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Briefing Note: Top 10 Critical Opportunities

The critical minerals agenda started as a defensive mechanism to secure at-risk supplies of

specialist raw materials for advanced manufacturing economies. Producer countries are now

responding and taking advantage of the critical minerals opportunity to supply critical

minerals to people who need them. The UK is no exception. It has mineral deposits and

recycling technologies that can play a key role in overcoming criticality concerns at home and

abroad, as well as developing new business and exports for the UK. We highlight ten mineral
supply chain opportunities that the UK could take advantage of:

e Building blocks of manufacturing and electronics: Tin (Sn) and Tungsten (W)
e Underpinning energy systems: Copper (Cu) and Rare Earth Elements (REE)
e The Battery Trio: Lithium (Li), Cobalt (Co), and Nickel (Ni)

e Regenerative catalysts: Platinum Group Metals (Pt, Rh, Ir, Pd, Ru)

e (Critical Chemicals: Fluorspar (Fluorine - F)

e Food security: Potassium (K - salts/ potash/ polyhalite)

Further key points on these supply chains are presented in the table on the next pages. Ahead

of this, we start with several key points about critical minerals supply chains.
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Critical minerals mean different things to different people — The critical mineral lists in
countries with large manufacturing economies, including the UK, include their
economicallyimportant raw materialsthat are at risk of supply disruption. Many countries
that are predominantly producers have looked at these lists and responded with their own
critical minerals lists that contain the minerals they can supply.

We need to get the priorities right. Geographical, geopolitical, and geological factors
mean that it is challenging for individual nations to become world leading in all critical
mineral supply chains. It is therefore crucial that nations ‘pick their battles’ about which
critical minerals and which parts of the value chain to develop themselves, and use these
to help create strong and mutually beneficial, international partnerships for security of
supply of all their critical minerals.

Minerals supply chains do not make themselves. Global supply systems combine a
complex array of discovery, extraction, processing, product development, use and re-use,
and end-of-life collection and recycling stages. The open market often failsto join up these
steps, especially when there is a dominant player already in the market and intervention
is needed.

There is no ’one-size-fits-all’ approach. The exceptional properties that each mineral
provides for specific technologies and applications follows through to their supply chains
— each mineral value chain has its own unique suite of risks, points of business failure,
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challenges and opportunities and needs individual solutions to create new supplies and

complete value chains.

*,

*» We need to celebrate and build on success — the critical minerals opportunity includes

companies who are already doing well so that we can build on their success to increase
supplies from these sources and trade with overseas partners.

Here are our top ten picks for opportunities in critical minerals within the UK.

Metal/

Mineral

UK situation

Comment, Opportunities,
Needs and Solutions

Critical
Elsewhere?

Building blocks of manufacturing and electronics — Tin and Tungsten

Tin (Sn)
Critical
SR = 3.2
EVyk = 6.4

Tungsten (W)
Critical

SRg = 5.9
EVUK =5.0

= 5 exploration to pre-operation phase projects
with Sn as main- or by-product.

= Highest grade non-producing tin resource —
South Crofty Lower Mine resource of 5.5 Mt at
1.46% Sn

= Publicly reportedresources and reserves with
contained Sn of 124 kt

= World renowned expertise — Intemational Tin
Association (St Albans)

= UK manufacturers using Sn — e.g. Strip Tinning
Automotive that provides components for Tier
1 Automotive OEMs

= Two exploration to pre-operation phase
projects with W as main product:

= 2nd |grgest tungsten resource globally —
Hemerdon deposit reserve of 101.2 Mt at 0.14%
WO; and resource of250.3 Mt at 0.11% WOs.
High-grade Redmoordeposit with resource of
11.7 Mt at 0.56% WOs. Scheelite (CaWO4)
historically produced from Carrock Mine,
Cumbria

= Publicly reported resources and reserves with
contained WO; of 487 kt

=Tungsten recycling? is active in the UK, e.g.,
Avon Speciality Metals, with opportunities to
recover other CMs during refining process.

= Importance at times understated due
to ubiquitous use in electronics
Smelting and refining capacity of
primary material currentlyrestricted to
SE Asia

= Mapping and materials flow needed
for UK Sn industrial ecosystem
(upstream & downstream)

= Potential opportunities in refining and
recycling of tin canbe developed by UK
orin collaboration with international
partners

= Importance at times understated due
to ‘hidden’ use in tools that enable
advanced manufacturing.

