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The Foundation Entwicklungsfonds Seltene Metalle, ESM 

(Foundation for Rare Metals) has held in 2011 a first 

workshop to discuss the criticality of metals and materials 

at the World Resources Forum. The first workshop was 

entitled “Less common elements – political risks, techni-

cal potentials, economic impact“ and reflected opinions 

and trends from industrial stakeholders on circular econ-

omy with respect to strategic resources including state 

of the art of recycling critical materials, requirements 

of the Swiss industry and the needs for „above ground 

mines“. In 2013, ESM has continued the series of work-

shops again with speakers from industry and from aca-

demia discussing the (potential) use of critical materials 

for energy applications, starting from resource efficiency 

and, discussing requirements, criticality of strategic met-

als, economic systems and substitution potentials. 

The third ESM workshop in series in Davos will discuss 

amongst others supply and quality risks due to critical 

metals under economical as well as ecological and social 

aspects. Two challenges have been discovered during the 

last about 20 years : (i) the European industry has out-

sourced more and more production steps in emerging 

markets and (ii) materials and components for products 

are supplied by companies in various places of the world. 

In case of critical materials used for components or final 

products, supply chain interruptions due to political or 

regulatory risks in countries that are major producers of 

such materials may occur and may severely impact the 

market. In addition, the lack of diversity in producers 

and demand from competing technologies reduces the 

monitoring of materials composition and processing over 

the value chain and may affect their quality. Strategies 

to allow more insight in the critical materials flow from 

raw material also towards recycled products are needed. 

The “Circular flow economics” model may be used to 

depict the critical materials in the whole market system 

and value chain. Also needed are data management of 

information about such materials at the various stages 

of a product for a better monitoring of the value, and 

improvement of production design for a more efficient 

use of such materials would be desirable. 

The workshop sessions will discuss strategies to identify 

the influence of “critical materials” on European inno-

vative products, monitor their life cycle, and possibilities 

to reduce critical materials by better design, substitution 

and recycling opportunities. Regulations and environ-

mental friendly solutions for the use over the whole value 

chain and possibilities to ensure a responsible sourcing 

will be another topic. Further to this, it is necessary to 

know more about the product for deciding for an appro-

priate end-of-life strategy, also regarding the “pre-paid” 

recycling system by the legal framework of each country. 

The third workshop of ESM at the WRF tackles technical, 

legal and societal challenges with well-known speakers 

from industry, trade associations and non-governmental 

organisations and will take the time to discuss a strategy 

on how to benefit from a monitoring system which may 

reduce problems with critical materials.

A “criticality debate” in the late afternoon will bring 

different stakeholders together and lead to a position 

paper summarizing different approaches and making rec-

ommendations for a criticality assessment method that 

meets industrial needs. 

ESM Workshop and Criticality Debate 
at World Resources Forum Davos
October 13, 2015
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Workshop : Handling critical materials – resource strategies, value chains and their impact

Morning Session : Workshop, Part 1
Chair : Margarethe Hofmann, ESM/MatSearch

Time Invited Speaker Topic

8 :00 – 8 :15 Dr. Bruno Walser
President ESM

Welcome

Keynote talk 

8 :15 – 8 :50 Prof. Tom Graedel
Yale University

„Defining and determining criticality“

Product Life Cycles

8 :50 – 9 :20 Dr. Hans-Jörg Althaus
Lifecycle Consulting Althaus

„Critical elements and their impact on a circular flow 
economy“

9 :20 – 9 :50 Dr. James Goddin
Granta Design

„Critical, conflict and strategic materials risks“

Noon Session : Workshop, Part 2
Chair : Christian Hagelüken, ESM/Umicore

 Strategies and perspectives

12 :30 - 13 :00 Karsten Schischke
Fraunhofer IZM

„Product design for the efficient use of critical ma-
terials : the case of mobile information technology 
devices“

13 :00 - 13 :30 Prof. Gerhard Sextl
Fraunhofer IWKS and University  
of Würzburg

„Critical elements – strategies and advanced techno-
logies for closed material loops“

13 :30 - 14 :00 Willem Bulthuis
Business Angel and Digitization Advisor

„Mobilising industry to act on material criticality – 
how other domains can inspire concrete actions“

14 :00 - 14 :20 Final Discussion

ESM Workshop
Program Tuesday, October 13
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Afternoon Session : Expert debate  
on “What is materials criticality and how can it be assessed”
Moderation : Alessandra Hool, ESM / MatSearch

