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Executive Summary

Introduction

The world is standing at a tipping point. The supply of resources of the Earth is 
becoming critical. Global warming is the most important problem our society is 
facing. Our society must adapt a resilient strategy. Materials technology is funda-
mental for such sustainable, responsible societal development. The transformation 
of material into something useful and functional to provide a specific service is key 
for such development. Large parts of the innovative functionalities of our day-to-
day products owe their existence to advancements in materials in various sectors 
such as electronic, medical, construction, transport systems, energy production 
and mechanical engineering. 

Europe still represents one of the most advanced cultural, technological and indus-
trial environments where materials science and technology is at the highest inter-
national levels. Nevertheless Europe is less able, compared to others, to benefit and 
transform new scientific knowledge into economic value. Due to its fundamental 
enabling role, materials science and technology is one of the best engines for creat-
ing economic wealth and social well-being. 

There are global megatrends that strongly affect the industrial sectors within the 
European Community. One of these is globalization – the integration of econo-
mies and societies around the world. The emerging economies’ share of produc-
tion, trade and investments continue to grow and the movement of people, ideas, 
and influences are also increasing. Globalization has led us to a situation in which 
the use of global resources is both possible and cost efficient. Global economy 
covers now more geographical areas and countries than ever before. New players 
have entered the global economic field. At the same time, cost efficient solutions 
in logistics and information sharing have made it possible to utilize all the resourc-
es so that they add value in various fields of industries. Apart from a supercycle 
around 2010, mainly due to geopolitical issues, the relative price for raw materials 
has decreased because of the vast improvements in resource productivity. The more 
actors in the field of competition, the more there are players that can perform rou-
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tine tasks. This has led the early industrial players (countries and companies) to 
move towards embedding intellectual capital into products and services.

The European manufacturing industry needs a paradigm shift, from cost cutting to  
knowledge-based value adding, in order to achieve a sustainable and competitive system.

Materials technology is a complex and multi-disciplinary science, dealing with 
design and modelling, as well as optimum use and manufacture of materials for 
functional applications. The bottom line in materials technology is to understand 
the complex relationships between atoms or molecules, their effect on material 
microstructure or composition and furthermore their effect on macroscopic tech-
nical properties. The key for tailoring material properties is to understand how the 
microstructure influences macroscopic properties such as physical and chemical 
behaviour in different applications, how better performance is achieved and how 
these properties can be modified and controlled by means of material and manu-
facturing technology.

Materials technology will play a major role for the European industry. It will in-
fluence the competitiveness of practically all industrial sectors. Investments in 
materials technology provide possibilities to succeed in global markets and will 
assist in creating new spearhead technologies and innovations thus improving the 
employment situation in Europe. 

In this SRA we discuss the importance of Materials and Technologies to address 
the Societal Challenges. The SRA first discusses the importance and the perspec-
tives for materials technology in the most important sectors of relevance for Eu-
rope being i) Energy, ii) Health, iii) ICT, iv) Mobility, v) Urbanisation, and vi) 
Safe & Secure Society. Then, we discuss materials technology perspectives from 
a ‘cross-cutting’ focus i) modelling and multiscale, ii) materials for energy, iii) na-
nomaterials and nanostructured materials, iv) knowledge-based structural and 
functional materials, v) life cycle, impacts and risks, vi) materials for information 
and communications technologies (ICT), vii) biomaterials and finally viii) raw 
materials. 
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Modelling and Multiscale: Modelling materials and processes is key to get true 
innovation and breakthroughs in complex systems. Understanding materials’ be-
haviour at different scales and being able to build realistic models is needed to help 
in the design of new materials and to predict what can be extracted from the exist-
ing ones at different length scales. Improving existing models and developing new, 
integrated, multiscale and multi-physics ones will help dealing with the complex 
societal challenges the future society is going to envision. Efforts currently made 
in EU’s natural competitors (such as the USA) must be followed closely so the 
European Industry and Society can compete in a levelled field in the global market. 
There is solid evidence for R&D process improvements that can be achieved by 
using modelling, with a return of investment in the range of 3:1 to 9:1. The macro-
economic impact estimated on the basis of data for the contribution of chemistry 
research to the UK economy, suggest a value add equivalent to 1 % of GDP. 

Materials for Energy: Materials research underpins successful deployment of all en-
ergy technologies, whether the materials perform structural or functional purposes. 
The energy technologies of choice in meeting societal needs vary from place to place 
and so it is necessary to maintain a broad focus on the materials challenges facing 
all technologies which provide affordable power and heat as part of an ‘energy sys-
tem’, while contributing to reducing greenhouse gas and other emissions. In order to 
maintain a viable energy system, it is essential to maintain a viable balance between 
dispatchable technologies and non-dispatchable / intermittent renewable technol-
ogies to meet peaks in demand cycles, while also encouraging the optimisation of 
electricity and heat grids, energy efficiency in use and the development of energy 
storage options. Materials challenges exist in all these areas, from high temperature 
alloys, ceramics and coatings for thermal power options, to improved structural 
materials for advanced wind / tidal technologies and to functional materials for PV, 
solar thermal, energy harvesting, thermal insulation and electricity / heat storage.

Nanomaterials and Nanostructured Materials: Functional nano-enabled sur-
faces have huge potential in different sectors: antimicrobial and antiviral surfaces 
for medical devices or HVAC systems; self cleaning surfaces for buildings, auto-
motive sector and roads; highly mechanical resistant coatings for technical textiles 
to be used in arch conditions and structural elements for construction and trans-
portation etc. 
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Advanced lightweight composites are expected to improve technologies already 
existing on market and assure sustainable and affordable low-carbon based manu-
facturing processes needed for production. The future of engineering materials is 
to manufacture multifunction for Performance-Tailored products. Multifunction-
al materials are typically a composite or hybrid of several distinct material phases 
in which each phase performs a different but necessary function such a structure, 
packaging, transport, logic, and energy storage.

The development of new green processing methods that will replace present oil-
based processes in order to fabricate functional materials are of extreme impor-
tance for the development of a sustainable society. Such methods may rely on new 
kind of raw materials, e. g. from plants. As an example, the possibility to utilize 
rest-products converted into nano-cellulose as possible replacement material for 
TiO2-based screens.

Knowledge-based Structural and Functional Materials: Functional materials can 
play a key role in developing a green economy. A huge number of opportunities 
arise when looking at the contributions said materials can make: CO2 capture, mem-
branes and filtering systems, catalysts, NOx depletion coatings, energy production 
from renewable sources, waste-containing materials, more efficient waste, water, and 
gas effluents treatment, novel polymers and composites from biowaste, etc.

On the other hand, population health and wellbeing can be dramatically enhanced 
with the utilization of functional materials. Medical devices such as implants can 
be improved by providing them with new or enhanced functionalities. New mul-
tifunctional and bioactive materials for regenerative medicine, tissue engineering 
and drug delivery can be developed. New biocompatible materials whose func-
tionalities allow to ensure functions such as sensing, actuation, energy conversion, 
energy harvesting, energy storage and / or data transmission are needed for im-
plantable devices. Biocidal functionality based on metal nanoclusters should be 
added to most medical devices in order to prevent spreading of infections. 

Finally, transport systems and components can be positively hit by functional 
materials contributions. Reduction of fuel consumption is one of the main trans-
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port-related R&D drivers. Lightweight materials such as recyclable composites 
can greatly contribute to reaching that target.

Life cycle, Impacts and Risks: At the time when the topic of life cycle analysis 
(LCA) appeared at the scientific, engineering and public attention stage, about 
20+ years ago, the root problem was the prevailing unsustainable pattern of glob-
al and local consumption and production. The awareness that feeding, clothing, 
sheltering, and providing the other wants and needs of the global population will 
soon exceed the Earth’s available resources has been growing ever since. From the 
partial solutions leading the protection of the environment with laws and regula-
tions (‘dart-board’ approach) have led to improvements, but the challenges in the 
LCA are of today are overwhelming these partial solutions – it is now clear that 
new more global, more systemic and embedded LCA solutions (life cycle think-
ing!) are urgently needed. New materials have a particular, often contradictory, 
place in this context: on one side they are often the most prominent part in the 
process of making the life cycle approaches and tools a commonplace in the pri-
vate and public sector, and one of the main enablers of the transition to a green 
economy. On the other side, new materials are often the most prominent bearers 
of new and unknown risks, both in terms of their environmental, health, safety and 
economic impacts, and in terms of ripple-effects along entire supply chains, going 
beyond individual companies, crossing diverse industry sectors, and touching both 
developed and developing countries. Life cycle thinking, as a holistic approach, 
examining the impacts of a product from its beginnings as raw materials, through 
production, use, and final disposal is, therefore, not just a “nice-to-have” element 
of material innovation, but it is pre-condition for the acceptance and success of all 
the technologies based on them. In this sense current and future EuMaT efforts 
must be focused onto bringing the life cycle approach and the related tools to ma-
turity, working towards mainstreaming life cycle approaches and tools in support 
of the transition to a green economy of tomorrow.

