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global market situations and what are the challenges?
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1. Future Technologies

New and emerging technologies have the potential
to change global raw materials requirements sub-
stantially. This in turn can have significant impacts
on the commodity markets such as sharp increases
in prices and supply bottlenecks in the short-term as
well as an increase in production in the mid-term.

An abrupt increase in demand driven by technologi-
cal change rather than other economic developments
can have implications on the availability of raw mate-
rials and their secure and sustainable supply. Hence,
reliable estimates of potential future raw materials for
emerging technologies are imperative to avoid nega-
tive economic impacts and supply shortages. This is
particularly true for minor metals markets where fu-
ture demand can potentially significantly outstrip cur-
rent supply.

The study “Raw materials for emerging technolo-
gies 2016” (Marscheider-Weidemann, et al., 2016),
looks at future raw material demand for 42 emerging
technologies until 2035. Future mineral raw material
demand is central to this publication and will be dis-
cussed for three of those technologies, namely wind
energy and photovoltaics in the chapter renewables,
and e-mobility. It is predicted that those technologies
have the largest growth rates among renewable en-
ergy systems. Table 1 gives an updated overview of
selected mineral raw materials, their demand in 2013
in key emerging technologies and their potential fu-
ture demand in 2035 for these applications. A factor

Table 1: Estimated future sectoral

of 3.8 in the column D35/P17 means that we expect
a sectoral demand of heavy rare earths (Dy/Tb) for
magnets, e-cars, and wind power in 2035 accordingly
3.8 times the global production in 2017.

2. Renewables

To address the challenges of climate change, the
global greenhouse gas emissions have to decrease
drastically. The international community of states
signed an agreement at the Climate Change Con-
ference in Paris 2015. The Paris Agreement has the
objective of holding the increase in global average
temperature to well below 2 °C above pre-industrial
levels. For that, the consumption of carbon dioxide
intensive fossil-based energy carriers like oil or coal
has to be diminished and substituted by low-carbon
types of energy — mostly renewable energies. In 2017,
renewables had a share of around 18 % of global pri-
mary energy consumption (BGR, 2019). Regarding
global electricity generation, 25 % already came from
renewable sources in 2018 (fig. 1, BP, 2019).

Global shares in electricity generation in 2018 from
wind and photovoltaics were 4.8 % and 2.2 %, re-
spectively (BP, 2019). This status quo is still signifi-
cantly below the targets stipulated in the Paris Agree-
ment, and thus requiring increased efforts to develop
the sector. With renewable sources accounting for
approximately 70 % of newly installed electricity
worldwide in 2017 (BGR, 2019), the development of
these technologies has implications on current and
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Figure 1: Global Electricity Generation by Fuel Type in 2018
(BP 2019). Hydroelectric is counted towards renewables in our
definition.

future mineral raw materials demand.

2.1. Wind Energy

Wind turbines require a variety of different mineral
raw materials for their construction including steel for
tower and nacelle, cement for the base, compound
materials for the rotor, different materials for the elec-
tronics and (especially in offshore facilities) rare earth
elements, boron and iron for the permanent magnet
for the generator. Low-maintenance offshore wind
turbines contain neodymium, praseodymium, ter-
bium and dysprosium in permanent magnets (Buch-
holz and Brandenburg, 2018). Until 2030, the wind

Global installed wind power capacity

[GW]
600

500

400

300

200

100

6 O & & O O N S5 X 0 0 A
q/QQ q/@ q,QQ (190 (196 %Q\ (}9\ (19'0' r1,°\ qp" (19\ (19\ {19\

Demand for wind energy Production

Metal until 2030 in 2017

[Million tonnes] [Million tonnes]
Iron 212 1264R
Copper 4,69 23.58R
Aluminium 4,69 61.24R
Chromium 2,23 7.38R
Nickel 1,64 2.04%
Tin 0,37 0.36%
Molybdenum 0,32 0.31
Rare Earth Oxides 0,17 0.13¥

R Refinery Production; ™ Mined Production

Table 2: Total sectoral demand of mineral raw materials for
1,625 GW wind energy capacities from 2018 to 2030 and their
global production in 2017.

offshore sector is expected to grow at a much higher
rate (around 20 % per annum) than the onshore sec-
tor (around 10 % per annum) (IEA, 2019) and de-
mand of rare earth elements for use in wind turbines
will remain high (Xia-Bauer et al., 2013).

