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The building industry is not regarded as an 
innovative sector, According to a survey of 
Swiss companies carried out in 1999, the pro
portion of sales of innovative products in the 
building sector is just 10.7%, which does not 
compare favourably with the average figure of 
37.1 % for all sectors of industry. Just 24% of 
the companies polled carry out R&D work, 
compared to 49% for industry as a whole. [1] 
High growth rates in the buIlding industry are a 
thing of the past. In Germany low demand has 
resulted in many years of stagnation. Extensive 
regulations, standards and approval proce
dures make changes difficult; increasing com
plexity puts up the costs. At the same time, 
people are still looking for high-quality facilities 
for work and play. New findings in the field of 
housing physiology demand modified prod
ucts; h'lgh demands need to be satisfied with
out excessive price rises. In the light of all this, 
the need for innovations is rising. 
This chapter attempts to illustrate the develop
ment of innovative materials for homes and 
building, and to foster the mutual understand
ing of those involved in this process. 

What is innovation? 

The term "innovation" is frequently used simply 
as a synonym for "new" or "novel". But new
ness, i.e. the invention of a new material or new 
effect, is not enough by itself. Innovation is the 
establishment in the marketplace of a new 
technical or organisational idea, not just the 
invention of such. [2] This economic aspect 
explains why innovations offer great chances; 
innovators enjoy a better reputation in the mar
ket (also for their standard products) and they 
are attributed greater competence, which in 
turn is reflected in a higher acceptance of their 
products. 
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are attributed greater competence, wh'lch in 
turn is reflected in a higher acceptance of their 
products. 
Marketing success is vital to innovation. It is 
therefore not sufficient merely to describe 
which new materials or technologies exist. [4 J 

Their development takes place within certain 
boundary conditions, which restrict the use and 
availability of the new materials. Placing these 
products in a fresh context 'IS "new", but the 
desirability triggered is often neither sensible 
nor satisfying in the long-term. And if the mar
keting success is not realised, then we have no 
innovation. If those involved in innovation proc
esses and the value-creation network of the 
building industry could learn to understand 
each other better and improve the coordination 
of their processes, it would open up a major 
chance for innovation. 

Boundary conditions 

Innovation on the material side is advanced by 
researchers or developers in the laboratories of 
the raw materials and building materials indus
tries, even if there are impulses from other 
branches such as architecture or design. From 
the scientist's viewpoint, material in the more 
precise definition means "substance, raw mate
rial or medium". [5J From this they (also) create 
materials whose shape, colour, etc. are adapt
ed to various applications. Architects and 
designers deploy these materials in order to 
create a desirable environment in which to 
build and live. In order to modify the products 
to match their ideas, they contact the suppliers. 
However, the suppliers do not always have the 
abilities to influence the underlying "fabric" of 
the materials because the value-creation net
work is so complex (fig. A 5.1). 
Which materials are actually used in building 
work is decided by those by those working on 
the building site. The manufacturers of building 
products or the raw materials suppliers do not 
play an active role and are seldom called in to 
answer questions regarding choice of materi
als. 
The story is different in the automotive and avi
ation industries. In these industries the manu
facturers of the end products hold discussions 
with components and raw materials suppliers 



