  

Bioreactor façades x x x  x  x   x x     

Sculptured root systems x (x) (x)  (x)  x         

Bioengineered bricks x (x) x  x           

Fin pumps   x  x x          

Antibacterial shark skin   x  x x  x        

Mushroom packaging x (x) x x (x)  x   x      

Chitosan bioplastics    x x   x   x      

Fabricated biocomposites  (x) x x   x   x      

Biofabricated collagen leather  x (X) x x (x)        x   

Bone-inspired structures   x  x x  (x)        

Self-regulating architecture   x  x x          

Diatom glass fabrication   x  x           

Ecosystem-based cities   x  x       x  x  

Lizard adhesion methods   x  x x  x        

Eel-inspired energy   x  x x          

Aerial robots   x  x x   x       

Artificial leaves x x x x x x x   x x  x   

Algal fertilisers   x    x         

Plant-based adhesives   x x   x   x      

Biolaminates   x x   x         

Bioinspired hydrogels   x x (x)  x   x   x   

Nacre-like composites   x  x x  x        

Self-cleaning surfaces   x  x x  x        

Structural colours   x  x x  x        

Grasping robots   x  x x   x       

Bird-inspired robots   x  x x   x       

AntBot   x  x x   x       

Novel antimicrobials x  x    x   x x  x  x 

Marine bio-glue   x  x     x      

Crab/seaweed fibres   x x x  x   x      

Marine snail drugs   x  x   x  x x     

Cyanobacteria compounds   x  x   x  x x    x 

Anti-malarial phytochemicals x  x x   x   x   x  x 

Artificial reefs     x   (x)    x    

Bioremediation x  x  (x)       x  x  

Carbon sequestration x  x         x  x  

Watchfrog x  x       x   x   

Spider silk x (x) x x (x)  x (x)  x x  x   

Bioluminescence x x x  x     x   x (x)  

Smart textiles x x x x x  x   x   x   

Cities’ microbiomes x x          x  x  

Root bridges x x          x  x  

Shellfish infrastructure x x          x  x  

Alternative antibiotics x  x    x   x x  x  x 

Marine haemoglobin x  x x (x)  x   x x    x 

Jellyfish collagen   x x (x)  x   x     x 
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Figure 2: Word cloud (produced by Cedric Hubas133) showing the dominance of certain categories of bioinspiration in the selected MNHN examples from Figure 1134 

 

                                                             
133 https://borea.mnhn.fr/fr/users/c%C3%A9dric-hubas  
134 Note that Biological Engineering is particularly prominent in this figure in large part due to the all-encompassing nature of this field. Bioengineering is an umbrella term that covers a wide 
array of sub-disciplines where the principles of biology and the tools of engineering are combined. 

https://borea.mnhn.fr/fr/users/c%C3%A9dric-hubas


Bioinspire-Museum: Scoping Paper 

23 
 

Figure 3: Multiple correspondence analysis (MCA) graph (produced by Cedric Hubas) indicating the underlying 

structure of the MNHN bioinspiration examples dataset from Figure 1. Note the emergence of three main clusters 

within the Museum’s activities: i) Biodesign/Nature Based Solutions/Ecological engineering (top left), ii) 

Bionics/Biorobotics/Biomimetics (bottom left), and iii) Pharmaceutical bioproduction/Biosynthesis/Bioproduct 

engineering (to the right).   
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Summary 
In 2019, the French Natural History Museum (MNHN) launched “Bioinspire-Museum” to coordinate and 

promote Bioinspiration across the full breadth of its activities. In this Scoping Paper, the MNHN puts forward 

its interpretation of Bioinspiration, which covers multiple domains (including artistic and aesthetic), 

encompasses judicious direct uses of nature, and extends beyond technical innovation. Bioinspiration is about 

embracing the richness that the living world can provide humankind across the spectrum of well-being 

(physical, intellectual, emotional), whilst also contributing to the protection of the biosphere. The Museum 

has a critical role to play in supporting Bioinspiration via its research, teaching, biological collections, and the 

dissemination of its data and scientific expertise. Our aspiration is to make these vital contributions in close 

partnership with like-minded institutions nationally and internationally, to build a consensus and develop a 

united force promoting an ethical and sustainable vision of Bioinspiration.  

 

 

 

 

 

 

 