Time Invited Speaker / Participants Topic

16 :30 Alessandra Hool
ESM / MatSearch

Introduction

Keynote talk 

16 :40 Prof. Gian Andrea Blengini  
Prof. Jo Dewulf
European Commission DG JRC

„EU methodology for criticality assessment“

Plenary Discussion

17 :00 Prof. Armin Reller, University of Augsburg
Dr. Luis Tercero Espinoza, Fraunhofer ISI
Prof. Tom Graedel, University of Yale
Dr. Hans-Jörg Althaus, Lifecycle Consulting 
Althaus
Dr. James Goddin, Granta Design
Dr. Patrick Wäger, Empa
Dr. Christian Hagelüken, Director EU Go-
vernment Affairs Umicore
Prof. Gian Andrea Blengini / Prof. Jo 
Dewulf, European Commission DG JCR
Willlem Bulthuis, Business Angel and Digi-
tization Advisor

19 :00 WRF Gala Dinner

ESM Workshop
Program Tuesday, October 13
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Prof. Dr. T. E. Graedel
Center for Industrial Ecology, Yale University

Thomas Graedel is Clifton R. 

Musser Professor of Indus-

trial Ecology in the School 

of Forestry and Environmen-

tal Studies, Yale University. 

His research is centered on 

developing and enhancing 

industrial ecology, the organizing framework for the 

quantifi cation and transformation of the Anthropocene. 

His textbook, Industrial Ecology and Sustainable Engi-

neering, coauthored with B. R. Allenby, was the fi rst book 

in the fi eld and is now in its third edition. His current 

interests include studies of the fl ows of materials within 

the industrial ecosystem, and of evaluating the criticality 

of metals. He was elected to the U.S. National Academy 

of Engineering in 2002 for “outstanding contributions 

to the theory and practice of industrial ecology”, and 

is a member of the UNEP International Resource Panel. 

He recently chaired and coauthored the U.S. National 

Research Council report on Linkages of Sustainability in 

the Federal Government.

Defi ning and Determining Criticality

Potential resource scarcity is increasingly in the news – lith-

ium, indium, rare earths, and so forth. The stories typi-

cally identify one or more metals as “critical” and then go 

on to discuss issues that challenge availability. However, 

determining criticality has been a complex and sometimes 

contentious challenge ever since the topic was introduced 

early in this century. Criticality evaluations have been pro-

duced for the world, for countries, for regions, and for cor-

porations. They tend to show a discouraging divergence of 

the elements designated as critical or not. Why is this the 

case, and can the situation be improved ?

To explore criticality determination from and enhanced per-

spective of rigor and breadth, a comprehensive methodol-

ogy has been developed by Yale University and applied to 

62 elements of the periodic table. Factors that have been 

considered include aspects of geology, geopolitics, regula-

tory structures, environmental implications, substitutabil-

ity, import dependence, and others. All of the results have 

been published in the peer-reviewed literature, with full 

disclosure of data in the appendices of the papers.

This presentation will present the results of these assess-

ments by discussing a number of criticality-related aspects 

across the periodic table of metals. Properties leading to 

relatively high criticality are identifi ed, but it is demon-

strated that no single list of “critical metals” can be derived. 

It is also of note that criticality is a dynamic property – 

mines open and close, material demand evolves, recycling 

becomes more effi cient, etc. As a consequence, periodic 

reassessment of criticality will always be needed.

Dr. Hans-Joerg Althaus
Lifecycle Consulting Althaus

Dr. Hans-Joerg Althaus is 

an internationally renowned 

expert in Life Cycle Assess-

ment (LCA) who holds a 

M.Sc. in Material Science 

and a Ph.D. in Environ-

mental Science, both from the Swiss Federal Institute of 

Technology in Zurich (ETH, Switzerland). He works as an 

independent consultant with Lifecylce Consulting Althaus. 

From 2014 to 2015, Hans-Joerg lead the development of 

a resource strategy for the swisscleantech business associ-

ation. While working for the Technology and Society Lab 

Information about the speakers
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at Empa, Hans-Joerg was deeply involved in the develop-

ment of the ecoinvent database where he was Empa’s 

representative in the expert group for more than 10 years 

and responsible for almost 1000 datasets. His research 

focused on improving the LCA methodology and the cor-

responding data basis in the fields of basic materials, built 

environment, energy systems and mobility by applying var-

ious modelling approaches to take into account temporal 

dynamics, spatial resolution and actor’s behaviour. 

