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Raw materials for emerging technologies Background and objective

Background and objective

As high-wage countries, industrial nations try to gain competitive advantages on global
markets through technical innovations. This has triggered research and development
competition which has the continuous and lasting effect of accelerating the pace of
innovation. At the same time, German industry is not only almost completely dependent
on imports with regard to energy raw materials but also with respect to metals. Ger-
many's success in exporting its high-tech and cutting edge products and technologies
and thus the affluence of its society therefore rely on a steady, uninterrupted supply of
raw materials at reasonable prices.

The raw materials markets have been subject to a lot of turbulence in the past few
years. New market participants from newly industrializing countries, primarily China,
have had unexpectedly strong impacts on the demand for raw materials. The demand
impacts of technical innovations were not recognized in time and led to incorrect as-
sessments being made on the raw materials markets. As a result, prices spiralled. The
material costs in German manufacturing industry rose sharply as a consequence as
shown in Figure 1. No end to the turbulence is in sight. There has been a recent sharp
drop in raw materials prices with the global banking crisis which has eased the pres-
sure on the price front in the short term.

Figure 1: Development of costs in the manufacturing industry of Germany in
constant prices
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The volatility of raw material prices affect material costs, the largest cost factor in pro-
duction. Table 1 shows the cost structure of manufacturing industry determined by the
Federal Office of Statistics.

Table 1: Cost structure in the manufacturing sector in Germany 2006
Type of cost Share in %
Material costs 43.0
Energy costs 1.8
Personnel costs, wage labour and skilled trade services 22.7
Other costs (use of commodities, taxes, depreciation etc.) 325
Gross production value without turnover tax 100.0

Not only production costs and product prices are driven by raw materials, the extraction
of raw materials, their smelting and further processing to materials and primary prod-
ucts are also accompanied by environmental burdens. The extraction of rare raw mate-
rials such as indium for example, noticeably decreases the available resources of such
materials and is in conflict with the principle of sustainable development.

Against this background, the careful stewardship of available resources represents a
task for the future — from the perspectives of sustainability as well as costs and com-
petitiveness — which is just as important as climate protection. This insight is the reason
that, for several years now, in politics, the economy and the sciences, more and more
attention is being paid to managing the economy in a resource- and material-efficient
way. Spurred on by energy research and development, which has been attempting to
improve energy efficiency non-stop since the first oil crisis in 1973 and, in doing so has
achieved successes previously considered impossible, revolutionary progress is also
expected in the field of material efficiency.

Material-efficient economic activity is dependent on information about the extraordinary
variety of materials and of raw materials applications in industrial sectors, the technolo-
gies used there and the products they manufacture. This project aims to contribute to
creating such an information pool. The question to answer is how the later use of
emerging technologies, which at present are often still at the development or pilot
stage, will drive the demand for raw materials and on which raw materials these inno-
vations may be especially reliant.

Emerging technologies are industrially applicable technical capabilities which stimulate
revolutionary innovation pushes far beyond the borders of individual industrial sectors
and change the very fabric of economic structures, social life and the environment in
the long term. Advances in innovation can affect individual technologies such as fuel
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cells, for example, organic light-emitting diodes, or RFID labels. However, systemic
advances are also possible which link known technologies to new applications. Exam-
ples here are hybrid cars, or the thermochemical production of synthetic fuels from bio-
mass. It is easy to see, and was already mentioned at the beginning of this paper, that
coping with and marketing emerging technologies is particularly important for industry
and its global competitiveness.

Emerging technologies cannot be narrowed down to 5, 10 or 20 innovations. A funda-
mental rejuvenation of national economies is taking place in all sectors driven by the
goal of high-wage, industrialised countries to hold their own in global competition via
technological excellence. It was therefore necessary to limit the analysed technologies
and raw materials to a workable number. The selection of raw materials is based on an
estimation of their significance for technology development. Energy raw materials have
been subject to analysis since the first oil crisis in 1973, so this project was limited to
inorganic, mineral raw materials which are not utilised for energy purposes. Exclusively
metal and semi-metal raw materials were included because Germany is almost com-
pletely dependent on imports of these materials

When selecting the technologies, priority was given to innovations assumed to trigger
noticeable impulses on the demand for raw materials. By limiting the portfolio of raw
materials and technologies in the project, the results provide an exemplary picture of
the overall situation. In this respect, the project sees itself as a first introduction to the
fascinating and relevant question about the development of future raw materials de-
mand.