and define the specifications of the materials. 
This joint approach guarantees innovation: 
when the new material satisfies the require
ments of, for instance, a car manufacturer, it is 
also employed in the production of those cars, 
i.e. the marketing success is highly probable. 
A primary impetus for this type of development 
can be foun9 in the structure of these sectors: 
in the automotive industry the 10 largest com
panies have a global market share exceeding 
80%; in civil aviation the two aircraft manufac
turers Boeing and Airbus rule the market. But 
the situation is very different in the building 
industry: with a global value of approx. 3.8 tril
lion US dollars, the 100 largest companies -
together accounting for 373 billion US dollars
enjoy a market share of less than 10%. [6J 
The industry is highly fragmented, the demand 
very heterogeneous; therefore, an integrated 
approach is harder to realise. Nevertheless, 
such a model can be transferred to the building 
industry. Here again, the objective is, after all, 
to optimise materials with a view to satisfying 
human requirements - including "soft" factors 
such as aesthetics or haptics. But such factors 
are subjective and difficult to quantify, and 
therefore have not yet found their way into the 
industry's development laboratories. In order to 
achieve that, users need to know not only 
which options new materials offer, but also 
understand how their development functions, 
which boundary conditions apply and how they 
can be influenced. On the other hand, develop
ers in their laboratories must learn to under
stand better which needs an architect or a 
designer is trying to satisfy. 
A researcher is driven by curiosity and an 
enthusiasm for something new. There is cer
tainly no great difference here between a 
researcher and an architect or a designer. Like 
sport has its motto "further, faster, higher", lab
oratories work with the maxim "smaller, lighter, 
smarter". Basically, the idea is an ongoing 
improvement of the technical properties of 
materials. With an increasing understanding of 
the physical and chemical properties of a 
material, the researcher is in the position to 
manipulate these and combine them to form 
new types of property profiles. 

The flood of information 

In the natural sciences and technology we are 
currently witnessing an unprecedented explo
sion of knowledge. According to a study car
ried out in the 1960s, the natural sciences grew 
exponentially between 1650 and 1950, i.e. our 
knowledge doubled every 15 years or so. [71 
Since the 1970s growth has slowed and stabi
lised at a high level. [81 At present, some four 
million articles dealing with the natural sciences 
and technology are published every year -
that's about 20000 every working day, [91 and 
doesn't even include the output of the arts and 
humanities! 
These figures show that trying to retain an over
view of all aspects of knowledge is hopeless -
the age of the universal scholar is over. Further-

more, it is becoming more difficult to distin
guish the relevant results from the less relevant. 
As we know more and more, the input required 
for new discoveries increases (decreasing 
fringe benefits). What this means is that funda
mentally new materials are discovered less and 
less often; for example, further chemical ele
ments are no longer "discovered" in nature, but 
instead briefly "created" in horrendously 
expensive particle accelerators. 

Consequently, these days we focus more and 
more on novel, creative combinations of known 
materials in order to generate new effects, or 
transfer effects to other materials. This 
approach leads to a gigantic number of combi
nation options, which very quickly gives the 
impression of new technologies and applica
tions. But many new technologies are old 
friends in new guises; however, their applica
tion or interpretation in a new context does offer 
new possibilities and chances. The challenge 
for the future is to steer the development proc
ess and turn the many ideas into innovative 
products. 

Developments in materials 

More and more, the R&D departments of indus
try are under pressure to improve their effec
tiveness, i.e. to identify the right themes and 
develop these accordingly. In the meantime, 
prior to the start of any research, the potential 
marketing chances and the potential profits are 
analysed alongside the technological aspects. 
Only when the first two factors show a positive 
result can the developers embark on the ever 
more costly research work. [101 
In the first place, technological parameters 
form the guidelines for the development: quan
tifiable effects and properties are important 
prerequisites for a targeted development. Two 
examples of this are thermal insulation and 
phase change materials (PCM): 

Thermal insulation 
The optimisation of thermal insulation materials 
is based on a precise analysis of the physical 
principles of heat conduction . The thermal con
ductivity of an insulating material depends on 
the thermal conductivity of the solid (e.g. poly
styrene, stone), the thermal conductivity of the 
gas (e.g. air) and heat radiation. In doing so, 
we assume that convection in the gas is pre
vented by suitable measures (foam, fibre com
posite). Therefore, we get the following equa
tion for thermal conductivity: 

As a low A-value represents an increase in the 
thermal insulation capacity, the strategy for fur
ther work is clear: each of the above factors 
must be minimised, a goal that industry has 
pursued systematically. 
A vacuum is the best insulator, followed by 
gases and solids (fig. A 5.2). All known natural 
and man-made insulating materials are based 
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on this law of physics. From animal skins to 
high-tech thermal insulation composite sys
tems, all make use of the same principle. But 
there are still further opportunities for improve
ment. 