= Strategic raw material for defence
technologies and future usesin nuclear
fusion technologies.

= Complex processing but European
expertise with tungsten powder
production in Austria. Wolframite
([Fe,Mn]WO4) main tungsten ore
mineral in SW England. Mixture of
scheelite and wolframite required for
conventional ammonium
paratungstate production.

US (2022)

Canada (2022)
Japan (2018)
South Korea (2020)
India (2022)

Australia (2022)

US (2022)

Canada (2022)
Japan (2018)
South Korea (2020)
India (2016)

EU (2023)

Underpinning energy systems — Copper and Rare Earth Elements

Copper (Cu)
Non-Critical
SRg = 2.2
EVUK = 53

= Across the UK, Cu deposits are known even
though not as large as the World’s major Cu
mines. Cu could be produced as a main product
and by/co-product of Ni, Sn, and W.

= Major copper-producing multinational mining
houses are listed on London Stock Exchange
(Anglo American Plc, Antofagasta Plc, BHP
Group Limited, Freeport-McMoran Inc.,
Glencore Plc., Rio Tinto Plc)

= Need RD&I on UK Cu opportunities
= Recycling opportunity — from copper
and copper alloyed products.

* International collaborations can be
built through various partnerships
(industrial, academic) including Chile
and Central African Copperbelt.
RD&I on UK sources, including
assessing possible market

Resource efficiency options to reduce
Cu use (universal/standard chargers,
communications replacement with
fibreoptics, reassessing energy
transmission infrastructure)

1 Difficult to be sure if recycling takes place in UK or scrap is collected and exported
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Canada (2022),
Japan (2018), India
(2022)

EU - strategic status
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Rare Earth
Elements (REE)
Critical

SR = 7.2

EVUK =55

= Expertise in Rare Earth Metal Manufacture —
Less Common Metals

= UK based recycling project — lonic
Technologies, HyProMag

= UK-based and listed companies with overseas
REE projects —Pensana Plc., lonic Technologies,
Mkango Resources Ltd, Ascension Earth
Resources Ltd, Altona Rare Earths plc

= World-class research community in REE ore
deposits — legacy of major research projects
HiTechAlkCarb, EURare, SoS RARE — and REE
recycling — CREAM, REAP, RaRE, REEsilience

= International partnership

development with producer and

consumer nations and companies to

diversify value chain.

= Eco-design opportunities to use the

‘low value’ REE — Ce and La—to

support project economics and

stabilise supply.

= Increase UK recycling capacity

= Build on outcomes of CLIMATES
Innovate UK investments.

= Projects all need further support

UK Research
and Innovation

Lithium (Li)
Critical

SR = 4.8
EVUK = 4.5

Cobalt (Co)
Critical
SR = 8.1
EVUK =5.1

Nickel (Ni)
Critical
SRc = 3.0
EVUK =6.1

through development stages

The battery trio — Lithium, Cobalt, and Nickel

= Exploration and pilot/ demonstration
of extraction from granite and
geothermal fluid sources (Cornish
Lithium, Imerys British Lithium, GEL,
Weardale Lithium, Northern Lithium)
= development of refinery locations
from intermediate and imported
primary feedstocks (Tees Valley
Lithium, Green Lithium, Leverton
Helm)

= Recycling tocathode active material
RD&I (Altilium)

= Exploration in NE Scotland
(Aberdeen Minerals, Peak Nickel)

, Coin legacy mine waters.
= Recycling tocathode active material
RD&lI (Altilium)

= Exploration in NE Scotland
(Aberdeen Minerals, Peak Nickel)

— UK net exporter: in
2024, UK exported c. 5,430 t Ni
powders and flakes (US$127.6M)
= Recycling tocathode active material
RD&I (Altilium)

= Potential for UK to be a net exporter of Li (if

all mining and refining operations go ahead)

= Greater granularity required on the timing

of UK demand with respectto UK production

and development of the midstream if UK

produced Li to be utilised domestically

= Need cathode active materials
manufacture and support to achieve a
joined-up value chain

= Projectsallneed further support through
development stages

= Coreduced in newer battery chemistries
thus older batteries represent significant
potential secondary resource if recovered
and recycled efficiently

= Early-stage exploration — feasibility study
support

= RD&I opportunities for recovery from mine
water drainage

= Co-possible product from Clydach Refinery
= International collaborations through
various partnerships (industrial, academic)
including Central African Copperbelt, and
including as part of copper projects

