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SUSTAINABILITY STARTS WITH EUROPE'S RESOURCE POTENTIAL
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2015 2030 2050

Sl Electric passenger cars 1.2 million 200 million 965 million

Battery storage capacity 0.5 GW 175 GW 12 380 GW
Solar photovoltaic capacity 223 GW 2840 GW 8519 GW I
Data from IRENA (International Renewable Energy Agency) 2018 |
== RAW AND ADVANCED MATERIALS ARE THE KEY ENABLERS
=4 FOR THE ENERGY TRANSITION
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STATUS QUO

China is world’s largest producer Declining production rates since 2000 only in Europe — A 2000 / 2018

of 32 different commodities:
¢ 4 Iron and Ferro-Alloy Metals: “ ‘
Mo, Ti, W, V
14 Non-Ferrous Metals: +104.3%
Al, Sb, As, Bi, Cd, Ga, Ge, In, Pb, Hg, +16.9%
REE, Te, Sn, Zn

1 Precious Metal: Au

11 Industrial Minerals:

Baryte, Bentonite, Fluorspar, Graphite,

Gypsum, Kaolin, Magnesite,

Phosphates, Salt, Sulfur, Talc +22.0%

2 Mineral Fuels:
Steam Coal, Coking Coal +135.0%

World Mining Data, 2020
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WICKED PROBLEMS

Highly complex and interconnected
Many stakeholders
Large economic impact

Incomplete or contradictory information

Collective problems require collective actions!
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COLLECTIVE ACTIONS

Authorities

. . Research
Highly complex and interconnected ‘i agd :
eaucation
Politica NGOs

Many stakeholders % %f@

Consumers
)
Employees  Communities ® Media

Geological information on local, regional, (nors :: g

Large economic impact

Incomplete or contradictory information

national and European level.

Industry
associations

Christmann 2017
@
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BUILDING MOMENTUM

European
Commission

Carbon eutrallty i The Eu ropean
' A new Industrial Strategy

5l py2050 e 5 g Green Deal for a globally competitive,

green and digital Europe

March 2020

Action Plan on
Critical Raw
Materials

#EUGreenDeal
#EUIndustrialStrategy

® EC 5020
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EUROPEAN RAW MATERIALS ALLIANCE VISION & GQALS

Vision

ERMA has four interconnected goals:

s ° Bolster the creation of environmentally sustainable and socially equitable innovations and infrastructure

* Implement a Circular Economy of complex products
e Support Europe’s raw materials industry capability, to extract, design, manufacture and recycle materials

* Promote innovation, strategic investment, and industrial production across specific value chains
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DIGITAL TRANSFORMATION

Europe’s current and future sustainable
economic growth and societal wellbeing
increasingly draw on value created by

data.

European Commission White Paper on Artificial Intelligence, 2020
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SCALE-S__OF OBSERVATION
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PR AT et
@hrgm Primary Mineral Resources \‘ M'NEE tj’

®  Awuminum
® Antimony '
8 Mineral Belts
s Main Commodities
: 5.‘2‘3‘;?.5 Class:A, B, C
8 oo Central European Tethyan
W oo
§ E%;aw Granite related W-Sn(Nb-Ta-Li-Au) Porphyry Cu-Au-Ag
o oo Kupferschiefer type Cu(-Ag-PGE) Epithermal Au-Ag
2 e Pegmatites (Li-REE) Skarns (base metals)
@® Tontalum ' '
o Fennoscandian lberian
@ Uranium
i fo?;?{:? magmatic Ni-Cu-PGE Volcanic-hosted massive sulfide
:c:'”:"“““ Kiruna-type Fe-P Cu-Zn(Co-In-TI-Ga-Sn-Ag)
e Orogenic Au(Co-Bi-Te) Orogenic Au(Co-Bi-Te)
©BRGM, 2011 ‘% Carbonatites (REE)
®
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FAVOURABILITY MAP FOR @b?a'i'ﬁw
LITHIUM MINERALIZATION

IN EUROPE

CBA (Cell Based Association) scoring
by sum of frequency ratios

* X %

* *
*EUROGEOSURVEY
* * .

O - /

The Geological Surveys of Europe

Guillaume Bertrand (1,2), Martiya Sadeghi (3),
Eric Gloaguen (1,2), Bruno Tourliére (1), Havard
Gautneb (4), Tuomo Térmanen (5), Daniel de
Oliveira (6)

1 - BRGM (Geological Survey of France),
Orléans, France

2 —ISTO UMR7327 (Univ. of Orléans, CNRS,
BRGM), Orléans, France

3 — SGU (Geological Survey of Sweden),
Uppsala, Sweden

4 - NGU (Geological Survey of Norway),
Trondheim, Norway

5 — GTK (Geological Survey of Finland),
Rovaniemi, Finland

6 — LNEG (Geological Survey of
Portugal), Alfragide, Portugal

Version 1.2 (July 2020)

This favourability map for lithium
mineralization in Europe is a
result from the GeoERA FRAME
project (www.frame.Ineg.pt).

GeoERA has received funding
from the European Union's
Horizon 2020 research and
innovation programme under
grant agreement No. 731166.

© BRGM, GeoEra FRAME project, 2020

Sources: Esri, GEBCO, NOAA, National

FRAME
FORECASTING EUROPE'S

AND ASSESSING |
STAATFGIC RAW MATFRIAI § NFFDS.

Geo€RA

Legend

Lithium favourability
:l Very low
I o

I:l Medium
] won

| R

Cell size of 10 km x 10 km. CBA
scoring by sum of frequency ratios,
i.e. frequency of a given lithology
in all standarts neighbourhood
(buffers of 100 sq km) vs. frequency
of the same lithology in all cells of
the grid. Jenks natural breaks classi-
fication.

Data sources are:

- the FRAME project database on
deposits of energy critical elements;

- the 1/1 500 000 geological synthesis
of Europe (Billa et al., 2008); lithologies
of Tertiary and Quaternary ages have
been excluded.

0 450
[ = ]
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Gammin, HERE, Geonames.org, and other
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SUSTAINABLE MINING FOR A MODERN SOCIETY

ENVIRONMENT COMMUNITY @ proouctiviry (@) sarery @) resource erriciency @) oiGiTaLization

DATA OPTIMIZATION
& MACHINE LEARNING

Optimizing data collected from equipment
and monitoring devices enables engineers
to precisely plan, control and schedule

operations. Al & Machine Learning help to
integrate complex processes and big data

3D IMAGING

3D imaging of ore deposits, from deep
roots to the actual deposit, helps to
understand the geology for more efficient
and targeted mining that reduces waste
and minimizes disturbances.

DRONE TECHNOLOGY

Drones collect high-resolution data for
cost-effective and advanced mapping,
technical & environmental monitoring and
maintenance to improve safety and
production efficiency while reducing
environmental impact.

AUTOMATION

The integration of autonomous vehicles
and automated technologies support
more competitive operations and enables
ultra-deep and remote mines to operate
more effectively and safely.

GREEN ENERGY POWER

Renewable energy sources such aswind,
solar and bio-energy are key technologies
for the clean energy transition. Green
energy can reduce remote communities’
reliance on diesel fuel, which generates
significant CO2 emissions,

h

HIGH ACCURACY GPS
High accuracy GPS technology brings

along the entire value chain.

00000

precision to sustainable mining. From GPS
assisted precision drilling to autonomous
haul trucks for worker safety, GPS enables
safe and efficient operations.

000
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MINERAL PROCESSING

Ore sorting reduces the quantity of material
that needs to be crushed and ground to
unlock valuable minerals and metals,
saving energy & water and resultingin
reduced emissions & mine waste.

VENTILATION ON DEMAND

The airflow system saves energy by

ALTERNATIVE

POWERED VEHICLES
Sustainable mine of the future will have
lower CO2 emissions with electric and
hydrogen-powered vehidles. As an

alternative to diesel fuel, the air quality is

improved for workers operating
underground.

0000

EQUIPMENT MANAGEMENT

The shift towards smart mining includes
the integration of new sensors to track
and optimize mining operations. Digitally
integrated, they capture data about all

safely directing fresh air only when and
where it is needed. This reduces
ventilation costs and increases the
potential for expanding a mine without
the need for new infrastructure.

3D PRINTING AND
MODULAR EQUIPMENT
The integration of 3D printing
technologies will increase efficiency and
flexibility of operations, including the

©0

aspects of mining operations. production of on-demand parts for

e @ @ ° 1 replacement and repair.

®
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Join the European Raw Materials Alliance at erma.eu
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