Hans-Joerg is still involved in ecoinvent as an editor for 

metals and noise, authored more than 25 peer reviewed 

scientific publications and belongs to the editorial board 

of the International Journal of Life Cycle Assessment.

Critical Elements in a Circular Economy : 
sustainable use of natural resources ?
Thesis 1 : Circular Flow Economy is just a matter  

of how much energy one is willing to invest.

Only very few applications (e.g. nuclear power conver-

sion) irreversibly destroy the raw materials they use. Most 

uses transform the materials chemically (e.g. from iron 

oxide to iron, from raw oil to polyethylene,…) in a revers-

ible reaction and / or change the concentration of the 

materials. Thus, no matter how they are used, materi-

als can (theoretically) be recycled and elements can be 

regained to 100%. The energy demand for closing mate-

rial cycles obviously depends on product design and use 

and on recycling technologies. But in any case, energy 

demand will rise with rising recovery rate. Recovering the 

first 80% of a material used might need 20% of the total 

energy while recovering the remaining 20% of the mate-

rial needs 80% of the energy.

Thesis 2 : 100% Circular Flow Economy is not a 

sustainable option. 

From a perspective of sustainable use of natural raw 

materials, 100% circular flow seems to be the goal. But 

this is not true from a perspective of a sustainable use of 

natural resources. Natural resources encompasses more 

than raw materials. According to most definitions, natu-

ral resources includes everything that nature provides and 

humans use or even might use in the future : Besides raw 

materials this encompasses water and land but also solar 

energy and many ecosystem services like soil fertility, cli-

mate stability or regeneration of top soil. Since the com-

position of the atmosphere is key to climate stability, this 

can be regarded as a natural resource. The same is true 

for biodiversity which is needed to keep a natural balance 

in the ecosystems. Providing energy needs land, water 

and materials and it directly or indirectly emits green-

house gasses and pollutants. In other words, providing 

energy, no matter how, consumes natural resources. The 

rising energy demand with rising recovery rate of mate-

rials thus translates to more natural resources consumed 

with more raw material recovered. As always in this kind 

of trade-off situations, the optimum is not at 100% 

recovery rate but below. Where exactly it is depends on 

how the energy is provided and therefore on the geo-

graphic region and, if we are looking into a future with 

changing energy systems, on the time.

Thesis 3 : Material criticality will be solved  

by existing market mechanisms. Natural resource 

criticality won’t !

If concerns about potential criticality of certain materials 

rise, markets react and prices go up. This stimulates the 

exploration of new primary and secondary sources and / 

or substitution of the material. That’s why mineral reserves 

usually increase year by year despite rising demand.

This is not the case for natural resources other than raw 

materials. GHG emissions, land and water use and biodi-

versity loss kept rising at increasing rates despite growing 

awareness of and global initiatives to mitigate the critical-

ity of those natural resources.

Thesis 4 : Material criticality cannot be addressed 

properly without internalisation of external costs !

Strategies to address material criticality have to include 

— or even need to focus on — other natural resources. 

Optimal solutions (from a holistic point of view) can only 

be determined by comparing advantages concerning 

some natural resources and disadvantages concerning 

others. Such comparisons demand for a common indica-

tor for all natural resources. Given the diversity of natural 

resources, there is no better common denominator than 

a monetary value. Thus, despite all pitfalls and difficulties 

in determining external costs, this seems to be the best 

way to compare apples and pears, especially since the 

inclusion of the externalities would amend the problem 

outlined in thesis 3.
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Dr. James Goddin
Granta Design 

James Goddin is the Collab-

orative Programme Manager 

and team lead for collabo-

rative research and devel-

opment projects at Granta 

Design, the world’s leading 

materials information tech-

nology experts.

Based in Cambridge, UK, James is a Fellow of the Institute 

of Materials, Minerals and Mining (IOM3), a Chartered 

Engineer and a Chartered Environmentalist. He represents 

Granta on various strategic industry and high level working 

groups, technical committees and standardization bodies 

within the materials domain in order to drive innovation, 

develop road-maps and shape new and emerging technol-

ogies in advanced engineering sectors, examples include :

• Metallurgy Europe, Industrial Board.

• European Rare Earths Competency Network (ERECON).

• European Innovation Partnership on Raw Materials.

• Ellen MacArthur Foundation, Circular Economy 100.

