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ABSTRACT 
This paper is about an attempt to develop a tool for 
the design1 of materials, based on the concept of 
trans-domain technology transfer. In this paper the 
auteurs introduce the word "technomimicry", with a 
reference to "biomimicry". The approach is applied 
in practice to the domain of concrete as a target 
domain. Explored is which technology, developed for 
plastics industry as a source domain, could be 
applied for concrete industry. As a result of the 
project several manufacturing technologies from 
other domains, mainly plastics industry, were 
successfully applied to manufacture prefab concrete 
elements. The approach of technomimicry promises 
to be an effective tool for technology transfer 
between domains.  
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1. INTRODUCTION 
The title, “Material design” refers to the design of 
materials as one of many design disciplines like 
architectural design, graphic design, fashion design, 
mechanical design, etcetera. Material design is not 
recognized so much as a design discipline, although 
the design of new materials plays an important role 
in industrial innovation in general. New materials are 
                                                             
1 Because of the fact that concrete is a composite it is 
not surprising that the term “mixture design” is 
frequently used. 

not regarded as a result of a design process but rather 
as a result of research. Nevertheless, the amount of 
new materials grows exponentially, which can be 
noticed in the also growing amount of material 
databases like Materia, Material Connection, 
Materio, etcetera. There is little literature on 
methodology for material design. However, it is clear 
that general methodology in the field of design is 
applicable on materials, but still material design 
implies specific design problems for which there is 
no support. For example, the user of new materials is 
the designer, whereas the user of products is, 
generally spoken the consumer. One of the design 
problems is the nature of the user. While product 
designers work most of the times for end users of a 
product, the clients of material designers are 
particularly designers like product designers, fashion 
designers, interior designers and architects. Material 
designers have to anticipate on the future needs of 
other designers. The development time span of new 
materials can be years. Added to the development 
time of products in which the materials will be 
embedded, it is necessary for designers to look 
forward over a long period. It took, for example, 
more then ten years before materials like Glare and 
Alcantara were applied in products in large scale. 
This implicates that investments in new materials are 
costly because of the slow return on investments. 
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Figure 1 Glare, a fibre metal laminate (FML), decennia 
after the introduction applied in airbus 380 

 
Figure 2 Alcantara, a microfibre based material that took 
decennia to become a market success. 

Another difference with existing design disciplines is 
the closer relation with fundamental sciences like 
chemistry and physics. Where traditional designers 
acquire their knowledge from, among other things, 
material suppliers, material designers retrieve their 
information from these disciplines, and from related 
processing and manufacturing industry. When 
designing a new woven textile material, the designer 
needs information about weaving processes as well 
as about physical and chemical processes for 
colouring, felting, coating, etcetera. When designing 
a new composite material, the material designer 
needs information about laminating technology as 
well as about physical and chemical aspects of 
bonding, UV protection and curing. Probably due of 
the facts that material designers work at more 
distance from the market and that they are more 
related to fundamental sciences, their focus tends to 
be on one domain only.  

The transfer of knowledge between design 
disciplines in general could be more intensive. For 
example, there is still too much distance between 
industrial design and architecture. At Delft 
University a project was carried out by one of the 
authors to stimulate cooperation between the 
faculties of architecture and industrial design 
engineering [17]. It turned out that design 
methodology was developed in two different 

directions. The two disciplines did hardly employ the 
experience from each other. Another example stems 
from a conference for aluminum extruders, for which 
the author was invited as chairman. The audience 
was asked if they knew a certain company in the 
Netherlands. None of the, about hundred, participants 
knew the company which happens to be one of the 
most important plastics extruders. Aluminum 
extruders do not know plastics extruder companies. 
The audience was confronted with some technologies 
this plastics extruding companies practice, for 
example co-extrusion and in-line decoration. It 
turned out that all the participants estimated it would 
be an interesting idea to transfer this knowledge to 
aluminum extrusion.  

It can be concluded that the transfer of knowledge 
between design disciplines can be disappointing and 
that within the domain of material design there is 
hardly any transfer at all between domains.  Based on 
this proposition the research question is formulated 
as follows: 

“How can the transfer of knowledge between 
material related, industrial domains be facilitated”. 

With this research question as a starting point, a 
vision is developed, based on a multidisciplinary 
discussion, in which concepts like material design, 
biomimicry and memetics are considered. Essential 
in this approach is that the focus is on two domains, 
A and B. An inventory is made of  technologies 
applied in domain A. For each technology the 
possibilities are estimated for application in domain 
B. Based on the expectations of applicability and 
potential usability, experiments are carried out.  
These experiments are evaluated and presented to 
stakeholders within domain B. In this paper the 
results are presented of the experiments as well as 
preliminary conclusions with respect to the potential 
of the findings in industrial practice.  