Materials for Information and Communications Technologies & Mobile Devices: 
Communicating and autonomous devices are already present in practically every 
aspect of our everyday life, and this trend will be amplified in the years to come: 
our houses and apartments, our vehicles, our clothing (not only in their pockets 
but also as embedded devices) will all be concerned. This requires materials that 
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have very specific functionalities to allow for miniature and low consumption de-
vices, buy that can also resist very different operating conditions. Both the transfer 
of information to and from these devices and the management of the energy re-
quired to power them as well as measurement and actuation functions are con-
cerned: sensors, micro-actuators and micro-motors, transmitters, receivers, data 
processing and analysis, energy storage, conversion, harvesting of light, vibrational 
and thermal energies. EU has major industrial players in this field as well as aca-
demic teams who have the expertise required to develop the new generations of 
functional materials that will allow the devices of tomorrow to be deigned.

Biomaterials: The EuMaT activity on Biomaterials is part of a wider context, 
where other relevant technological platforms and relevant organization (as Na-
noMedicine, EpoSS, FTC (Textile ETP), SusChem, ESB (European Society for 
Biomaterials) are involved. EuMaT, through its working group on Biomaterials, 
intends to contribute to establishing a full synergy with these platforms. 

European companies with a mission in the production of medical devices are 
mainly focused on the development of material engineering methods and on the 
optimization of new material formulations (falling under the traditional catego-
ries of polymers, metals, ceramics and composites) rather than on basic innova-
tion. The development of biomaterials with a more precise design of structural and 
functional properties could give a new burst to the tissue engineering industry and 
allow material engineers to gain a central role in this arena, currently dominated by 
medical and biologically related strategies. 

The areas of clinical applications of these materials spans from the manufacturing 
of orthopedic and dental implants to the production of cardiovascular and urolog-
ical devices, up to wound dressings and ophthalmological implants. For example 
biopolymers (collagen, hyaluronic acid and chitosan) and bioceramics (bioactive 
glasses, ceramics and composites) have been widely exploited for tissue regener-
ation. Metal-based implants (and their surface treatments) with low ion release, 
proper wear and corrosion resistance, have entered the dental, orthopedic and car-
diovascular market.
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Finally, efforts are being directed to devices with antibacterial surfaces (with al-
ternative approaches to antibiotic-loaded biomaterials), material and device for 
Minimally Invasive Surgery, additive manufacturing techniques, as well as the de-
velopment of biomimetic and bioresponsive materials.

Raw Materials: Non-energy and non-agricultural raw materials underpin the 
global economy and our quality of life. They are vital for the EU’s economy and 
for the development of environmentally friendly technologies essential to Euro-
pean industries. However, the EU is highly dependent on imports, and securing 
supplies has therefore become crucial.  Moving from the traditional, linear ‘make, 
use, dispose’ economy to a circular economy requires increased reuse, remanufac-
turing and recycling of products. This is an important aspect of the EU’s strategy 
to ensure the security of supply Advanced material technologies are key to sus-
tainable mining and optimal resource use, substitution of critical materials, metal 
recovery and recycling of waste streams, to feed and close cascaded material and 
product cycles in a viable, growing circular economy. Moreover, advanced material 
technologies enable new business concepts that support the circular economy, like 
product-service systems and product sharing, by manufacturing stronger, modular 
products that can be monitored and upgraded.  

EuMaT technology platform (European Technology Platform for Advanced En-
gineering Materials and Technologies) is a European forum that supports plan-
ning, decision making and investments in the area of advanced materials tech-
nology. Its proposals and actions are based on wide interface and feedback from 
industry, research community, public authorities and financial community. The 
paramount theme for EuMaT activities is the novel application of advanced ma-
terials technology. 

EuMaT has defined eight working groups (WG) established around specific themes 
which are considered crucial for attaining the targets stated above. These are:

 � WG1 Modelling and Multiscale

 � WG2 Materials for Energy 

 � WG3  Nanomaterials and Nano-structured Materials for Functional  
and Multifunctional Applications
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 � WG4 Knowledge-based Structural and Functional Materials

 � WG5 Lifecycle, Impacts and Risks

 � WG6 Materials for Information and Communication Technologies (ICT)

 � WG7 Biomaterials

 � WG8 Raw Materials

Overall, it is EuMaT’s vision that Europe will emerge by year 2020 as a leader in de-
velopment and utilization of advanced materials technology solutions and related 
manufacturing methods. The prerequisite for this vision are:

 � Clear scientific, technological and industrial strategy (Strategic Research Agen-
das) aiming for development of materials solutions that are most competitive 
during the product life cycle.

 � Long term, balanced financing of the development work taking into account 
the needs of various industries.

 � Well organized co-operation between all stakeholders and efficient implemen-
tation agenda.

EuMaT technology platform cooperates with other platforms as well as comple-
ments those application areas and industries which are not sufficiently supported 
by existing platforms, e. g. Sustainable Chemistry, Textile, Manufuture and Steel 
technology platforms.

It is sure that materials technology will be cornerstone in the future European programs 
and any expected improved product, process and service envisioned by the Societal Chal-
lenges of today and tomorrow, combined with the need to assure a real and robust com-
petitiveness of the European industry, will require the development of new, eco-friendly, 
sustainable, functionally improved, value added and cost acceptable materials and process-
es. To face this challenge a perfect tuning and alignment of the forces vectors of industrial 
and research systems have to be assured. 

EuMaT will mark this effort.
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Modelling and Multiscale (Working Group 1)

The EuMaT activity on Modelling and Multiscale workgroup is part of a wider 
context, where other materials relevant Technology Platforms such as Manufu-
ture, ECTP, ESTEP, SMR, SusChem, Textile ETP and initiatives such as EMIRI 
(Energy Materials Industrial Research Initiative), EMMC (European Materials 
Modeling Council) and EMCC (European Materials Characterization Council) 
are involved. EuMaT, through its WG1, intends to contribute to establish a full 
synergy with these initiatives contributing to the link of materials development 
challenges with the needs in modelling and multiscale.

Challenges

There is a need to reduce the product and process development cost, and this re-
quires a smart design procedure where a performance based (back engineering) 
functionality of the products is guarantee, involving virtual integration of process 
and product performance. Materials modelling is part of the business process that 
aims to select a proper material to deal with the quality, functionality and cost. 
Since materials properties depends on the composition, the microstructure and 
manufacturing process, many data have to be combined to select the right ones. 
Materials performance and their durability, depends on the materials properties 
and the working environment. To make possible to handle data from material, 
process, product performance and durability during their lifecycle, virtual models, 
involving the required level of IT and partnerships are vital towards development 
of databases and business decision-making software tools. The impact of Industry 
4.0 is well known, and materials modelling along processing and manufacturing, 
integrating sensors and pre and post processing, it is a crucial part of the coming 
research action. But we cannot stop the modelling activity in the manufacturing 
step of the materials. We should also involve the end user and consider the predic-
tion of the transformation of material properties during use, in order to predict the 
materials durability during their lifecycle. The return of investment in materials 
modelling can range from from 2 to 1000 (average 8).a

a https://zenodo.org/record/44780
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 � Data, information and knowledge analysis and management systems
Database should be elaborated to catalogue existing knowledge including simu-
lations (metadata on codes, data input and output), materials properties (input 
data and model output) and characterization data (database on testing condi-
tions, measurement results, protocols, equipment and simulations) building the 
interphase between materials modellers and experimentalists and establishing 
the links with standardization.

 � Integrating Multiscale Science-Engineering Analysis and Design Methods 
and Environments
Predictive tools are needed to create hypothetic scenarios for a decision making 
process. Since many models need experimental results for their initialization, 
validation should include sensitivities of the validation against experimental 
uncertainties that can be transformed into reliability analysis of the solution 
generated by modelling workflows. Relieved qualitative trends from modeling 
are useful for manufacturers but quantitative data will be the future goal. 