• Design for Environment Working Group (ADS).

• Hazardous Materials Working Group (ADS).

• Materials & Structures National Technical Committee.

• Sustainable Development Working Group (IOM3).

• BS8905 “Framework for the Sustainable use 

of Materials”.

His team specialises in developing and managing the deliv-

ery of collaborative R&D programmes, including Euro-

pean Framework, InnovateUK and LIFE+ funded projects 

covering various sectors including aerospace, automotive, 

energy, medical devices and consumer products. Project 

areas include :

• Collaborative materials information management.

• Identifi cation of critical material and confl ict mineral 

risks.

• Coatings and substitution of banned substances 

(REACH, RoHS..).

• Resource effi ciency, eco-design and the circular economy.

• Integrated Computational Materials Engineering (ICME).

• Additive manufacturing.

• Advanced metallurgy.

• Composites.

Critical materials and confl ict minerals –
business led approaches to the 
identifi cation and management of risk.

For many companies understanding and responding to the 

environmental impacts of their products and operations is 

rising up the business agenda. Business drivers include :

• Legislation on energy consumption, hazardous sub-

stances and confl ict minerals.

• Volatile material and energy prices.

• Product marketing, brand value and Corporate Social 

Responsibility.

• Stimulus for product innovation and a transition to a cir-

cular economy.

Despite these signifi cant and growing pressures, many 

companies have not yet been able to implement systems or 

tools to effectively manage the environmental issues asso-

ciated with the products they develop.

It is acknowledged that approaches such as Life Cycle Assess-

ment (LCA) generally require signifi cant knowledge and 

expertise, both to perform the analysis and to understand 

the results. Furthermore, the LCA approach is substantially 

divorced from product development activities as it is gener-

ally applied at the end of the product development process. 

This results in poor engagement of designers and engineers 

with environmental issues and a general lack of support (or 

capability) to address these issues within the organization.

Similar challenges also exist for critical materials where lists 

of critical elements that have been produced in order to 

advise broad economic and trade policies continue to be 

inappropriately applied in an attempt to guide the more 

specifi c technical, commercial and supply chain require-

ments of individual businesses seeking to identify and miti-

gate these potentially very signifi cant supply chain risks for 

their products. 

This presentation will review facets of several on-going, 

industry-based projects that are attempting to overcome 

these implementation barriers by adopting a more product 

specifi c, risk-based approach to the management of product 

sustainability issues, the identifi cation of product specifi c sup-

ply chain risks from critical/confl ict materials and restricted 

substances, the substitution of materials and the design of 

products incorporating Circular Economy principles.



ENTWICKLUNGSFONDS SELTENE METALLE

9

Karsten Schischke
Fraunhofer Institute for Reliability and Microintegration (IZM)

Karsten Schischke is Group 

Manager Environmental 

Evaluation and Optimiza-

tion at Fraunhofer Institute 

for Reliability and Microinte-

gration (IZM), and received 

his degree in environmental engineering from Technis-

che Universität Berlin. Following a job at a waste man-

agement consultancy company he is with TU Berlin and 

Fraunhofer IZM since 2000. In 2005 he was manager of 

the EU Ecodesign Awareness Raising Campaign. Karsten 

has worked on numerous projects for industry clients, such 

as Sony, Better Energy Systems, Fujitsu and Philips, and is 

frequently reviewing Life Cycle Assessment studies. Since 

2006 he was involved in ecodesign studies for the Euro-

pean Commission on external power supplies, battery 

chargers, televisions, complex set-top boxes and machine 

tools, preparing measures under the European eco-Design 

Directive. He coordinated the large European project LCA 

to go (2011-14), where he also lead research work on elec-

tronics products, passive components, sensor systems and 

photovoltaics, and mentored numerous small and medi-

um-sized enterprises on environmental assessments. Cur-

rently he coordinates the European Horizon 2020 project 

CloseWEEE (2014-18) on post-consumer plastics recycling 

for new electronics products, battery recycling and product 

dismantling. One of his main research topics is the imple-

mentation of eco-design principles in laptops, tablets and 

smartphones.

Product design for the efficient use 
of critical materials : The case of mobile
information technology devices
The content of critical and valuable material is manifold in 

todays’ electronics devices. The recycling industry can do a 

lot to achieve high recovery rates of some of these materi-

als, but product design has to play at least a similarly impor-

tant role : An efficient use of materials begins with a long 

product lifetime, which can be achieved by ruggedized 

devices, enhanced repairability, hardware and software 

upgradeability, and reusability of parts and components. 

