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SWEREA: Aiming for the future
As materials become smarter, mankind must follow. At Swerea we are now look-
ing at the materials of the future, which are becoming even smarter and more 
complex, to understand and prepare for the materials that will dominate, not only 
today but also in ten or twenty years’ time. We aim to get an overview of the mate-
rials of the future, what they look like and why they look the way they do.

Swerea and our customers currently face a number of societal challenges, from 
environmental issues to issues relating to competition and collaboration across 
national borders. We are convinced that our broad knowledge of materials and 
material development is key to overcoming these challenges and that our work on 
the creation, management and recycling of materials will be crucial to  
strengthening the industry. The materials of the future involve great possibilities 
for industrial nations.

In the work on this report, Swerea has surveyed knowledge regarding materials, 
how they are used and how they are developed within widely differing areas in in-
dustry, academia and society, both in Sweden and internationally. Nearly 400 pe-
ople with different expertise and experience have assisted us in this work. We have 
identified some obvious truths about materials developments, which will make up 
the products and services we can expect in a future that will soon become the pre-
sent. With this insight we can better develop and improve modern materials and 
also adapt to the changes that are taking place in the world around us. Change 
that set out new requirements concerning materials and 
material knowledge.

We hope that this report will help you get a good overview 
of what to expect in the future. Our work on materials 
is under constant development and we hope that we can 
inspire you to follow our vision, not only to understand the 
materials of the future but also to use them.

I hope you enjoy the read.

Göran Carlsson
Group CEO, Swerea AB

Photo: Jennie Pettersson
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The history of materials
The Stone Age. The Bronze Age. The Iron Age. Materi-
als have always been a measure of the development of 
mankind, a limiting factor for all other innovation and 
resourcefulness. From ceramics that gave early man the 
ability to store and transport food and drink, to beaut-
iful fabrics that for centuries have been the very defini-
tion of luxury, to bronze and steel weapons that forged the 
great empires of the small, warring kingdoms – materials 
have determined who is rich or poor, who owns the future 
and who is out of date. Today, everyday life is surrounded 
by materials in everything from microchips in mobile devices 
to the steel girders in our walls.

The path to this point has been far from easy. The first 
materials were easily available in nature, on the ground 
or from plants and animals but they were difficult 
to use, fragile, heavy and cumbersome. For several 
millennia these materials still served mankind well for 
everything from clothing to housing and tools. Only 
when we started living in permanent settlements did the 
need for better materials arise, new materials that could 
not only be found on the ground but that also required 
work and a good eye for resources. We started burning 
clay, melting copper, weaving fabrics. The materials were 
no longer a limitation but started offering possibilities.

STEEL, GOLD AND SILK

But these possibilities also brought threats. Gold and sil-
ver became wages for soldiers and those with access to 
copper and tin also had access to a huge military advan-
tage. Suddenly, it became essential to develop materials, 
improving them further. Bronze gave way to iron and 
then steel from Toledo and Damascus, manufactured 
from better raw materials and using better technology. 

For millennia, these were our most advanced materials, 
balanced alloys were produced for weapons and tools 
with the utmost of care. We had started to tailor  
structures and manufacture materials that slowly and 
gradually improved from one generation to the next.

Then with industrialisation came new materials 
challenges. Mass production meant that developments, 
driven not by necessity but through the demand of 
consumers, required better, lighter, stronger and more 
attractive products. Entirely new materials were born in 
laboratories, materials that were created for the sake of 
mankind and to meet the needs of humanity. They spread 
rapidly through-out industry and we started to extract, 
refine and develop materials at a pace never seen before.

BACK TO THE ROOTS

We are now facing new materials challenges. Again, 
we have begun to see that materials are not only our 
servants, but also impose limitations – steel, oil and 
rare earth metals are only some of the pillars on which 
society is literally built. What do we do if they run out? 
In spite of our enormous progress we have never been 
able to do without the materials that can be found in na-
ture – in the ground, plants and animals. The materials 
of the future may look the same as before but are now 
quite different.
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The report in a nutshell

Three underlying forces drive the current materials industry:

• Endless demand:  Ever-increasing and often unreasonable demands for better, lighter 
and stronger materials that must comply with the requirements set out for the products.

• Spaceship paradigm: A shift towards a more holistic approach to sustainability in materials 
and an awareness that the raw materials on the planet Earth are actually finite.

• Hunt for efficiency: Gradual, often random, improvements on a small scale but that 
are becoming more frequent and quicker in these interconnected modern times in 
which new innovations can be shared instantly.

In view of these forces, we can discern seven fundamental truths about the materials of 
the future. The materials of the future are...

1. Driven by customers from Heaven and Hell. Demanding customers who want more 
and pay less are a strong incentive for rapidly developing new and better materials. The 
result will be a future with higher degrees of collaboration with customers in order to 
understand their needs, ideally before they are aware of them themselves.

2. Environmentally friendly - subject to reservations. The materials of the future are 
obviously designed in environmentally friendly ways with lightweight, energy-saving 
and low-carbon emissions in mind but the question is how easy they are to recycle. 
Complex tailored materials place high demands on future recycling facilities.

3. Found in Sherwood forest. The forest is a natural source of raw materials for much 
of what is made using oil today. Nations rich on forests have great potential for deve-
loping new, advanced materials industries based on raw materials. 
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4. Hyper-designed. There is no reason to believe that the trend towards more intensively 
designed and customised products will slow down, rather the opposite. In future, 
materials may even be designed all the way down to atomic level in order to meet the 
increasingly high demands set out for them.

5. Connected. Sensors can already be found on many products today, but in the future 
they may be embedded in the materials to a far greater extent as woven fibres, smart 
coatings, conductive nanotubes or in other forms. The materials will be able to report 
fractures, overheating and other issues themselves via the internet of things.

6. Born at the crossroads. It is increasingly difficult for a single party to develop sophis-
ticated and advanced materials. The materials of the future are therefore rarely born 
from a single company but in the interaction between several different parties, each 
with their own expertise, requirements and areas of strength.

7. Created by new pioneers. New players from the IT and space industry, among others, 
are beginning to drive material developments to a greater extent. They can often afford 
to manage major collaborations or, if necessary, also develop what they need themsel-
ves. Pioneers from other areas are entering the materials industry, both as partners and as 
competitors.

Viewed as a whole, the materials of the future are complex and challenging, not easy to 
manage even for experienced developers or manufacturers. They need to be studied from 
many different perspectives, several of which are new to the industry. The future lies in 
cooperation and willingness to change the perception of materials, from something static 
and simple to something vivid and complex. Materials are and will remain part of a greater 
ecosystem; both economically and ecologically, they permeate all human activity from 
society to industry and practical everyday life.
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Understanding the future
The work on preparing this report has been a long journey that began nearly two 
years ago with the report The Future of Industry (Framtidens industri) Even then 
we could see how materials were becoming ever more central and how novel 
production technologies such as additive manufacturing were opening up new  
material options while at the same time new industrial paradigms were being set out 
by the circular economy in terms of material requirements. The aim of this project 
was to explore these issues in depth.

LIMITATIONS AND ANALYSIS WORK

Surveying for the materials of the future began with a definition and discussion of 
which materials are the focus of the investigation and of what is most interesting.  
A decision was made to separate the materials by omitting biomedicine and genetically 
modified living matter. Although such materials are interesting, they largely fall 
within the framework of the life sciences or food industry. Based on this analysis, 
work was initiated on examples of interesting materials, illustrating and explaining 
what we can expect from the materials of the future.

EXPERT INTERVIEWS

In addition to the analysis, we conducted interviews with dozens of experts from 
various fields related to materials, ranging from materials development to use, research 
and recycling. The majority of these experts were from heavy industry or manu-
facturing but we also spoke with experts in fashion and research. The interviews 
were conducted in early 2016 and allowed us to capture new perspectives as well as 
test hypotheses that had been formulated as part of the analysis work. 

With the analysis work and interviews as a basis, a number of new issues arose while 
the concept of the report started to take shape. But the concept had to be tested 
before we could tie things up.
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SURVEY OF INDUSTRY PLAYERS AND EXPERTS

The test was implemented with the help, among other things, of an extensive survey 
of company managers and experts, predominantly within industry and academia in 
Sweden. The aim of this was to test hypotheses but also to create an overview of how 
different industries view material developments, historically and for the next 10 to 
15 years. In particular regarding the greatest challenges and possibilities and which 
players that are considered leaders within the field. Those interviewed are active 
within areas such as materials research, material development, re-use and recycling 
and hail from a large number of industries, of which the most frequent included 
steel and metals, engineering, fabrics, vehicles, polymers, composites, and casting, as 
well as academia and research institutions. 

The survey was conducted in January 2016 and there were approximately 400 res-
pondents. Respondents also included Swerea’s management and a small internatio-
nal group of futurists. Around half (53%) of the respondents worked within research 
and development and a fifth (22%) within general management, predominantly cor-
porate or company directors and business area directors. Other respondents (23%) 
stated that they were working in production or with other activities.

ANALYSIS, INTERPRETATION AND REPORTING

The actual reporting work was initiated using the survey responses as the basis and 
the overall report structure was determined during an analysis and result meeting 
with Swerea’s management. The meeting also addressed specialisations, interesting 
examples that were worth illuminating, and the strategic consequences of the deve-
lopments we could see. 
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Three forces shaping materials
The materials of the future do not pop up from nowhere. They are shaped by the outside 
world as much as they are formed by designers, engineers and researchers based on the 
demands placed on them and the usefulness they can provide. Today, we can control nearly 
all of the features we want a material to have, but what is the aim? What actually drives the 
development? Three key drivers indicate what will guide the development of materials in 
the future: endless demand, the spaceship paradigm and the hunt for efficiency.

ENDLESS DEMAND

The year was 2007 and Apple was about to launch its iPhone – a major investment that looked 
dubious at the time. It was a month to go until the launch when Steve Jobs convened his 
team of engineers in anger and frustration because the product didn’t measure up. He had 
been carrying a prototype in his pocket and discovered something terrible, the screen had 
become scratched. The plastic it was made of scratched easily if it rubbed against something 
and he asked how you would be able to carry it in your pocket together with keys, coins or 
anything else with sharp edges?

”I want it made from glass,” Steve Jobs said. And so it was. But the glass that was part of 
the screen six weeks later did not exist when the order was placed. It was invented, developed 
and put into production as required by a huge team of engineers in Shenzhen. The story 
illustrates a fundamental driving force behind the development of new materials – they 
are developed when they are wanted by someone with sufficient money and willpower. 
But materials are also developed because people in general want them, even if they are not 
aware of it.

Screens that do not scratch are just one example. More environmentally friendly cars are 
another. Socks that do not smell, engines that make no noise, windows that let in just enough 
light – the list of exorbitant and almost impossible requests can be practically endless. Yet 
these requests can often be met.

We live in an economy controlled by demand, in which new developments are driven by 
demand for new and nearly impossible things. With the ability to customise materials and 
design them according to customer needs, customers become more and more ‘spoiled’ and 
expect materials in superlative terms: best, most beautiful, most lightweight, strongest, etc. 
What was impossible yesterday is possible today and will probably be a requirement tomorrow.
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The economy of demand affects materials development vastly – when a need arises 
and someone with sufficient influence steps up to meet the demand, changes and 
improvements take place in sudden and often unexpected leaps. One of the major 
driving forces behind the development of new materials is when new innovation 
requires faster materials development – completely new or greatly improved ma-
terials are then often forced through. Such ”gold rushes” are rare but have created 
many new innovations in recent years. Here we see examples of materials that were 
developed purely because people wanted them and were willing to pay good money 
to get what they were after.

