
Naturally iNNovative: a briefiNg  
paper for the coNstructioN iNdustry

Learning from nature is not something generally associated with the construction industry, 
but biomimetics has a huge potential for inspiring innovations – as the manufacturers of the 
familiar reflective “catseye®” road studs and users of roads all over the world, could testify1. 

The construction industry and its clients are increasingly being 
challenged to achieve cost savings and better performance of built 
assets. Biomimetics has already shown its potential to help with these 
issues (see Box 1).  

Biomimetics is a novel approach to developing designs and products 
or to solving human problems by taking inspiration from nature. A 
well known everyday construction-based example is the biomimetic-
inspired reflective road studs, which are said to be inspired, at least in 
part, by their inventor seeing the light bouncing back from a cat’s eyes 
sitting at the side of the road; another is Velcro®, which was inspired 
by plant burrs sticking to the fur of a dog.  A very different example of 
biomimetics is the use of computer tools, based on how ant colonies 
interact, to optimise the routes for deliveries from fuel, food, liquefied 
gas or other processing plants to customers2,3. 

Multi-national companies outside the world of construction such as 
Mercedes Benz and Gillette are actively exploiting biomimetic concepts 
to develop low drag vehicles4 and to create new product concepts for 
personal care. 

Biomimetics can be regarded as a mindset – abstracting processes 
from nature, identifying the business opportunity for these processes 
and applying them5. This sounds simple but the ‘intellectual leap’ from 
an idea to the natural analogue (or vice-versa), is not trivial. It is also 
important to appreciate that biomimetics is not about copying nature, 
but about learning from nature. Current areas where biomimetics 
are being considered globally include energy and resource efficiency, 
added functionality in materials and structures, robotics, lightweight 
structures, architecture and design. 

Globally, there are four key players in biomimetics research and 
innovation – the UK, the Netherlands, Germany and the USA. 

The outcomes of a recent DTI industry biomimetics mission to 
continental Europe6 showed that much of UK industry (not just 
construction) is largely unaware of the potential for biomimetics, but 
that the field is better developed in Germany where a well supported 
network of competence, known as BIOKON7, has been established. 

biomimetics iN coNstructioN

Biomimetic approaches can be used to find novel solutions to problems, 
and many already well known and familiar solutions are consistent with 
– if not inspired by – biomimetics. A fundamental biological principle 
is that of minimising the use of materials in non-critical areas. For 
products and structures this can reduce weight and cost. One example 
already widely exploited in construction is adopting lightweight 
‘honeycomb’ structures; another is to intentionally introduce large 
empty channels or voids into the core of concrete slab elements8. The 
biome structures at the Eden Project for instance (see Figure 1), provide 
the required structural performance with the minimum of structural 
frame material by using hexagonal cell structures. The cells in wasp 
nests and the honeycombs of bees are created in a similar pattern. It is 
claimed that the examples given in Table 1 are all genuinely inspired by 
biomimetics.

Box 1: Biomimetic ideas and products have the potential to 
help the construction industry and its clients with demands for:

Reduced embodied energy (CO2) in construction products
Reduced materials use, better resource efficiency and 
hence lower cost 
Reduced weight and complexity (lighter structures, 
response to manual handling regulations, etc)
Novel designs
Reduced maintenance burdens (intervals and costs). 
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table 1: existiNg examples of biomimetic priNciples iN coNstructioN

Project type Commercial examples of biomimetics Biological analogue

Housing Self-cleaning façade paints Lotus leaf structure

Buildings – commercial and industrial Self-cleaning façades paints and glasses 
Architectural features or structures (such as Stuttgart airport)

Lotus leaf structure 
Branching tree structures

Logistics Delivery logistics software Interactions within ant colonies

Pavements, roads, car-parks, airports etc Catseyes® Optical reflectivity of cats eyes

Civil Engineering structures (e.g. bridges, tunnels) Tensairity® beams Plant cell wall structures

biomimetics

Although most industrial interest in biomimetics is found in the aerospace, 
textiles, computing, artificial intelligence and sensor sectors –  with a limited 
track record in construction (mainly in materials and design) –  there have been 
some commercially exploited construction sector examples, including:

Self-cleaning paints (eg, Lotusan®, see Box 2), glasses and concretes
Honeycomb structures (eg, the Eden Project biomes, and lightweight stone 
veneer cladding products9) 
Interesting architectural approaches (eg, branching tree-like roof supports at 
Stuttgart airport)
Passive ventilation in whole systems (eg, the Eastgate building in Harare, 
which uses ventilation principles based on those of termite mounds10,11).
Tensairity® beams, which are a system of rigid pneumatic beams inspired by 
the way in which opposing compressive and tensile forces support the stems 
of plants12. These have found applications in deployable structures, bridges, 
canopies and roof structures for commercial buildings. Some examples are 
claimed to be self-healing when punctured.