 � Modelling and Design R&D Architecture, Product Engineering / Manu-
facturing Process and Business Design Support Systems
The combined and iterative use of modelling, simulation, experimentation, 
testing, characterization and sensing in a methodologically integrated multi-
scale strategy and related environments can increase the range of validity of 
the models outside the testing validation range, improving the effectiveness of 
validation techniques. This reflects the need to integrate and couple both ex-
periments and simulation into a common platform necessary for industry 4.0, 
assuring the interoperability between the tools. Workflows, standards for data 
and models, as well as experiments.

 � Modelling information potential, strategy and integration of the informa-
tion in a market platform
The role of the translators is to transfer the industrial problems to modellers’ 
questions, and it is necessary to create the platform that integrate the different 
elements and assure the training and communication “language” framework.
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Recommendations

The specific challenge is to create Models that make possible to understand the 
damage and degradation phenomena at microstructure level. There is a strong de-
mand for Reliability and Sustainability of Functional and Structural Materials and 
Components by design. The key is to develop a computational material design tool 
based on microstructure, leading to the right, desired and required materials prop-
erties. The model should take into account the integration of manufacturing steps 
into the full Computational Material Design tools CMD of process and products. 
The main barrier of actual CMD needs to be largely expanded and improved in the 
area of microstructure founded damage, degradation, and failure lifetime predic-
tion, following the PSPP modelling and experiments approach:

Figure 1:  The PSPP modelling and experiments approach.  
Source: VTT (http://www.vttresearch.com/propertune)

The understanding of the microstructures (for metals, ceramics, reinforced plas-
tics, coatings, …) and physics-based modelling of fatigue, functional and struc-
tural degradation (wear, damage, fracture, breakage, corrosion, ageing oxidation, 
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thermal stress, flash temperatures, delamination (coatings), matrix failure or fiber 
fracture (reinforced plastics), separation matrix-particles (metal matrix compos-
ites),…). Typically materials properties depend on the composition, microstruc-
ture and manufacturing process (forming, shaping, casting, finishing thermal 
treatment, welding and soldering, gluing, sintering, cladding…). Also, the effect 
of operating conditions in which the materials are working in the components, are 
largely unknown (pressure, temperature, type of relative movement, temperature), 
as well as their working environment (oil, petrol, biofuels, lubricants, gases). All 
these factors should be considered globally in the system environment to arrive at 
beneficial component performance and durability prediction. Laboratory acceler-
ated test should be combined with observation techniques and local knowledge 
on material behaviour in situ, under operating loads. Models should be robust and 
created building on a strong experimental background and databases.

There is a need to create models for multiple and combined damage and sur-
face / sub-surface failure mechanisms in different materials, compounds, and 
specific surface treatments under load, including critical stress-strain values 
and more elaborate models of material failure and damage.

This approach will have a huge impact in the valorization of EU Products in com-
parison with low cost countries. Europe enjoys product design with a high durabil-
ity in comparison with low cost countries, but still needs to increase the durability 
of the products in order to achieve customer guarantee requirements and consist-
ently increase their performance. Design of the materials depends on their using 
conditions and durability requirements. If we know how to design the materials in 
the components for a defined lifecycle and application, then we could be confident 
supplier and consumer, on the guarantee of the product. Applications needs: 

 � to limit the quantity of the materials used (Raw materials directive),  the weight 
of the components (reduce fuel consumption in transport) and increase safety 
(environmental compatibility and safe use).

 � to increase of performance (higher pressure and speeds) to increase productiv-
ity (Factory of the future), the quality (towards zero defects production) and 
reduce the environmental impact (reduce CO2 emissions in transport).
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To achieve all these challenges, we need to design tailored materials optimized 
for product operating environments for their safety use during a predicted 
lifetime. In general terms, we advocate ongoing and future research in materials 
informatics: combining experimental and theoretical high-throughput methods 
with data mining / machine learning. 

There is a high demand for new and advanced materials (functional, structural…). 
The methodology of choice is CMD (Computational Materials Design), and the 
industry of Europe is ready to implement it. CMD, when reliably working “in 
place”, has not only effects on new products (function, reliability, costs…)  but 
also on the R&D process: an analysis of CMD effect on R&D pointed to the 
speeding up development time, reduced experimental efforts, and generally less 
“search and fail”. Materials Modelling and CMD can help to bridge the gap be-
tween Science, Development, and Production. CMD and model-based prediction 
can help to determine if target performances of specific (structural and func-
tional) materials can be reached, be very difficult, or not at all attainable. In order 
to achieve these benefits, massive research efforts are necessary, which by far 
exceed the capacities of individual research institutions and industrial players, 
thus calling for joint research under H2020 and FP9.

Today, a very small portion of materials are designed by modelling and computa-
tional methods. There is a need to overcome important barriers to broad applica-
tion of CMD for many industrial users. If in future Open Source models (with 
standard descriptors) and material data bases become available and accessible, 
CMD will be widely used in many industries and engineering services, including 
SME’s. New models could produce design data that is non-proprietary to con-
tribute for example to ESDU (Engineering Sciences Data Unit) guides. Reliable 
and cheap modelling with efficient, focused materials development processes 
will then allow for a wider range of applications designed by CMD. This includes 
process, components and systems with superior performance, and applications 
that are today out of reach or unthinkable. The impact on technology and busi-
ness in Europe will undoubtedly be very high. To give an example, in a case study 
of development of new cylinder head or block, the use of modelling reduced by 
15–25 % the development time, reduced the number of component tests required 
for assurance testing, achieved a shorter cycling time for the casting or heat treat-
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ment process with a cost / benefit analysis, estimated a combined ROI (Return Of 
Investment) of over 7:1.b In a recent survey study, one project resulted in cutting 
development time from 10 to 1,5 years, saving millions of Euros because of the un-
derstanding of the material and saving experiments, and the absolute cost savings 
due to materials modelling ranged from €100K to €50M with average of €12M 
and a median of €5M.c The inclusion of cost and environmental assessment op-
timization in model-based materials design will also support the Re-industrializa-
tion of the European Union.

b  Gerhard Goldbeck, “The economic impact of molecular modelling of chemicals and materials. Impact of the field on 
research, industry and economic development, 2012

c https://zenodo.org/record/44780
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Materials for energy (Working Group 2)

EuMaT’s WG2 addresses the diverse materials challenges experienced in the devel-
opment and application of existing and new energy technologies, for generation, 
distribution and efficiency in use. The WG addresses a range of materials research 
for high efficiency generation, from flexible fossil fuel plants with CCUS to the 
next generation of offshore wind turbines, advanced grid systems and end-use ef-
ficiency. The objectives of the WG remain closely aligned with the SET Plan for 
Energy and subsequent developments.

Challenges and Outlook

It is wider recognised that an effective energy supply system requires a ‘balanced 
portfolio’ of technologies, since no ‘quick fix’ technology solutions exist and each 
country in the EU has its own blend of existing energy sources and demand cycles 
to factor into the analysis of their energy needs. To achieve this, it is necessary to 
maintain a viable balance between dispatchable technologies and non-dispatcha-
ble / intermittent renewable technologies to meet peaks in demand cycles, while 
also encouraging the optimisation of electricity and heat grids, energy efficiency 
in use and the development of energy storage options. It is also necessary that the 
way forward should accommodate the currently installed energy supply mix and 
infrastructure which is meeting current needs by providing affordable and flexible 
heat and electricity.

Starting with the dispatchable technologies, such as thermal power options (fossil, 
biomass and related), increasing efficiency, flexibility and reliability remains a prior-
ity challenge, to economically improve power generation processes, to lower the use 
of non-renewable energy sources and to diminish carbon emissions. Firstly, carbon 
emissions are reduced by increases of plant efficiency, by raising operating tempera-
tures and pressures; this challenges materials to cope with the higher temperatures 
with respect to corrosion, creep, fatigue, etc. in service, and in the fabrication of 
improved materials, e. g. welding, casting and forging of large components. In some 
applications, e. g. gas turbines, CMCs continue to offer the possibility of higher 
working temperatures. Switching to low carbon fuels, e. g. biomass and waste, offers 
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a parallel approach. These fuels can be used in stand-alone or co-fired systems where 
component materials experience highly aggressive environments, whether this is a 
boiler plant with direct firing or a gas turbine / engine burning syngas from bio-
mass / waste gasification. The integration of these technologies with solar thermal 
technologies also provide innovative ways of mitigating carbon emissions.

