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The world produced roughly 2.8 billion tonnes of metals in 2021.
Here are all the metals we mined, visualized on the same scale.
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Heavy rare earths mined in Myanmar

https://www.globalwitness.org/en/campaigns/natural-resource-governance/myanmars-poisoned-mountains/
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Global Witness estimated that
Report on heavy 30,000 tonnes of VyaDmer
rare earths REO is being

produced from
Myanmar.

exported across
the border into
Myanmar.
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Rare Earth Materials will be increasingly
important in the future as a bargaining
tool for trade given the centrality of the
material properties to modern technology.

Secondary supply is one way for the West
to regain sovereign control over these
materials.

. “While the truce may be - «
extendable, it remains a
. short-term tacticamid

«deepening geopolitical

competition”

Viet Nguyen-Tien and Gavin Harper wrife that the US-
China rare earths deal shows the importance of critical
materials in a new era of sirategic interdependence.
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The US-China rare earths deal shows the importance of critica
materials in a new era of strategic interdependence

Extimated reading time: 8 minutes
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The accslerating shift fo clean energy and advanced fechnologies is
redrawing the map of global economic power. As nations and firms race fo
secure crtical minerals, rare earths — smal in frade valwe but high in
sirategic impact — have emerged as chokepoints for sectors from electric

vehicias and wind power to Al and defence. With the U5 and Chi "a, \5T Sgreeing to § one-year
rane earth fruce, Viet Nguyen-Tien and Gavin Harper revisit Chings 0T percent rule”, wiich fimits
rare earth exports, its potentizl to transform global supply chains, and the geopolitical risks that
foflow: A= resowrce competition sharpens, resiience and innovation will be key to navigsting this

new era of sirategic interdependence.



NON-CHINESE RARE EARTH MAGNET PRODUCERS: A GLOBAL SUPPLY CHAIN OVERVIEW
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EU CRITICAL RAW MATERIALS: GLOBAL END-OF-LIFE RECYCLING RATES (EoL-RR)

A comprehensive visualization based on European Commission Data
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The use of rare earths in trade disputes

Jul 2018: US imposes 10% tariff on Chinese
REEs.

Aug 2018: US National Defence Authorization
Act explicitly prohibits US Department of
Defense from sourcing REE-containing
magnets from China, Russia, North Korea and
lran.

Aug 2018: China imposes 5-25% tariffs on US
REE products.

Sep 2018: US removes tariffs on Chinese REEs.

2020 — The US authorized the Defence

Production Act to streamline the

construction of domestic mines whilst

prioritizing the expansion and protection of

minerals in secured supply chains. Chinese President Xi visits the largest rare earth magnet

2022 - Biden inflation reduction act producer in the world (JL MAG Rare-Earth Co), a few days after
trade negotiations broke down with President Trump.
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The separation problem and the reality today
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tlap Scale up - Tyseley Energy Park (2023) t,ep

Magnet manufacturing g Hydrogen production — =S== Waste handling site
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DER (UK) have provided £4.4 million of predominantly capital funding to scale up the
HPMS process and magnet manufacture. HPMS at 400kg batch sizes (semi continuous).
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SCALE UP OF THE
HPMS PROCESS

Larger HPMS Vessel —300-
400kg output per batch from a
total processing load of up to 6
tonnes

DER industrialisation centre equipment -

HPMS reactor Inert sintering system

Powder processing (sieving, Transverse aligning

milling, blending) press

Pellet press EDM

Axial aligning press Grinding
UNIVERSITYOF

BIRMINGHAM




Tyseley REE Magnet Recycling Facility

« >]100 tonne capacity recycling facility
for REEs

« The only facility in the UK for
manufacturing rare earth magnets

« The HPMS Technology is the most
efficient method to separate magnets
from waste globally.

« The technology has been supported
by the Mineral Security Partnership for
scaling globally.

« New company created (Hypromag)
which is scaling this technology in the
UK, Germany and the USA.