2. MATERIAL DESIGN AS A DISCIPLINE 
In the context of material innovation, distinction can 
be made between material inventions, material 
development and material design. Material 
inventions are related mainly to chemical and 
physical properties of materials. Examples are 
plastics, technical ceramics and graphene. Material 
development mainly refers to processing techniques 
leading to added value of the materials. Examples are 
foamed materials, pressure mouldable wood and 
surface treatments. Material design, in the context of 
this paper, is not so much focused on the physical 
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chemical properties or processing techniques but 
mainly on the creation of new material functions. 
Examples are aesthetic materials, smart materials and 
materials with new structural, mechanical or 
constructive functions. Examples can be found in the 
area of composites, sandwich panels, textiles, 
etcetera.  

In the eighties much attention was paid to material 
innovation. In that period the emphasis was on 
'materials technology' and not so much on the 'soft' 
aspects like aesthetics, ergonomics and sustainability, 
nor on the integration in semi-final products like 
sandwich panels, standard profiles and foils. The 
emphasis was on technologies like technical ceramics 
and high strength steel. In addition, responsive 
materials based on polymers where not a point of 
attention except shape memory metals. The design of 
new materials was not an issue. However, we see the 
interest growing.  Important signals for this is a 
publication by the National Materials Advisory 
Board (NMAB) of the USA in the field of Materials 
Science and Engineering: Forging Stronger Links to 
Users [20]. Also important is the work of the Centre 
for Technology Management, Cambridge in the field 
of “Innovation and adoption of new materials” 
(Ashby, Maine et all) [21]. Their attention, however, 
is focused on the adoption process of new materials 
in general and not on the design process.  

This paper is written from the starting point of a 
combined interest of the authors in industrial design 
and architectural design at Twente University. The 
search for transfer opportunities between a mainly 
industrial materials domain and a mainly building 
material domain is obvious.  

3. BIOMIMICRY AND TECHNOMIMICRY 
In this paper one strategy for material design is 
introduced, for which we introduced the term 
“technomimicry”. With technomimicry we refer to 
the term biomimicry introduced by Janine Benyus [1] 
who let herself inspire by nature.  

 
Figure 3 Janine Benyus 

In her book many examples of biomimicry are 
presented. The most well known example is probably 
the "lotus effect", a surface structure which we find 
on the lotus flower which rejects water and reduces 
the necessity of cleaning. This structure can be 
imitated in several ways, e.g. by pulsed laser 
technology and special nano coatings.  

 
Figure 4 The Lotus effect 

Another example is the structure of a termite hill as a 
source for efficient air conditioning systems. This 
principle is successfully applied in buildings.  

 
Figure 5 Termite hill as a source for efficient air 
conditioning systems. 
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4. MEMETICS 
For both biomimicry and technomimicry it is 
important to notice that all is about bringing together 
two different domains with the objective to find 
transferable functionalities. For the mechanism of 
this transfer we can learn a lot from the concept of 
"memetics". Richard Dawkins [19] was the first 
person to use the word “meme”. The Oxford English 
Dictionary now gives the following definition: “An 
element of a culture that may be considered to be 
passed on by non-genetic means, esp. imitation”. An 
important statement in the context of memes reads: 
“Genes form the elements of nature and memes form 
the elements of culture”. 

Susan Blackmore [18] has worked out the concept of 
memes for several topics, including language, sex, 
altruism and even new age. Applied to design,  the 
concept of memes could be extremely useful, but 
first, we must define the concept of memes more 
precisely. We should consider that memes differ 
from genes. Genes are instructions for making 
proteins, stored in the cells of the body and passed on 
in reproduction. Their competition drives the 
evolution of the biological world. Memes are 
instructions for carrying out behaviour, stored in the 
brain (or other objects) and passed on by imitation. 
Their competition drives the evolution of the mind.  

Is it possible to give an exact definition of a meme? 
Many instructions for behaviour can be divided into 
sub-instructions. Blackmore argues that this is not 
necessary. In her view, the same holds for memes as 
for genes, with which scientists have, after all, been 
working for a long time without being able to 
pinpoint these exactly within the chromosome. 
Memes occur most of the times in so-called “meme-
plexes”. Meme-plexes are combinations of memes, 
which serve a certain goal. For example, to fill a 
bottle with water, it is necessary to be able to 
unscrew the cap, to turn open the tap, etcetera.  