The introduction of advanced power cycles, e. g. high pressure oxy-firing cycles us-
ing gas or coal / biomass-derived syngas, can provide a step-change in efficiency 
with inherent carbon removal. Operating at up to 1400 oC / 300 bar, with poten-
tially aggressive supercritical CO2 / steam mixtures, these cycles take the materials 
challenges for turbomachinery and heat exchange components to a new level, out-
side the range of current operating experience. As materials are pressed further to-
wards their intrinsic limits, condition monitoring becomes increasingly important 
to help maintain plant reliability and avoid unforeseen outage costs; materials and 
coatings with integrated sensor capabilities offer real prospects, as well as self-heal-
ing coatings which can respond to changing plant conditions. Finally, CO2 (from 
power generation and energy-intensive industries) will need to be captured and 
transported for safe storage, although current approaches severely impact on plant 
efficiency (thus increasing the cost of electricity in power systems). Materials devel-
opments offer new lower cost options, such as separation membranes or solid sorb-
ents. The materials challenge here is to improve material properties, thus reducing 
CAPEX / OPEX. With more traditional capture methods, the challenge is to en-
sure high availability. With conventional wet scrubbing approaches using chem-
ical or physical solvents in coal / gas plant applications, the challenge is to select 
reliable / cost effective materials for the system components. Where a pre-combus-
tion approach is used, gas turbine materials for the combustion of high H2 gases, 
optimized catalysts for the WGSR and membranes for air separation are required.

For the non-dispatchable, renewable technologies wind and tidal turbines are be-
ing built to handle the harsh offshore / sub-sea environment where maintenance 
and repair provide major challenges and costs. Durable, corrosion resistant mate-
rials are required to face these conditions, while welded parts, castings and other 
structural parts (e. g. towers and sub-sea structures) as well as blades, gearboxes, 
etc. have to work for extended periods under high mechanical loading, leading to 
aggressive fatigue conditions. With solar PV, the challenge is to improve efficiency 
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in use while minimising materials costs, as well as developing approaches which 
assist integration into buildings, remote equipment and with heat and electricity 
storage, e. g. using advanced batteries. Solar thermal collection (CSP) has its chal-
lenge in the development of more advanced collector and heat exchange materials 
to handle the molten salts, S-CO2 or other advanced heat exchange fluids.

For energy transmission, the existing grid is reaching its operational limit due to 
increasing energy consumption and the higher penetration of renewable energy 
sources. The challenge is to implement new, higher conductivity cable materials (e. g. 
composites) to lower transmission losses, which may be lowered further using super-
conducting materials, e. g. in underground cables. Safety and durability of (smart) 
grids is most important and therefore, the remote monitoring of grid defects, trans-
formers and substations (especially for DC) is essential. Challenges exist to reduce 
power losses to <0.5 %, to switch up to 10 kV (using silicon carbide) and to increase 
homogeneity in current distribution. Smart Grids contain many elements which 
need to be demonstrated. The electricity storage components have technology-spe-
cific challenges, e. g. flywheels have their challenge in stiffness, strength and dynamic 
behaviour of composite materials. The stabilisation of electrochemical storage sys-
tems for back-up storage is also important. Gas grids also present materials challenges 
in coping with new fuels such as biogas, bio-methane, liquefied natural gas (LNG) or 
hydrogen. In addition, CO2 transport offers new challenges related to corrosion and 
definition of the limiting conditions for the use of current pipeline steels.

For demand reduction and energy conservation, there exists a further broad range 
of materials challenges. Industry is very heterogeneous and waste heat recovery is 
an issue throughout many industries. Heat and cold storage can be used to improve 
the thermal efficiency of industrial plants. Energy efficiency (e. g. the reduction of 
heating and cooling fluxes) is the main challenge in the building sector. New and 
improved designs and (building) materials have to be found to reduce heat re-
lease, improve damping, store heat and cold, increase solar heat capture and to use 
this heat for air conditioning. The reduction in energy consumption in buildings 
requires the development of low thermal conductivity building materials able to 
offer high thermal resistance or able to offer thermal delay. Moreover, some build-
ing materials used for low temperature heat exchangers (as in geothermal plants or 
floor heating) require higher conductivity to improve thermal efficiency.
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Recommendations

Important in the near future is to research, develop and implement alloys, ceram-
ics, etc. and coatings that allow for advanced operating conditions and improved 
reliability for the dispatchable energy options. Approaches that assist the increased 
usage of low-carbon fuels (e. g. biomass) and facilitate the introduction of CCUS 
should be implemented within a five year timeframe to avoid delayed deployment. 
The impact of the introduction of CCUS (in terms of materials performance in 
service) on overall plant availability and reliability are necessary, along with (ex-
treme) condition monitoring, to reduce technical and financial risks should also 
be a near term priority. The new opportunity for combined high efficiencies com-
bined with CO2 separation from advanced oxy-fired cycles is also a key priority 
topic, as these offer a transformative option for low cost, low carbon, and impor-
tantly dispatchable, electricity generation from natural gas and biogenic gases with 
minimal emissions. In the nuclear sector, the near term challenges remain corro-
sion and stress corrosion resistance and the fabrication of the large system compo-
nents for the next generation plants.

Remote material condition monitoring for thermal power and offshore wind / tid-
al turbines should be a priority, as well as improved blade materials for higher pow-
er output. Research and large scale evaluation of materials for wave and tidal power 
generation are also required, along with associated structural health monitoring. 
For PV and solar thermal energy, materials with better properties and higher work-
ing temperatures are required. Priorities for energy transmission lie in research into 
composite and superconducting materials for extended grid capacity. For smart 
grids, demonstration of the materials capability in grid and storage components is 
most important.

Priorities for demand reduction and energy conservation include advanced ma-
terials to improve heat recuperation from high temperature corrosive gases, to 
improve the energy efficiency of operational but old energy intensive industries. 
Improved materials for heat / cold storage can have a similar rapid impact. In the 
building sector, new and improved options and materials to decrease heat losses, 
store heat and cold and increase solar heat capture are the priority.
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Nanomaterials & Nanostructured Materials 
for Functional and Multifunctional  
Applications (Working Group 3)

The WG3 of EuMaT looks at nanomaterials and nanoassembled material (NAM) 
systems whose structures and components exhibit novel and significantly im-
proved (over larger-scale structures) physical, chemical, and biological properties, 
phenomena, and processes because of their nanoscale size. The most important 
behaviour changes do not derive from nanostructures’ order-of-magnitude size 
reduction but from new phenomena that are intrinsic to or predominant in na-
noscales, such as size confinement, predominance of interfacial phenomena, and 
quantum mechanics. The ability of assembling nanosize materials in a controlled 
fashion will pave the way for precision engineering of artificial materials not exist-
ing in Nature and allow conceiving new classes of products and materials for spe-
cific use sectors (transportation, energy, construction, ICT, space and biomedical). 

Challenges & Outlook

How far we are from realizing practical benefits from using nanomaterials and 
NAM depends on which aspect of the technology we consider. Nature forms na-
nomaterials and assemble them to form more complex structures daily. The mass 
production of nano-based products today is a reality for a few markets (integrated 
electronics, sensors, coatings, disease diagnostics probes). When it comes to mate-
rials one can divide between materials with nanomaterials applied to their surfaces 
such as functional nano-coatings and materials containing embedded nanomateri-
als, such as for instance composite materials that improve or add functions to the 
material, and nanomaterials in itself having specific properties for certain applica-
tions such as magnetic nanoparticles for hyperthermia cancer therapies.  

Functional nano-enabled surfaces have huge potential in different sectors: antimi-
crobial and antiviral surfaces for medical devices or HVAC systems; self cleaning 
surfaces for buildings, automotive sector and roads; highly mechanical resistant 
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coatings for technical textiles to be used in arch conditions and structural elements 
for construction and transportation etc. 

Successful adaptation of nanotechnology in products requires in many cases to uti-
lize material that are able to develop their nano-functionalities during the standard 
process of product and semifinished product manufacturing. As examples plastics 
additives that crystallize in nanoparticle during injection moulding, metal phases 
that are formed during forging, plasma treatment that allow modifying the chemi-
cal composition of the surface to produce multifunctional surfaces etc.