Flexible glass – for your phone to survive your back pocket

Steve Jobs’ issue of needing phones to fit in a back pocket was not simply solved 
because the material was resistant to scratches. A large, stiff phone is bulky to carry 
around and a flexible phone that can readily withstand being sat on or chucked into 
full handbags is much better. Hence flexible glass was required to make a flexible, 
scratch-resistant phone. Willow Glass is one such innovation developed by Corning. 
The material can be bent and folded almost in half and besides solving the issue of 
flexible phones it can be used for all sorts of screens. The glass is tough and durable and 
can be rolled around an object for round screens such as those on posts at railway 
stations or, why not rolled around your arm so that your smart watch can have a 
larger screen?

Liquid metal – a material so good that no one else can have it

Liquid metal is a material that is extremely easy to shape, just as easy as thermoplas-
tics. Added to this it is as strong and durable as titanium, can withstand knocks and 
scratches and you get a very attractive metal, especially for electronic gadgets. The 
metal is used in many of Apple’s electronics and the fact is that in 2012 the company 
signed an exclusive partnership with the metal manufacturer: they did not want any 
competitors to gain access to the valuable material. Liquid metal was developed in 
the early 2000s but was predominantly used for sports equipment and golf clubs. In 
recent years, various applications for smaller objects such as watches have rapidly 
been developed. Also here, the material was soon seized upon by a company, Swatch, 
which has unique rights to make watches from the material.

”The whole strategy is to get 
there by design. Instead of 
experimenting until you find 
something, you completely 
create it beforehand at the 
work-station. Then you test 
it and see if it’s true.” 

Greg Olson, 
Chief Science Office, QuesTek
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Agion – self-cleaning materials against bacteria and microbes

Agion fabrics are equipped with microscopic silver ions wrapped in zeolite 
(aluminium silicate in powder form) – directly in the fabric. The silver ions kill 
bacteria and prevent cell division without any other chemicals being involved. The 
result is odour-free clothes and the technology can be used in higher doses for making 
bandages and other fabrics safe within healthcare. The material is an alternative to 
chlorine, bromine or plastics which often make consumers nervous and worried 
about toxins. It has been developed to meet a need for a material that is free from 
bacteria and does not smell while also feeling ”natural” and healthy.

THE SPACESHIP PARADIGM

"The earth has become a spaceship without unlimited reserves of anything, whether 
to recover or to pollute." This was said by the economist Kenneth Boulding as early 
as the 1960’s, but his vision has gained real momentum now – more and more com-
panies are becoming aware of the need to think and act in a circular manner. It is 
possible to talk of a new paradigm, a new way of thinking that increasingly pervades 
both industry and society and which is no longer just for the environmentalist. The 
fact is that there is money to be made in reducing extraction and investing in re-
cycling instead, or at least attempting to use raw materials in a more efficient manner 
– where there is an opportunity to save there are also huge competitive advantages.

Moreover, there is public support for developing systems for more efficient use of 
materials. The research institute Innventia's International Consumer Survey had 
"creating more efficient systems for material recycling" as the most popular environ-
mental intervention out of twelve alternatives in all participating countries – making 
it more popular than the taxation of carbon dioxide emissions. In an increasingly 
environmentally conscious world the focus is slowly changing from energy to mate-
rials, the latter being much harder to innovate if they run out. Wasting materials is 
simply no longer viable.

Circular thinking means thinking differently, both in terms of yourself and in terms 
of your surroundings. For industrial companies this means viewing everything as 
resources and minimising the loss of materials, whether newly acquired raw materials 
or waste residue in industrial plants.
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For individuals, this means a shift from thinking about yourself as a consumer to 
thinking about yourself as part of a larger system. People may not literally rent the 
materials used in their products, but will be only one in a long line of users. The 
circularity paradigm very much affects how we develop and create new materials, 
partly because it gives us new raw feed-stock in the form of recycled materials but 
also because it extends the life cycle concepts after the service life of the product 
has come to an end. Legislation, consumer attitudes and companies' own estimates 
are in delicate interaction with the aim of manufacturing and using materials in the 
most efficient manner possible. The materials must be perfect for the product but 
also ideally usable long after the product life cycle is complete – which drives change 
on many different frontiers. Here we can see some examples of materials that have 
been manufactured especially to fit in with a circular world.

Zpagetti – knitted yarn from fashion industry waste

Zpagetti is both a brand and a material sold directly to consumers – in the form of 
yarn to produce hand-knitted products. The material consists entirely of waste from 
the fashion industry, most often in the form of cotton, elastane and lycra. The exact 
content and colour vary according to the whims of the fashion industry, depending 
on what has recently been discarded, but Zpagetti is quality-assured to be useful 
for knitting or crocheting. The yarn is thick and slightly harder to work with as it 
consists entirely of mixed, discarded textile fibres. But that is no problem, the Dutch 
manufacturer Hooked has also developed extra-large bamboo knitting needles that 
are naturally completely recyclable.

SaproGlue – building materials made from sawdust and mud

When bathing in a lake and when you put your feet on the muddy bottom you will 
get the remains of entire ecosystems between your toes. The mud is called sapropel 
and consists of dead plants and other organic matter that has fallen down and slowly 
composed on the bottom of the lake. SaproGlue is special glue developed in Latvia, 
consisting of this sludge and mud from lakes. If you combine it with sawdust, wood 
or other wood waste you will end up with a thick and excellent insulation material 
that is completely biodegradable and gentle on the environment. The material is not 
only made using abundant underwater compost but also allows for convenient re-
cycling of wood waste, the recoverability of which is otherwise lost if combined with 
an inorganic adhesive.
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Plasphalt – roads made from bottles, cans and boxes

Plasphalt was developed in the United States in the late 1990s. The company behind 
it went bankrupt around ten years later – but the initiative has been repeated both 
in Canada and the Netherlands. The principle is to reuse discarded plastic in asphalt 
mixtures, resulting in firmer and more durable roads, with discarded plastic being 
widely available. The inventors of Plasphalt reported that a road containing the 
material was 27% more durable. At the time there was no market for investing in the 
material, which is slightly more expensive to manufacture than ordinary asphalt, but 
the situation now appears to be different and the idea has been rediscovered. Com-
panies in different countries are experimenting with the right mixtures for creating 
more durable roads while providing a use for the plastic waste that practically all 
modern countries need to address.

THE HUNT FOR EFFICIENCY

Hardened steel in precisely weighted layers was the secret behind Japanese warfare 
for centuries – the famous swords that have become the symbol of the country’s his-
tory. A sophisticated material structure lies behind the well-known weapons, com-
pensating for the crude steel available. Through gradual developments, slowly and 
carefully over the centuries, weak and brittle steel became stronger and stronger with 
each generation. This material technology development is in no way unique to Japan 
– it is reflected in all material research across the globe. We are constantly searching 
for something slightly better, something that takes the pure steel or unprocessed 
fibres and does something new, something better – something unstoppable.

The hunt for efficiency is the most fundamental driving force behind material 
developments and probably always has been. The changes take place like a Poisson 
process – small, random discoveries and improvements following countless experi-
ments which may not revolutionise the world but make the material structure a few 
grams lighter, a millimetre thinner or slightly more durable. In a globalised world 
these discoveries occur even more frequently. Researchers worldwide can instantly 
share their discoveries or build on the work of someone on the other side of the pla-
net. In the past, many discoveries could get lost – the wheel had to be invented over 
and over again – when the countries kept their scientific discoveries and materials as 
state secrets. Today, in a worldwide society of knowledge, all material developers are 
colleagues as well as rivals in the hunt for efficiency. We are unlikely to ever reach 
the goal: there will always be something a little lighter, a little stronger, a little better, 
always a new goal on the horizon, just beyond our reach.

”The linear 
’take-make-dispose’ system, 

which depletes natural  
resources and generates 

waste, is deeply flawed and 
can be productively  

replaced by a restorative 
model in which waste does 

not exist as such but is only 
food for the next cycle.” 

Ellen MacArthur, 
Founder of the MacArthur Foundation
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THREE FORCES SHAPING MATERIALS Materials are rapidly becoming more efficient and there are better methods for 
improvement which is both a blessing and a curse for materials manufacturers. It 
is an advantage as it gives them the opportunity for a wider range of materials, 
properties, ingredients and expertise but it is also a major threat because competi-
tors also have access to the same advantages. If they turn out to be better at utilising 
their new-found strengths they may outperform those who are weaker and it can 
be difficult for a company to know how to best utilise all the new tools and findings. 
This is a subtle change that may sneak up on even the most talented manufacturers – 
it is often not individual disruptive technologies that cause changes in the materials 
industry but a marathon in which there are small, gradual changes. Anyone who 
does not remain in the race will not disappear at once but, bit by bit, more efficient 
competitors will move further ahead over the horizon.

International research on various new materials of this type, which are slightly better 
than their predecessors, can often lead to new industry standards, at least in 
certain niches. The cost difference, which is perhaps the least dramatic change, is 
often the determining factor as to what catches on. A material can sometimes be 
slightly worse than an older competitor but more cost-effective and will therefore 
have good prospects for dominating regardless.

Nano-manipulated B2 alloying – the flying steel

Steel is strong, durable and good for plenty of applications but unfortunately very 
heavy. This is a well-known challenge and work to overcome it has been ongoing 
for a long period of time. Lighter steel would improve structures in everything from 
aeroplanes to buildings, where more expensive metals such as titanium currently 
have to be used. In the 1970s, Soviet researchers discovered that they could alloy 
steel and aluminium to create a lightweight and strong material that was also much 
cheaper than the competition. The only problem was that the material was too 
fragile. In 2015, a South Korean team managed to overcome this problem through 
nano-manipulation of intermetallic compounds, which meant that the impurities 
were evenly distributed in the material, preventing brittle, weak points. The material 
is so lightweight that we may one day be able to build aeroplanes from it and it costs 
only a tenth as much as titanium.

”My view is that all  
engineering problems are 
fundamentally materials 
problems. To address these 
problems, you take the best  
materials you have, and you 
apply them to what-ever 
you need. We are now at the 
stage where we have  
materials to the level we 
want them, but we still have 
to improve their properties 
and push the boundaries 
even further.”

David Cardwell,  
Professor of Superconductors, Cambridge
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Grätzel solar cells + graphene – sun, wind and water for a sustainable future

Grätzel solar cells are sensitive solar cells that also work when it is dark and are 
cheap to manufacture. Unfortunately, like other solar cells, they do not work very 
well in rainy and wet weather, but perhaps there is still a way to recover electricity 
from them. Researchers from the University of Qingdaos in China covered the solar 
cells in the ”super material” graphene. The combination of the two was found to 
recover electricity from the raindrops themselves. Admittedly not much, but if they 
are also exposed to sunlight the efficiency increases compared to conventional solar 
panels in wet weather. Over time this may perhaps lead to more efficient methods 
to recover small-scale energy both in good weather and in rain and biting wind – 
undoubtedly a welcome innovation for those of us who live in the Nordic region.