An important thesis of Dawkins is that imitation by 
human beings functions as the “second replicator”, 
after the first ones: the “genes”. In Dawkins’ view 
(see: “The Selfish Gene” [19]), evolution began 
when certain chemical combinations started to 
replicate. Imperfections in replications happened to 
lead to combinations, which were more successful in 
surviving than the previous ones. Bit by bit, the 
mechanism of replication and imperfections led to 
nature as we know it today.  

Dawkins suggests that the mechanism of replication 

and imperfection also takes place in the field of 
knowledge. Replication of knowledge is realized by 
imitation. Human beings continuously imitate each 
other and children mainly acquire their skills  by 
imitation of their parents. Of course, some 
“knowledge” is transferred through genes. However, 
genes could be compared with a pencil and paper. 
You receive them when you are born, but you have 
to write your own story of life. 

Until the industrial revolution, the development of 
the manufacturing of artefacts could be seen, for a 
large part, as a process of imitation. The appearance 
and construction of products developed gradually. It 
is possible that some of the changes that occurred 
were the result of imperfections in imitation, but it is 
impossible to defend the thesis that every change is a 
result of this process. New ornaments cannot be 
regarded as an imperfection. However, they can be 
seen as imitation, in particular new combinations of 
imitation. In design, therefore, two mechanisms for 
evolution can be distinguished. First of all, we 
observe imperfections in imitation of memes, which 
sometimes lead to interesting new design concepts. 
Secondly, we observe interesting new combinations 
of memes, which also occur, for the most part, 
accidentally.  

The concept of “memeplexes” offers a way to 
combine the two mechanisms . Individual memes can 
replicate with an imperfection, which can lead to 
value, such as a nice colour or texture. Yet complete 
memeplexes can also be duplicated, together with 
other memeplexes. The memes itself do not change, 
but the result can be a memeplex with interesting 
features. An example should clarify this proposition. 
There is a “behavior” for making turtle-soup, which 
can be regarded as a memeplex. There is also a 
behaviour for eating a lobster-salad from the shell of 
a lobster, which also can be seen as a memeplex. 
When these memeplexes happen to ‘cross paths’, 
there is always the chance that one or more memes 
will stick to the other memeplex. If we regard the 
“use of the shell of the animal as a saucer” a meme, 
the possibility of this meme being transferred to the 
turtle soup then arises. The cook could be struck by 
the idea of serving turtle soup in a turtle shell, which, 
as far as known, has not yet been done. The question 
is:  how can the paths of different memeplexes cross 
? We must assume that their paths can cross in  
thousands of ways . In this respect they differ from 
chromosomes, whose paths could cross  (until a few 
years ago) only in one way (via cell division).  
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The paths of the  memeplexes in the example could 
cross in various ways, such as: 
• The turtle soup and the lobster salad were on  the 

same menu; 
• The cook accidentally used a turtle shell instead 

of the lobster shell; 
• The cook was reading an article about alternatives 

for saucers to serve food, which worked as a 
catalyst for crossing the two  memeplexes; 

• Two cooks were teaching each other the 
respective recipes. 

An important conclusion from this paragraph is that 
design can be regarded as a recombination process of 
new and existing knowledge items. These knowledge 
items are transferred from one domain to another. 
From nature to industry (biomimicry), but also from 
industry to industry (technomimicry). 

A general strategy to stimulate this transfer is bring 
knowledge from different domains together in a 
forced way. With biomimicry as well as with 
technomimicry the approach is based on this 
principle. The success of both biomimicry and  
technomimicry is based on the fact that domains have 
hardly been brought together. Several categories of 
materials have been developed completely apart from 
each other in different directions. Examples are 
ceramics, concrete, glass, metal and plastics. 

In each industry functions are realized by new 
material configurations and processing techniques. 
The concept of technomimicry is based on the 
proposition that many of those technologies could be 
translated from one domain to another. The strategy 
of technomimicry is furthermore based on the work 
of Michael Schrage [6] and especially his book 
Serious Play. In this book he emphasises the 
importance of the experiment.  

 

 

Figure 6 Michael Schrage 

An important part of technomimicry is the 
experiment in which a technology from a certain 
domain is applied to another domain. 

5. APPROACH AND METHODS 
In this paper we focus on one approach which can be 
described as “exploring the potential of existing 
material technology by experimenting with 
manufacturing technologies from other domains.  

As practical case the authors have chosen for the 
application of manufacturing techniques from the 
plastics industry for manufacturing of concrete 
components. The main reason to choose this material 
category is that hardly any manufacturing technique 
can be mentioned which is applied in both material 
categories. That’s why it would be an interesting case 
to study the potential of technology transfer between 
two domains from a material designers point of view. 
Several techniques were systematically evaluated and 
experiments were carried out to test the estimated 
possibilities. Identified technologies were: Pressure 
moulding, extrusion, integral foam, slipcasting, 
rotomoulding, cold impact extrusion and gel coating. 