Existing materials for medical devices such as implants can be improved by pro-
viding them with new or enhanced functionalities. New multifunctional and bi-
oactive materials for regenerative medicine, tissue engineering and drug delivery 
can be developed. New biocompatible materials whose functionalities ensure 
sensing, actuation, energy conversion, energy harvesting, energy storage and / or 
data transmission are needed for implantable devices. Nanomaterials based on 
carbon material will create new applications in contrast electrolytes and sensor 
applications. Nanowires might be used for detection of viruses in solutions and 
nonporous materials with their very high surface area will have extremely useful 
catalytic, adsorbent and absorbent properties. Different kinds of nanoparticles can 
be used for in-vitro diagnostics, as carriers for contrast agents and drugs. Quan-
tum dots and various alloys having sizes in the range from 2nm to 10nm exhibit 
quantum confinement effects that can be used for biophotonics enabling diagnosis 
and therapies at very local and specific sites in the body. Micro-fluidics biochips is 
an emerging application area for e. g. clinical pathology, especially the immediate 
point-of-care diagnosis of diseases. These and other new “smart” applications will 
bring huge benefits. In combination with an early diagnosis, perhaps even at the 
stage of initial onset of a disease, more effective treatments with such new materials 
will be possible. New therapies, better prognosis, earlier recovery of the patient and 
return to a contributive role in society will increase health.

The storage life of food might be extended with special gas barrier materials. Like-
wise the use of smart packaging that can not only provide information about the 
product cycle but also about the quality of the contained food, will greatly reduce 
the amount of food being wasted just because of best for date labeling. Microfluid-
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ics-based devices open up possibilities for continuous sampling and real-time test-
ing of air / water samples for biochemical toxins and other dangerous pathogens. 
The further utilisation of products from the sea will be important for a sustainable 
food supply as a consequence of the urbanisation. The combination of three or 
more functions including logic, sensing, energy storage, structure, and actuation 
will be required to achieve truly smart material systems, ultimately analogous to 
biological systems. New concepts of restoring waste water, agricultural soil (lost 
humus content) and air (greenhouse effect) will appear.

Recommendations

Novel nano-related materials are expected to play key roles for the promotion 
of innovations in the various industrial products. In order to make such novel 
nanomaterials to be socially acceptable and widely used, it is very important and 
necessary to establish and promote reliable standardized approaches for their safe 
and sustainable management. The nomenclature for nanotechnology and nano-
materials needs to be developed so that regulators, stakeholders, and consumers 
can work with a common vocabulary and a common understanding of terms and 
their implications. Moreover, we need an active communication of “nano inside” 
on as many value-adding products as possible. The “nano inside” should signal safe-
ty by design. 

In the recent past, the nanomaterials developed and investigated are a plethora, 
and among them many exhibit a high-potential to be exploited in different indus-
trial contexts. It is a priority to tailor the properties of nanomaterials during 
fabrication, and to establish low-cost techniques to manipulate them at nano-
scale in order to be used as constituents of NAM.

In particular, specific recommendations are the cost effective production of:

 � Nanomaterials enabling high-efficiency energy converters (solar cells, thermo-
electric units, mechanical scavenging systems) and accumulators (batteries and 
supercaps)
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 � Nanomaterials enabling light-weight and smart composite; particular attention 
to be paid to synthesis routes of nanoparticles in-situ a host matrix (either a 
polymer or a hard material)

 � Nanoassembled functionally-graded hard coatings of extreme adhesion on met-
als and ceramics to aid the net-shape manufacturing, and on polymers, for mul-
tifunctional uses (tribological and mechanical, aesthetical, chemical inertness, 
mass colouring, magnetic compatibility, etc.)

 � Lower the cost of nanoporous membranes for all advanced energy systems of 
all kinds (fossil fuel or renewable (wind, wave, tidal, solar, fuel cells, etc.); these 
materials are often expensive to obtain and to use in the manufacture of system 
components, and so durability and reliability in service are high priorities

 � Development and production of nano-micro and nano-nano composites – the 
size of both phases involved are controlled in the nano, submicron and micron 
ranges – of improved mechanical, wear and functional properties

 � Cost-effective integration of nanomaterials fabrication / synthesis techniques 
with established production / assembly lines

We believe that the long term challenge of nanoscience is to predict, from measur-
able physical-properties of properly designed nano-objects, the “effective” physical 
properties of an inhomogeneous artificial material engineered from its nano-con-
stituents. In particular, we envisage the following research thematics for this 
future:

 � Discovery of fundamental phenomena in novel nano-objects

 � Cost effective synthesis of high-volume nano-objects ready-to-use monodis-
persed in size and shape

 � Low-cost techniques to mass produce high volumes of artificial NAM of tai-
lored properties

 � Predictive modelling of NM and NAM for reverse engineering purposes

 � In-situ monitoring of the NAM production at any step of fabrication

 � Clinical use of nanostructured ceramics and composites
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Knowledge-based Structural & Functional 
Materials (Working Group 4)

This heading encompasses advanced engineering materials such as intermetallics, 
metal matrix composites, ceramic matrix composites, polymer matrix compos-
ites, and functionally graded materials (including biomedical FGMs and graded 
coatings). 

Challenges

Intermetallics. A number of challenges still exist in order to enable a wider use of 
intermetallics in engineering applications. Of the “first generation” intermetallics, 
titanium aluminides are probably the closest to acceptance for use in aggressive en-
vironments. With regard to FeAl, the focus is now on higher Al-containing com-
positions. Looking at silicides, the challenge is still the low toughness at room tem-
perature and the likelihood of PEST corrosion. Some of the focus of intermetallics 
research is shifting to other intermetallic systems. An example of a “new” material 
is RuAl which is a material that can be used at very high temperatures. A new field 
of interest is in hydrogen storage with some intermetallic systems predicted to be 
potential candidates (e. g. Mg2Ni).

Metal Matrix Composites (MMC). Cost is the main problem for the extensive 
use of MMCs. The automotive sector has always been the main target of the MMC 
materials producers, but this market is probably the most sensitive to cost. The 
cost pressure is not so strong for the aeronautic industry but the MMCs suffer 
from a lack of standardization and reliability. The space industry is looking for 
MMCs with higher specific strength and stiffness accompanied with ductility 
above 3–6 %, and improved thermal properties. It is also important to enhance 
the corrosion behaviour of MMCs. Efforts needed to enhance the industrial use 
of MMCs should address the following issues: reduction of cost, property im-
provements particularly in toughness and ductility, fundamental research to get to 
know the relation between microstructure and properties, research in the area of 
secondary processing (recycling, machining, welding…), technology of preforms, 
development of databases, modelling and simulation, standardized (and non-de-
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structive) test procedures, guidelines to select the appropriate reinforcement / ma-
trix / process system for a given application.

Ceramic Matrix Composites (CMC). Again, cost is the main drawback for the 
extensive use of CMCs. These should be cost competitive with metals in high 
T niche applications. The main challenges ahead for these materials include: re-
duction of cost, development of models for reliable prediction of service behav-
iour and lifetime, increased T-capability (components able to work at T of up to 
1500ºC, particularly in oxidizing atmospheres), new cost efficient processing (near 
net shape approaches, high precision machining), non-destructive testing meth-
ods, development of databases with material specifications and design guidelines, 
standardization, recycling methods suitable for the reinforcing phases recovery.

Polymer Matrix Composites. This group of functional materials include Carbon 
Fibre Reinforced Composites, Thermoset Matrix Composites, and Thermo-
plastic Matrix Composites. General challenges for them all are the reduction 
of their current high cost and the optimization of secondary processing. Better 
understanding of failure mechanisms as well as research of new matrix systems, 
new hybrid polymers, or new molecular structures will contribute to widening the 
industrial applications of this type of composites. The special process technolo-
gies of Carbon Fibre Reinforced Composites with its in-situ-material-formation 
requires a particular approach for the implementation of break-through innova-
tion. The combination of liquid polymers with textile fibre architectures is a very 
much time-consuming and cost generating process. Hence, any advance leading to 
low impregnation and short reaction or solidification times will decrease the pro-
cessing cost (Figure  left). The chemical and physical control of the fibre-polymer 
interface and the reproducible adjustment of the composite properties is still one 
of today’s challenges of analytical science. Increased application of cellular polymer 
materials (open or closed foams), graded materials, and sandwich materials based 
on folded structures, should / may have essential impact on new applications of 
Carbon Fibre Reinforced Composites.
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Figure 2:  Leverage effect of process adapted polymers on the process costs.  
Source: Benteler SGL