Living glass – an ocean in the window

We are used to multi-glazing but we are also used to the ‘material’ between the she-
ets of glass being made of air, which is heated by sunlight, maintaining the tempera-
ture. Perhaps it is time to think again, at least with regard to certain types of win-
dows where the view is not so important. Arup, perhaps best known for its work on 
the Sydney Opera House, has developed glazing that is interspersed with algae and 
water. When the sun is shining, the green algae will bloom in the window, creating 
energy in the form of biogas and biomass. They also heat up the water, which not 
only insulates the building but also heats it, as long as the weather is adequately sunny.

The five most interesting materials and 
material combinations today, according to 
the open answers in our survey:

1. Steel
2. Composite
3. Aluminium
4. Plastic
5. All materials with special properties

”Currently, materials are 
homogeneous but in  the 

future we will have the same 
materials but with different 
properties in different ways.  

For example, to achieve good 
resistance to fatigue while 
still being able to install it 

easily. Harder at one point 
but softer where it  

will be installed.”

Ingegerd Annergren, 
Head of Research, Scania
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Where are we heading?
The materials of the future do not arise from nowhere – the transition from old to 
new is an evolutionary process, which in many ways follows clear patterns. However, 
there are also a couple of surprises, areas in which changes have accelerated very 
quickly. Here, major evolutionary strides have been made from yesterday’s materials 
to the materials of the future – and they are predominantly taking place in the field 
of the environment, where both bio-based and recyclable materials are becoming 
increasingly important, along with environmental friendliness in general. 

Figure 1: Development rate for various 
material properties. All of these properties 
have become more and more common: 
in our survey, we asked respondents to 
compare increases over the last 15 years to 
the increases they expect to see in the next 
15 years. All material development will 
accelerate, especially ”easier to recycle” 
and ”more bio-based”.

Properties Acceleration rate

Easier to recycle       102%

More environmentally friendly to manufacture   40%

More bio-based       63%

More environmentally friendly to use    33%

More adaptive to different areas of applications    27%

Broader functionality (several practical functions)    24% 

More difficult to use, requires more from the user   20%

More diverse and different from each other    18%

More stable and stronger      17%

Lighter (weighs less)      15%

More difficult to manufacture, requires more precise properties 13%

Cheaper        11%

More difficult to choose       10%

More customised and intensively designed     10%

”Customise products using a 
mixture of materials. Focus 
on the most important  
properties: energy, cost,  
service life.”

Open answer from the survey



19THE MATERIALS OF THE FUTURE

Materials of the future 1. Driven by customers from Heaven and Hell
Materials of the future 2. Environmentally friendly - subject to reservations?
Materials of the future 3. Can be found in Sherwood forest
Materials of the future 4. Are hyper-designed
Materials of the future 5. Are connected
Materials of the future 6. Born at the crossroads
Materials of the future 7. Created by new pioneers

SEVEN TRUTHS ABOUT THE MATERIALS OF THE FUTURE
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3D printing for home use sounds fantastic. Print all kinds of plastic items that you need, from buttons and buckles to bowls, 
decorations or fittings for paintings. Who would not want such a device? As it turns out, 3D printing is less popular than 
one might think. Does it not seem dangerous to have all this plastic? The Korean printer material Kitchen&Deco claims to 
be safe, non-toxic and easy to use with your home printer and can even be used to create cutlery and plates. Perhaps this 
will be the material that makes 3D printing popular among ordinary people. Perhaps it will be something else. One thing is 
certain: The materials of the future will meet high requirements, perhaps in unexpected areas.
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Materials can be found in everything around us, everything that we use in everyday 
life. Is it then strange that we want them to be as good as possible? Who wants their 
phone to break or their computer to be too heavy? In the past, material development 
was predominantly driven by safety and efficiency – today it is practically a given 
that materials must also be safe, strong and lightweight. The customers of the future 
will look for quality in other aspects, from materials being easy to use, to being 
attractive, comfortable, customised for their particular purpose, environmentally 
friendly, natural and with several other more specialised properties. They are the 
customers from hell – and they have given a kick up the backside to material developers.

MATERIALS FOR COMFORT

The materials of the future are manufactured and developed to meet needs in a 
completely different way to before. Where the paradigm once was that you would 
buy the best materials available, it is now increasingly common to request materials 
that are even better and do not exist – not yet, anyway. What once stood out is fast 
becoming the standard if popular. Customers who choose organic cotton push all 
suppliers towards offering organic cotton, anything less would be unimaginable. 
The material is already available.

This is customer-driven through expectations and demand but also through col-
laboration. It is becoming more and more common to work with the customer to 
develop materials for specific purposes, which can be very beneficial to material 
developments. Besides setting higher requirements, customers also contribute their 
expertise and insight into the standards that will be set for the products, which 
by extension results in better products and hopefully also better materials. When 
asked what the main driving forces were behind material developments in the last 
ten years, two answers shared first place by a good margin: demand for cheaper 
products and price pressure and environmental requirements from customers and 
end consumers. Four out of ten respondents also considered these to be the most 
important driving forces. Environmental legislation does not appear to be as impor-
tant as environmental requirements from customers and end consumers – in other 
words, the changes are driven more by customers than by legislation. Environmental 
developments are customer-driven.

1. Driven by customers from Heaven and Hell
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Sandvik manufactures 16,000 metre of 
high-precision pipes in different specia-
lised alloys each day, specially made for 
customers with demanding needs outside 
of the norm.

Lesonal which manufactures car paint 
has a scheme in which they cover the cost 
for workshops that need to repaint a car 
that has been damaged despite of having 
Lesonal paint. 

Patagonia needs a material for an environ-
mentally friendly wetsuit. No materials 
in the market were good enough to meet 
their demands. They entered into collabora-
tion with Yulex, a company that manu-
factures latex-free rubber, in order to 
manufacture the material.

56%
...of respondents to our survey specified 
that ”demanding customers” is a crucial  
strength for the Swedish materials industry.
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As for how materials are developed, the customer’s influence is also visible here. The 
greatest change in materials within the last ten years is that they have become more 
customised and intensively designed to meet customer needs. This was said by eight 
out of ten respondents. This change overshadows all others and has taken place to a 
greater extent than the traditional incremental changes such as improved strength 
and lighter weight. The customer’s needs increasingly dictate how materials are 
designed and developments will presumably continue in this direction. Almost nine 
out of ten respondents believe that the materials of the future will be more customi-
sed and specially designed than they are today. At the same time, the expectation is 
that they will be more diversified and that functionality will become broader – per-
haps to better meet customers’ growing needs, although these properties (diversifi-
cation and broad functionality) are not expected to grow quite as much.

FANTASTIC MATERIALS AND WHERE THEY CAN BE FOUND

What is created by this immense pressure driven by customers? In some cases, 
amazing results. Customers who drive developments admittedly set out high requi-
rements and place great pressure on the industry but they are also talented partners 
and do in many ways constitute assets. Today, many new materials are developed 
simply because customers initiate manufacturing and attempt to increase the inn-
ovative pace in order to remain competitive themselves. This is a strong incentive 
for further collaboration between manufacturers and users, which not only creates 
driving forces for more innovation but also generates a sort of natural environment 
in which people with different expertise come together.

DISCERNING, DEMANDING CUSTOMERS – FROM HEAVEN?

Something that supports the idea of creative customers being an asset is that more 
than half of the respondents to our survey consider discerning Swedish customers to 
be a competitive advantage for the industry. The fact that customers are demanding, 
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Figure 2: ”Materials have become/are 
becoming more customised and intensive-
ly designed” – Percentage of respondents 
who agreed with this over the last 15 years 
and for the next 15 years.

41%
... of respondents to our survey specified 
that environmental requirements from 
customers and end consumers have been 
the most important driving force behind 
material developments in the last decade. 
Equally as many people stated that it is the 
demand for cheaper products.

”Industrial use of materials 
is much more user-driven 
than it was before. In the 
past, steel was made ”better”. 
Now customers say: We need 
to have it this way, either you 
provide us with this steel or 
we change our supplier.”

Eva Lindh Ulmgren,   
Head of Research, Swerea KIMAB

De senaste 15 åren De kommande 15 åren
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89%

76%

78%

80%

82%

84%

86%

88%

90%

The last 15 years The next 15 years
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in terms of the environment, price and quality is a stick that drives the industry and 
material developments forward.

But it also acts as a carrot as there is a lot to gain in terms of monetary rewards 
and innovation when customers get smarter and want to be involved in material 
developments. Good collaboration between material manufacturers and material 
customers was listed as a strength by around half of respondents, suggesting 
that demanding customers are perhaps not from hell at all but actually a gift from 
heaven. It is an opportunity to understand the customer’s need that should not be 
underestimated. Especially not in a world of increasingly tougher competition to 
retain customers and consumers. Focus on customised materials tailored for the 
customer is considered a rather good strategy and is supported by nearly half of the 
respondents. More industrial research may be even better as it provides a way to 
benefit from the most demanding of customers. The latter strategy came in at fifth 
place among the twelve proposals, with 54% strongly backing the proposal.

2030: FROM HELLISH CUSTOMER TO HEAVENLY DESIGNERS

Almost every aspect of materials is intensively designed. But they are not designed 
by the material manufacturer or material designer, they are designed by the customer. 
At least in theory. In today’s complex industrial landscape, different players compe-
te to be able to offer the best solution using a wish list that in principle constitutes 
the final design: it details what the material will be used for, what it must weigh, the 
required structure and the conditions under which it will be used. The solution as 
to exactly how this will be done is usually developed in collaboration. It is then up 
to the material manufacturer to solve the problem of actually manufacturing the 
material in accordance with the specification. Material remains a product but the 
development and improvement of materials has almost become a consulting service.

81%
...of respondents in our survey specified 
that the materials in their industry have 
become more customised and intensively 
designed in the last ten years.

Strategic recommendations
Accept and embrace that customers have become more demanding and invite 
them to participate in the research and innovation process. Their knowledge 
and needs also contribute to improvement.

Be aware that many customers expect continuous improvement - what doesn’t 
move ahead falls behind in the eyes of the customer.

Review the business model. Does it rely on passive customer relationships with 
limited change or on open communication channels and ongoing feedback?

”Ultimately, it is the value 
for the customer that drives 
change, either being able to 

build cheaper products or 
new materials that  

provide a new advantage.  
Materials that are more  

durable in different 
environments, for example. 

It is necessary to demonstrate 
the benefits in the products’ 

actual environment in order 
to convince customers.  
It may take 5-10 years  

to build trust.”

Anders Holmberg, 
Head of R&D, ABB Composites
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Lightweight, strong, flexible multi-materials are beginning to enter the automotive industry. Combinations of carbon 
fibre and matrix metals or polymers are something we have known for a long time, but they have been too expensive and 
difficult to manufacture to be worthwhile. But in the current environmentally conscious society, this is rapidly changing. 
Higher and higher demand for lighter, sleeker cars is driving a change towards lightweight, flexible, strong composites 
and polymers. Even steel and aluminium are changing in new, advanced alloys. All in all, this results in more environ-
mentally friendly and better cars for a sustainable future.