In 2017, a total of 1085 TWh was derived from wind
energy worldwide (BP, 2019). Global installed capaci-
ties were 539 GW in 2017, of which 52 GW was newly
added that year (WWEA, 2018). Our estimates show
that 1 MW requires a mineral raw material demand of
130 t of iron, 2.8 t of copper, 2.8 t of aluminium, 1.4 t
of chromium, 1 t of nickel, 0.22 t of tin, 0.2 t of mo-
lybdenum, and 0.11 t of rare earth elements (rough
estimates from different sources; see legend fig. 2).
Figure 2 shows the development of global installed
wind power capacity as well as the raw material de-
mand for the newly installed capacity in 2017.

According to the Sustainable Development Scenar-
io of the International Energy Agency (IEA, 2019), en-
ergy derived from wind energy should reach a total of
4,355 TWh in 2030, requiring capacities of 2,164 GW
to reach that goal (assuming a constant ratio between

Estimated raw material demand for
newly installed capacity of 52 GW in 2017

Raw material demand for wind turbines 2017
v
Copper 150,000 t (= 0.6 %)
A

Share of total raw material demand 2017

Aluminium 150,000 t (= 0.2 %)

Chrome 71,500 t (= 1.0 %)

Nickel 52,500 t (= 2.6 %)

Tin 11,700 t (= 3.3 %)

Molybdenum 10,200 t (= 3.3 %)
Rare Earth 5,500 t (= 4.3 %)

Figure 2: Global installed wind energy capacity (WWEA, 2018) and mineral raw material demand of the newly installed capacity in 2017
(Marscheider-Weidemann, et al., 2016, BGR Database; own calculations).



Demand for photovoltaics Production in 2017

Metal until 2030 [Million tonnes] [Million tonnes]

Iron 446 1264R
Copper 5,75 23.58R
Tin 1,21 0.36"
Lead 0,71 11.61R
Aluminium 0,27 61.24R
Zinc 0,01 13.22R

R Refined Production

Table 3: Total sectoral demand of mineral raw materials for
2,621 GW photovoltaic capacities from 2018 to 2030 and their
global refinery production in 2017.

installed capacity and power generation). Taking the
539 GW installed capacity in 2017, an additional
1,625 GW would have to be added until 2030 (as-
suming current installed capacities stay in operation
without power loss — hence the estimate is just an
inferior limit). Table 2 lists the volumes needed until
2030, at current mineral raw material requirements,
to achieve this goal.

The demand of powerful magnets for wind turbines
has a particularly significant impact on the relatively
small rare earth elements market. Rare Earth Ele-
ments (REE) are used in many high-tech sectors.
Globally, they are used in catalysts (18 %), power-
ful magnets (30 %) and metallurgical applications
(18 %), as well as in polishing, special glasses and
ceramics (Kingsnorth, 2018). Producing wind energy
is one of the key drivers for future REE demand.

REE are summarized as a group of 15 different el-
ements which can be grouped into light and heavy
REE (in most deposits, heavy REE have proportions
below 10 %). Since the rare earth elements show
similar chemical properties, they are jointly enriched
in the ore forming processes. In consequence, they
are mined and processed together.
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In 2018, global mine production was approximately
175,000 t rare earth oxides (REO, official production
excluding illegal mine production in China). Extrac-
tion is heavily concentrated in China (68 %). Ad-
ditional rare earth elements production came from
Australia (10.5 %, processing in Malaysia), Myanmar
(9 %, processing in Myanmar and China), the USA
(6 %, processing in China), Vietnam (2.7 %, process-
ing in China and possibly Vietnam), Russia (1.5 %,
processing in Estonia, Russia and Kazakhstan), In-
dia (1.1 %, processing in India and China), Thailand
(0.6 %, processing in China), Burundi (0.4 %, pro-
cessing in China), Brazil (0.3 %, processing in China)
and Malaysia (processing in China).

There are only few processing facilities for rare
earth oxides and elements with high-purity process-
ing and refining facilities of rare earth ores worldwide.
Today refining is taking place in China, Malaysia,
Russia, Estonia and Kazakhstan. The processing of
heavy rare earth elements is concentrated in China.

2.2. Photovoltaics

With approximately 90 % of shipped units and ow-
ing to their efficiency, thick-layer cells of the crystalline
silicon wafer technology dominate the photovoltaics
market. Thin-film technology could have the largest
future potential because of their reduced raw mate-
rial requirement (Buchholz and Brandenburg, 2018)
as well as a continuously improving efficiency factor.

