Circular innovation for the
production of phosphorus
and rare earth elements
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Europe needs rare earths
but has no extraction and marginal refinement

Rare earth oxide Rare earth oxide Rare earth metals Permanent magnets Example: Wind turbines
mining processing
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Source: European Raw Materials Alliance, combined data from Roskill 2018; Adamas Intelligence 2019; Peteves 2017; Carrara et at 2020; IEA 2021; USGS 2021




Mineral fertilisers enable 50 percent

of the world's food production
We are import dependent on phosphorus

Mining production Europe's supply of
phosphorus ore phosphorus ore
2020 (~210 million tonnes) 2020, CIS excluded (~8,3 million tonnes)
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Valuable mineralisations
are deposited today

4 billion tonnes of ore
Iron, Phosphorus and Rare
Earth Elements

Large-scale iron ore
production beyond 2060




Innovation for circular production of
phosphorus and rare earth elements

Primary production

Iron ore Pellets /
~27 Mt Sponge Iron

Secondary product, circular production

Mine tailings
~6 Mt




The circular mine?

Recycling, waste avoidance and the use of renewable
energy are part of circular business models.

Mining waste is Sulphuric acid is

T Fossil-free energy produced from Hydrochloric acid is Commercialises new Energy and heat
hosphorus and rare replaces fossil Boliden's mining regenerated (recycled) by-products (gypsum, recovery from the
P ezrth .~ processes and energy. waste containing using the sulphuric fluorine, etc.) processes.
) pyrite. acid.
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Planned expansion of logistics and
storage for carbon free sponge iron
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Concept image, Stark Arkitekter
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Feasibility study, 2018-2022 }
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Potential to increase REE
and phosphorus production
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