The problem is that we cannot take them apart again in a financially viable manner. 
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The materials of the future are of course environmentally friendly. They are lighter, 
require less energy, are free from hazardous toxins and chemicals and have been 
produced in an environmentally friendly manner. They are also extremely sophisti-
cated and have been designed for specialised purposes so that they can be optimally 
used for as long as possible.

Until we discard them.

In a world of increasingly advanced and customised materials, ranging from custom- 
made alloys to composites and sandwich structures, it is becoming increasingly  
difficult to recycle what we produce. In order to remove the carbon fibres or metals 
used in advanced composite structures we require recycling technology that simply 
does not exist yet. Perhaps we need to develop completely new material recycling 
systems in order to manage the complex materials that we use, if that is even possible.

The new materials are simply being created faster than we can invent systems to 
recycle them. The survey responses show that the development of new materials has 
accelerated faster than the recycling possibilities. 45% have seen major changes in the 
advent of new materials in the form of alloys, composites and more, but fewer than 
four out of ten find that recycling systems have been developed to the same extent. 
Admittedly, there is a little difference as of today, but if the material developments 
continue accelerating faster than material recycling it could take decades before we 
can recycle the materials available in today’s laboratories. Short product life cycles 
exacerbate the problem as there is less and less time from product development to 
recycling – and there are no recycling systems available when the product wears out 
so you may have no choice but to place valuable materials in landfill. There are also 
different requirements in different industries, which makes it harder to recycle certain 
materials from one industry than another as there are many different variants of the 
same material in order to meet widespread demands and expectations. 

In order for the materials of the future to be properly environmentally friendly in a 
circular economy, both recycling and reuse need to catch up. Perhaps there is already 
some hope. The respondents to our expert survey certainly think so.

2. Environmentally friendly - subject to reservations
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Closed Loop Fund is an American invest-
ment of 100 million US dollars, driven 
by several companies such as Coca-Cola 
and Walmart. The fund is intended to 
improve sorting and separation of various 
materials in order to streamline recycling, 
among other things. 

One of the most expensive  components 
in an LCD TV is the liquid crystals in the 
screen. As such TVs are very complex and 
difficult to take apart, they are nearly im-
possible to recycle in an efficient manner 
even though many of the materials are 
precious and worth accessing.

SanSac manufactures environmental 
buildings from composites consisting of 
recycled plastic with wood fibres from 
packaging collected at their recycling
stations.

73%
...of respondents to our survey believe that 
the materials of the future will become 
much easier to recycle. Only half as many, 
36%, stated that the materials have become 
easier to recycle over the last ten years.
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Of all the developments observed around material and material use in the last ten 
years, the field of recycling has been virtually at a standstill. The volume has increased 
but the technology largely remains the same. Most have not seen any changes at all 
and one out of five has found that the materials have become harder to recycle. If we 
are to take advantage of the materials, we need to develop better technology, both 
for recycling and reuse. Smart concepts to make the materials suitable for a broader 
range of application is one solution, improved technology for disassembling and 
recycling composites is another. A third solution would be to simply build durable 
products that are easy to repair and designed to be used again and again and again. 
This requires equally as much new technology as it requires a new business culture 
to make it easier for customers to arrange for necessary repairs to be done.

Looking ahead, this is perhaps exactly why some believe in big, sweeping changes to 
recycling in the future – seven out of ten believe that the materials of the future will 
become increasingly easier to recycle. One fifth state that they will become substantially 
easier to recycle. This is the single biggest difference between the past and the future 
in the entire survey – in most areas the materials will continue to be developed at 
around the same rate as before. Recyclers have their foot on the accelerator, at least 
if the survey is to be believed. But the development is far from obvious, especially as 
materials continue to change in all sorts of different ways. Nine out of ten believe 
we will see more customised and intensively designed materials that perhaps cannot 
be used for more than one purpose. The question is whether recycling can catch up, 
even if it experiences strong acceleration.
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60%
...of respondents to our survey believed 
that material developments can strongly 
contribute to streamlined resources and 
reducing raw material wastage.

Figure 3: Percentage of respondents who 
have seen big changes in the development 
of new materials compared to the develop-
ment of new ways to recycle.
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36%
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40%

42%
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Development of new 
materials

New ways to recycle
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WASTEFULNESS IS OVER, SAVING RULES

Materials are valuable. An alternative to recycling, at least in the short term, is to be 
frugal with them and careful as to how they are used. In many of the interviews we 
conducted, more efficient use of materials was mentioned as a key factor in future 
material development, partly to push prices and costs down but also for environ-
mental reasons. "Resource efficiency and less waste of raw materials" is mentioned 
most often as the major societal challenge that materials could help meet, whether 
through recycling or more efficient housekeeping. Perhaps this could be a way to 
ensure that future materials are environmentally friendly – to simply use less of them.

The need to save occurs both in individual companies and organisations but also on 
a global level – there is frankly a risk of certain materials running out or, at the very 
least, becoming much more expensive to recover. In the survey, only a third believe 
that rare materials will be completely or almost completely substituted in future. This 
can be interpreted as two-thirds of these products no longer being manufactured if the 
materials run out, at least not with the same quality as today. Cotton and rare earth 
metals are mentioned as two key materials that may be in critically short supply in 
the future.

(RECYCLED) STEEL IS GAINING A FOOTHOLD

A strong position in sustainability and recycling is considered to be highly valuable 
when it comes to future material manufacturing and material development. This 
could be a unique strength in a world where recycling is becoming increasingly 
difficult as materials become more niche, specialised and complex. 

Figure 4: ”Materials have become/are 
becoming easier to recycle” – Percentage 
of respondents who agreed with this over 
the last 15 years and for the next 15 years. 
Over twice as many believe they will be 
easier to recycle in future.

”If we are to meet the  
sustainability goals  

in the short term, a large 
part of the solution will be 

using the right materials  
in the right place.”

Anders Breitholtz,  
Managing director 

Material Connexion Sweden 

64%
...of respondents to our survey considered 
one of Sweden’s major strengths to be its 
strong position within the areas of  
environment, sustainability and recycling.
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A clear pattern is that many believe that this is the way forward – in spite of the 
Swedish pride in steel and forestry, the recovery of raw materials in Sweden is the 
least popular strategy in a list of twelve proposals, with only a fifth of respondents 
stating strong support for such a venture.

YEAR 2030: NEW MATERIALS, NEW CHALLENGES

As with many materials, the new composites came from space – or at least from the 
space industry. Materials specifically designed for rockets and satellites have filtered 
down into industries on Earth and the second space age has made the materials cool. 
Words such as ‘unobtainium’ ended up on everyone’s lips, along with other materials 
in our cars, homes and refrigerators. But many of these materials were never inten-
ded for mass production and we have yet to discover a cost-effective way in which 
to recycle them on a large scale. The complicated alloys of yesterday can easily be 
separated but how to recycle something that has been hardened enough to withstand 
the vacuum of space and radiation without damaging the sensitive ingredients? The 
challenges of 2016 must still be faced, even if many materials are no longer a problem.

”It is very difficult to point to 
an industry that has made it 
easier to recycle today’s pro-
ducts compared to yesterday. 
The use of more complex 
materials has increased, with 
other advantages as a result. 
30 years ago we mainly used 
five basic elements. Today, 
we use the entire periodic 
system, which makes it much 
harder to get something 
clean enough at a reasonable 
cost. The complexity of the 
products means that it is be-
coming harder and harder to  
recycle. Everything can be 
recycled, it is just  
a matter of cost.”

Christer Forsgren, 
Head of Technology and Environment, Stena 

Exploration of new markets and application methods for the materials we are good at

More focus on recyclable and reusable materials

Increased collaboration between companies, universities and research institutions

Strategic recommendations
Companies should view recycling not as a requirement but as an opportunity. 
Producing easily recyclable products reduces the costs of raw materials over time.

It is often worth considering more research on how a new material can be recyc-
led before it is manufactured on a large scale.

The conflict between specialised materials and the recycling possibilities is a 
puzzle that must be solved by all companies. Consider the trade-off between 
them and whether there is any way in which to combine them.

THE MATERIALS OF THE FUTURE 2
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Figure 5: Percentage of respondents to our 
survey that indicate that these strategies 
would be very good for the Swedish  
materials industry.

Increased focus on the recovery of raw materials in Sweden
0% 10% 20% 30% 40% 50% 60% 70%

22%

27%

46%

46%

50%

50%

51%

54%

58%

58%

61%

66%

Improved conditions for foreign experts and researchers

More customised materials manufactured especially for the customer

Increased research on material substitution

Increased investment in materials-related research training

Increased specialisation in specific niche products

More focus on production with low energy consumption

Increased government investment in industry-related applied research

Increased focus on environmentally friendly production

Exploration of new markets and application methods for the materials we are good at

More focus on recyclable and reusable materials

Increased collaboration between companies, universities and research institutions



30 THE MATERIALS OF THE FUTURE

Cotton is challenging to produce, both for the economy and for the environment. The search for a good substitute has 
been ongoing for a long time and such a substitution can be found in lyocell, a cellulose-based material. It is made 
from fast-growers such as eucalyptus or bamboo and manufacturing is done using reusable chemicals to prevent re-
lease into the environment. The material feels cool against the skin, absorbs moisture and is durable. To date, it is often 
used in mixed fibres with other materials – but what opportunities may arise in a cellulose-based future?
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The forest has always been an important asset for material recovery. Trees are one of 
the oldest resources known to man and we have long tried to find, cultivate and 
process stronger trees with better properties. The invention of paper provided a valuable 
material from the forests and cellulose-based fabrics in the 1900s added another 
”string to the bow of the forest”. But we have only just started to explore the potential 
of the forest. What future materials will originate from cellulose, lignin and hemi- 
cellulose? The possibilities are great and perhaps the forest can once more become 
one of mankind’s greatest sources for valuable future resources that are also renewable!

Cellulose-based materials are made from chemically decomposed wood, from fir to 
bamboo or eucalyptus. The fibres are processed and converted to materials designed 
for a specific purpose – this could be fabrics, composites, films or other products 
that are now made from oil. Cellulose is not the only treasure hiding in the woods. 
Carbon fibre is another option and must currently be made from fossil materials but 
can also be made from lignin.

The driving forces behind the transition to a forest-based cellulose-driven industry 
are plentiful. Above all it is about the environment, as the forest is renewable on an 
entirely different level from fossil fuels, but it is also about purely economic issues. 
If the forest can become a cheap alternative to fossil fuels, this could have major 
economic advantages for countries with vast forests and the ability to manage them. 
The environment is the biggest factor in our survey, but ”reduced access to essential 
commodities and raw materials” is considered one of the key driving forces by one 
sixth of respondents, which is not negligible. When economic benefits also go hand 
in hand with environmental benefits, there is a lot to be gained.

IN THE SHADE OF THE FOREST

The bio-based materials have already begun their foray, albeit perhaps somewhat 
quietly. Four out of ten say they have observed that the materials in their industry 
have become more bio-based over the last ten years – but this change is probably 
about to really come of age in the near future. Nearly two thirds actually believe that 
materials will become even more bio-based over the next decade, a change which 
is nearly as drastic as the shift towards more recycling. In other words – bio-based 
materials have crept in here and there, but in the future they will be everywhere.

Looking at the environmental issues, ”more bio-based” did not have a strong 
correlation to materials having become more environmentally friendly (see page 18, 

3. Can be found in Sherwood forest
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KTH, Innventia, Blatraden and Swerea 
SICOMP developed a prototype car where 
the battery electrode material and the 
body consist of carbon fibres made from 
lignin, a by-product from pulp production.