If market participants could manage to foresee potential demand surges, this could be
used to balance supply and demand and help to ease the pressure on the raw materi-
als markets. The project results make such information available.
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Methodology

There are potential supply risks attached to the use of vulnerable raw materials. Raw
materials are vulnerable if they are very important for the national economy, their
sources are concentrated on a few countries and these are located in politically insta-
ble regions. Attention is focused on these kinds of raw materials because it is primarily
these which might curb the development and industrial use of emerging technologies.
Other selection criteria were their assumed functional and quantitative significance for
the development and later utilisation of emerging technologies. The project’s portfolio
of raw materials is listed in Table 2.

Table 2: The raw materials portfolio

Commodities Specialities

1. Antimony 9. Platinum metals - Pt, Pd, Ru, Rh, Os, Ir
2. Chromium 10. Silver

3. Cobalt 11. Rare earth elements - Sc, Y, Nd

4. Copper 12. Selenium

5.  Niobium 13. Indium

6. Tantalum 14. Germanium

7. Titanium 15. Gallium

8. Tin

From a portfolio of almost one hundred emerging technologies considered to be rele-
vant for the use of raw materials, the 32 listed in Table 3 were selected for detailed
analysis. The selection was made taking sufficient account of all the high-tech and cut-
ting edge technology sectors of industry. The availability of information about the tech-
nologies and their required stock of raw materials also influenced the selection. Innova-
tions which have no relevance for raw materials, such as tissue engineering to grow
skin flaps, heart valves, kidneys and other organ replacements, do not feature because
they have no demand for mineral raw materials, even though they should still definitely
be classified as emerging technologies. The same is true for the innovative browser
technologies of knowledge management.

A bottom-up approach was chosen as the foresight methodology. This means that the
technology’s specific properties, its progress compared to the state-of-the-art, the spe-
cific functions provided by the raw materials used, the possible application spectrum
and the potential markets are taken from a technical and economic innovation analysis.
From the insights gained into the technology and market and taking framework condi-
tions into account, including world economic development, projections of future tech-
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nology use and the resulting demand for raw materials are then derived. The time hori-
zon is the year 2030, the base year 2006.

Table 3:

The portfolio of emerging technologies analysed

Automotive engineering,
aerospace industry,
traffic engineering

Light-gauge steel with tailored blanks

Electric traction motors for vehicles

Fuel cells electric vehicles

Super capacitors for motor vehicles

Scandium alloys for constructing lightweight airframes

Information and communica-
tion technology,

optical technologies,

micro technologies

Lead-free solders

RFID — Radio Frequency Identification
Indium-Tin-Oxide (ITO) in display technology
Infrared detectors in night vision equipment
White LED

Fiber optic cable

Microelectronic capacitors

High performance microchips

Energy, electrical and
drive engineering

Ultraefficient industrial electric motors
Thermoelectric generators
Dye-sensitized solar cells

. Thin layer photovoltaics

Solarthermal power stations

Stationary fuel cells — SOFC

CCS — Carbon Capture and Storage

High performance lithium-ion batteries
Redox flow batteries for electricity storage
Vacuum insulation

Chemical, process, produc-
tion and environmental tech-
nology, mechanical engineer-

ing

Synthetic fuels

Seawater desalination

Solid state lasers for industrial applications
Nano-silver

Medical engineering

Orthopaedic implants
Medical tomography

Materials technology

Superalloys
High-temperature superconductors
High performance permanent magnets

The authors believe that valid results are achieved with the selected bottom-up me-
thod. The rival approach, which does not aim at technical-economic understanding but
instead derives visions of the future econometrically using statistical methods with data
taken, for example, from written expert surveys, is not as suitable for the objective pur-
sued here. There are several reasons for this. On the one hand, it is almost impossible
to express highly complex technical correlations in clear, easy-to-grasp questions. On
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the other hand, there are often too few expert answers available for these highly spe-
cialized technologies to be able to derive statistically reliable estimates from them.

