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Raw materials for future technologies and their criticality -

potential for cooperation between Peru and Germany

Dr.-Ing. Sven-Uwe Schulz
German Mineral Resources Agency (DERA) at the
Federal Institute for Geosciences and Natural Resources (BGR)

fFedEral Mi"_iStAr]Yf . The Federal Institute for Geosciences and Natural Resources is the central geoscientific
a(:]rd Eﬁgrogrc'c ars authority providing advice to the German Federal Government in all geo-relevant questions.
It is subordinate to the Federal Ministry for Economic Affairs and Energy (BMWi).
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German Mineral Resources Agency (DERA)

national information and consultancy platform for
mineral raw materials

part of German Geological Survey, Federal
Institute for Geosciences and Natural Resources,

BGR

Mission:

contribute to a secure, affordable and sustainable
mineral raw material supply for German industry
via:

« Market Analyses
« Raw Materials Monitoring
« Evaluation of Mineral Resources
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New Reality — New Mining — New Knowledge

. New Reality and New Mining %8
require New knowledge. '

« Part of that is knowledge about supply and demand of mineral raw materials:

1. As basis for the national economies
(Peru as mlnlng country as well as Germany as buyer).

i AT
2. Asbasis for the potential of cooperation between producers and consumers

(companies as well as state authorltles and |nst|tut|ons)
el : * [ =3t . I 3 AT i ) R W o~

3. To be prepared for the future by foreseelng trends and developments.
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Status Quo: Peru still a global player - world mine production (2017)

Mining countries with shares > 1% of world production (by value)*
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- 15 countries representing ~80 % of world mine production (total value 2017: ca. 687 bn US$)
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DERA Raw Materials Monitoring as data source for knowledge

_ - Commodity Risk
Demand Supply Price Monitoring Assessments
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DERA Raw Materials Monitoring as data source for knowledge

Commodity Risk

Demand Supply Price Monitoring e Assessments
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DERA-Raw Materials List: Screening of Supply since 2012
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DERA-Rohstoffliste 2012 A i % i
DERA-Rohstoffliste 2014 DERA-Rohstoffliste 2016 DERA-Rohstoffliste 2019 DERACRGHelorfists 2021
Angebotskonzentration bei Metallen und Indu Angebotskonzentration bei mineralischen Rol Angebotskonzentration bei mineralischen Roh Ancabolskoiar it bol resrteahd . . '
Potenzielle Preis- und Lieferrisiken und Zwischenprodukten — potenzielle Preis- und Zwischenprodukten — potenzielle Preis- u ?87 5 % 78()(, b Sk o 'T P Angebotskonzentration bei mineralischen Rohstoffen
UG 2WISCRONPIOGUKIN. = DONGNZIoNS 1y und Zwischenprodukten — potenzielle Preis- und Lieferrisiken

= st edition 2012 = 2nd edition 2014: start of = 5th edition 2021

= 40 raw materials: analysis of traded products * 62 raw materials:
26 metals, 14 industrial minerals 34 metals, 27 industrial minerals, coking coal

= 35 mining products, 14 refined products *= 53 mining products, 27 refined products, 217 traded products
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DERA-Raw Materials List 2021

D=RA = scicoens

Bundesanstoll 10r Geowissenschanen und Rohsiote

B DERA Rohstoffinformationen

53 mining products 27 refined products 217 traded products

« 34 metals, 27 industrial minerals, coking coal

« Country concentration and country risks for 2018

» Historical data for the development of HHI and weighted country risk of
mining production and refined production.

DERA-Rohstoffliste 2021

Angebotskonzentration bei mineralischen Rohstoffen
und Zwischenprodukten — potenzielle Preis- und Lieferrisiken

Data basis:

- BGR raw materials data bases
- Global Trade Atlas of IHS Markit Inc.
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DERA-Raw Materials List 2021: Methodology - risk groups
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.
DERA-Raw Materials List 2021: Results - mine production

mine production

Il n » 21 of 53 mine products (40 %)
A tobionbt : ranging in risk group 3

= : » 11 of 21 mining products of risk group 3
Z with China as top producing country
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DERA-Raw Materials List 2021: Results - refined production

refined and by-products
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DERA-Raw Materials List 2021: Results - changes since 2016

Changes of HHI and GLR of mine production compared to 2016
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DERA-Raw Materials List 2021: Results - changes since 2016