Functionally Graded Materials (FGMs). Structural FGMs face some process- 
and design-related issues at the moment: the sintering process needs to be better 
understood, and theoretical tools and computer assisted modelling for proper gra-
dient formation should be developed. One crucial issue to produce complex geom-
etries is obtaining final parts with non-misshapen and complex geometries as well 
as with defined gradients of either composition or porosity. Upscaling of laborato-
ry processing to industry scale is pivotal too. Finally, new non-destructive testing 
methods have to be developed.  A number of general challenges related to FGMs 
for biomedical applications must be addressed: optimization of processing and 
products by making use of multiscale modelling, innovative processing methods 
leading to innovative structures made of innovative materials, manufacturing of 
biologically inspired structure able to mimic natural tissues, fabrication of mul-
tifunctional scaffolds devoted to bone and cartilage repair. Specific challenges in-
clude: development of FGMs suited for total hip replacement being wear-resistant 
on one side and strong on the other, enhanced bone-implant interfaces where po-
rous systems should ensure bone formation and high load transfer.
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Recommendations 

Priorities in the field of Intermetallics are related to the development of materi-
als, capable of enduring very high temperatures (>1500˚C) and very aggressive 
environments, such as aluminium-rich FexAly and molybdenum and niobium 
silicides. It is intended that the developed materials will have improved fabrica-
bility and exhibit good toughness. R&D in the field of MMCs will rely on the 
development of production processes enabling a reduction of cost of aluminium 
or other light metal matrix composites through, among other actions: electrodep-
osition of light metal composites from room temperature molten salts, new ma-
chining strategies for finishing operations, low cost porous preforms, modelling of 
processing / microstructure / final properties relations, application of rapid man-
ufacturing processes, effective recycling methods. Key issues in the CMCs field 
include further research on microstructure-properties relationship, development 
of new interphase materials, fibers and matrices, NDT methods, low cost ceramic 
fibres, and near net shape and lower cost production routes, improved models for 
in-service behavior and lifetime assessment, further research on the optimization 
of thermal treatments. Advances in Polymer Matrix Composites will be based on 
issues such as material and processing cost reduction (Figure 2 right), improved en-
ergy efficiency across the whole production process, optimized design, improved 
understanding of failure mechanisms and long term behavior, fully industrialized 
and automated manufacturing processes, integrated simulation tools for process-
ing and structural design, service temperature above 300C. R&D in FGMs will 
focus on improved processing routes, development of nanoscale functional gradi-
ents, production of materials with hierarchical organization for better mechanical 
performance, development of high-performance graded and multilayered coatings 
with nanoscale tailored structure, new approach to modelling and characterization 
of graded coatings, development of glass-derived scaffolds with graded porosity 
and composition for bone regeneration (Figure 2), development of functionally 
graded polymer / glass composite scaffolds for cartilage repair, full range atomis-
tic-to-macroscopic modelling.
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Figure 3:  Microtomographic reconstruction of glass-ceramic scaffold (scaffold – green, 
new phase – blue). Source: Vienna University of Technology
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Lifecycle, Impacts and Risks  
(Working Group 5)

The group looks at the issues of life cycle analysis, life-cycle “thinking” and impacts 
and risks related to the development and application of advanced engineering ma-
terials. In general, the group aligns its efforts with those of the Commission and 
Member States in order to make European resources and materials use more sus-
tainable throughout the life-cycle by encouraging the design of products that exert 
a minimal environmental and health impact.

The EuMaT WG5 “Lifecycle, Impacts, Risks” looks at the above issues from a sup-
ply chain perspective. In other words, beyond the direct and obvious impacts that 
manifest at a given point in a supply chain, impacts that occur along the entire life 
cycle are considered, i. e. from the level of primary resource extraction through 
processing, distribution, use, and eventual reuse, repair, recycling, energy recuper-
ation or disposal phases (Figure 4).

Challenges

The above goals are at the same time also the main challenges which can be sum-
marized as follows:

 � Improving the design of products and materials that exert a minimal environ-
mental and health impact

 � Improving not only the energy efficiency in the use phase, but also all significant 
environmental criteria (e. g. resource efficiency) over the entire life-cycle

 � Exploring the ways of reducing the use of hazardous substances, facilitate reuse 
and recycling and avoid unintended consequences and the recirculation of haz-
ardous substances

 � Ensuring use of qualified and agreed methods in Life-Cycle Analysis (LCA) 
of products, addressing environmental, political, social and economic aspects
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 � In particular, there is a need to develop a common methodology on the quan-
titative assessment of environmental impacts of products, throughout their 
life-cycle, in order to support the assessment and labelling of products”.

All of the factors above can mean increased risk of (a) unsuccessful innovation 
and / or (b) other unexpected risks related to health, safety, security, environment 
or business. Examples of particular practical challenges are for instance:

 � Great variety of new engineering materials for which the standards do not 
necessarily define all their global properties and acceptance criteria,

 � Great importance of local properties (e. g. in FGMs – functionally graded 
materials),

 � Lack of experience with new materials and possibilities to collect all the  
data needed (e. g. the materials designed for periods of 200,000 hours)

 � The emphasis on focused and optimized use of available, often limited,  
research resources 

 � Increased public pressure to prove that their research is yielding transparent 
and sustainable innovation, (social acceptance of innovation) and

 � Need to “sell” their research results upfront, often without certainty about  
the outcome.

 � Finding balance between precaution and risk of innovation, and a resource- 
efficient Europe

In general terms, the biggest challenge is the wide-spread acceptance of the concept 
of life-cycle thinking and its embedding into all phases of material development 
and use. Only by considering the whole life cycle, the shifting of problems from 
one life cycle stage to another as well as to other life cycles / value chains (as men-
tioned above), from one geographic area to another and from one environmental 
medium or protection target to another can be avoided. The conventional Life Cy-
cle Assessment has been consolidated as a methodology in ISO standards 14040 
and 14044. These standards concern the technical and organizational aspects of 
an LCA project providing a methodology which is divided into four phases: goal 
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and scope definition, Life Cycle Inventory (LCI); Life Cycle Impact Assessment 
(LCIA) and interpretation. The work performed at the EU level (primarily in JRC 
Ispra http://lct.jrc.ec.europa.eu) provides the further development in the direc-
tion of “Life Cycle Thinking” supported by modern tools provide the basis for 
putting LCA into practice. It is nowadays commonly accepted that the impor-
tance of the cradle-to-cradle analysis is great: limiting the analysis to just one part 
of the whole life-cycle (e. g. production) can be misleading. Performing the cra-
dle-to-cradle analysis, however, can end up as highly speculative, because reliable 
data may be scarce or missing.

Figure 4:  Life cycle approach.  
Source: UNEP / SETAC Life Cycle Management: A Business Guide to Sustaina-
bility. Paris, 2007

Recommendations

The resource-efficient Europe is one of seven flagship initiatives as part of the 
Europe 2020 strategy aiming to deliver smart, sustainable and inclusive growth. 
This flagship initiative aims to create a framework for policies to support the shift 
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towards a resource-efficient and low-carbon economy which will help to boost 
economic performance while reducing resource use, identify and create new op-
portunities for economic growth and greater innovation and improve the EU’s 
competitiveness. The initiative will also ensure security of supply of essential re-
sources, help the fight against climate change and limit the environmental impacts 
of resource use.

In terms of practical work of EuMaT and EU priorities, the priorities would be:

 � Identification, mapping and monitoring of the risks related to R&D gaps, 
overlaps and nexus (“nexuses”)

 � Identification and monitoring of emerging risks (luring risks in innovations 
and acceptance of the technology)

 � Optimizing of the R&D strategy with respect to possible “Future  
Global Shocks” (LCA as a part of long-term, global sustainability), link to 
strategic national R&D

 � Mapping of resources in order to be able to optimize them and find the  
optimal match with the needs 

 � Manage the relationship between the LCA and Innovation Risk Management, 
on one side, and shortening of the product life cycle on the other side.

According to WEF in the are area of materials development, the time from discov-
ery in the lab to deployment in the marketplace has remained long, generally 10 to 
20 years. This is illustrated across a number of examples in Figure 5. A number of 
factors can influence the duration of R&D lifecycles, such as lack of transparency 
into end-market needs, focus on developing entirely new molecules, internally ori-
ented development processes, and insufficient technical capabilities. Furthermore, 
inadequate financial modelling may not justify the investments in development 
and high turnover among middle and high-level management leads to inconsistent 
decision-making. The collaborative research can and will decrease R&D timing by 
providing access to the required advanced technical equipment and most knowl-
edgeable experts. When materials first enter the market, they are often not used to 
their full potential. For example, lithium ion batteries were initially developed in 
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the mid-1970s and then entered into the market at scale in the mid-to-late 1990s, 
but they have only recently been fully integrated into electric vehicles. A frame-
work potentially accelerating the feedback loops by bringing the actors closer and 
more aligned to the system’s objectives, and not their own is therefore needed, also 
at the EU level. Integrating additional elements, such as end-user needs and busi-
ness models, will to increase this impact.