The authors met with considerable difficulties in obtaining technology-specific informa-
tion about raw materials. This was due to the fact that, so far, no analyses have been
made of the raw material demand of technical innovations. Furthermore, there is no
tradition of linking the know-how of the mining sector with that of the manufacturing
sector. As a result the required information is widely scattered both on the supply side
and the demand side. In spite of these difficulties, quantitative statements were able to
be compiled about the future raw material demand for most of the technologies ana-
lysed.

The method of estimating the future demand for raw materials was described in (RWI,
ISI, BGR 2007)1. A factor-based approach is used which separates the influences of
technical change and economic development and allows an analytical estimation to be
made of the effects of each driver separately.

@) B =b-A

B ... raw material demand of a specific application in t/a
b... specific raw material demand of the application (t/unit)
A Activity rate (production amount) of the application (units/a)

By introducing the specific raw material demand, the demand for raw materials is split
into a component which is proportional to the production level of the application and a
second factor which is determined by technological and structural change. The latter
thus illustrates all the changes in demand which would arise at constant production
levels.

The change in the activity rate (production) is described by the average annual growth
rate:

(2) Ay = (L+ I’)24 “Pooos

r.... average annual growth rate of activity (production) between the refer-
ence year 2006 and the time horizon 2030 in 0.01-%/a

1 Rheinisch-Westfélisches Institut fir Wirtschaftsforschung (RWI), Fraunhofer-Institut fiir
System- und Innovationsforschung (ISl), Bundesanstalt flir Geowissenschaften und Roh-
stoffe (BGR): Trends der Angebots- und Nachfragesituation bei mineralischen Rohstoffen.
Bericht an das Bundesministerium fur Wirtschaft und Technologie. Berlin und Bonn 2007
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The relative change in the raw material demand in the 24 years between 2006 and
2030 results from

(3) BZOSO — b2030 . (1_|_ I,.)24 ,

BZOOG 2006

b . . . .
where the factor —2% describes the relative change in raw material demand due to
2006

technological change and the factor (1+r)* describes the influence of economic

changes between the reference year 2006 and the projected target year of 2030.

Future projections show possible developments in the future. They are based on spe-
cific and explicitly defined assumptions and will occur if the actual development is line
with these assumptions. Scenario technology allows different assumptions about future
development to be made in order to capture the actually occurring development within
an array of projections. Future projections should not be understood as predictions
(forecasts) of the actual future development. No-one is able to predict the future in
2030. If the scenario technology provides a range of values when estimating future raw
materials demand, the most probable value calculated from today's viewpoint was used
in the aggregation for the conclusions.

What is the point of projections? They reveal which influences drive future development
and show market actors which drivers they need to observe. Market actors include raw
materials concerns, which require information about demand markets for their strategic
capacity planning on the one hand. On the other hand, the industries consuming raw
materials also need to be informed in advance about competing demands from other
sectors, potential scarcities of raw materials and emerging substitution requirements.

All the available possibilities were used to obtain information. These include searching
specialist databases and evaluating specialized literature, Internet research - which is
becoming ever more relevant because of its topicality and fast accessibility - evaluating
specialist journals and magazines such as Technology Review, Pictures of the Future
and Fraunhofer-Magazin, evaluating the market studies of well-known analysts such as
Frost & Sullivan and Roskill, evaluating futures studies, interviews and enquiries which
can be used to integrate the specific know-how of experts in industry and science.
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Results and conclusions

This study examines the question of how the future industrial use of emerging tech-
nologies will drive the demand for raw materials and on which raw materials such inno-
vations are particularly dependent. The analysis of 32 emerging technologies and 22
raw materials permits profound insights into the interplay between technological
change and the demand for raw materials. The turbulence on the raw materials mar-
kets observable since the beginning of this decade is not caused, as is often errone-
ously assumed, by the depletion of raw material resources. The statistically proven
reserves for chromium amount to 600 years, to 280 years for titanium, to 220 years for
cobalt, and to 190 years for the platinum metals and still the prices for these metals are
highly volatile. The market turbulence was caused by an imbalance between demand
and supply. That people misjudged the markets was due, on the one hand, to the sud-
den explosive take-off of the Chinese economy and the associated demand boom trig-
gered for raw materials which many market actors were not expecting. On the other
hand, the market was misjudged because technological developments were not antici-
pated in time. One example is the electrical and electronics industry switching to lead-
free solders which contain higher amounts of tin. This led to a sharp rise in the demand
for tin and tin prices.