Before starting experiments the essential differences 
between concrete mortar and plastics were explored. 
Mortar is a water based suspension and thermo 
plastics not, neither are thermosets. This means that 
the fluid dynamics system is completely different. 
Another difference is the curing process. For 
concrete a chemical process takes place in which the 
water is embedded the new chemical structure. Also 
with thermosets a chemical reaction is essential for 
the curing process. For thermoplastics the process is 
just physical. Reaction times in concrete curing are 
much longer than with plastics. A consequence of 
that is that cycletimes will be much longer and that 
the costs of moulds become a larger part of the 
product costs. However the material costs are much 
lower.  

Although all the technologies could be interesting to 
explore, three were chosen for experiments:  
• Integral foam 
• Extrusion/pressure molding 
• Rotomolding 

A fourth technology came up when pressure molding 
failed. Specific about the research is that it is carried 
out by a PhD student with a design backgroud and 
not by a material scientist. The PhD student is 
supported by a series of master students who not only 
carry out experiments, but additionally have a 
specific assignment for the design of a product. 
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6. THE EXPERIMENTS 
 
Starting point of the experiments was the question: 
“What kind of forms and functions could we realize 
with this technology? Several companies with 
different product/market combinations were involved 
in the project. 

6.1. Integral foam 
Integral foam is a widely applied technology in the 
plastics industry. The disadvantages of foam such as 
vulnerability and water attraction are compensated by 
a solid skin of the same material. 
 

 
 
Figuur 7  Combination of foamed & massive structure 
 

 
Figure 8 Integral foam technology in plastics 
 
In nature integral foam like structures are 
demonstrated in e.g. the bones of birds. Optimization 
of weight, stiffness and strength are optimized by 
evolution. 
 

 
 
Figure 9 Integral foam structure of birds bone 
  
This idea is not only applied in plastics. Also in 
aluminum technologies were developed to employ 
the advantages of integral foam. 

 

 
 
Figure 10 Integral foam technology in Aluminum 

 

In the 30 years of existence of foamed concrete the 
step to integral foam technology was not undertaken. 
Probable because of the lack of communication 
between domains. Explorative research has resulted 
in four strategies to realize integral foamed concrete 
of which three were tried out in practice. They are 
under patent application now. In this paper we can 
only show the results. The process of producing 
concrete foam is illustrated in figure 11. 

 
Figure 11  The concrete foam process 

Concrete foam can be produced in situ. Mobile 
machines can spray the material where it is needed. 
So, it would be easy to supply concrete foam in a 
production facility. 
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Figure 12 Spraying foamed concrete 

The problem is not to produce foamed concrete but 
to combine it with solid concrete. In the project two 
different strategies were defined. The first is to start 
with the foamed concrete suspension and let the foam 
collapse in a controlled way where no foam is 
needed. The second strategy is to transform the 
concrete suspesion to foam, where foam is needed. 
The third strategy is to use seperate injection for 
massive suspension and foamed suspension, 
preferably in one mould. As explained several 
technologies were identified and tried out, with 
varying success rates. Cylinders and blocks were 
produced. 

 
Figure 13 Blocks and cylinders 

Laboratory tests were carried out to validate 
mechanical properties of colums we could produce 
with the technology. 

6.2. Extrusion/pressure moulding 
For extrusion and pressure molding it was necessary 
to develop an extruder which was able to inject a 
concrete slurry in/through a mold. Explorative 
research has resulted in a foam pumping device 
which complied with the specific properties of 
concrete. The best pump available came from bakery 
industry. To test the system a mould was made for 

making a flat panel of 10 mm thickness. The front 
side of the mould was made of glass in order to be 
able to follow the mould flow. Barriers were built in 
to get information about the behaviour of the 
thermoplastic fibres which were applied as 
reinforcement.  

 
Figure 14 Test elaboration and result 

The results were very promising and could be 
regarded as a proof of principle that concrete profiles 
and products with a thin wall can be produced 
without too much difficulties. For profiles, a mould 
system was designed to solve the problem of long 
curing times of concrete. For the purpose of limiting 
mould costs, for pressure moulded products a system 
was designed based on disposible moulds. For the 
moulds expanded polystyrene was used. To improve 
the surface quality a technology was found which 
was developed for food packaging. It is a german 
process called "Verhautung".  