To support by design the separation for a better material 

recycling is the final option in this chain of design decisions.

Based on insights into current product design of mobile 

information technology devices and some latest product 

concepts following a modular design the presentation will 

discuss individual design features from the perspective of 

an efficient use of critical materials. Tablet computers have 

been disassembled at Fraunhofer labs to assess the disman-

tling features of these devices (Schischke, Karsten ; Stobbe, 

Lutz ; Scheiber, Sascha ; Oerter, Markus ; Nowak, Torsten ; 

Schlösser, Alexander ; Riedel, Hannes ; Nissen, Nils F. : Dis-

assembly Analysis of Slates : Design for Repair and Recy-

cling Evaluation, Berlin, 2013). According to these analyses 

the material content of tablet computers sold worldwide in 

2013 includes 20,000 tonnes of Li-ion batteries with a sig-

nificant content of cobalt and graphite, 10,000 tonnes alu-

minium, but also in other devices a total of 2,000 tonnes 

magnesium (Schischke, Karsten ; Nissen, Nils F. ; Stobbe, 

Lutz ; Oerter, Markus ; Scheiber, Sascha ; Schlösser, Alexan-

der ; Dimitrova, Gergana ; Genz, Paul ; Lang, Klaus-Dieter : 

Ansätze zur stofflichen Verwertung von Tablets aus Sicht 

des Produktdesigns, Recycling und Rohstoffe, Band 7, ISBN 

9783944310091,Neuruppin, TK Verlag, 2014). One of the 

major findings of the Fraunhofer disassembly study, which 

was co-financed by the Green Electronics Council, was 

the distinction of two main tablet archetypes : Those with 

an aluminium housing and those with a plastics housing, 

which usually achieve the required stiffness by an inter-

nal magnesium frame. About 5,000 tonnes of high-grade 

printed circuit boards made it into the roughly 200 million 

tablets sold worldwide in 2013. Keeping these materials 

in use for long and recycling a major share thereof at high 

material recovery rates is challenging. Although a general 

trend can be observed, that tablets are difficult to recy-

cle, there are also some promising design options found 

among individual brands. One key aspect to enable a bet-

ter dismantling is to make information available to recy-

clers about the most appropriate dismantling strategy. The 

Horizon 2020 project CloseWEEE currently develops such a 

Recycling Information Center (RIC) platform and the pres-

entation will give an insight into the usefulness of certain 

product information for recyclers : Providing dismantling 

staff with instant information, how to open a device rap-
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idly, which materials to expect inside a product and which 

individual steps to follow to get access to the battery and 

mainboard can help for a much better and safer fraction-

ing of tablet computers, and provides the option even to 

harvest used devices for reusable parts and components. 

The work on RIC within the project CloseWEEE is led by 

iFixit Europe. CloseWEEE has received funding from the 

European Union’s Horizon 2020 research and innovation 

programme under grant agreement No 641747.