Photovoltaics had a global installed capacity of
402 GW in 2017, with 99 GW newly installed that
year. Photovoltaics grew much faster than wind en-
ergy over the past few years. We estimate that 1 MW
of installed photovoltaics capacity requires 170 t of
iron, 2.2 t of copper, 0.46 t of tin, 0.27 t of lead, 0.10 t

Estimated raw material demand for
newly installed capacity of 99 GW in 2017

Raw material demand for photovoltaics 2017
v

Copper 220,000 t (= 1.0 %) —
A

Share of total raw material demand 2017

Tin 45,800 t (= 12.8 %)

Lead 26,600t (=~ 0.2 %)
Aluminium 10,000 t (= 0.1 %)

Zinc 3,000 t (= 0.1 %)
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Figure 3: Global installed solar power capacity (SolarPower Europe, 2018) and mineral raw material demand of the newly installed
capacity in 2017 (Mdller, 2018, World Bank Group, 2017, BGR Database, own calculations).



of aluminium and 0.03 t of zinc (rough estimates from
different sources; see legend fig. 3). Figure 3 shows
the development of the global installed photovoltaic
capacity as well as the raw material demand for the
newly installed capacity in 2017.

According to the Sustainable Development Sce-
nario of the International Energy Agency (IEA, 2019),
energy derived from photovoltaics worldwide should
reach 3,268 TWh in 2030, requiring additional capaci-
ties of 3,023 GW to achieve this target (assuming a
constant ratio between installed capacity and power
generation). In addition to global operating capacities
in 2017, 2,621 GW would have to be added until 2030
(assuming current installed capacities stay in opera-
tion without power loss — hence the estimate is just an
inferior limit). Table 3 lists the volumes needed until
2030, at current mineral raw material requirements,
to achieve this goal.

Especially thin-film solar cells could have a huge
impact on the small markets of indium, gallium, se-
lenium, cadmium and tellurium. In thin-film solar
cells, the coating materials consist, for example, of
amorphous silicon (a-Si), copper indium (gallium)
diselenide (CIGS) or cadmium telluride (CdTe). The
technology-specific raw material demand of the semi-
conductor compounds of the thin-film elements of
CdTe and CIGS thin-film modules is shown in table
4. The product-specific raw material content per elec-
trical output (watt peak, Wp) depends on the layer
thickness, the composition and efficiency of the solar
cell, material losses during coating or rejects and the
proportion of recycled material.

Gallium, germanium, indium, selenium, and tel-
lurium are typical minor metals or high-tech metals.
Minor metals share the following common character-
istics (Gunn, 2014):

e low content in ores and minerals: few milligram to
gram per tonne

e small markets with comparably low production
rates: 10 to 100,000 tonnes/year

e mainly mined as by-products of principal metals

» complicated or undeveloped end-of-life recycling

» low substitution possibilities: very specific material
characteristics

Table 4: Worldwide  production
of selected raw materials and

By-products can be produced from concentrates,
mattes, slags or ash from primary or secondary sourc-
es due to market circumstances. Common sources
for gallium are bauxite deposits and zinc ores. Coal
and zinc ores can be the source for germanium, zinc
ores further for indium, and copper ores for tellurium
and selenium. The annual production as well as the
country concentration is shown in figure 4.

3. E-mobility

In addition to autonomous driving, increasing digi-
talization and the principle of sharing, electric mobility
stands for the mobility of the future. Electric mobil-
ity is growing at a rapid pace around the world. Ap-
proximately 2.1 million electric cars were sold globally
in 2018, after 1.3 million in the previous year (fig. 5,
EV Volumes, 2019). This number accounts for about
2.2 % of all vehicles newly registered in 2018 (ACEA,
2018). However, high annual growth rates for battery
electric vehicles are expected in the coming years.
This is associated with an increasing demand of bat-
tery raw materials, such as lithium, cobalt, nickel,
graphite and manganese for lithium-ion (Li-ion) bat-
tery technology.