On the graph of an expanded polystyrene foam 
we see that the heat radiation in the infrared 
range plays a considerable (negative) role, 
especially when the foam is thin (fig. A 5.3). In 
order to halt the infrared radiation, infrared 
absorbers or reflectors can be incorporated 
into the matrix of the foam - of course without 
damaging the cell formation or the other good 
properties of this insulating material . Appropri· 
ate methods are available to introduce such 
infrared absorbers, e.g. in the form of graphite, 
into the foam beads. It is therefore possible 
to reduce the thermal conductivity of the poly
styrene foam even further (fig. A 5.5). IR absorb
er-modified polystyrene insulating materials 
can be up to 50% thinner than conventional 
insulating materials with the same density and 
same insulating periormance (fig . A 5.4) . This 
proves to be an advantage when modernising 
existing buildings, where there is not always 
sufficient space for an adequately thick layer of 
insulation. But IR absorber-modified polysty
rene insulating materials have already been 
used for new building work too, e.g. in the 
Petra Winery in Tuscany by Mario Botta. 

But the developments in thermal insulation go 
even further . The recognition that cell gas 
makes a substantial contribution to heat con
duction (fig. A 5.3) led to two new approaches 
aimed at minimising this disadvantage: 
. vacuum insulation (complete avoidance of 

cell gas) 
. nanocellular foams (freezing the molecular 

movement of the cell gas) 

The first approach resulted in the so-called 
vacuum insulation panels (VIP), which consist 
of an open-pore core (e.g. silicic acid powder 
or polyurethane foam) with a gastight covering 
(see "Insulating and sealing", p. 139) . Owing to 
its cell structure, the open-pore foam enables 
the element to be evacuated (fig. A 5.10). This 
means thermal conductivities of 0.004-0.008 
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W/ mK can be achieved - values well below 
those of conventional insulating materials. Such 
vacuum insulation panels are already on the 
market. Their potential applications are current
ly being investigated more closely in various 
pilot projects. We are on the brink of an innova
tion. One disadvantage of these elements is 
their vulnerability to mechanical damage, which 
calls for great care during installation. How
ever, such systems have already been used in 
industrially prefabricated appliances, e.g. 
refrigerators. 
Nanocellular foams could have a high insulat
ing effect simi lar to that of VIP and would be 
less vulnerable to mechanical damage. These 
foams exploit the effect that if the size of the 
cell is small enough, each cell contains just one 
single gas molecule, which would be more or 
less "frozen ~ (fig . A 5.6). However, such foams 
cannot yet be produced on an industrial scale. 
But should this succeed, their technical proper
ties would be equal to those of conventional 
foams, albeit with a much reduced thermal 
conductivity. The marketing success or other
wise of this invention has still to be tested. 

Phase change materials for passive COOling 
A phase change material (PCM) is a substance 
in which heat is stored by means of a phase 
transition (e.g. solid to liquid). The temperature 
of the material remains constant until the phase 
transition has been completed. The stored heat 
(or cold) is invisible, but present in a latent 
state. Such materials have been known for a 
long time. (11) For example, the use of ice to 
cool a drink is an application of the phase 
change principle: as long as the ice melts, the 
drink remains cool because the heat is used to 
melt the ice. 
However, in order to master this principle on a 
technical level, some development work was 
necessary first. Materials with a phase transi
tion in the desired temperature range had to be 
found, and these then had to be housed in cor
responding containers because the storage of 
heat is generally associated with a melting of 
the material. In the first applications solar heat 
was stored in tanks filled with salt hydrates -
technically elaborate and offering little flexibility 
for practical applications. Later, paraffin was 
used as an alternative; paraffin can be stored 
in sealed plastic containers and panels. 
One of the first applications of this macro
encapsulated phase change material was in 
Switzerland. "Solar House II" in Ebnat-Kappel 
by Dietrich Schwarz has a heat storage ele
ment consisting of paraffin-filled plastic boxes 
fitted into a glass wall, which acts as a buffer 
against excessive heat in the summer, and as 
a solar energy store in the winter. A cleverly 
arranged prism in front of the phase change 
material prevents overheating in summer and 
enables the heat gains in winter_ [12[ 