Automated powder processing — Sieving, jet milling, blending



Recycling options for extracted REE alloy powder or magnets

There are multiple routes to reprocess EoL. NdFeB magnets once extracted from the

application

The lowest environmental footprint results from direct short loop recycling by re-

sintering of the HPMS powder.

The direct short loop re-sintering process only requires around 10-12% of the energy to

make a magnet compared to the primary production route.
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recycling — using solvent
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Critical materials in the automotive sector
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Synergy between the

automated disassembly of

Lithium lon

Batteries and

Electric Vehicle Motors

MOTOR REMIVAL MOTOR DISASSEMEBLY

—— Potontally high residual voltagos

— Ladk of data on motor condition

— Lack of labaling and identitying marks

— Mamual handing hazards

— Mubiphs layers of cisssambly

— Mator housing needs o ba removwad
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ol component and high magnotic ald
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THE SPECIFIG CHALLENGES AROUND RECYCLING LITHIUM-I0N

BATTERIES ARE EXPLORED IN MORE DETAIL OM PAE 113

Differant pack configurations /
locations

Diffarant fiongs / tooling requined

t Vanaty of wehicla shapes / sizas

Bolts f fixings may be nusted

Heads of fxings may be rounded /
sheared

Peaiftion of bolt heads not always fued
Vahicle bodywork may be distorted
Vehicle may be crash damaged
Weight of battery

Remowal of wiring lkooms tncky
Manipulation of connectors (especially
whers locking tabs fitted)

High voltages untl wiring loom / moduls
links removed

Lack of data on moduls condition in msny
present EV battenes
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Potential firs hazards
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manufacture (dificult to remowe)

Cells stuck togsther in modules with
adhesives (difficult to separate)
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Module state of charge may not be known

Clean separation of ancdes and

cathods for direct recycling difficult

Vary finely powderad matenals

present nsks (nanoparticles)

Peotential for HF compounds formed

from elactrolyte

— Puotential for thermal effects if calls
shorted dunng disassembly

— Chemistries not always known /
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— Additional challenges with
cylindncal cells (unwanding spral)
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End-of-life management
forwind turbines
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Offshore, R&D GB and generator design options

@ Onshore @ Offshore A
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applications applications Geared (GB) DD
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superconductor
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Double- Squirrel Permanent- Electrically
fed Cage magnet Excited
Induction Induction Synchronous Synchronous
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Rare-earth magnets used in PMSGs pose critical material concerns; a
10 MW DD-PMSG turbine can contain >2,500 kg of NdFeB magnets

Dr. Gavin D. J. Harper gavin.wales g.d.j.harper@bham.ac.uk
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Abstract Sect
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Materials, excluding concrete
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forwind turbines
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Materials
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Composites and plastics
Concrete (foundation)
Copper
Electronics

M Lubricants
Permanent magnet
Steel and iron

Steel and iron
(foundation)

Rare-earth magnets used in PMSGs

10 MW DD-PMSG turbine can contain
>2,500 kg of NdFeB magnets
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Material intensity of direct-

drive onshore wind turbines
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Material economic value and recycling potential
(existing onshore fleet)
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Future offshore material economic value and
recycling potential
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End-of-life management

Recycling options for for wind turbines
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RESCu-M2 | The UK's National Centre for Robotics,
Al, Automation and Smart Machine Enabled
Circular Manufacturing and Material Recovery

Flagship Demonstrators - Roadmap

Energy Medical Devices

RESCu-M*

Wind & solar value retention; turbine blade Circular processing of MedTech; diabetic-
end-of-life; energy storage adjacencies. waste stream (insulin pens, glucometers).

o ——0

Use-case freeze Demonstrator build Field tria

TECHNOLOGY
ROADMAP

Electric Drives & Powertrains Large Structures

EV motors, magnets, drives. Pilot with ZF value, low-volume assets where
Automotive on separation of motor components. 2 e embedded value.

Forward view of the
RESCu-M?2 research
programme,

Q3 2026 onwards
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Please get in touch:

@ g.d.j.harper@bham.ac.uk
@gavindjharper

@ https://www.linkedin.com/in/gavindjharper/

@ gavin.wales
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