We modelled two demand scenarios until 2025
based on the following underlying fundamental: a
base case scenario with roughly 7.4 million full elec-
tric vehicles (370 GWh — scenario 1) as well as a
more optimistic scenario with 12 million full electric
vehicles (600 GWh — scenario 2) in 2025. Commer-
cial vehicles such as buses and trucks were not in-
cluded. Automotive battery technology roadmaps
identify Li-ion batteries as being the dominant battery
type used from now to about 2050 (Concawe, 2019).
Li-ion is a term applied to a group of battery chemis-
tries that contain various materials. They all contain
lithium in the cell cathode. Currently, there are six Li-
ion battery technologies (Schmidt, 2017), the main
difference between them being the composition of the
cathode. For now, nickel manganese cobalt (NMC)
chemistries are the preferred technology for the au-
tomotive industry. For our two demand scenarios we
modelled the market share of different cathode chem-
istries. High-Ni NMC (8:1:1) cathode chemistries gain
a market share of 54% in 2025.

Production Demand for thin-film Specific raw material Specific raw material

: v ' Metal in 2013 photovoltaics in 2013 demand for CIGS® demand for CdTe

production-specific raw material [Tonnes] [Tonnes] [9/kWp] [9/kWp]
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Figure 4: Global minor metals production and their country concentration in 2016 (DERA, 2019).

With the current NMC chemistry we estimate that
1 MWh of battery capacity requires on average 0.51t
of nickel, 0.22 t of cobalt, 0.2 t of manganese, 0.18 t
of lithium and 0.57 t of graphite. The estimated raw
material demand for the batteries of 1.3 million elec-
tric vehicles registered in 2017 is shown in figure 5.

Especially the cobalt and lithium markets have been
very volatile in the last two years due to the industry’s
high expectations for the application of Li-ion batter-
ies, particularly for e-mobility but also for renewable
energy storage.

Lithium is mainly used for rechargeable batteries
(about 37 % in 2015 and 50 % in 2018 of total de-
mand), followed by the glass and ceramic industries.
A number of further applications include polymers,
metal powders, processing of air, non-rechargeable
batteries, and aluminium alloys (Schmidt, 2017;
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Roskill, 2016).

Because of the booming e-mobility market, the de-
mand for lithium in rechargeable batteries could in-
crease dramatically from about 12,000 t in 2015 to
about 84,000 t (scenario 1, 76 % of total demand) to
125,000 t (scenario 2, 82 % of total demand) in 2025
(Schmidt, 2017).

Global mine production was around 57,000 t lithium
in 2018. About 86 % of global lithium mine produc-
tion came from only three countries, namely Australia
(27,000 t), Chile (15,900 t) and Argentina (6,240 t).
Lithium is produced from salt brines located in large
salars such as the Salar de Atacama in Chile or the
Salar de Olaroz in Argentina. Furthermore, lithium is
mined from pegmatite deposits, with the Greenbush-
es deposit in Australia currently being the largest.

Estimated raw material demand for batteries
for electric vehicles registered in 2017 (1.3 m units)

Raw material demand for batteries in electric vehicies 2017
v

Graphite 37,000 t (= 3.2 %)

A
Share of total raw material demand 2017

Nickel 32,900t (= 1.6 %)

Cobalt 14,500 t (= 12.2 %)

Magnese 12,900 t (= 6.1 %)

Lithium 11,700 t (= 24.5 %)

Figure 5: Global Electric vehicle registration from 2010 to 2017 (EV Volumes, 2019) and estimated raw material demand for EV-batteries

in 2017 (BGR Database, own calculations).



Current supply and demand scenarios for 2025
indicate that future mine production could meet de-
mand at annual growth rates of around 12.8 %. High-
er growth rates for rechargeable batteries could, how-
ever, result in supply shortages for lithium (Schmidt,
2017).

Due to its specific properties, cobalt is used in many
different applications such as the fabrication of re-
chargeable batteries, NiMH batteries, NiCd batteries,
superalloys, carbides, dyes, and magnets amongst
other applications (Al Barazi, 2018).

Cobalt is mainly mined as a by-product from cop-
per and nickel mining. Global mine production was
nearly 140,000 t in 2018. With 64 % of global supply,
the Democratic Republic of the Congo (DRC) is cur-
rently the world’s largest cobalt producer with produc-
tion expected to increase to over 70 % in 2026. Ad-
ditional supply from the DRC will mainly come from
conventional industrial mining operations. However,
artisanal and small-scale mining (ASM) of cobalt has
long been established in the DRC and represents an
essential livelihood for large parts of the population in
the Haut-Katanga and Lualaba provinces. About 15
to 35 % of the DRC's total cobalt production is esti-
mated to originate from ASM mine sites depending
on the cobalt price. Amnesty International (2016) as-
sumes that 110,000 to 150,000 people are involved in
artisanal cobalt mining. Both industrial and artisanal
and small-scale mining will remain relevant to meet
future global demand for cobalt. Therefore, the estab-
lishment of internationally recognized and accepted
standards for a responsible sourcing of cobalt from
ASM is essential to improve working conditions in this
sector (Al Barazi, 2018).