The presentation will close with an overview of current 

modular product concepts for laptops, tablets and smart-

phones. Among these examples Product features of dif-

ferent levels of modularity will be analysed regarding their 

potential or anticipated life cycle impacts. Discussed prod-

ucts include MicroPro’s iameco D4R laptop, imasD’s Click 

ARM tablet, Google’s project ARA, the Puzzlephone by 

Circular Devices and the second generation Fairphone. The 

term “modularity” however has to be defined before dis-

cussing environmental impacts : “Modularity” starts with 

an easily removable battery and mono-material backcover 

as seen in the first generation Fairphone and other devices 

on the market. The next level is a platform, which allows 

the manufacturer to ship individually configurated units, 

such as the Click ARM tablet. The iameco D4R laptop is 

more a kind of universal shell to incorporate reuse com-

ponents. Next, modularity can mean, that the user can 

replace easily some key subassemblies (or modules) by 

himself, when a repair is needed or more powerful com-

ponents are wanted. Examples are the Fairphone 2, where 

the housing has to be opened to access individual build-

ing blocks of the smartphone, the Google ARA project, 

inspired by the earlier Phonebloks concept, where numer-

ous modules can be attached to an endo skeleton, or the 

Puzzlephone, which will be made of only three modules, 

the battery, the display and the main electronics part, all 

connected through a standardised interface. Actually, the 

Fairphone 2 seems to have solved one of the main tech-

nical contradictions found in Fraunhofer’s disassembly 

study : The Fairphone 2, according to information by Fair-

phone (Hebert, Olivier : The architecture of the Fairphone 

2 : Designing a competitive device that embodies our val-

ues, June 16, 2015, www.fairphone.com), features a high 

level of ruggedness and is at the same time easy to open 

and repair. Usually those devices, which are very robust 

also withstand mechanical force to open them for recy-

cling. Some of the aforementioned concepts also allow for 

a shared product platform and cascade reuse of modules 

in other, still demanding applications after first life, such as 

microcomputers and home automation devices. Modular 

product design however is not necessarily the most sustain-

able design option. Modularity first of all means inevitably 

more material consumption, as additional sub-housing 

and universal connectors are required, partly also a larger 

total product volume to allow for incorporation of the 

maximum potential configuration and anticipated future 

technologies. This has to pay off through a significantly 

longer use of individual devices and modules. It depends 

furthermore on the user, if the intended replacement of 

broken modules by new ones helps to keep whole devices 

in use much longer or if the user just replaces individual 

modules much more frequently to keep pace with latest 

technology features. Evidence from market surveys shows, 

that only a limited number of product replacements, i.e. 

short product lifetimes, are due to technical failures and 

much more frequently users tend to see tablets and smart-

phones as a status symbol, and as such owing latest gen-

eration devices is important to many. 

Some of these modular concepts make the step from con-

cept and prototype to market introduction in 2015 and 

if being successful, this trend might mean a revolutionary 

change to the way mobile information technology devices 

are made.
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Prof. Dr. Gerhard Sextl
University of Wuerzburg, Germany and Fraunhofer Institute ISC  
(„Institut für Silikatforschung“).

Prof. G. Sextl holds the 

Chair of Chemical Technol-

ogy of Materials’ Synthesis 

(“Chemische Technologie 

der Material¬synthese”), University of Wuerzburg, Ger-

many and Director of Fraunhofer Institute ISC („Fraun-

hofer-Institut für Silikatforschung ISC“) since 2006. From 

2004 - 2006 he was Technical Director and Member of 

Directors’ Board at Zeochem, Switzerland ; in the years 

1988 - 2004 he worked for Degussa - dmc2 - OMG - 

Umicore as Vice President R&D and Applied Technology 

at different places like Hanau-Wolfgang, Antwerpen and 

Frankfurt.

Critical elements – strategies 
and advanced technologies 
for CLOSED material LOOPs
Essential key technologies like energy systems, mobility, 

computer and information technology and also chemi-

cal process technologies are based on the use of devices 

exhibiting complicated chemical compositions, above all 

many different functional metals and materials. There-

fore more than ever, modern industries are dependent 

on the unlimited and long-term availability of all required 

strategic metallic and non-metallic elements. To sat-

isfy the growing demand on functional materials in the 

future also secondary resources out of re-manufacturing, 

re-using and re-cycling procedures will become more 

important for the continuous and stable supply of critical 

metals and materials.

The resource strategy, which is described in this presenta-

tion, is based on a comprehensive approach. Main ele-

ments are investigations into :

• sourcing processes of critical elements that are applied 

in various products,

• recycling technologies for an efficient and energy saving 

recovery of materials after use of products, for example 

in the field of electronic systems and batteries, and

• the potential to substitute critical elements in high-tech 

applications like magnets in electric engines and wind 

turbines, energy materials and luminescent systems.

Furthermore the paper describes some aspects on the 

criticality of phosphorus in the food chain, as fertilizer 

and also as recyclable component in waste water. Finally 

an overview is given on advanced sourcing technologies 

for biomaterials and urban residues.

An important issue of the resource strategy presented 

here is a new computer based material data model for 

critical elements. This model describes for each element 

the scarcity of materials, state-of-the-art sourcing pro-

cesses with regard to energy consumption and gives an 

overview on related technical applications. The material 

model will be available for industrial use and also for 

researchers and politicians quite soon. 

Also examples of advanced recycling technologies are 

presented. A novel method for the fragmentation of 

compound materials to small pieces by electrohydraulic 

processes is described as well as new chemical transport 

reactions for the selective separation of specific func-

tional materials from electronic scrap. 