Biomimetics can offer novel ways of reducing maintenance and maintenance 
intervals (for example, through self-cleaning properties) and to use materials 
more efficiently (for example, through lightweight cladding products). 
Biomimetics ideas and approaches also have the potential to provide 
construction with tools to apply inventive problem solving (‘thinking outside 
the box’). 
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Figure 1: Eden Project tropical dome (or “biome” (A Dunster) Figure 2: Barrier Point, Silvertown, London

The lotus leaf has a highly water repellant surface microstructure. When 
it rains, water droplets cannot maintain contact with the surface and 
immediately run off, picking up dirt particles to leave a clean trace in 
their wake. 

A special façade paint (Lotusan), has been developed from a detailed 
study of the lotus leaf and it sheds dirt and water by a mechanism similar 
to the lotus effect. Its advantages have been illustrated in the case of  a 
white building, the 18-storey Barrier Point in London’s Docklands (see 
Figure 2), where  repainting due to surface soiling was required within five 
years of construction. 

The building has since been repainted with the new paint and the 
manufacturers claim that the façade will remain clean over a longer period, 
maintaining the building’s original appearance and reducing the need for 
maintenance. The paint is 10-20% more expensive than standard paint 
and has a market of approximately £7m per annum. 

Box 2: The lotus effect: Barrier Point: An example of 
biomimetics from construction



biomimetics as a route to developiNg New  

coNstructioN products

There are three processes for integrating biomimetics into product development 
and commercialization of construction products: 

Entrepreneurial: 

Derived from an individual’s lateral thinking (eg a plant burr led an entrepreneur  
to develop Velcro®).

Research-led (bottom up): 

The main steps are to analyse and understand a biological principle, abstract the 
biological model, identify an industry challenge and then to develop a product 
through prototyping and testing (eg Lotusan paint was derived from a detailed 
study of the lotus leaf structure – Box 2).

Industry-led (top down): 

This approach is to formulate a technical problem, seek analogies from nature 
(‘How would nature do it?’), abstract the biological model and develop a product 
through prototyping and testing (eg strong, light structures based on hexagonal 
cells).

Virtually all commercially exploited biomimetic innovations to date are 
‘bottom-up’ rather than ‘top-down’, which is an inefficient way of getting 
innovations to market. The main difficulties in exploiting biomimetics arise from a 
lack of awareness of biomimetics in industry – biomimetics is not an approach that 
most engineers would normally consider. The complexity of mapping the principles 
onto engineering problems can also be a factor. 

It is clear from the findings of the recent DTI biomimetics mission (2007) that:
biomimetic products can generate significant business, eg the £7 million a year 
market for Lotusan® paint
biomimetic products developed to solve specific industry problems (eg the 
need for a dry adhesive to join surfaces) appear to be more easy to market 
than a particular technology without an obvious end use. 
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biomimetics

further iNformatioN

For further information contact:  
Andrew Dunster, BRE Building Technology Group, dunstera@bre.co.uk 
Dr Andrew Dunster  is a Principal Consultant in BRE’s Materials Technology Team. 
He has an interest and expertise in the application of sustainable and innovative 
construction products and technologies. He is also an expert on concrete 
performance and is currently leading a project on biomimetics in construction, 
supported by the BRE Trust. 
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BIONIS (biomimetics network for industrial sustainability)  
http://www.extra.rdg.ac.uk/eng/BIONIS/
BIOKON Bionics Competence Network http://www.biokon.net/
www.biomimicry.net – General biomimetic research
www.reading.ac.uk – Biomimetic examples
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the lotus leaf has a highly water 
repellaNt surface microstructure. wheN 
it raiNs, water droplets caNNot maiNtaiN 
coNtact with the surface aNd immediately 
ruN off, pickiNg up dirt particles to leave 
a cleaN trace iN their wake.