The drivers of technology change

The analysis of how raw material demand is driven by the use of new technologies
clearly reveals the formative power of technological change. Table 4 shows the raw
material demand for the analysed emerging technologies related to today's total world
production of the specific raw material. The figures for 2006 show which share of world
production of the specific raw material is taken up by the analysed technologies. The
figures for 2030 show which share of today's world production of the specific raw mate-
rial will be required for these technologies in 2030. The latter is an indicator of the de-
mand for expanding mining capacity. The indicator has a factor of 6 for gallium and 3.8
for neodymium. This means, the demand emanating from foreseeable technical inno-
vations for these two raw materials in 2030 will be 6 and 3.8 times higher, respectively,
than the total amount produced in the world today. These figures do not include the raw
materials demand from application segments outside the emerging technologies ana-
lysed here. Demand drivers for gallium are thin-layer photovoltaics and high-speed,
integrated circuits. Demand drivers for neodymium are high performance permanent
magnets. The indicator has a factor of 3.3 for indium, 2.4 for germanium, 2.3 for scan-
dium, 1.6 for platinum and 1 for tantalum. It is still 0.8 for silver and tin, respectively, 0.4
for cobalt, 0.3 for palladium and titanium, respectively, and 0.2 for copper. Because of
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the clearly visible dominance of technological change on the demand for raw materials
here, these also constitute the raw materials of the project portfolio which are espe-
cially important for future technology development and use in marketable products.

Table 4: Global demand of the emerging technologies analysed for raw materi-
als in 2006 and 2030 related to today'’s total world production of the
specific raw material

Raw material 2006 2030 Emerging technologies (selected)

Gallium 0.28 6.09 Thin layer photovoltaics, IC, WLED
Neodymium  0.55 3.82 Permanent magnets, laser technology
Indium 0.40 3.29 Displays, thin layer photovoltaics
Germanium 0.31 2.44 Fibre optic cable, IR optical technologies
Scandium low 2.28 SOFC, aluminium alloying element

Platinum low 1.56 Fuel cells, catalysts

Tantalum 0.39 1.01 Micro capacitors, medical technology

Silver 0.26 0.78 RFID, lead-free soft solder

Tin 0.62 0.77 Lead-free soft solder, transparent electrodes
Cobalt 0.19 0.40 Lithium-ion batteries, synthetic fuels
Palladium 0.10 0.34 Catalysts, seawater desalination

Titanium 0.08 0.29 Seawater desalination, implants

Copper 0.09 0.24 Efficient electric motors, RFID

Selenium low 0.11 Thin layer photovoltaics, alloying element
Niobium 0.01 0.03 Micro capacitors, ferroalloys

Ruthenium 0 0.03 Dye-sensitized solar cells, Ti-alloying element
Yttrium low 0.01 Super conduction, laser technology
Antimony low low ATO, micro capacitors

Chromium low low Seawater desalination, marine technologies

In contrast, there are also technical innovations which only have marginal impacts on
the future demand for raw materials. For example, orthopaedic implant production is a
strongly growing market in an ageing society. However, there are hardly any significant
demand impulses resulting from this for raw materials. The emerging technology of
dye-sensitized solar cells also has hardly any effect on raw material demand. To know
which innovations and which market segments will trigger demand for specific raw ma-
terials represents strategic information for raw material concerns. This knowledge
forms the basis for being able to anticipate and adapt production capacities to market
demand.
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The drivers of the world economy

The world economy has jumped from the moderate average growth of 3.8 % per year
experienced over the last twenty years up to 5 % per year since 2004, mainly pushed
by China's economic growth. If supply and demand are to be kept in check, then,
alongside technological change, attention must also be paid to a second factor which
has to be anticipated: the development of the world economy. The present wealth gap
between rich and poor in different regions of the world is not sustainable. Africa, for
example, with a population of a billion barely contributes 1.6 % of the global domestic
product. It is not possible to imagine a conflict-free future in which the developed re-
gions continue to increase their level of prosperity while poor regions remain stuck at
that level. One precondition for a peaceful future is that less developed regions catch
up economically; this is in the interests of all nations on this planet. Bridging the gap
between rich and poor within a reasonable time period will inevitably raise world eco-
nomic growth above the long-term average experienced in the past. But even if a future
growth rate of only 3.8 % is assumed, the world economic output in 2030 will still be 2.4
times that of 2006. Without doubt, strong impulses for the future demand of raw mate-
rials will emanate from even this level of growth.