Närodlad Plast (English: Locally Grown 
Plastics) tries since 2014 to develop 
bio-based plastic in the Nordic region. 
Sponsorship from Tetra Pak, Polarbröd 
and ICA, among others. 

Swerea IVF is currently working on textile 
fibres made from seaweed and other marine 
raw materials – the forest in the water.

Swerea IVF’s pilot plant for wet-spinning 
carries out development work for the 
manufacture of textile fibres from forest 
raw materials, in close collaboration with 
the industry.

Swerea MEFOS runs a project rolling 
mills for steel to roll wood. By making soft 
woods as hard and durable as oak, pine 
and alike will become a more attractive 
materials choice. 

85
million euros. This is what the member 
organisations in RISE (Innventia, SP, 
Swerea and Swedish ICT) spent on 
bio-economy research in 2014/2015.
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figure 1) but from a future perspective, bio-based materials are linked to improved 
environmental qualities, in terms of both production and use. Today, there is no 
bio-economy but in order to meet the environmental challenges of the future one in 
three respondents believe that such a bio-economy will present itself through increased 
research on materials.

Even if we disregard these benefits, there is a reason to expect more bio-based 
materials in the future – namely that we may have no choice. Cotton is the mate-
rial that most respondents believe will be in short supply. If it is to be replaced by 
something else, we will almost certainly have to look to the forest as a source of new, 
suitable raw materials. The same applies to oil, which we currently use for a variety 
of different plastics and other oil-based materials. In other words, it is very probable 
that the forest will become an increasingly important source of the materials of the 
future, even if we do not know precisely which materials will dominate. They are 
there – we just have yet to discover them.

NO SHERWOOD FOREST WITHOUT HEROIC ACHIEVEMENTS

Bio-based materials are advanced and complicated. It is easy to imagine that a tran-
sition would be easy – the forest is already there, as are all harvesting machines and 
forestry. It is dangerous to think that way. Bio-based materials will require a lot of 
research, to develop but above all to make them affordable and available where there 
are clear limits for pure material development. In order to manufacture bio-based 
materials on a large scale, we need a new form of chemical industry that can manage 
to convert cellulose into bio-materials and biofuels and such an industry cannot 
occur in a vacuum. The great potential of the forest is not achievable if we cannot 
put it into systems and deliver something new to customers and consumers – and no 
material development in the world can guarantee this. It is crucial for both industry 
and politics to be prepared for future developments so that the bio-based materials 
actually do result in cheaper and better products.

FLOATING ON CELLULOSE

70% of Sweden’s surface area is covered by forest so the possibilities seem particularly 
strong here. Moreover, the forestry industry is well-developed and flexible enough, at 
least in theory, to be able to make the transition to more advanced chemical production 
instead of pure paper production.

THE MATERIALS OF THE FUTURE 3

70%
...of Sweden’s land area is covered by 
forest. The largest proportion of the forest 
is used and managed by the forestry 
industry.

16%
...of respondents to our survey said that 
reduced access to essential raw materi-
als is one of the most important driving 
forces behind the material developments 
of today.
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Obviously, this would require large investments but over time it could strengthen 
not only the industry but also the many locations that have relied on paper 
consumption. Especially on the textile side, there could be opportunities to develop 
new and interesting products, which would benefit both the existing textile industry 
as well as small places such as Skutskär or Grums. The textile industry is not the 
only industry that could benefit, but it may be the most obvious one. The automotive 
industry could also be strengthened by new composites, not to mention the plastics 
used in many industries and which could be replaced by something even better that 
does not require fossil raw materials.

Figure 6: ”Materials have become/are  
becoming more bio-based” – Percentage 
of respondents who agreed with this over 
the last 15 years and for the next 15 years.

What materials will likely be in short 
supply in the future? The most common 
responses to our survey was...

1. Cotton
2. Rare earth metalls
3. Oil

34%
...of respondents to our survey believe that 
a future bio-economy will be made pos-
sible through increased material research 
and material development.
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YEAR 2030: STARTUPS IN THE FOREST

Today, the forest may be the hottest resource for countries like Sweden. Admittedly, 
steel and metal are just as important to our basic industries as before but the forest 
is highly relevant to investors, politicians and researchers. We are in the process 
of creating a new industry, one that is driven by raw materials from a living and 
renewable forest. It took time for the process to take off, but thanks to political will, 
there are now plenty of areas in which to invest, from textiles to plastics, attracting foreign 
capital and resulting in a start-up-like culture within the great forestry industry 
giants. Innovation, innovation, innovation is what it is all about. It is not an industry that 
dares or wants to rest on its laurels. It would be way too easy to miss out on too much.

Strategic recommendations
Find ‘the brigands’ in Sherwood forest – the talented biologists, chemists and 
forestry experts who are able to renew materials for your industry.

Drive and encourage research on forest-based raw materials, even if they do not 
seem viable in the short term. In the long term, they could lead to better and 
cheaper materials.

Encourage innovation and experimentation with new forest-based materials, 
but be prepared for the experiments to be costly in the short-term. Just like the 
forest, the bio-economy grows slowly and must be managed.

THE MATERIALS OF THE FUTURE 3
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”What do you do with all the forest waste?  
Perhaps it can be refined to black lye which can be purified into 
dimethyl that can be used to run lorries. Sweden could convert 
all its vehicles, if only the government would give the go-ahead. 
Or decide not to tax alternative fuels when they are found to be 

a good tax base. We must think further ahead than five years.  
It must be profitable in the long term  

and there must be long-term, sustainable rules”

Lars Hultman 
CEO, Swedish Foundation for Strategic Research

”Cotton has been and remains very important – but new cotton 
plantations are hardly ever created. As the demand for textiles 

is increasing, people are looking high and low for new materials 
and replacement materials – these can be found in the Swedish 

forest. Cellulose-based textiles with the same  
properties as cotton are a win-win for the forestry and 

textile industries. New industries and new jobs could be possible 
within 5-10 years.”

Pernilla Walkenström
Vice CEO Swerea IVF
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Aluminium and carbon fibre. Titanium and graphite. Metal matrix composites are a family of almost infinite 
variations of metal combinations, with one another and with other materials. The technology is not exactly new – even 
the more modern composites originate from the fifties – but it is becoming increasingly popular. What were the 
materials of the future during the moon landing may also be the materials of the future today, but for other reasons. 
They can be designed down to atomic level – and in a hyper-designed future this may be a must.
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Once upon a time every manufacturer was forced to choose between a number of 
available materials – some varieties of steel, perhaps aluminium, maybe bronze or 
brass. Some variation of the current situation was in force, steel or aluminium,  
copper or bronze, what do you want? Eventually the trend turned towards some sort 
of smorgasbord or buffet, with multiple options and the possibility of combining a 
little more as desired. In the future, we will not simply select materials from a menu 
but get them made to order.

Today, materials focus on narrower and narrower niches and completely different 
markets. In some ways there is both more and less choice. More because nearly 
any material can be designed. Less because it is usually not that many variants of a 
material that are optimised for any specific purpose. The materials of the future are 
hyper-designed, intended for very few purposes, with precise specifications. Super- 
materials do not occur in a vacuum or in an empty, white laboratory. They are 
developed out of necessity in collaboration with their users, sometimes as part of a 
certain product or component, as it is ultimately the user’s specification that sets out 
the limits. Since the materials are developed under radically different conditions, 
they place a whole new pressure on the surrounding industries. That is not only in 
the form of competition but also in terms of customer and user requirements, as the-
se require both new expertise and knowledge as well as a different way of thinking. 
There is no longer a simple, understandable standard – each material requires its 
own development and manufacturing process.

An example of the advent of customised materials can be found in the automotive 
industry, where the global application of metal matrix composites has increased by 
30% in ten years. In electronics, the use has doubled in the same period of time. The 
use of customised materials will increase more and more now that new players are 
entering the market, such as SpaceX. They develop the materials for their spaceships 
under the guidance of some of the world’s leading materials experts. Those who can 
afford to pay can afford the best – and the best is almost always custom-made.

Perhaps this is how the material properties become more important than what they 
actually consist of. When we asked an open question about which materials and ma-
terial combinations are most interesting right now, the fifth most common answer 
was some variant of ”materials with specific/customised properties”.

This came after the four main materials: steel, composites, aluminium and plastic. 

4. Are hyper-designed
THE MATERIALS OF THE FUTURE Adidas, together with Alexander Taylor, 

has developed shoes in a seamless material 
combination in which the different ma-
terials are woven together as a composite 
rather than sewn, resulting in a shoe that 
is easy to shape based on the wearer’s foot.

Ovako manufactures specialist steel for 
wind turbines, made to withstand wear 
and heavy rotations. The purity of the steel 
means it is resistant for longer and requi-
res less maintenance – critical to power 
plants that are expensive to repair.

Arcams EBM technology allows for the 
development of metallic microstructures. 
The material is formed layer by layer using 
CAD models and a more specific form of 
3D printing that takes place in a vacuum.

In a collaboration between concrete and 
graphene experts at Chalmers, prelimina-
ry results have been presented for stronger 
concrete, with the strength having increased 
by 40-50%. The results were achieved by 
modification of the graphene in such a way 
that it binds with silicon and calcium oxide.

69%
...of respondents to our survey stated that 
the materials of the future will be much 
more diversified and different from one 
another. Nearly as many, 67%, stated that 
the materials will be adaptable for various 
areas of application.
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Materials are already often specialised in different ways, often in alloys, composite 
form or in combination with one another. Customised materials are therefore spon-
taneously at the forefront of the minds of many industry experts - not to mention 
the fact that nearly 90% believed that the materials would become more tailored 
for specific purposes when they were asked later in the survey. This seems to be an 
inevitable development for the industry.

DIVERSITY RULES

When materials become more customised and intensively designed, they also beco-
me more diversified and different from one another. Seven out of ten consider this 
to be a decisive change. Many of those who see a hyper-designed future ahead also 
see a future with more diverse materials with very different areas of application. At 
the same time, nearly seven out of ten, see a possibility of adaptive materials with 
broad areas of application. Stranger still, nearly everyone in this group believes that 
the materials will also become increasingly specifically designed. Perhaps there is 
a paradox here between materials that are niche materials while also being more 
adaptive – or perhaps it is about relative adaptability, with materials developed speci-
fically for a particular industry or product being adapted for many functions within 
the relevant field. This could be about design and appearance, which need to be kept 
constant, while weight or heat resistance can be adapted for specific products. Apple 
is one such example, with the custom-made aluminium being adapted for slightly 
different properties in different products even if the appearance is designed especi-
ally for their brand. Such broad functionality is, however, only predicted by just over 
half of respondents – perhaps it is not possible to have your cake and to eat it too. Or 
perhaps it is only those who succeed with this combination of broad and narrow that 
will become the winners of the future.

WHO INVENTS THE SUPER-MATERIALS?

How can we create a material that is both specialised and has general scope for 
application? Hyper-designed materials require both knowledge of the material 
technology itself and the final product – but they also require a more holistic view of 
how the industry works further down the value chain. The material industry of the 
future will likely demand broader expertise and more cross-border collaboration in 
order to achieve this type of custom-made materials that behave exactly the way the 
customer wants. There is still a long way to go until all materials are designed and 
managed at atomic level, but the majority of respondents believe that this could be 
the reality within a century.