Figure 5:  Expected shortening of future lifecycle  
Source: WEF, World Economic Forum 2016 Advanced Materials Systems 
Chemistry and Advanced Materials (Industry Agenda)
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Materials for ICT Mobile and  
Autonomous Devices (Working Group 6)

Communicating and autonomous devices are already present in practically every 
aspect of our everyday life, and this trend will be amplified in the years to come: 
our houses and apartments, our vehicles, our clothing (not only in their pockets 
but also as embedded devices) will all be concerned. This requires materials that 
have very specific functionalities to allow for miniature and low consumption de-
vices, buy that can also resist very different operating conditions. Both the transfer 
of information to and from these devices and the management of the energy re-
quired to power them as well as measurement and actuation functions are con-
cerned: sensors, micro-actuators and micro-motors, transmitters, receivers, data 
processing and analysis, energy storage, conversion, harvesting of light, vibrational 
and thermal energies. EU has major industrial players in this field as well as aca-
demic teams who have the expertise required to develop the new generations of 
functional materials that will allow the devices of tomorrow to be designed.

Challenges

Health & Well-Being

Wearable or implantable autonomous devices such as hearing aids, pacemakers and 
novel implantable devices that are currently being developed, for instance to treat 
several brain pathologies, require new materials whose functionalities allow to en-
sure functions such as sensing, actuation, energy conversion, energy harvesting, 
energy storage and / or data transmission. Such novel materials need to be easily 
miniaturised and integrated with other more classical materials and the structures 
they are integrated in need to be biocompatible. Materials that combine several 
functionalities such as piezoelectric, electrocaloric, thermoelectric, ferromagnetic 
or semiconductors (particularly high bandgap) are key elements in such devices. 
New materials with higher energy density and lower dissipation than currently 
available ones are required to answer these needs.
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Food Security, Sustainable Agriculture and Forestry, Marine

Novel sensor systems that can be used to ensure safety of food and to monitor 
transformation process of food and other agriculture products are a major issue 
for safe and durable supply both for human and animal needs. These systems need 
to be able to transmit data without wiring and in some case to be autonomous. 
Functional materials that can combine sensing with other functions such as energy 
harvesting and energy conversion need to be developed for these applications.

Figure 6:  Left: portion of hybrid circuit, right: nanostructured porous GaN.  
Source: GREMAN Laboratory

Secure, Clean and Efficient Energy 

Whenever energy is concerned, which is the case in practically all human and in-
dustrial activity, conversion to or from electricity is required. Materials that can 
convert energy (from electrical to electrical, from mechanical / thermal / electro-
magnetic to electrical or vice-versa) with high energy density and minimum ener-
gy losses are at the centre of devices. In particular, with the increasing number of 
mobile devices, efficient management of small quantities of energy is becoming a 
limiting factor. For instance, some high performance smart phones have autono-
mies of a single day. Novel and improved materials that can harvest and / or store 
and / or convert energy with higher efficiency will allow increased autonomy and 
to support even more diverse applications within these mobile devices.
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Figure 7:  Left: ZnO nanostructures, right: micro-inductor on porous Si substrate. 
Source: GREMAN Laboratory

Smart, Green and Integrated Transport

Smart transport is only possible if reliable measurements from a large number of 
sensor systems are available to inform IT of the current status of the vehicle and its 
sub-systems. Integrated transport requires that data should also be exchanged be-
tween different vehicles and between each vehicle and the external environment. 
Finally, green transport requires particularly precise sensing to optimise energy 
consumption and reduce pollution. Actuators with quick and precise response are 
also needed here. Functional materials, among which piezoelectric, allow address-
ing many of these challenges, at the condition that their performance is improved 
and their resistance to harsh environments as well as lifetime are improved. These 
materials are also the basis for non-destructive testing systems, thus improving the 
safety of transportation.

Climate Action, Environment, Resource Efficiency and Raw Materials

The functional materials that are at the centre of this WG can be critical in order to 
improve energy efficiency, and thus reduce effects on the environment of the use of 
natural resources. This concerns energy management and conversion systems (low 
dissipation, high energy density) as well as sensors and actuators. Developing devic-
es without using hazardous chemicals and that can easily be recycled requires the 
design of novel functional materials based on low-cost environmentally-friendly ma-
terials having performance at least comparable to currently available compositions.
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Secure societies – Protecting freedom and security of Europe and its citizens

Many types of sensors that are required to detect very small concentrations of 
chemicals such as narcotics, hazardous molecules or explosives need to be devel-
oped, and existing sensor systems need to have higher sensitivities (to lower their 
detection threshold), to be less sensitive to external perturbations and to be able 
to regenerate quickly after a detection in order to be able to stay functional at all 
times. The functional materials targeted in this WG are not only a key element of 
such sensing systems, but can also be used to power them through harvesting of 
energy in the environment (vibrations, heat, light).

Recommendations

Focus should be on the development of materials - and the technologies to process 
them as well as the demonstration of their applicability – that combine multiple 
functionalities and properties that allow them to be used in practical conditions, 
biocompatible or at least environmentally-friendly, flexible, stretchable, tempera-
ture-resistant, shock-resistant. The multiple functionalities are required to allow 
information transmission (inward and outward), sensing, actuation, energy har-
vesting, energy management and storage.
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Biomaterials (Working Group 7)

Th e EuMaT activity on Biomaterials is part of a wider context, where other rel-
evant technological platforms and organization (NanoMedicine, EpoSS, Textile 
ETP, SusChem, ESB) are involved. EuMaT, through its WG7, intends to contrib-
ute to establish a full synergy with these platforms. Th e development of biomate-
rials with a precise design of structural and functional properties could give a new 
burst to the biomaterials industry and allow material engineers to gain a central 
role in this arena. 

Challenges

Th ere is clear evidence of a stable increase of the biomaterials market for the next 
fi ft een years. Th e US biomaterials market represents € 10 billion and is growing at 
the rate of 20 % per year. Europe comes second, with a market of € 7 billion. Th e 
world market is about 5 times the European Market. 

Figure 8:  Global Biomaterials Market Size, by region, 2015–2020.             . 
Source: Centre for Advanced Materials and Biomaterials Research, Insti-
tute of Biomaterial Science, Centre for Biomedical and Biomaterials Re-
search, Institute of Biomaterials and Bioengineering, Biomaterials Re-
search Center (BRC), Expert Interview, and MarketsandMarkets Analysis
Note: The size of the bubble chart depicts the market size (USD billion) in 
2015.
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Figure 9:  European coronary stent market by type 2008–2017. 
Source: http://blog.mediligence.com/2009/07/23/european-
coronary-stent-market/

Figure 10:  Global tissue engineering market. *projected. 
Source: MedMarket Diligence. Source: Beth Schachter, Nature Biotechnology, 
32, 736–741 (2014)
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The cardiovascular devices segment is the largest one. North America holds the 
largest market share, followed by Europe, with drug-eluting stents dominating 
the market. Despite of growth in drug-eluting stents and the introduction of ab-
sorbable stents, the relative share of bare metal stents still remains on a high level 
with tendency to new metallic materials. Growth in the overall urological device 
market will be driven by improved diagnosis rates, particularly for prostate can-
cer and benign prostatic hyperplasia (BPH). Due to new treatments this market 
is expected to grow more than $5.4 billion. The Tissue Engineering approach 
has attracted the attention of big pharma and venture capitalists. Stem cell-based 
products and combination products (cells + biomaterials) are expected to heavily 
enter the market in the next years. However, the successful applications of conven-
tional biomaterials, as well as of biomimetic, bioresponsive and bioactive bioma-
terials, still suffer of limitations related to the following issues: longevity, toxicity 
of degradation products, tuneability of surface properties at the nanoscale, batch-
to-batch reproducibility, poor mechanical properties, risks of transmittable diseas-
es, manufacturing costs / availability of bioactive moieties and functional groups, 
difficulties in targeting, adaptability to minimally invasive procedures, limited 
funding of clinical trials and ethics approval, regulatory issues, penetration of the 
conservative clinical market. A number of general challenges need to be addressed 
taking into account the increasingly complex pathologies linked to an ageing pa-
tient population: development and / or improvement of biomaterials with perfect 
bio / hemo-compatibility, reduced cost and invasiveness, increased durability and 
lower the risk of rejection, life-long mechanical resistance in critical clinical con-
ditions. The future of the biomedical sector significantly depends on the develop-
ment of novel biomaterials able to offer clinical solutions for high societal impact 
pathologies. Highly performing medical implants, drug delivery carriers and bio-
specific diagnostics and nanomaterials for the diagnosis and treatment of cancer 
will be increasingly required for the early diagnosis, treatment and monitoring of 
diseases linked to ageing and life style. Innovative multifunctional nano-materi-
als (MNM), able to promote simultaneously diagnosis and therapy (theranostics) 
will be highly demanded. Enhanced performance materials for MIS (Minimally 
Invasive Surgery) approaches, new multifunctional and bioactive materials for re-
generative medicine, tissue engineering and drug delivery can be developed. The 
incorporation of bioactive products into intelligent combined devices for specific 
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local implantation can evaluate and improve the delivery of active or proactive sub-
stances for the cure of disease and deficiencies, with a biomimetic approach.