Changes of HHI and GLR of refined products compared to 2016
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Chinas share at global production and consumption and important trade partners 2018

Aluminum

Copper

Nickel

Zinc

Iron/Steel

mine production refined production Consumption (refined)

Gumea
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DERA-Raw Materials List 2021: Results: 2 Examples for Peru
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DERA Raw Materials Monitoring as data source for knowledge

Commodity Risk
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Raw materials for emerging technologies

.D"RA

? Fraunhofer
ISI

Z Fraunhofer
1Zm

new Report published in July 2021

33 Technologies analysed in detail

estimation of raw materials demand until 2040

[Ca

11 raw materials with demand higher than actual productlon

50 DERA Rohstoffinformationen

English version
coming!

German Mineral
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Raw materials for emerging technologies: Series

Deutsche Deutsche
D: R Rohstoffagentur D: R Rohstoffagentur

Bundesansiolt 10r Geowissenschaften und Rohstotle Bundesanstalt fr Geowissenschaften und Rohstofle

Rohstoffe fiir
Zukunftstechnologien

Einfluss des branchenspezifischen Rohstoffbedarfs
in rohstoffintensiven Zukunftstechnologien auf dic
zukiinftige Rohstoffnachfrage

728 DERA Rohstoffinformationen 50 DERA Rohstoffinformationen

Gerhard Angerer

Lorenz Erdmann

Frank Marscheider-Weidemann
Michael Scharp

Arne Lallmann

Volker Handke

Max Marwede

Rohstoffe fiir Rohstoffe fiir
Zukunftstechnologien 2016 Zukunftstechnologien 2021
»Auftragsstudie« »Auftragsstudie«
Screening: ~100 technologies Screening: ~170 technologies Screening: ~170 technologies
In-depth: 32 technologies In-depth: 42 technologies In-depth: 33 technologies
Time horizon: 2030 Time horizon: 2035 Time horizon: 2040
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Raw materials for emerging technologies 2021: Basics

« Demand drives raw materials markets 2 e
2
. . . N Coe U
« Technological change is an important 2
demand determinant for many metals 3 e ’
é :ér — Tae Bie [
« Germany is a technology provider and < . 4
importer or metallic raw materials L Nie ¢
;% @ Lie .W. Mo Al Fee
[ [l [ [l I . 7
» Early warning for radical change is important! 5 ’e A I
g :8\: _-Re- .F:j ______ Ag-e- Sb_ - _Zn‘;Culg?Cf‘rgolS_ ]
. e ) RE .n
— German Raw Materials Agency (DERA) Pro o'l - 8
. . 2 y Cde
tasked with observing trends B B hnd RO L R EE SLET L o o5
i.e., noincrease in production

0%

T T T T T
100t 1kt 10kt 100kt 1Mt 10Mt 100Mt 1Bt

Primary production (2013)

Langkau & Tercero Espinoza, Sustainable Materials and Technologies, 16 (2018) 54-59, https://doi.org/10.1016/j.susmat.2018.02.001
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Raw materials for emerging technologies 2021: Methodology

Collection of Rapid Selected
candidate assessment technologies
technologies (n=33)
(app. 170)

AL ec3ete, Market o e s
. o :'..'.::..’. Sosd Potential iy o0 °
:::::: 0% coce Examine i both _high® : e :‘ ':
'.oo.. ::.:::.o ..03 Technologies 1ooth Mg ..o. o

830 00 o Jo0e° Raw material e * 0

Coges sss requirements ce o
:: 2 &, Socee 9 *® oo
0desss oS tee

o 00
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Raw materials for emerging technologies 2021: Technology screening and selection

Technology Clusters

» 33 technologies organized into five clusters

Energy Technologies and

Mobility & Aerospace Decarbonization

Digitization & Industry 4.0

Recycling & Water

Power & Data Networks
Management

» Clusters include not only ,future technologies” but also those essential to the functioning of
one or more clusters, e.g. power grid

!
D;R A German Mineral
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Raw materials for emerging technologies 2021: Example of a cluster

Energy technologies and decarbonization

ININEY)

VVINapower:

Synthetc

HOWergria

paucuonicharging

OUDPEerd VS
B oUpPErdlioys

Solid state batteries Ultraerhicientinaustridal imotors:
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Raw materials for emerging technologies 2021: Scenario Settings