”The combination of design 
and science is greater than 
its parts – one plus one 
equals three.”  

Anders Breitholtz, 
Managing director 
Material Connexion Sweden

32%
...of respondents to our survey said that 
increased demand for specialist materials is 
one of the most important driving forces 
behind material developments.

89%
...of respondents to our survey stated that 
the materials of the future will be much 
more customised for specific purposes.

THE MATERIALS OF THE FUTURE 5
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As many as one in five believe it would be possible to achieve this level of specia-
lisation within fifteen years. It will probably require major changes and new part-
nerships but it is possible to achieve such a level of control of the materials and there 
is a lot to gain for those who can get there first.

STEPPING INTO THE NICHE MARKET

Material manufacturing already has a niche role on a global level. Four out of ten 
believe that a strong position within specialist niches is one of Sweden's greatest 
strengths, especially custom-made steel and materials for the automotive industry. 
In an increasingly global world with fierce competition when it comes to materials, 
this might be a strength that is worth nurturing and developing with the possibili-
ty of expanding into new niches. Good knowledge of customer needs and product 
requirements is a major strength according to more than half of respondents: it is 
the sixth most important benefit out of the 18 options. More investment in the field 
may not be necessary: of 16 of the proposed strategies for the future (see page 18, 
figure 1) "more customised materials" came second to last. The conclusion is that the 
materials industry is already strong in this area, albeit not completely secure. Lack of 
cross-collaboration is considered a major threat to material manufacturing and in a 
world with increasingly integrated material research and development of materials 
internally, it is easy to fall behind – why buy Swedish steel if you can get your own 
materials made according to specification? More than half of the respondents believe 
that Swedish material manufacturing must continue to use its strengths to maintain 
momentum, by exploring new markets and areas of application for what the 
country excels at.

YEAR 2030: NO MORE ONE-SIZE-FITS-ALL

Better sensors and improved manufacturing technologies have resulted in better 
materials – this is, of course, an obvious development. But fifteen years ago we could 
hardly imagine the level of control we currently have – in certain industries there 
is practically no difference between developing products and developing materials, 
they have become part of the same industrial process. The products are nearly seam-
less – the materials invisibly transition from soft to hard, using special finishes and 
microscopic changes. Where in the past we needed three materials, it is now suffi-
cient to use three variants of a single material specially designed for aircraft wings, 
engines, shoes or screens. There are still industries that use standard materials but 
usually for reasons of cost. Really high quality cannot simply be bought off the shelf.

43%
...of respondents to our survey believe that 
strong positioning within certain niches 
is one of the greatest strengths of the 
Swedish materials industry.

Strategic 

recommendations
Keep in mind that the materials 
cannot be created out of thin air 
but must meet special require-
ments from customers and end 
consumers. Attempt to under-
stand the requirements and 
how to fulfil them, rather than 
creating a material that is ”good 
enough”.

Find the niches where the 
materials can be best put to 
use or the niches that still lack 
sufficiently good materials and 
develop such materials.

Understand both directions of 
the value chain and try to help 
suppliers and researchers to 
better meet the needs of end 
customers.
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Space is cold, empty and menacing. There is a lot that could break, much that could go wrong – a sensor is small and 
delicate but oh so critical when it comes to detecting life-threatening damage to the hull of a spacecraft. But imagine if 
the entire exterior of the spacecraft was connected, not only part of it? Such a future is not far away. Carbon nanotube 
sensors can already be embedded directly in materials, paper-thin leaves that detect leaks or gases anywhere in the spa-
cecraft, around the clock. Smart sensors, like raisins in a cake, transform practically anything into a smart, connected 
version of itself.
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The materials of the future will be digital. This does not mean that they will consist 
of ones and zeroes – but digital data will probably form part of many materials in the 
future, as a single flow, a fusion between physical and digital components. This is not 
an unexpected shift in the increasingly digital society of today.

EVERYTHING TALKS WITH EVERYTHING

We can already measure a lot and install sensors almost anywhere. However, sensors 
are just another form of material, material which detects changes such as elasticity, 
temperature, vibration and more and converts these to electrical impulses. So why 
have a separate sensor? Why not design materials with embedded sensor options 
through changing conductivity when the material is cold, warm or bent? We have 
already started experimenting with this and the boundaries are becoming blurred. 
How to distinguish a material from a sensor when the material can sometimes be 
almost as complex, with several layers of composites with different properties? The 
solutions may be different but the conclusion remains the same: The materials of the 
future will be connected, in one way or another.

What this means for the materials industry and materials development remains to be 
seen. The major changes will take place on the customer and consumer side, where 
the ability to monitor both materials and products in real time will arise. In the short 
term, this may not affect the materials industry too much but what was once revolu-
tionary is quickly becoming a hygiene factor and a material that is not smart enough 
will, in due course, find it difficult to compete. However, it is difficult to predict how 
and in which ways digitisation of materials will take place. The changes are happening 
at different paces in different industries and what is obvious to the fashion industry 
may be irrelevant to furniture manufacturers. However, there are some interesting 
indicators of the kind of changes we can expect in a connected future.

DIFFERENT MATERIALS, DIFFERENT VOICES

A majority of the respondents believe that half of all sports garments sold in Sweden 
will contain sensors embedded directly into the fabric within fifteen years. This 
would mean that fabrics with sensor potential would more or less be the norm 
by 2030, at least for some garments. Looking only at those working in the textile 
industry, they believe that developments could move even faster and most guess 
at ten years or less. The same applies to hospital beds that measure the patient’s 
temperature – they will be the norm in ten to fifteen years’ time, at least according to 

5. Are connected
THE MATERIALS OF THE FUTURE

Vaporsens has developed an electronic 
nose, consisting of sensitive materials that 
detect gases and vapours. The secret is a 
specific nano-fibre material.
 
Swerea IVF has developed piezoelectric 
fibres which are electrically conductive 
and able to measure heart and lung activity 
via a sweater. The material can be used in 
healthcare as well as in sports.
 
ChromoGenics has developed a system 
for electrochromic windows, which can be 
connected to regulate the amount of light 
and heat that is let through. The material 
can be linked to sensors for dynamic 
adjustment of the indoor temperature.
 
Googles Project Jacquard is developing 
touch-sensitive fabrics that function as a 
touch screen. This is possible thanks to the 
conductive fibres woven directly into the 
fabric – commands can be programmed 
and performed, for example by touching 
a lapel.

71%
...of respondents to our survey believed 
that high technical expertise is a crucial  
strength for the Swedish materials industry.
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the majority of respondents. For the materials to already be fitted with sensors at the 
time of extraction from the soil is something that most are sceptical about, but three 
out of ten can envisage such a future within 30 years.

It is difficult to create a consistent image of the connected materials of the future. 
We know that there are great opportunities, but the areas in which the changes are 
taking place depend on the industry, geopolitical factors and the needs of customers. 
Sensors are however mentioned by many respondents as an important and vital 
opportunity for their own industry – whether relating to biosensors, smart metals 
or plastic and the monitoring of maintenance in order to prevent material fatigue. 
Digitisation is not a direct driving force in itself, at least not according to the survey 
but it does enable a new way of looking at what materials can do.

AN INSIGHT INTO THE LIFE OF MATERIALS

Connected digital materials are also valuable to developers and manufacturers. 
Sensors do not only provide the user with knowledge, they also provide insight into 
the material itself, how it is used, the challenges it encounters, how it wears, how it is 
stretched and strained. The tools for measuring and evaluating materials are increa-
sing and with smart and connected materials, the measurements do not necessarily 
have to take place in a laboratory but could take place in the real world, in active use 
by customers and end consumers. The result will be access to knowledge of the ma-
terials in practice, knowledge of the value chains – perhaps the entire way from the 
mine to the end consumer, if the material is monitored and evaluated in the process.

DIGITAL MATERIALS IN FUTURE SWEDEN

High technological expertise is the greatest strength of Swedish materials develop-
ment and seven out of ten consider it a decisive advantage. Sweden also has high 
digital expertise in the form of start-ups and a strong IT culture. The question is 
whether these different forms of expertise can be combined in a digitised materials 
industry. Increased focus on industry-related research is the fifth most preferred 
strategy out of 16 in our survey for improving the materials industry – and many 
consider smart, connected materials to be an essential opportunity for this. 

65%
...of respondents to our survey considered 
it probable that half of all sports garments 
sold in Sweden will contain sensors  
embedded directly in the fabric within 
fifteen years. 39% believe it may happen 
within just ten years.

54%
...of respondents to our survey considered 
it likely that Swedish hospital beds will 
consist of materials that can measure the 
patient’s temperature within fifteen years.

29%
...of respondents to our survey believe that 
it will be possible to equip all raw materials 
with sensors when extracted from the 
ground within only 30 years.

THE MATERIALS OF THE FUTURE 5
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YEAR 2030: THE HOLY TRINITY OF THE INDUSTRY

Materials, products and service have now merged into a holy trinity within the 
industry. Even if it is possible to differentiate between them, they are still inseparable 
from one another in terms of the industry as all three are digitally traced and treated 
as a single device throughout the value chain. A piece of material is already connec-
ted in the manufacturing process and is marked as belonging to the end customer. 
It retains its identity through the design process to the product and continuously 
communicates with both the material and product manufacturer to ensure that they 
offer the best possible service. If something is damaged or incorrectly used, it can be 
easily fixed. 15 years ago when we talked about smart materials it was like the blind 
man and the elephant – a small part of a much larger whole, an uninterrupted digital 
flow that we could not even imagine.

”In three dimensions you can 
see the crystal structure and 

chemical composition,  
providing new clues for how 

materials should be designed. 
This application is  about to 

revolutionise analysis  
methodologies – deformation 

processes can be filmed and 
we can watch to see what 

happens under strain.”

Anders Jarfors
Professor, Jönköping University

”Comfortable textile fibres 
that act as sensors – and are 
washable. They register small 

strains that arise from e.g. 
heart rhythms, Parkinson 

tremors, pressure occurring 
when someone lies in bed. 

When mankind loses its focus, 
the materials will still be there 

doing their job!”

Pernilla Walkenström
Vice CEO, Swerea IVF

Information

Material

Product Service

Strategic recommendations
Be conscious of not even the most traditional and simple materials escaping 
digitisation.

Seek out partnerships with IT-savvy partners to understand how digitisation 
can already strengthen and improve materials and material knowledge today.

Be prepared for new innovation to happen quickly in terms of connected ma-
terials – it is important to keep an ear to the ground to be able to hear what is 
approaching.
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Microlattice is a strong material structure which is as light as a feather. A one-centimetre thick block of the material 
can rest on a dandelion and comprises 99.9% air, but it is strong enough to be used in aircraft structures in the future. 
The idea is simple – an airy design inspired by animal bones. But it took many people to invent and manufacture it – people 
from two universities and a research institution, sponsored by Boeing and at the initiative of the US Department of Defense. 
Microlattice may be unique in many ways, but like many of the materials of the future it was born out of collaboration.
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The perception of the material researcher, like all researchers, is sometimes that of 
a lonely individual, most probably a man in a lab coat and glasses. He is bent over a 
microscope in a dark room, alone. Perhaps he is chewing the end of a pen or drumming 
distractedly on the table. Once he has invented something he will rush out to the 
waiting industry leaders who cheerfully take over and begin manufacturing the material.