Recommendations 

Priorities in the field of Orthopedic / Dental implants and bone tissue engi-
neering are related to the development of innovative biomaterials with improve-
ment of the long term stability and biocompatibility, reduction of the risk of in-
fections and improvement of the soft tissue contact in transdermal applications. 
The goal can be reached by new surface designs, functional coatings, chemical and 
topographical modifications from the micro- to the nano-scale, surface function-
alization, custom-made implants. Furthermore, the use of composite materials and 
the improvement in wear behavior is in the focus of interest, too. It is expected 
to improve the concept of multifunctional stimuli-responsive biomaterials for the 
treatment of bone and cartilage diseases, aiming to join different therapeutic func-
tions in a single device (improved bone stability, biocompatibility, osteo-integra-
tion, ability to induce bone healing, bioresorbability, antibacterial, antioxidant, 
anti-inflammatory, anticancer activity). Restorative dentistry aims at proposing 
optimized and minimally invasive restoration techniques and restorative bioma-
terials, bio-inspired restorations and new ways of producing dental restorations 
such 3D printing process, in order to preserve biological tissues and increase resto-
rations durability. Key issues in the cardiovascular field (reparative and substitu-
tive surgery) are the development of new coronary stents, heart valves and vascular 
prosthesis. Main research priorities can be individuated in the design of higher 
strength bare metal stents, of multifunctional and targeted drug eluting stents, and 
of heart valves or vascular prosthesis that can be implanted using Minimally In-
vasive Surgery (MIS), as well as in the development of regenerative therapies for 
in vitro and in vivo tissue engineering (cardiac patches, injectable gels containing 
micro- or nanoparticles for controlled release, smart functionalization strategies, 
surface tailoring, control of the mechanical and rheological properties). A focus of 
the R&D activity for more performing urological devices will be based on surface 
modification (anti-fouling, antibacterial) of available biomaterials with integrat-
ed electronic components, on the development of biomaterials able to regenerate 
the damaged tissues and on the optimization of minimally-invasive surgical pro-
cedures. Likewise, the R&D in the field of ophthalmological devices will rely 
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on the optimization of biomaterials surface properties (anti-fouling, antibacterial, 
anti-inflammatory, selective interaction with cells, control of angiogenesis) not yet 
fully exploited by the European industry. The R&D on wound dressings (quite 
stationary over the past 20 years on antibacterial biomaterials, while ensuring ox-
ygen permeation and wound exudates absorption) moved recently to bioactive 
biomaterials able to contribute also to wound healing. The innovation in dermal 
substitutes (up today limited to collagen and proteoglycans) will widen the sce-
nario including not conventional biomaterials (bioactive glasses with or without 
polymer components). The development of biomaterials for targeted drugs de-
livery and diagnosis is required to support the research against pathologies such 
cancer, cardiovascular and neurological diseases. Research projects are currently 
in progress where the biomaterials are coupled to the concept of magnetic drive 
and stimuli responsive activation (i. e. injectable delivery systems, magnetically 
and -optically active nanocapsules able to carry and release specific payloads, im-
mune-stealth materials). Industrial investment will be required to have drug-spe-
cific carriers developed that can simultaneously overcome biological barriers and 
reach the targeted tissue with more efficiency.
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Raw Materials (Working Group 8)

Non-energy and non-agricultural raw materials underpin the global economy and 
our quality of life. They are vital for the EU’s economy and for the development of 
environmentally friendly technologies essential to European industries. However, 
the EU is highly dependent on imports, and securing supplies has therefore be-
come crucial [ERA-MIN Research Agenda, 2013]. Moving from the traditional, 
linear ‘make, use, dispose’ economy to a circular economy requires increased re-
use, remanufacturing and recycling of products. This is an important aspect of the 
EU’s strategy to ensure the security of supply [EIP Raw Materials Scoreboard, 
2016]. Advanced material technologies are key to sustainable resource use. More-
over, advanced material technologies enable new business concepts that support 
the emerging circular economy. 

Challenges

Resource efficiency, substitution of critical materials, and recycling of waste 
streams will be essential in the future manufacturing and processing value chains 
within a materials constrained world. Advanced material technologies play a vast 
yet largely unexplored role in this domain.

In technological terms, this translates in advanced engineering materials and tech-
nologies for optimal resource use, substitution of critical materials, metal recovery 
and recycling of waste streams. As such, advanced material technologies are key to 
sustainable mining and recycling, to feed and close cascaded material and product 
cycles in a viable, growing circular economy. And more than that, advanced materi-
al technologies enable new business concepts that support the circular economy in 
the shorter closing of material and product loops, such as product-service systems 
and product sharing, by manufacturing stronger, modular, products with embed-
ded sensors and data communication that can be monitored and upgraded. 
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Figure 11:  Circular economy scheme.  
Source: Walter R. Stahel, Circular economy, A new relationship with our 
goods and materials would save resources and energy and create local 
jobs, NATURE, Vol. 531, 24 March 2016

Recommendations

Advanced material technologies play a vast yet largely unexplored role in the raw 
materials area. The EuMaT Raw Materials WG8 will act as the leading forum to 
contribute to the debate about the key role of advanced material technology, pro-
viding market and science based, realistic solutions for the EU manufacturing and 
processing industries. We will explore opportunities in collaboration with the cur-
rent major actors defining the raw materials research agenda. 
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The KIC EIT RawMaterials has defined five so-called Lighthouse priority themes 
where research and innovation is needed: 

 � Going beyond discoveries (exploration)

 � Mine of the future

 � Circular industry

 � Circular cities

 � Materials for modern mobility

The multiple opportunities for advanced material technologies in resource effi-
ciency (circular industry) and the circular economy (circular cities) are explained 
higher. In exploration and mining as well, material technology accelerates inno-
vation in tools, equipment, machinery, methods, processes and services to enable 
mineral processing under severe conditions (like sea bed) with limited environ-
mental impact and superior safety performance. Needless to add that lightweight 
and electric mobility brings several material engineering challenges regarding 
product performance, manufacturing efficiency, substitution, and resource effi-
ciency: from new materials for batteries and super-capacitors with reduced weight 
and increased capacity, to composites, natural rubber substitutes, light metallic al-
loys, powder materials for 3D-printing and reinforced ceramics.

The VERAM project, funded under the European Union’s Horizon 2020 pro-
gramme, aims to provide an umbrella and coordination function for the raw mate-
rials related research and innovation activities across Europe, in order to produce a 
common long term vision and roadmap to 2050 for the most relevant raw materi-
als, including metals, industrial minerals, aggregates and wood.

The project encourages capacity building as well as transfer of knowledge and in-
novation capability. It co-ordinates the network of people involved in the different 
Horizon 2020 and other projects and initiatives and provides a platform for iden-
tifying gaps and complementarities to bridge these.
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VERAM targets a vision and associated R&D&I research agenda and roadmap for 
raw materials with time horizon 2050 and intermediate milestones in 2030, in col-
laboration with stakeholders across the entire value chain, including the EIP Raw 
Materials and the European Technology Platforms among them EuMaT as Ad-
vanced Engineering Materials and Technologies representative. Strategic research 
issues involving advanced material technologies will thus be taken-up by EuMaT.

In the Appendices of this EuMaT SRA update, the role of advanced engineering 
materials and technology in the raw materials area is elaborated more extensively. 
Moreover, representative cases on the use of advanced material technologies for 
sustainable materials management are highlighted, with the aim to trigger research 
and innovation ideas & activities in this exciting field.
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