In the area of material substitution modern process 

technologies for the recycling of rare earth based high 

performance magnets are shown. Examples are a hydro-

gen-based decomposition process, advanced material 

smelting and forming technologies for the production 

and advanced analytical methods on atomic scale for the 

development of new magnetic systems.
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Willem Bulthuis
Global High-Tech Executive, Business Angel, Digitization Advisor

Willem Bulthuis has worked 

in the global high-tech 

industry for 30 years, at 

companies like Philips Elec-

tronics, NXP Semiconductors, Giesecke & Devrient and 

most recently as Board Member of secunet security net-

works AG. He has held Executive Positions responsible 

for Global Marketing & Sales, Business Development and 

Innovation and has served as Group Chief Technology 

Officer. Willem has managed Innovation, Growth, Inter-

nationalization and Change Management Programs in 

industries like Consumer Electronics, Media, Automotive, 

Semiconductors, Payment, Telecom and IT Security, and 

has been based in the USA (Silicon Valley), The Nether-

lands and Germany (since 2006). 

Currently active as Business Angel, Willem has invested in 

Startups like Verso Globe (online platform for managing, 

reporting and communicating CSR programs), CrowdPat-

ent (worldwide first platform for crowdfunding of inven-

tions) and pixx.io (professional picture storage solutions). 

He also acts as Advisory Board Member and Digitization 

Advisor to established companies on topics like Industry 

4.0, Connected Car, Smart Energy and Smart Agriculture.

Mobilizing Industry to act on material 
criticality – how other domains can 
inspire concrete actions
Reducing the use of and dependency on critical materials 

and improving the circulation of such materials within the 

value chain requires concrete actions by industrial com-

panies. How can we motivate and support the manage-

ment of individual companies to take action ? How can 

we make “material criticality” an integral part of corpo-

rate Risk Management, and what can we learn from sim-

ilar challenges with e.g. cybersecurity risks ? How can we 

mobilize all stakeholders in a company to deal with crit-

ical materials in a different way, and what can we learn 

from other Change Management efforts ? What can we 

learn from Tracking & Tracing in other domains ? Which 

organizations can best drive initiatives ?

This talk intends to stimulate “out-of-the-box” thinking 

about possible concrete steps.

Prof. Dr. Gian Andrea Blengini 

is presently a Senior 

Researcher at the Joint 

Research Centre of the 

European Commission and 

an Associate Professor at 

the Politecnico di Torino (TU 

Turin, Italy). He received his 

PhD in Earth Resources from the IST-Technical University 

of Lisbon (2006) and his Msc in Mining Engineering from 

the Politecnico di Torino (1994).

Since he joined the Sustainability Assessment Unit 

(JRC.H.8) in October 2013, he has been engaged in pro-

jects and activities (1) targeted to enhance Life Cycle data 

availability, coherence and quality, and (2) in support of 

EC policies for minerals and critical raw materials.

He is now on a 2-year leave from his position of Asso-

ciate Professor at the Politecnico di Torino, Department 

of Environment, Land and Infrastructures Engineering 

(DIATI), where he leads the Life Cycle Assessment (LCA) 

research group.
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Prof. Jo Dewulf

is presently also Senior 

Researcher at the Joint 

Research Centre of the 

European Commission. He 

received his PhD in Envi-

ronmental Engineering at 

Ghent University (1997). He 

is laureate of the Royal Academy of Sciences and Arts of 

Belgium (2008).

Since he joined the Sustainability Assessment Unit 

(JRC.H.8) in December 2013, he has been engaged in 

different projects and activities, mainly related to natural 

resources and raw materials in the context of resource 

efficiency analysis, their role in circular economy, their 

importance in life cycle thinking, and also within the 

resource criticality concept.

He is now on a 2-year leave from his position of Full 

Professor at Ghent University (Belgium), where he leads 

a team working on Clean Technology, with a focus on 

better resource management. The research relies on life 

cycle and thermodynamic principles.

Critical Raw Materials : 
revision of the EU methodology

The purpose of raw materials criticality assessment at EU 

level is to contribute to the implementation of the EU indus-

trial policy and to ensure that European industrial compet-

itiveness is strengthened through actions in other policy 

areas. This should increase the overall competitiveness of 

the EU economy, in line with the Commission´s aspiration 

of raising industry’s contribution to GDP to as much as 20% 

by 2020. It should also help to incentivise the European pro-

duction of critical raw materials and facilitate the launching 

of new mining activities. The list is also being used to help 

prioritise needs and actions. It is however worth emphasis-

ing that all raw materials, even if not classed as critical, are 

important for the European economy and that a given raw 

material and its availability to the European economy should 

therefore not be neglected just because it is not classed 

as critical. The Joint Research Centre (DG JRC) is currently 

working at the revision of the methodology for criticality 

assessment, which has been applied for the publication of 

the list of critical raw materials for the EU in 2011 and 2014, 

in view of a third update foreseen in 2017.