We assume that global cobalt demand for recharge-
able batteries in the e-mobility sector will increase
to 47.870 t (scenario 1, 26 % of total demand) or
77.680t (scenario 2, 36 % of total demand) by 2025,
respectively. Our supply and demand scenarios for
2025 indicate that future mine production could meet
demand at annual growth rates of around 8 %, as-
suming that all projects will commence production at
full capacity.

4. Conclusions

Low-carbon technologies such as wind energy,
photovoltaics and energy storage batteries for e-mo-
bility are key for a shift to a low-carbon future. The
expected dynamic change towards renewable energy
systems will have a major impact on the mineral raw
material markets in the next decades. The demand
for base and minor metals for clean energy technolo-
gies is expected to rise substantially. Primary raw ma-

terial production needs to provide most of the metals
for low-carbon technologies, at least for the upcom-
ing decade, because secondary raw material sup-
ply alone cannot accommodate the future demand.
Therefore, upstream and end-of-life activities of low-
carbon technologies must be taken into account to
ensure firstly that the mining industry can meet the
increasing demand using sustainable and responsi-
ble practices and secondly that the products can be
recycled in the best possible way.

5. References

ACEA — European Automobile Manufacturers Association, 2018.
Key Figures, [online] Available at: <https://www.acea.be/statis-
tics/tag/category/key-figures> [Accessed 26 November 2019].

Amnesty International, 2016. This is what we die for - Human Rights
Abuses in the Democratic Republic of the Congo Power the Glob-
al Trade in Cobalt. January 2016, [online] Available at: <https:/
www.amnesty.org/download/Documents/AFR6231832016ENG-
LISH.PDF> [Accessed 19 October 2020].

Al Barazi, S., 2018. Rohstoffrisikobewertung — Kobalt. DERA
Rohstoffinformationen 36, [e-journal], 120 p., Available at:
<https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/
Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffin-
formationen-36.pdf?__blob=publicationFile&v=2> [Accessed 19
October 2020].

Anderson, C. S., 2019.
ity Summaries 2019,
0rg/10.3133/70202434.

BGR, 2019. BGR Energiestudie 2018 - Daten und Entwick-
lungen der deutschen und globalen Energieversorgung (22),
[online], 178 p., Available at: <https://www.bgr.bund.de/DE/
Themen/Energie/Downloads/energiestudie_2018.pdf;jsessio
nid=3D137928004B67746BCD13898C751C2B.1_cid292?__
blob=publicationFile&v=10> [Accessed 19 October 2020].

BP, 2019. BP Statistical Review of World Energy — all data, 1965-
2018: Elec Gen by Fuel, [xIsx] Available at: <https://www.bp.com/
en/global/corporate/energy-economics/statistical-review-of-
world-energy.html> [Accessed 3 November 2019].

Buchholz, P. and Brandenburg T., 2018. Demand, Supply, and
Price Trends for Mineral Raw Materials Relevant to the Renew-
able Energy Transition. Chemie Ingenieur Technik, [e-journal]
90(1-2), pp. 141-153. http://doi.org/10.1002/cite.201700098.

Concawe, 2019. Review. Volume 28, Number 1, October 2019,
[online] Available at: <https://www.concawe.eu/wp-content/
uploads/Concawe-Review-28-1-web-resolution-PDF.pdf>  [Ac-
cessed 19 October 2020].

DERA, 2019. DERA Rohstoffliste 2019. DERA Rohstoffinfor-
mationen 40, [e-journal], 116 p., Available at: <https://www.
deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Down-
loads/DERA_Rohstoffinformationen/rohstoffinformationen-40.
pdf?__blob=publicationFile&v=5> [Accessed 19 October 2020].

Dorner,U.and Liedtke, M., 2016. Mineralische Rohstoffe fur die Ener-
giewende, Commodity TopNews 50, [online] Available at: <https://
www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/
Downloads/Commodity_Top_News/Rohstoffwirtschaft/50_rohst-
offe-energiewende.pdf?__blob=publicationFile&v=2> [Accessed
19 October 2020].