Shared Socio-economic Pathways A
» Following the 5" IPCC report o * SSP 5 * SSP 3
definition Since 2011 éD (Mitigation challenges dominate) (High challenges)
) Fossil-fueled Regional rivalry
= g development ARocky Road
e Forthe report: L = Taking the Highway
S * SSP 2
.2 (o)) (Intermediate challenges)
- (ssP1: Sustainabily £ 2 Middle of the road
: c
— | SSP2: Middle Path -
S S * SSP 1 * SSP4
CP - (Low challenges) (Adaptation challenges dominate)
- _ O Sustainability Inequality
8 Taking the GreenRoad A Road Divided
(7))

Socio-economic challenges
for adaptation
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Raw materials for emerging technologies 2021: Results across technologies

wnijes

Jaddon

wnipuj

a)ydes

WNLPA

wnjuey |

wniusyy

wnipeuep

wnueyjue

wniuewJas)

wnjeue|

d47

Heqoo

wnune|d

wnipu|

wniyy

d4H

wnipuesg

wniuayiny

Raw material

o
N
o
0
(@)
o
o
@0
o
o
o
o
<
o
™~
o
™
o
<
o
o
o
o
©
o
o
o
<
o
0
X
o
N
C
~ O
T =
C O
S 2
o 2
([

N AN AN
o o o
N @ ~.
o o o
o o o
o @ N
o o o
o o o
o o o
© 0 ™~
o o o
™~ €9 ™~
o o o
(a2]

~ o o
~ N )
~ ~ ~
< < At
~ ~ (q\]
Q] Q]
AN N AN
™ N ~
o ~ <
(o)) (4p]

atd AN o
(o)) [0}
(o] = o
L ) <
(o] © ©
) ™ ™~
N~ o o
<t () o))
AN (o] A
~ AN Yo
o o o
9] 9] 9]
0p] 0p] 0p]

w FON uononpold
/ 0%0¢ PUe*ea

sarejjonojoyd
wj-uiy) ‘sdiyoosoiw Aauanbalj oipey

SISA|0.199]9-0%H ‘Salaneq a1els-pljos
‘SaUIGIN) PUIM ‘SB]2IYSA J0JOW 10} SI0j0W
uonael a1199]9 ‘uoisuedxs pub Jamod
sarejjonoloyd

wi-uiy ‘saiuojoyd/saiuoioajpoido
‘ABojouyoa) Aejdsip ur (O.L1) 8pIx0 up wnipuj

abeio1s A1011999
aouewlopad-ybiy uor-wniyi

1199 [any Areuonels — D40S ‘sishjondsje
-O?H ‘saja1yaA peos Jo Bunoyid oewony

uoijeulfesap Jaremess ‘sisA|01109|9
-O%H ‘siaiuud gg ‘salianeq ayeis-pijos ‘shoje
-1adns ‘uononnsuod ybiamiybi Joj shoj|y

sfojresadng

abelo1s moj)
xopal ‘abelo1s pue aimded uogred — SO

1189 [an} Areuonels — 940S
‘SISA|0.1099 Jalem ‘Salianeq aleis-pljos

3|qeo ando Jaqi4

S191u89 erep ‘sdiyaouoiw Auanbaly
olpel ‘sioyoeded 21U0.98[80I0IW ‘sAojeladns

SI9)Ud2 eJep ‘S1pubew

Jusuew.ad aouewsopad-ybiy ‘saulginy puim
‘S3[9IYDA J0J0W IO} SI0JOW UONJe.} J11193[3
Salianeq areIs-pIjos

‘abeio1s AoLyoae

aouewlopad-ybiy uol wniyy ‘skojeiadns

SI9uad BleQ

sIsA|01109]9 Jare/

uonaN.Ssu0d Jybiramiybi| swelpre
10} SAo|[e ‘salianeq aels-pios ‘abelols
A191n93]8 92urwIopad-ybIy uo-WNIYIT

SauIgIN) puIm
‘S9|0ILSA JOJOL 10} SI0J0W UoNde) 911198|3

SISAj0.193[8 -O%H
‘189 [any Areuonrels - 9408

S|any anayluAs
‘shojfesadns ‘siauad eleq

c
e
©
gwn
c N ©
.|em
g-l
o O 0
£3 o
O c
w c o
o <
o
——

German Mineral
Resources Agency

D=-RA

Federal Institute for Geosciences and Natural Resources



ies

Results across technolog

Raw materials for emerging technologies 2021
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Raw materials for emerging technologies 2021: TOP4-Results across technologies