The most obvious next - technology-driven -
step was to transfer the encapsulation to the 
microscopic level. The first attempts using 

melamine were carried out in the USA. These 
microcapsules containing a phase change
material are used, for instance, in special cloth
ing. For the building industry in particular, sev
eral German companies and institutes have 
developed formaldehyde-free systems based 
on methyl acrylate within the scope of a joint 
project. [13) Using micro-encapsulated paraf
fins (figs A 5_11 and A 5.12), it has been possi
ble to incorporate phase change materials into 
building materials like plaster, plasterboard 
and particleboards (fig. A 5.8). PCMs are very 
good at preventing overheating in summer. 
Initial applications show that this passive cool· 
ing functions marvellously. Properly integrated 
into the energy design criteria, their use results 
in lower capital outlay (thanks to smaller refrig
eration plant) and lower operating costs 
(thanks to lower refrigeration output) . On the 
other side of the equation, such materials are 
more expensive. In the near future we will see 
just how far the economic appeal of PCMs can 
guarantee their market success; such materials 
are still at the market development stage. What 
is certain, however, is that cooling systems with 
PCMs will make a significant contribution to the 
energy efficiency of buildings within the scope 
of sustainable development. 

There are other fields of innovation that could 
become interesting in the coming years: 

· energy management - saving on heating and 
cooling energy 

• Qeasy-to-clean ~ - cleaning of surfaces 
- "easy-to-handle" - lightweight, foolproof pro

ducts, especially for renovation and moderni
sation 

• interior Climate and wellness - low-emissions 
products, the feel of surfaces 

Although the solutions will be based on tech
nology, soft factors , too, will have to be consid
ered for their application. 

Establishment of innovations in the future 

The examples described above demonstrate 
the technologically motivated development of 
new materials: technically definable properties 
such as heat conduction or heat capacity were 
able to be improved. The materials described 
are functional, they carry out their work in the 
building invisibly. Their aesthetic or haptic 
qualities are not the result of a design process, 
but rather a product of their properties. 
In the marketing of these materials it is there
fore the technical quality that is critical - and 
hence the leeway for further marketing is limit
ed. But by considering soft factors this leeway 
could be expanded; at the same time, it should 
be possible to achieve a more targeted devel
opment of innovative materials. 

In product development it is only in the final 
phases that we find out whether an invention 
will really become an innovation. The influence 
of pure technology is large at the start and 
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decreases towards the end. Inverse to this is 
the opportunity for the architect - as the repre
sentative of the end market - to influence the 
development. It would seem obvious that by 
involving all the participants in the value-crea
tion chain at an early stage, hitherto unrecog
nised chances can be created (fig. A 5.7): 
expensive mistakes can be avoided or even 
misguided developments prevented right at the 
development phase. It is essential to find a rea
sonable balance here between the justified 
wish for exclusivity on an artistic level and the 
equally justified interests of industry for a sus
tainable economic success, which is based on 
the widespread use of a material. 
If this is successful, the combination of techno
logical skills in the raw materials and building 
materials industries with the system, process 
and design expertise of the others in the con
struction team can discover whole new ' 
approaches to inventions and innovations. 

Architecture/design 
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A 5.7 a Schematic innovation chain 
b Targeted innovation through early integration of 

the end market 
A 5.8 Layer thicknesses of different materials for the 

same heat storage capacity 
A 5.9 The surface of a graphite-modified polystyrene 
A 5.10 Open-pore melamine resin foam: the pores that 

enable the exchange of gas are clearly visible. 
A 5.11 Micro-encapsulated paraffin in crystalline state 
A 5.12 Micro-encapsulated paraffin in molten state 
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