EV Volumes, 2019. Global Plug-In Deliveries BEV &PHEV — Light
Vehicles, [online] Available at: <http://www.ev-volumes.com/
country/total-world-plug-in-vehicle-volumes/> [Accessed 22 May
2019].

Gunn, G. ed., 2014. Critical metals handbook. British Geologival
Survey, Chichester: John Wiley & Sons, Ltd., 454 p.

IEA, 2019. Tracking Power, [online] Available at: <https://www.iea.
org/reports/tracking-power-2019> [Accessed 6 November 2019].

Jaskula, B. W., 2019. Gallium. USGS Mineral Commod-
ity Summaries 2019, [e-journal], pp. 62-63. https:/doi.
0rg/10.3133/70202434.

Kingsnorth, D. J., 2018. Rare Earth Supply Today: Lacking Diver-
sity for Long Term Sustainabilty October 2018. 16 p. Curtin Uni-

Indium. USGS Mineral
[e-journal], pp. 78-79.

Commod-
https://doi.


https://www.acea.be/statistics/tag/category/key-figures
https://www.acea.be/statistics/tag/category/key-figures
https://www.amnesty.org/download/Documents/AFR6231832016ENGLISH.PDF
https://www.amnesty.org/download/Documents/AFR6231832016ENGLISH.PDF
https://www.amnesty.org/download/Documents/AFR6231832016ENGLISH.PDF
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-36.pdf?__blob=publicationFile&v=2
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-36.pdf?__blob=publicationFile&v=2
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-36.pdf?__blob=publicationFile&v=2
https://doi.org/10.3133/70202434
https://doi.org/10.3133/70202434
https://www.bgr.bund.de/DE/Themen/Energie/Downloads/energiestudie_2018.pdf;jsessionid=3D137928004B67746BCD13898C751C2B.1_cid292?__blob=publicationFile&v=10
https://www.bgr.bund.de/DE/Themen/Energie/Downloads/energiestudie_2018.pdf;jsessionid=3D137928004B67746BCD13898C751C2B.1_cid292?__blob=publicationFile&v=10
https://www.bgr.bund.de/DE/Themen/Energie/Downloads/energiestudie_2018.pdf;jsessionid=3D137928004B67746BCD13898C751C2B.1_cid292?__blob=publicationFile&v=10
https://www.bgr.bund.de/DE/Themen/Energie/Downloads/energiestudie_2018.pdf;jsessionid=3D137928004B67746BCD13898C751C2B.1_cid292?__blob=publicationFile&v=10
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
http://doi.org/10.1002/cite.201700098
https://www.concawe.eu/wp-content/uploads/Concawe-Review-28-1-web-resolution-PDF.pdf
https://www.concawe.eu/wp-content/uploads/Concawe-Review-28-1-web-resolution-PDF.pdf
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-40.pdf?__blob=publicationFile&v=5
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-40.pdf?__blob=publicationFile&v=5
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-40.pdf?__blob=publicationFile&v=5
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-40.pdf?__blob=publicationFile&v=5
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/Commodity_Top_News/Rohstoffwirtschaft/50_rohstoffe-energiewende.pdf?__blob=publicationFile&v=2
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/Commodity_Top_News/Rohstoffwirtschaft/50_rohstoffe-energiewende.pdf?__blob=publicationFile&v=2
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/Commodity_Top_News/Rohstoffwirtschaft/50_rohstoffe-energiewende.pdf?__blob=publicationFile&v=2
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/Commodity_Top_News/Rohstoffwirtschaft/50_rohstoffe-energiewende.pdf?__blob=publicationFile&v=2
http://www.ev-volumes.com/country/total-world-plug-in-vehicle-volumes/
http://www.ev-volumes.com/country/total-world-plug-in-vehicle-volumes/
https://www.iea.org/reports/tracking-power-2019
https://www.iea.org/reports/tracking-power-2019
https://doi.org/10.3133/70202434
https://doi.org/10.3133/70202434

versity Industrial Minerals Company of Australia Pty Ltd (IMCOA).

Marscheider-Weidemann, F., Langkau, S., Hummen, T., Erdmann,
L., Tercero Espinoza, L., Angerer, G., Marwede, M. and Benecke,
S., 2016. Rohstoffe fuir Zukunftstechnologien 2016. DERA Rohst-
offinformationen 28, [e-journal], 351 p., Available at: <https:/
www.deutsche-rohstoffagentur.de/DERA/DE/Downloads/Stud-
ie_Zukunftstechnologien-2016.pdf?__blob=publicationFile&v=5>
[Accessed 19 October 2020].