= If UK primary production develops then
currentlythereisa missing node of the value
chain between nickel concentrate production
from mining and the nickel matte feedstock
used by Clydach Refinery

= International collaborations tosupport and
develop lower-impact Ni mining activities
= Shifts towards LFP and Na-ion batteries
may change demand dynamic for Ni, so
agility in sourcing and recycling systems is
necessary

Projects all need further support through
development stages

University
of Exeter

Australia (2022)

US (2022)

Canada (2022)
Japan (2018)
South Korea (2020)
India (2022)

EU (2023)

Australia (2022)
US (2022)

Canada (2022)
Japan (2018)
South Korea (2020)
India (2022)

EU (2023)

Australia (2022)
US (2022)

Canada (2022)
Japan (2018)
South Korea (2020)
India (2022)

EU (2023)

US (2022)

Canada (2022)
Japan (2018)
South Korea (2020)
India (2022)

EU (2023)

Regenerative catalysts — Platinum Group Metals (Pt, Rh, Ir, Pd, Ru)

Platinum Group Metals
Pt, Rh, Ir, Ru: Critical
SRs=5.6-9.1

EVUK = 46 - 56

Pd:

SRc = 4.0

EVUK = 3.8

= Johnson Matthey Plc. (JMAT: LSE) —
HQin UK, expertise in circularity of
PGM
= UK registered Anglo American
Services (UK) Ltd.

assigned EU Strategic Project
Status

= Key elements for hydrogen technologies
= Example of international best practice in
metal circularity and can build on this
success

= UK locations for refining and technology
development for more critical PGM (e.g.,Rh,
Ir, Ru)

Critical chemicals — Fluorspar
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Australia (2022)
US (2022)

Canada (2022)
Japan (2018)
South Korea (2020)
India (2016)

EU (2023)
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Fluorspar (F)

SRc = 4.6
EVUK = 1.9

Potassium - K-salts/
potash / polyhalite

SR = 2.0
EVUK = 4.6

= 2022 UK export of high purity
fluorspar wasc. 12,700 t (US$7.28M)
= Hydrofluoric acid and related
chemicals are key ingredients for
chemical and manufacturing industries
(including battery manufacture)

but could possibly resume.

UK Research

= Currently no UK fluorspar production, thus

supply risk associated with this mineral may

increase if operations remain closed

= Need to assess potential and advantage of
resuming UK production

e

” - lithium ion battery
sector is expected to exceed 1.6 million
tonnes by 2030

Food security - Potassium

= UK is producer of Polysulphate and
Potash

* World’s only operating mine for
Polyhalite at ICL Boulby and the
advanced Anglo American Woodsmith
Project

= UK currently sole provider of polyhalite
products globally, thus an important global
source of this mineral product

= Could be leveraged in minerals security
partnerships as a trading mineral given
uniqueness of occurrence

Footnote to table - (SR ¢ - Global Supply Risk; EV yx - Economic Vulnerability UK)
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US (2022)
Canada (2022)
India (2016)
EU (2023)

US (2025)
Canada (2022)
India (2016)
EU (2023)

Global supply risk

2 3 4

3 6 7

UK economic vulnerability

UK Criticality Assessment 2024 — positions of our ‘top ten critical opportunities’ — adapted after
Mudd et al. (2024)
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For further information, please contactus at: criticalminerals@exeter.ac.uk

Suggested citation for this briefing note: Marquis, E. and Wall, F. 2025. Top 10 Critical
Opportunities, May 2025, Critical Minerals Challenge Centre Briefing Note 2, 5 pp.

The views expressed here are those of the authors and not necessarily a consolidated
view from the whole Critical Minerals Challenge Centre.

The Critical Minerals Challenge Centre is part funded by UKRI, Grant 5052188

REFERENCES and RESOURCES

Chemical Industries Association, 2024.

Circular Critical Materials Supply Chains (CLIMATES) - Investment Readiness
Programme 2024,

Met4Tech Circular Economy Roadmap for Lithium-lon Battery Materials,

Met4Tech Circular Economy Roadmap for REE Magnets,

Mudd et al., 2024. UK 2024 Criticality Assessment - Decarbonisation and Resource
Management Programme. British Geological Survey Open Report OR/24/047, 235 pp.

50of 5
CMCC Briefing Note — Top 10 Critical Opportunities (May 2025)