Length of bar each raw material normalised to the respective production 2018

Ruthenium

630 (x19)
Scandium 72 (x7.9)
34 (x3.7)
HREE (Dy/Thb)
8,800 (x6.9)
8,100 (x6.4)
Lithium 560,000 (x5.9)

380,000 (x4)

Demand for emerging technologies 2018 / t
Production 2018 / t

Demand for emerging technologies 2040
SSP1: Sustainability / t

SSP2: Middle of the Road / t

SSP5: Fossil-fueled Development / t

!
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Raw materials for emerging technologies 2021: Results across technologies important for Peru

Length of bar each raw material normalised to the respective production 2018

Germanium SR 240 (x1.7)

420 (x0.5)
340 (x0.4)
330 (x0.4)

4,000,000 '

Indium

24,000,000
5,500,000 (x0.2)
7,100,000 (x0.3)
9,200,000 (x0.4)

Copper

Demand for emerging technologies 2018 / t
Production 2018 / t

Demand for emerging technologies 2040
SSP1: Sustainability / t

SSP2: Middle of the Road / t

SSP5: Fossil-fueled Development / t

Gallium 88 (x0.2)

79 (x0.2)
92 (x0.2) !
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Raw materials for emerging technologies 2021: Takeaways

Emerging technologies can lead to strongly increasing demand for certain raw materials

— Working definition of emerging technology: new and/or strongly growing (and possibly changing),
or essential to one or more technology clusters

« Scenarios should provide consistent pictures of a possible future

— Shared Socio-Economic Pathways provide consistent set of assumptions for most technologies
— Additional assumptions still necessary, especially on e-mobility and digitization

« Electric mobility, energy transition and digitization lead to important increases in the use of
raw materials, e.g.:

— E-mobility: Li, Co, Ni, natural graphite, light and heavy REE for batteries and electric drives
— Energy transition: Light REE, V for power generation and storage
— Digitization: Light REE for HDD in data centers and magnets in consumer electronics

« Evaluate Peruvian raw materials potentials beyond Cu, Zn, Ag ...
 Enhance cooperation and partnership between the countries

D:RA German Mineral
Resources Agency

Federal Institute for Geosciences and Natural Resources



Definition

Strategic Partnership BIERIReEs SN RaRIETj1e

an arrangement between
two companies or
organizations to help

each other or work together,
to make it easier for each of
them to achieve the things
they want to achieve

https://dictionary.cambridge.org/de/worterbuch/englisch/strategic-partnership

D-RA German Mineral
Resources Agency



Cooperation INGEMMET - BGR/DERA: Pb-Zn deposits and by-products in northern Peru

Colombia
Brazil
- | Investigation of Pb-Zn ,MVT* deposits within the Pucara Group
y (carbonate formations) in the northern Cordillera Oriental with
I RN k_‘--'B_O"V'a regard to their high-tech by-products
wo 0 Chile
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Cooperation INGEMMET - BGR/DERA: Pb-Zn deposits in the Pucara unit

» First field work (sampling) in Sept. 2019 in the
Florida Canyon exploration project
(Nexa Resources)

» Futher sampling of further deposits (also other
types as SedEXx) is planned for 2022 (?)

7 7 = -l S a
g

» Focus on by-products as Germanium, Gallium, Indium
» Development and optimizing of processing methods

» The aim of these processing tests is to determine
economic and environmental friendly methods for the
recovery of these rare high-tech metals with German
technologies.

D':RA German Mineral
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Muchas Gracias | Thank you very much | Vielen Dank

http://www.ruhrnachrichten.de/storage/pic/mdhl/artikelbilder/leben/2927431 1 kumpel.jpg?version=1391692006

,2Bergbau ist nicht eines Mannes Sache allein.”

,Mining is not a matter for one person alone.”

,La mineria no es asunto de un solo person.”

Schwazer Bergbuch (1556)

Dr.-Ing. Sven-Uwe Schulz
German Mineral Resources Agency (DERA) at the
Federal Institute for Geosciences and Natural Resources (BGR)
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