Muller, A., 2018. Rohstoffe fur die Energiewende, [online] Avail-
able at: <https://www.misereor.de/fileadmin/publikationen/stud-
ie-rohstoffe-fuer-die-energiewende.pdf> [Accessed 19 October
2020].

Schmidt, M., 2017. Rohstoffrisikobewertung — Lithium. DERA
Rohstoffinformationen 33, [e-journal], 116 p., Available at:
<https://www.deutsche-rohstoffagentur.de/DERA/DE/Down-
loads/Studie_lithium_2017.pdf?__blob=publicationFile&v=3>
[Accessed 19 October 2020].

SolarPower Europe, 2018. Global Market Outlook — for Solar

Power 2018 - 2022, [pdf] Available at: <https://www.solarpow-
ereurope.org/wp-content/uploads/2018/09/Global-Market-Out-
look-2018-2022.pdf> [Accessed 19 October 2020].

Roskill, 2016. Lithium-lon Batteries: Market Developments, Raw
Materials, 297 p., London: Roskill Information Services Ltd.

World Bank Group, 2017. The Growing Role of Minerals and Metals
for a Low Carbon Future, June 2017, [online] Available at: <http://
documents.worldbank.org/curated/en/207371500386458722/
The-Growing-Role-of-Minerals-and-Metals-for-a-Low-Carbon-
Future> [Accessed 19 October 2020].

WWEA - World Wind Energy Association, 2018. Global Total In-
stalled Capacity, [online] Available at: <https:/library.wwindea.
org/global-statitistics-1980/> [Accessed 5 July 2019].

Xia-Bauer, C., Saurat, M. and Wittmer, D., 2013. Onshore Wind
Energy Development in China and its Implications on Natural
Resources. Hanse Studies, Institute for Advanced Study, 9, pp.
35-47. [online] Available at: <oops.uni-oldenburg.de/2545/1/peh-
sus13.pdf> [Accessed 19 October 2020].


https://www.deutsche-rohstoffagentur.de/DERA/DE/Downloads/Studie_Zukunftstechnologien-2016.pdf?__blob=publicationFile&v=5
https://www.deutsche-rohstoffagentur.de/DERA/DE/Downloads/Studie_Zukunftstechnologien-2016.pdf?__blob=publicationFile&v=5
https://www.deutsche-rohstoffagentur.de/DERA/DE/Downloads/Studie_Zukunftstechnologien-2016.pdf?__blob=publicationFile&v=5
https://www.misereor.de/fileadmin/publikationen/studie-rohstoffe-fuer-die-energiewende.pdf
https://www.misereor.de/fileadmin/publikationen/studie-rohstoffe-fuer-die-energiewende.pdf
https://www.deutsche-rohstoffagentur.de/DERA/DE/Downloads/Studie_lithium_2017.pdf?__blob=publicationFile&v=3
https://www.deutsche-rohstoffagentur.de/DERA/DE/Downloads/Studie_lithium_2017.pdf?__blob=publicationFile&v=3
https://www.solarpowereurope.org/wp-content/uploads/2018/09/Global-Market-Outlook-2018-2022.pdf
https://www.solarpowereurope.org/wp-content/uploads/2018/09/Global-Market-Outlook-2018-2022.pdf
https://www.solarpowereurope.org/wp-content/uploads/2018/09/Global-Market-Outlook-2018-2022.pdf
http://documents.worldbank.org/curated/en/207371500386458722/The-Growing-Role-of-Minerals-and-Metals-for-a-Low-Carbon-Future
http://documents.worldbank.org/curated/en/207371500386458722/The-Growing-Role-of-Minerals-and-Metals-for-a-Low-Carbon-Future
http://documents.worldbank.org/curated/en/207371500386458722/The-Growing-Role-of-Minerals-and-Metals-for-a-Low-Carbon-Future
http://documents.worldbank.org/curated/en/207371500386458722/The-Growing-Role-of-Minerals-and-Metals-for-a-Low-Carbon-Future
https://library.wwindea.org/global-statitistics-1980/
https://library.wwindea.org/global-statitistics-1980/
oops.uni-oldenburg.de/2545/1/pehsus13.pdf
oops.uni-oldenburg.de/2545/1/pehsus13.pdf