VISITING THE LABORATORY WITH THE CEO

The above is of course a cliché and like many clichés it is long outdated. Industry le-
aders cannot afford to sit and wait for inventions – they need to be actively involved 
in the work, not only with the researchers but also with the user who knows what 
is needed. In the future this may be taken for granted. It is becoming harder and 
harder for researchers to independently develop new and better materials, especially 
with complex value chains and industrial realities that are distant and unknown for 
ordinary academics. The materials of the future are born at the crossroads, in colla-
boration between industry, institutions, academia and government stakeholders.

Here, there is an opportunity to pre-adapt the materials for specific industrial needs: 
evaluate costs, uses, potential customers and suppliers. Different types of expertise 
and different backgrounds open up the rigid routines and preconceptions. Perhaps 
an independent inventor will still occasionally invent a new material, but there will 
be no guarantee that it is good enough, easy to manufacture or cost-effective enough 
for anything to be made from it. Materials do not exist for their own sake, they are 
there to be used.

It is easier for a broad group with many different skills to meet the challenges. And 
it is necessary. Six out of ten respondents stated that materials have become harder 
to manufacture and seven out of ten believe that this situation will get worse – both 
broader and more specialised expertise will be required to manufacture materials 
in the future, placing high demands on collaboration. No-one can be an expert 
at everything.

BROADENING OF EXPERTISE NEXT ON THE AGENDA

Expertise will also be a necessity, at least specialist expertise within specific fields. 
Materials are actually predicted to become more diversified and different from one 
another according to seven out of ten respondents, which will result in high require-
ments for specialist knowledge within many industrial sectors.

6. Born at the crossroads
THE MATERIALS OF THE FUTURE Polycaprolactone, a popular material for 

3D printing, recently became the basis of a 
new technology. Medical researchers from 
Texas A&M have discovered ways to make 
foam from the material to form a ”position” 
around which bone can grow.

LEGO in collaboration with WWF,  
initiated a project to develop more durable 
plastics, and has established a ”Sustainable 
Materials Centre” for this research.

The University of Gent has initiated a 
collaborative project with more than 30 
universities and research institutions to 
improve the ability to simulate the diffe-
rent material properties of 71 materials. 
The collaboration was needed, as no single 
institution was good enough with all of 
the materials.

The MAX IV-laboratory in Lund is 
planning to welcome 2,000 visiting rese-
archers each year. It is the most modern 
synchrotron in the world and has been 
developed in collaboration with Vinnova, 
Lund University and Region Skåne.

70%
...of respondents to our survey stated that 
the materials of the future will be much 
more difficult to manufacture and require 
more specific properties. Just as many 
stated that the materials will be more di-
versified and different from one another.
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It seems that the benefits of multi-disciplinary work at the crossroads between 
different organisations and types of expertise will become even greater – and in a 
fairly short time. There are probably already great advantages for many organisations, 
especially large companies that can combine their material knowledge with good IT 
skills, engineering skills and business acumen. Tesla is one such example, producing 
electrical cars for regular consumers but borrowing material knowledge, research 
and innovation from broader areas such as space research, samurai swords and the 
backs of smartphones.

Four in ten also believe that materials will become harder to use and will require 
more expertise on the part of the user. This corresponds to an increased difficulty in 
material selection which around half believe will be an issue in the next ten years. 
It would appear difficult for a single organisation and utterly impossible for an 
individual. This is because it is necessary to keep track of all dimensions, from the 
manufacturing of the material to the chemical composition to the cost and areas of 
application. Two heads are better than one, as the saying goes, but it is essential to 
ensure that they are the right heads.

THE GREAT COMMUNITY ERA

Perhaps materials are moving into an era of community. Collaborations between 
companies and institutions but also between different countries may have a major 
impact on the development of future materials. An interesting example of this is the 
flagship around graphene, managed by researchers at Chalmers University in  
Gothenburg but with hundreds of participating universities and companies from 
17 EU countries. This is an example of the big, sweeping research initiatives that 
involve a great number of stakeholders and that we are very likely to see more of in 
the future. Similarly large collaborations are also taking place in the United States. 
An initiative by NASA, MaterialsLab was launched to collaborate on the research for 
materials aboard the ISS space station. The project means that various researchers 
around the world can collaborate on the experiments conducted at the space station 
and build on each other’s’ research. We will probably see even more large projects 
such as these with multiple stakeholders in the future, which can constitute both 
challenges and possibilities for smaller companies that have a lot to gain from  
participating and everything to lose by being left outside in the cold.

43%
...of respondents to our survey stated that the 
materials of the future will be much more dif-
ficult to use and will require more from users.

66%
...of respondents to our survey stated that 
increased collaboration between companies, 
academia and research institutions is an 
essential strategic opportunity for Sweden.

”If we can get more power-
ful institutions involved we 
can improve the use and be 
quicker to integrate new  
materials in new products. 
As Sweden is not all that 
hierarchical, we can work 
with the entire product cycle, 
with different types of players 
in the innovation system, 
reducing development times,  
increasing creativity and  
improving customer value.” 

Open answer from the survey

THE MATERIALS OF THE FUTURE 6
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A DIVIDED INDUSTRY?

Can the materials industry manage to collaborate to the extent required in the future? 
Perhaps. But such a change will not happen by itself – on the contrary it will require 
substantial investments and a lot of work. But it seems to be worthwhile: two-thirds 
say that the most important strategy for improving Swedish materials research is to 
strengthen cooperation between companies, academia and research institutions.

The proposal is by far the most popular of the twelve options. This, more than 
anything else, does perhaps suggest that the great boost of strength needs to take 
place – not only in the form of money but also in terms of commitment, from 
supporters in industry and politics. In order to enhance collaboration and drive up 
the innovation capacity, someone needs to take the initiative, both for collaboration 
nationally and across borders. Anyone who positions themselves in such a key role 
and is able to coordinate the many stakeholders is likely to have excellent prospects. 
Sandvik is one such example, having positioned itself well to monitor and collaborate 
with interesting stakeholders in academia. And it is necessary to make the leap.

YEAR 2030: UNLIMITED RESEARCH

The material research institutions from 15 years ago now appear almost quaint. 
They have evolved tremendously since then, from predominantly being laboratories 
to becoming agile and flexible organisations capturing the knowledge of research, 
industry and individuals. Now we have properly managed to capture the life of 
materials – from mine or land to recycling – and we are involved at all stages to ob-
serve, collect information and make improvements. What was once a consumer we 
never met, far away on the distant side of the industry, is now an engaged participant 
in understanding and improving what the materials need to do. The walls that were 
thick and heavy between research and society have crumbled and it is strange to 
realise how we once did not even know they existed.

”There is tremendous  
potential for collaboration 

and I wish it could work 
more efficiently. Is it a  
question of attitude or  
perhaps that the CEO  

needs to meet the research  
managers to work more  

symmetrically?” 

Lars Hultman
 CEO, SSF Swedish Foundation  

for Strategic Research 

18%
...of industrial leaders stated that Sweden 
is an attractive country for research, ac-
cording to an international study condu-
cted by the Industrial Research Institute. 
The corresponding figure for Finland was 
39% and 23% for Denmark.

€947
millions in research contributions in ten 
years. This is the amount provided overall 
in European funding for the flagship 
research on graphene, led by the Chalmers 
University in Gothenburg.

Strategic recommendations
Find the right skills for the materials of the future, within the organisation and 
also with suppliers, partners and customers.

Take part in the development process of customers and suppliers – these colla-
borative processes are often where the magic happens.

Drive active collaboration between researchers and industry, and act as the 
engine so that something actually happens on these fronts. Collaborative pro-
jects without proper will and resources are just a waste of time.
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PICA, Phenolic Impregnated Carbon Ablator, was invented by a team managed by Dan Rasky at NASA. The material 
is used as a heat shield on the Stardust spacecraft, which re-entered the atmosphere in 2006 at breakneck speed – it was 
the fastest man-made material that had ever moved in the atmosphere without being completely destroyed. The ma-
terial is exceptionally heat-resistant but it was left untouched for half a decade after its first assignment and was used 
in only small amounts. Until SpaceX discovered its existence. They employed Dan Rasky, scaled up production and 
constructed a heat shield for the Dragon spacecraft in less than four years, at a fraction of what it cost NASA. Perhaps 
it will be the traditional players who will invent the materials of the future – but who will manufacture them?  
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Who needs materials? The answer is of course ”any company that manufactures 
something”, whether it is curtains, mopeds or stickers. But we already know how to 
manufacture curtains, mopeds and stickers. There are long-standing industries that 
have an attuned eye for exactly which materials are best, which are suitable for what 
and how to use them. The consequence is that innovation slows down. Nothing is as 
devastating to inventiveness as the ingenuity of already knowing what to do, as there 
is no incentive for inventing something new.

MAKE WAY FOR THE NERDS

Enter the IT companies. They know nothing about which materials are good, they 
have no tradition, no accepted successful methods. They enter material manu-
facturing as complete novices – but they know how to motivate people to be creative. 
They know how to encourage creative power, how to organise people, how to brain-
storm, how to cooperate and how to compete. They are accustomed to an industry 
that is fierce and based on always finding the latest, best, coolest, hottest, trendiest. 
They experiment, they try something new. The consequence is that many of the 
materials of the future occur – or at least get a chance to show what they can do – for 
the new pioneers, not the established materials manufacturers. The pioneers who 
do not know what to do have all the ability to be flexible. They do not have much by 
way of restricted expenses in the form of factories and supply chains but they have 
a lot of money and the opportunity to create something new. They are also good at 
hiring both experienced professionals and recent graduates. If they need to develop 
a material in-house, that can be arranged: if they need to find a provider that is fast 
and adaptable this is usually also entirely possible.

Which players will be the biggest pioneers when it comes to developing the materials 
of the future? We asked in our expert survey and the answers were surprising. One 
third believed that completely new players such as IT companies and similar will 
be most important when it comes to the development of the materials of the future. 
Among those involved in materials development the percentage is even higher – 
four out of ten believe that new players will drive the development of the materials 
of the future, and this was by far the most common answer. Out of all of the groups 
we asked, only one believed that the established industrial and materials companies 
would drive innovation going forward and those are the ones who already work in 
established material manufacturing. Perhaps they are more sceptical of the pioneers, 
or perhaps it is wishful thinking from people who do not dare or do not want to see 
the threat approaching.

7. Created by new pioneers
THE MATERIALS OF THE FUTURE Googles Project Loon provides internet 

access in rural areas by using balloons. 
The material for the balloons has been 
developed by the IT giant in collaboration 
with Raven Aerostar and is inspired by the 
bags found in cereal boxes. The balloons 
have a service life of up to six months, 
much longer than ordinary weather balloons.

The game distribution company Valve 
went into production after designing their 
own gaming hand controllers – and a few 
years later decided to release the CAD files 
and allow anyone to 3D print them.
 
Tesla’s plans to expand mean that they will 
require lithium-ion batteries on a scale 
corresponding to the entire current global 
production. It is likely that they will secure 
a source of raw materials and manage 
the production themselves – either in the 
form of graphite or graphene.
 