 

 

Figure 15 example of "Verhauten" 

The experiments with this technology were not 
successful. The mould could not stand the necessary 
pressure to fill it. 
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Figure 16 Failing EPS mould 

6.3. cold impact extrusion 
This resulted in a further exploration of plastics 
technology resulting in experiments cold impact 
extrusion. With this technology a kernel is pressed 
into a partly filled mould. The fluid is forced 
upwards between the mould wall and the kernel. 
Using EPS material as a kernel, the result is a light 
weight product. The technology is applied for 
making a prototype of a window frame.  

 
Figure 17 principle of the production process with cold 
impact extrusion 

 
Figure 18 First result from this process 

 
Figure 19 The applied mould design 

6.4. Rotomoulding 
Especially for rotomoulding the viscosity and 
thixotropy of the mixture was important. It turned out 
that mixtures for high strength concrete brought us 
part of the solution. A special appliance for 
Rotomolding was designed. Several prototypes of 
simple forms like cilincerd and cubes were produced. 

 
Figure 20 A wooden mould, mounted on a standard 
lathing machine 

As expected, it did not word a hundred percent the 
first time, but the results were promising enough to 
continue research.  

 
Figure 21  First results from rotomoulding process 

 

7. DISCUSSION 
A  proposition, proved by this project,  is that there is 
a potential for material innovation by purposively 
translating material technologies from one domain to 
another, at least for the domains plastics and 
concrete. We can also conclude that 'serious play' in 
the form of a lot of experiments in the laboratories 
works quite well. As a result of the project several 
industrial companies came up with serious product 
ideas, based upon the combination of the intensive 
(chemical and physical) properties of foamed as well 
as massive concrete and the extensive (form) 
properties, realized by the introduction of the “new” 
manufacturing techniques.  
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An extra innovation came out of the Expanded Poly 
Styrene direction, which was chosen as one of the 
possibilities for disposable molds. Disposable molds 
were important because of the long hardening 
periods of concrete. 

With a complete different goal (for food packaging 
industry) a technology was developed to obtain a 
glossy surface. The same technology turned out to be 
useful for obtain a high quality surface for concrete 
products. The outcomes of this research are restricted 
to prove of principles. The mechanical tests are just 
related to a few examples of mechanical loads. 
Production methods are not worked out in detail, 
neither as aspects of costs. However the results show 
severe constrains with respect to the viability of the 
chosen concepts. 

8. CONCLUSIONS 
A conclusion from this research project is that the 
transfer of technology between domains in the field 
of materials can be useful. However this project can 
only offer a qualitative prove. For a quantative prove 
a lot of experiments would be necessary, but the 
question is if that would be necessary. Future work 
should better be directed at optimizing the 
methodology for the transfer process.  

In this stage, technomimicry is not much more than 
an approach in which,  explicitly,  technology in 
other domains is involved in the development of 
technology in its own domain. This seems to work 
particularly for materials technology, because of the 
fact that material domains have developed quite 
independently which increases the chance that 
interesting knowledge items still can be transferred. 
For developing the technomimicry approach 
attention should be paid to several aspects of the 
transfer process such as: 
• identification of transfer possibilities on the 

material and manufacturing level 
• carrying out a SWOT analysis for these materials 
• planning experiments 
• involvement of industries and research institutes 
• business planning of new “inventions” 
At this moment several outcomes of this concrete-
related technomimicry exercise have resulted in 
serious interest of companies. A concrete project for 
the development of prefab elements for housing 
constructions is in progress. This success is directly 
related to the application of the technomimicry 
approach. More application projects as a result from 
this project are expected. 

9. RECOMMENDATIONS: 
 
This research can be regarded as a first attempt to 
apply the concept of technomimicry in practice. As a 
result of this successful attempt many research 
questions can be formulated. These research 
questions are related to three different aspects: 
• the methodology: the method should be worked 

out in more detail. In this project a trial and error 
approach is applied which has led to a descriptive 
model. A prescriptive model should be developed 

• the organization: the involvement of stakeholders 
should be more intensive. The project is carried 
out within the context of the research group. In 
practice should be carried out as a collaborative 
project with industry 

• the infrastructure: for experiments many different 
facilities might be necessary. More laboratories 
should be made available for carrying out 
experiments 

These recommendations will be implied in the PhD 
project, which resulted to this publication. However 
the subject is so promising that involvement of more 
researchers would be worthwhile.  
 
The next step is analyzing the project presented in 
this paper more carefully and translated to a 
descriptive model. This descriptive model will be the 
starting point for a prescriptive model for 
technomimicry. This prescriptive model will be 
tested out in a new to be defined project, with the 
purpose of validation, as a final part of the PhD 
project.  
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