Dr. Patrick Wäger 

Patrick Wäger is a sen-

ior scientist at the Swiss 

Federal Laboratories for 

Materials Science and 

Technology (Empa). He is 

lead auditor for the Swiss 

waste electrical and elec-

tronic equipment (WEEE) take back systems and mem-

ber of the managing board of the Swiss Academy for 

Environmental Research and Ecology (saguf). In his 

current research he addresses issues related to the 

sustainable use of natural resources, in particular the 

recovery of scarce metals from end-of-life products. 

Patrick Wäger holds a Bachelor of Arts degree in Phi-

losophy from University of Zürich, a Master’s degree in 

Chemistry from the Swiss Federal Institute of Technol-

ogy (ETH) Zürich, and a PhD in Environmental Sciences 

from ETH Zürich.
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Dr. Christian Hagelüken

Christian Hagelüken heads 

Umicore’s advocacy activi-

ties in the EU. He has over 

25 years experience in (pre-

cious) metals recycling and 

sustainable metals management and has made numerous 

contributions to professional books, journals and confer-

ences. He represents Umicore in related policy initiatives, 

associations, expert groups and scientific panels, among 

others the UNEP Resource Panel, the European Innova-

tion Partnership on Raw Materials, and the German Acat-

ech working group on resources for energy applications.

Between 2003 and 2011 he headed the department for 

Business Development & Market Research in Umicore’s 

Precious Metals Refining business unit. Before that, he 

had held various management positions in the precious 

metals department of Degussa AG.

Christian holds university degrees in mining engineering 

and industrial engineering from RWTH Aachen, Ger-

many, where he also received his Ph.D. in 1991.

Prof. Dr. Armin Reller

Armin Reller, former profes-

sor for Solid State Chemistry 

at the Institute of Physics, 

University of Augsburg, cur-

rently professor for resource 

strategy at the same insti-

tution, Chairman of the 

Environmental Science Center (ESC) and member of the 

board of the AMU (Application Center for Materials and 

Science) also chairman of the Graduate School “Resource 

Strategy Concepts for Sustainable Energy Systems” at the 

University of Augsburg, Germany. His research focuses 

on the synthesis and properties of functional materials 

relevant for energy and environment technologies. Spe-

cific attention is paid to ecological and socio-economic 

impacts of exploring and applying strategic resources. 

 He is Editor-in-Chief of the international journal Progress 

in Solid State Chemistry (Elsevier). On January 1st, 2009 

he has been appointed as full professor for resource strat-

egy at the University of Augsburg ; since 2011, as one 

of the founder members, he is chairman for resource 

strategy of the Fraunhofer Project Group IWKS (Alzenau 

and Hanau, Germany). Recently he has been appointed 

as Expert of the Swiss Academy of Technical Sciences 

as well as member of the raw materials council of the 

Umweltbundesamt, UBA (Berlin, Germany).

Dr. Luis Tercero Espinoza

Luis coordinates the Busi-

ness Unit Systemic Risks in 

the Competence Center 

Sustainability and Infra-

structure Systems and the 

institute-wide Theme Mate-

rials and Raw Materials at the Fraunhofer Institute for Sys-

tems and Innovation Research ISI in Karlsruhe, Germany. 

He had a leading role in supporting the Ad-hoc Working 

Group on Defining Critical Raw Materials (2009-2010 and 

2013-2014) in the context of the EU Raw Materials Initia-

tive and has managed or been actively involved in a vari-

ety of projects (German, EU, Industry) related to critical 

raw materials, raw material supply and demand, chang-

ing demand through emerging technologies, dynamic 

modelling of material flows, raw materials policy and 

resource efficiency. He is a member of and Rapporteur 

in Operational Group 3 (Regulation, Knowledge & Infra-

structure) of the European Innovation Partnership (EIP) 

on Raw Materials as well as Speaker of Working Group 4 

(Resource efficient production and supply of raw mate-

rials) of the Baden-Württemberg Platform for Resource 

Efficiency. Luis was trained as a chemical engineer (B.Sc., 

M.Sc., Dr.-Ing.) in Nicaragua, U.S.A. and Germany.
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