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Resources as a Service
Two views of ‘sustainable mining’
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1 ‘Public’ ' 1. Turning geological natural capital into human,
Direct neighbors and infrastructure, and environmental capital for the
producers. This view might be seen as a service
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Diagram: Prof. Frances Wall
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Resources as a Service
Two views of ‘'sustainable mining’
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2. Metals as sustainable materials, from exploration
onwards. Retaining highest value for as long as possible in
circular economy.

Diagram: Prof. Frances Wall
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UNRMS

Framework for ensuring sustainable development
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1. State Rights & Responsibilities
in the Management of Resources

= Sustainable social, environmental
and economic development

United Nations Resource Management System

b g bt s = Resou rces providing ServiCeS to
enable sustainable development

Governance Circular Economy = Net positive impact of activity into
12. Competancy & Capability pe rpetu ity
11. Transparency

Collaboration
10. Innovation

UNRMS adapted for Cornwall Case Study
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Present
Case Study: SW England’s Critical Metals Industry

«2/UNECE I IINN I BN B I DN I NN I N N

RESOURCE MANAGEMENT WEEK 2023 | ASSURING gwABILITYIN RESOURCE MANAGEMENT | 25-28 ARril 2028 | Palais ges Nat?ocr'\s |28€neva
0

?Technology Metals(s) Project

Geothermal Energy Project
Known License Areas
United

Established kaolin mines L] IMERYS - China Clay Area 2 Yoo

=1 Comnish Lithium

Marth Sea

Renaissance of exploration - D o e > e g
technology metals (Li, Sn, w, Cu) B Corvel Pasarces dil L S
Geothermal energy (deep & =) rornetioers
shallow in development) A ot

Floating offshore wind in ‘ 4 9
development ‘_,' 7,
Natural environment 2\ Q1o - -
Need well-paid jobs ?

L I O N B I

40 Kilometers 5



Past
Case Study: SW England’s Critical Metals Industry

= UNESCO Cornwall and West Devon
Mining Landscape World Heritage Site

= 4,000 years mining: Tin, tungsten,
copper... (Co, Ni, As, Sb...)
= 1.6 million tonnes tin
= 1 million tonnes copper

Where is it now?

: iTSHé‘to*Ajp;s/Igy:Co'cks :
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UNESCO World Heritage
Site: Cornwall and West
Devon Mining Landscape

Agri/Aqua-Culture:
Sustainable agriculture,
aquaculture, and water
resourcing practices

Diverse set of
“Geo-Resources”
spanning natural and
social capital

Surface Quarrying:
Kaolin, Lithium, Tungsten,
Rubidium, Caesium,
Potassium

Ve
(

Remediation: Value-
creation from cleaning
up industrial legacy

o

f
Underground Mining: T,in,
Tungsten, Copper, Zinc, Mine
water geothermal heat, energy
storage infrastructure

Each providing a service
to society and the
environment

Depth below sea level (km)

Deep Geothermal:
Electricity, Heat, Lithium

()]

Geo-Resources
A Spectrum of Services...

Local Skills and Expertise: Sustainability, Circular Economy, Responsible Mining and
Exploration, Mineral Processing, Environment, Social and Governance (ESG), Nature
Regerenation, Renewable Energy, Blue and Green Economy

Exceptional Natural Spaces: 250 km Heritage
Coast, 167 SSSI, 12 Special Conservation Areas,
498 County Wildlife Sites, 9 Marine Conservation
Areas, 20% UK’s designated bathing beaches

Renewables & Clean Energy:
Floating Offshore Wind,

Onshore Wind, Solar Photovoltaics,
Bio-Methane, Geothermal

Building Space for
™ Nature: Nature recovery

Metasedimentary

Shallow Qeothermal: Country Rock (Killas)
Heat, Lithium
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(" Cornish Lithium

Circular Economy
Where do Critical Metals Fit? Where are the gaps?

| British Lithium Pilot Plants
Cornish Metals , Options for materials Options for Original
Cornwall Resources Collaborative or engineering businesses Equipment Manufacturers
Cornish Tin centralised smelting/
Marine Minerals refining capacity?
. GodolphinX
. | '
Exploration Metallurgy Blending
(pyro-, bio-, hydro-)
Extraction | Manufacturing Manufacturing
%?Rg%?}é?}%%ﬂ Refining Assembly Assembly
A Processing A A A
Raw Material Concentrate Precusor Material Component Material

e.g. CLICCC

ninerals concentration/refinin

Overlap in techniques for
N ¢}
and recycling activities

Historic Wastes

Scrap Recycling

Remanufacture
(of component)

Recycling

Circular Economy: Options for Service providers, Recyclers, etc.
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Adapted from: Weimer et al. (2019) Resource Policy 64: 101473

Options for Product
Manufacturers

Manufacturing
Assembly
A
Component Product
(‘n)
Redistribution
Remanufacture Collection
(of product) Reverse
ogistics)
Disassembly



UNFC

United Nations Resource Classification Framework

= Good understanding of development of
primary resource projects...

= Further work necessary on the value chain
and secondary resources for Circular
Economy Development

Economic, Environmental, Social Viability

»

Most developed

Projects with ‘reserve’ estimates
or in production (e.g., Hemerdon)

=

Projects with ‘resource’ estimates,
these projects require futher feasibility
work to assess project viability

(e.g., South Crofty, Trelavour,
Greenbarrow, Hemerdon)

E>

data for ‘resource’ delineation, these
require further data collection
(e.g., Wheal Vor, Godolphin,

hium Brines)

——

Gs G4 Least developed

G2
G1 Degree of Conﬁdenoe

- Proved Reserve - Previously Commercial Projects

- Probable Reserve U Previously Potentially Commercial Projects
- Measured Resource - Exploration Target

- Indicated Resource n Additional Quantities in Place

U Inferred Resource
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Cornwall and Isles of Scilly Industrial
Strategy Vision: “In 2030 the Cornwall and Isles of
Scilly creative and carbon-neutral economy will
be realising opportunities for its people,
communities and businesses to thrive, benefiting
the environment and providing an outstanding
quality of life for all.”

1. State Rights & Responsibilities
in the Management of Resources

Social

Governance Circular Economy

12. Competancy & