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ReeMAP

WASTE TO CRITICAL RAW MATERIALS

Recycling LKAB mine waste through innovative processing, producing valuable MAP and REE
Presentation at the Circular Economy Workshop - Climate Action Innovation Fund

3 December 2019
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LKAB is one of Sweden's metres below the ground is where we operate
oldest industrial companies  dmk our iron ore mines in Kiruna and Malmberget

Owned by the Swedish state
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LKAB has 4200 employees in 12 countries. ne ld ¥

.. et
e o

Our values, Committed, Innovative and Responsible, form
the basis for the way our operation is run.
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COMPUTERS

WIND FARMS

ROADS

WASHING MACHINES E\/ERYWH ERE CELL PHONES
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Sustainable
Underground

Mining
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EXTEND LKAB'S PRCFDUCTION PROCESS
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CIRCULAR ECONOMY
Recycling LKAB mine waste

REE - Rare Earth Elements, 1 % of global
production

MAP — mineral fertiliser, 5x Sweden's need

Gypsum — pure, 100% of Sweden’s need

A NEW INDUSTRY IN SWEDEN
Pilot project — scale up technology
Decision 2021

Localisation: environmentally best option:
Freights
Harbour
Process material
Market




NON-SUSTAINABLE SUPPLY TODAY ESSENTIAL FOR FOOD PRODUCTION

e  Only 1 European source of Phosphorus World agricultural production would be halved
without mineral fertilisers
e |Issues with import material
e Security of supply
* Geo Political issues/risk
e Low purity
* Cadmium

Safe and effective mineral fertiliser




(NOT SO) RARE EARTH ELEMENTS

REE's: abundant in low concentration

Large and costly mining operations

China produces abt 95%

No European production

LOW CARBON AND HIGH-TECH
Computers and smartphones
Generators in wind power plants

LKAB REE's considered valuable and
forecasted to grow in demand




ALLY CLEAN GYPSUM

AN

DECLINING GYPSUM SUPPLY

I

RGE IN SWEDEN BUILDING BLOCKS OF TOMORROW

By-product from coal fired power plants, raw material Cement production

decreasing output
Plaster boards

Recycled, secondary raw material, can replace

increase in virgin extraction Volume, 100% of Sweden’s need




EU: CRITICAL RAW MATERIALS

PRODUCTION OF CRM

E |

France
Hafnium 43%
USA
Berylium  90%
Hefum  73%
DRC
Cobalt 64%
Brazil
HMiobium 909
~ Sguth Africa
Trichurm 5%

Platinum F0%
Fhedium 3%
Ruthenium  93%

———Rwanda

4

iland
Watural rubber 32%

China
Antimany
Baryte
Bigmuth
Flsorspar
Gallium
Germanium
Indiurm
Magnesium

87%

Maturzl graphite 58%
Phosphate rack 44%

Phosphorus
Scandium
Silicon metal
Tungsten
Vanadium
LREES
HREE=

Source: https://ec.europa.eu/growth/sectors/raw-materials/specific-interest/critical_en

58%
66%
61%
B4R
53%
93%
D5%

WHY CRITICAL?
* Economic importance
* Supply risk

Phosphorus imports to EU
* 27 % Morocco (phosphate rock)
e 77% Kazakhstan (phosphorus)

REE (light and heavy) production
* 95 % China

The EU Raw Materials Initiative sets out a
strategy with three pillars to facilitate:

* Fair and sustainable supply of raw
materials from global markets;

* Sustainable supply of raw materials
within the EU;

* Resource efficiency and supply of
"secondary raw materials” through
recycling.


https://ec.europa.eu/growth/sectors/raw-materials/specific-interest/critical_en
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POLICY AND MARKET OPPORTUNITES
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POLICY AND MARKET OPPORTUNITES

POLICY (INCL. NGO'S) MARKET
e Purity of P (low Cd)

* Ecological classification

* Existing vs. New industry

e Public procurement standards
* Waste restrictions

* Awareness and demand of low Cd
* Industry labelling
* Consumer labelling
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