SolTech Sigma has developed roof panels 
made from glass that also serve as solar 
panels. Their business model is based on 
renting out the panels and charging for 
the electricity – their products are not for 
sale. An example of new ways of thinking 
in traditional industries.

3
is the Swedish ranking position when the 
World Economic Forum lists the world’s 
most IT-literate countries. Only Finland 
and Singapore are more digitised.



50 THE MATERIALS OF THE FUTURE

When asked which specific actors would potentially be the driving forces, the 
answers did however seem different – here are the most common answers from 
different universities such as Chalmers and KTH and research institutions such as 
Swerea. But if you look at the materials in more detail, there are two distinct pat-
terns that are harder to see at first glance: the pioneers of the future will either be 
small, new companies with start-up like cultures or large, powerful companies with 
well-developed R&D departments. Players who are good at research but have not 
previously worked on materials will combine both of these characteristics, as they 
need to create and think in new ways to develop materials but are already established 
researchers in a broader sense.

THE APP DEVELOPER – FRIEND OR FOE?

In a world where customers are placing higher requirements, where materials must 
be greener, smarter, more specialised and require new forms of collaboration to be 
developed, it is no wonder that new players have an advantage as so much is chang-
ing. But this may not in any way mean the death of traditional companies, which still 
have capital in the form of factories, laboratories and human expertise. They also 
turn over a lot more money. In comparison, small, IT-focused start-ups are growing 
extremely rapidly in the Nordic countries but they have a lot of ground to make up 
before they can catch up with established industry – even if their rate of investment 
is up to ten times as high. Perhaps it is that the really high-quality, cheap and good 
materials occur in the interaction between old and new – the meeting between 
engineers and programmers, environmental scientists and industrialists, welders and 
scientists. The new players may pose a threat in the form of competition but also a 
great opportunity in terms of new partnerships and an injection of creative energy. 
The approach of the pioneers and their ability to spot new talent in time will proba-
bly determine whether they become a useful and reliable friend or a foe.

32%
...of respondents to our survey stated that 
new players such as Apple, Google or Tesla 
will be the most important pioneers when 
it comes to developing the materials of 
the future.

300%
The increase of investments in Nordic 
start-ups from January 2015 to January 
2016, according to The Nordic Web.

None of the above

0% 5% 10% 15% 20% 25% 30% 35% 40%

New players such as Apple, Google, Tesla

Established industry and material companies

Academia, research

32%
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Figure 7: Which players do you think will 
be the biggest pioneers when it comes to 
developing the materials of the future?
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35
gigawatthours is the estimated amount 
of stored energy for lithium-ion batteries 
that the Tesla factory will produce in a 
year when it is completed in 2017. This 
corresponds to the entire global production 
of such batteries in 2013.

MINECRAFT MEETS MINING CRAFTS

The Swedish start-up culture is well known within the country and in certain niches 
also well known across the world. The country has been extremely good at innova-
tion, especially within IT and communication and has strong industries with long 
traditions. Perhaps it is in the meeting between these two cultures that new mate-
rials will arise, with the aeroplane, automotive and fashion industries as customers 
and contributing stakeholders. All industries require innovation, and innovation on 
the materials side can provide significant benefits. What advantage can be obtained 
through combining IT expertise, creativity and robust and solid know-how of tradi-
tional materials manufacturing? Even internationally there may be players who have 
an interest in Swedish material know-how and expertise – opportunities that should 
not be overlooked.

YEAR 2030: NEW AND OLD, SIDE BY SIDE

Today it is difficult to point to a single player as a ‘material developer’. In line with 
the materials and their manufacture gaining stronger symbiosis with their use, and 
end products and more of the industry becoming digitised, materials will be deve-
loped by two kinds of actors. On the one hand, there are players with old-fashioned 
knowledge of steel and linen - but on the other, active customers who know what 
they want. Many of these have taken an active role in material development in order 
to meet their needs. They are talented and driven but also discerning and those who 
do not succeed in capturing the key customers will face difficult times. The same 
applies to those who cannot keep up the breakneck pace of innovation that has been 
made the norm by new players – it is about staying on your feet when materials are 
competing against each other with as much vigour as apps did 15-20 years ago.

”Of course, expertise
requirements have  

changed. Before we mainly 
used metallurgists, today 

there are a lot of materials 
people, physicists, chemists.
We have broadened our ex-

pertise incredibly
compared to before.”

Hans Söderhjelm, Vice President Marketing & 
Product Development, Höganäs

”If we look at the cross- 
pollinating of gamification, 

engineers and fashion, which 
I believe is fully possible, we 

could achieve a future where 
the order is placed directly 
with the production unit. 

The only thing that will be 
time-consuming will be  

opening the doors.”

Anna Kollberg
VD Catori

Strategic recommendations
Be aware of the new players and the opportunities they represent, even if they 
fall outside the traditional customer base. They may require a new, specialist 
material in a short period of time.

Attempt to find ways to learn from young IT companies and start-ups and bring 
their way of thinking into your business. The start-up mentality, where people 
dare to try new things on a small scale and experiment with unusual ideas is 
also fully applicable to the materials industry.

Be aware that competition is getting tougher and that the impatience of new 
entrants will probably spread throughout the entire industry.
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A PROBABLE FUTURE

2022
Production of specialist 
materials for 3D printing 
becomes a multi-billion 

dollar industry

2024
An ordinary passenger car 
contains more composites 

than steel

2027
It becomes common for 
hospital beds to consist 
of materials that directly 
measure the patient’s 

temperature

2034
The weight of an ordinary 
passenger car equivalent 

to the Volvo V70  
has fallen by 50%

2043
50% of Swedish homes 
can recover solar energy 

from their windows

Figure 8: The illustration shows a  
conceivable timeline of possible future 
developments, based on the best guesses 
from our respondents. It is of course 
impossible to say exactly which year these 
events will occur in – if they take place at 
all. But perhaps the timeline will provide 
an indication of what lies ahead.
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2051
More than half of all  

garments sold in Sweden 
are self-cleaning

2058
Industrial landfill has  

decreased, globally, by 
20% compared to today

2076
The world produces more 
solar cell electricity than 
any other form of energy

2095
In principle, all materials 

will be designed and  
controlled at the 

atomic level
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In connection with the survey we also carried out a Delphi study on the probable 
future. We asked some questions about probable future events and approximately 
when they were likely to occur. The response options were abstract, in increments of 
five to ten years, but with comments from several informed people it is possible to 
form a more concrete idea of how the future might evolve. By measuring the relative  
distance between the events themselves and plotting them in a time period of 
around 100 years (which was as far ahead as the respondents were able to predict), 
we have produced a probability timeline of the 21st century milestones with regard 
to materials and material technology.

Some of these events have been shown in the illustration on the previous page. If we 
are to believe our respondent experts and industry leaders, sensors will already be 
in place sometime in the 2020s, lighter and more efficient materials will dominate in 
the long term as well as the short term, and the link between materials and energy 
efficiency remains strong. A little further ahead, they predict materials such as self- 
cleaning fabrics and revolutionary solar cells. Above all, recycling seems to be a 
hard nut to crack and most respondents indicate that reducing industrial landfill is 
believed to be at least 30 years into the future.

A probable and plausible  
future material 

A PROBABLE FUTURE
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This report is about the opportunities that can be found in the materials of the future 
and how they will shape future products and society. The question is how well fitted 
the Swedish industry is for taking a leading position.

The materials of the future are shaped by three driving forces – demand, environment 
and the hunt for efficiency. This takes the form of seven truths that will develop at 
varying rates over the next few decades, towards a future that we can hardly imagine 
today. The environmental dimension has already become a given. It has become 
increasingly clear that sustainability and circular thinking are the route to long term 
gain, including for companies.

But in order to keep up the pace of innovation it will require more than just know-
ledge of what needs to be done. It requires willingness to continue developing the 
materials industry as a whole, not only your own operations. For Sweden, this deve-
lopment can be illustrated using three steps.

Creative power is about the basic skills to be able to develop and manufacture ma-
terials. It is about creativity and innovative culture but also about technical expertise 
and deep knowledge of the environment and sustainability. According to our survey, 
Sweden is doing very well on this aspect. Seven out of ten say that technical expertise 
is a great strength in Sweden and more than half stated that the innovative culture is 
very good. These are the strengths that have been established for a long time thanks 
to the country’s strong industrial and educational systems.

Sweden's path towards the 
materials of the future

CREATIVE POWER
Technical knowledge 
Innovation 
Creativity

DRIVING FORCES
Demanding customers 
Environmental demands
International capacity

IMPACT
Commercialisation 
Finding the right niches 
Industrial research
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Driving force is the next step. This is about getting the workshop to meet the needs 
of the customer as well as environmental requirements while operating on an inter-
national playing field with fierce competition. It is not enough to know how – in this 
step there has to be true will. The industry meets these requirements as well. More 
than half believe that change is driven by demanding industrial customers. Further-
more, there is generally good knowledge of customer needs and that the Swedish 
materials industry benefits from good international capacity and is able to take 
advantage of international expertise both in terms of innovation and human capital. 
We have probably reached this step.

Impact is the next step for the materials industry. Even if you are willing and able, 
you must be able to apply this willingness in the next step. At this stage of material 
development it is essential to establish working partnerships, find the right niches 
and intensify research so that it becomes more applicable and industrial. The im-
minent challenge for the Swedish materials industry is reaching this third step – to 
commercialise innovations, find the right position for key customer groups and 
increasing collaboration between different players to ensure that the ideas are not only 
put into operation but into large scale operation. Here, the picture is bleaker. Less than 
a third state that the Swedish materials industry has a strong positioning for certain 
customer groups and even fewer state that we are good at commercialising innovations.

CLIMB HIGHER – OR FALL?

In order to keep up with the development of the sophisticated, connected, environ-
mentally friendly materials of the future we must be prepared for self-development. 
Moving up the ladder, as companies and nations, will be crucial to helping influence 
the future in this increasingly complex world. Those who do not make it to the last 
step will not have a lot to say. The materials industry needs to succeed at this –  
ideally as soon as possible. The materials of the future belong to those who are talented 
enough to invent, manufacture and distribute them faster than the competitors.

For many hundreds of years, Wootz steel was the world’s foremost military advantage. 
Silk and satin put countries on the world map as centres of trade and wealth. Steel 
and coal created the industrial powers that dominated entire continents. Anyone 
who alters the materials will change the whole world.

If we do not climb, we will fall. 

TOWARDS THE MATERIALS OF THE FUTURE
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About Kairos Future

Kairos Future is an international consulting and analysis firm that helps 
companies take leaps towards the future. Through trend and scenario analysis 
and support in innovation and strategy, we help our customers with the big 
picture and the direction for the future. Kairos Future was formed in 1993, 
our head office is situated in Stockholm and we have partners worldwide. For 
more information, see www.kairosfuture.com
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Swerea is the Swedish research group for industrial re newal 
and sustainable growth. Our mission is to create, refine, 
and convey scientific results in the areas of materials deve-
lopment, production and product development. We work 
in applied science, with extensive industrial know ledge 
and experience of how research results are trans lated into 
practical use. Our five research institutes exist at roughly a 
dozen towns in Sweden and France, and we have a network 
of over 700 member companies and 3,000 corporate clients. 

We create greater competitive power for Swedish industry. 