There is no general answer to the question of which will be the dominant driver of de-
mand; this depends on the specific raw material considered. Commodities, mass pro-
duced raw materials with a broad range of applications such as iron, steel, copper and
chromium seem to be driven more by world economic growth. The demand for speciali-
ties such as gallium, neodymium, indium, germanium and scandium is more likely to be
determined by technological development. Both drivers are relevant for the demand for
the platinum metals, tantalum, silver, titanium and cobalt.

The interplay of supply and demand

In view of the foreseeable demand increase, is a secure supply of raw materials at all
conceivable? Basically the answer is yes. Depending on the complexity of the technol-
ogy, it can take 5, 10 years or even longer until a new technology moves from the re-
search and development stage to widespread application. Toyota has a technology
lead of at least 5 years as a pioneer of the hybrid technology in automotive engineer-
ing. This, although the challenge here was “merely” to integrate known components,
namely a combustion engine and an electric motor, into one system. The development
efforts of industry to make fuel cells ready for practical applications can be traced right
back to the 1960s. Controlling energy generation from nuclear fusion and building a
functional fusion power station will probably take almost a century. The time needed to
implement mining projects, known as “lead time” in the industry, equals five to ten
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years. Raw materials companies do have enough time available for adaptation, to fol-
low technological change. However, it is difficult to spot technological developments in
time and correctly estimate their direction and magnitude. A regular exchange of infor-
mation between mining companies and the industries consuming raw materials can
help to generate realistic pictures of the future.

One of the peculiarities of mining metallic raw materials is that they often occur to-
gether in ores. If the demand for a certain metal rises sharply, the entire value-added
and price structure of the main, co- and by-products is also affected. Scandium and
neodymium are two such metals of the rare earth elements which occur together and
are important for technology development. Indium, an extremely rare raw material, is
extracted from zinc as a co-product. The closing of the Japanese zinc mine Toyoha in
2006 clearly reduced the supply of indium with corresponding price reactions.

Not only real economy operators are active on raw materials markets, these are also
the target of speculative traders. It is unclear which role these play in price formation.
As is the case for energy feedstocks, there is a need for analysis and possibly regula-
tion here. Dominant, price-driving speculative trading would bring about a socio-
politically unwanted transfer of wealth because consumers would have to pay more for
raw materials than they are really worth.

The vulnerability of the raw materials processing sector

The supply of raw materials has to be understood as a vulnerable system. It is a global,
tightly interlinked network and as such exposed to many different kinds of influences
which can only be controlled to a limited extent by the policies of any one state. Market
disruptions are less likely to be a stop in raw materials imports than delivery delays, the
concentration processes of global concerns which create market power and cancel out
competition, the instability of mining countries which suddenly halt mining production
because social consensus is extremely fragile (coltan crisis, South African chromium).
Market disruptions also occur if unforeseen prosperity in newly industrializing and de-
veloping countries push demand (China, India, Brazil), or if revolutionary technology
breakthroughs cause a demand peak or drop.

The vulnerability of industrial sectors is especially large where there is no possibility to
substitute rare and expensive raw materials. There are no substitutes, for example, for
chromium in stainless steels, cobalt in wear-resistant alloys, scandium in shock-
resistant aluminium-scandium alloys, silver in printed RFID labels, indium in transpar-
ent indium-tin-oxide electrodes for displays, neodymium in strong permanent magnets
and germanium in lenses for infrared optics. At the same time there are also competing
uses of raw materials between industries. For instance, tantalum is needed to manu-
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facture miniaturized capacitors in electronic circuits, for ferroalloys in steel processing
and as a highly biocompatible metal for pins, wires and screws in surgical procedures.
Platinum is essential for catalysis in chemical technology, for exhaust gas catalytic
converters in motor vehicles, for fuel cells and many other applications. Nanoscale sil-
ver is used as a biocide, silver is also a component of soft solders and is used for high
quality mirror coatings, for example for highly-efficient solar thermal devices. Cobalt is
needed for the varied and growing applications of lithium-ion technology, is used as a
catalyst in the Fischer-Tropsch process, for example to produce synthetic fuels, and is
an essential component of extremely wear-resistant parts in automotive engineering,
mechanical engineering and medical engineering.

Up to now, the high level of interconnectedness and the ramifications of raw materials
use in industrial sectors have not been systematically studied at all. There are many
unresolved issues, including

»  the complete identification of all essential raw materials, i.e. applications in which
certain raw materials cannot be substituted,

> the potential of systemic innovations to replace applications of non-substitutable
raw materials. For example, fibre-reinforced plastics replacing stainless steels
which are reliant on chromium,

» existing substitution potentials for non-essential raw materials uses and the costs
of tapping them,

> existing efficiency potentials in material use, for example from miniaturization and
copying bionic construction principles,

»  the possibilities of using renewable raw materials, and
> unexploited recycling potentials and the costs of tapping them.

Only if such information is accessible is it possible to estimate the vulnerability of indus-
trial sectors and to develop alternatives. For a national analysis, the key German indus-
trial sectors are of particular interest; these are the automotive industry, mechanical
engineering, chemical technology and medical engineering.

Advanced recycling technologies for high-tech material compounds

Compound materials are becoming more and more important, whether these are used
to improve the performance of components (composite packaging for milk), reduce
their weight (tailored blanks), miniaturize them (integrated circuits), adjust specific ma-
terial properties (hybrid polymers, ORMOCER®) or for other reasons. Separating highly
complex material compounds such as those in integrated circuits for example and re-
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covering the materials contained in them set the highest standards for recycling tech-
nology which are often not being met at present for technical or economic reasons.
Powerful recycling technologies have to be made available here which are capable of
cost-effectively extracting secondary raw materials which have the same quality as
primary raw materials. Secondary raw materials are the only domestic source of metals
raw materials worth mentioning in Germany.

Building transnational institutions

Obtaining information and valid quantitative data about raw materials’ applications rep-
resented a particular challenge for the authors of this study. The information about raw
materials and their applications are widely scattered and market participants have to
make considerable efforts to access them. A transnational institution could observe the
markets and make condensed information available to mining companies and the in-
dustries consuming raw materials. Such an institution should unite know-how about
raw materials applications, their industries and technologies with mining expertise un-
der one roof to a greater extent than is the case in the United States Geographical Sur-
vey (USGS), which supplies the best publicly accessible raw materials data and analy-
ses at the moment. At the same time, this would also be an institution which could or-
ganize and chair round-table meetings between mining trusts and industries consuming
raw materials. An information exchange between these branches is one way to balance
supply and demand and help calm the turbulent raw material markets.

The benefits of technically sound market analyses

The task of this study was to explore the possible future demand for raw materials
emanating from the use of technological innovations based on the example of selected
emerging technologies. To do so, it was necessary to restrict the raw materials and
technologies covered to a manageable number. It was not the task of the study to de-
termine the total future demand for specific raw materials based on all their applica-
tions. Ultimately, the total demand determines the necessary future expansion of pro-
duction capacities by raw materials companies. Raw material-specific, technically
sound overall foresights which map consistent scenarios with stakeholders remain a
task for the future.

Fundamental market data as signposts to the future

No-one is able to predict the future development of raw materials markets. The detailed
analysis of their drivers and the compilation of fundamental market data do however
permit a narrowing-down of possible future developments and corresponding precau-
tionary adjustments to be made. The fundamental market data compiled within the
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scope of this study clearly point in the direction of an overall increasing demand for raw
materials. The sharp drop in the prices of raw materials as a consequence of the global
banking crisis should not curtail the efforts to reduce the raw material dependence of
the national economy.

Companies are recommended to keep a close eye on technological and global eco-
nomic development and take preventative measures to secure the supply of raw mate-
rials in good time. This study wants to demonstrate how market observation can be
done.
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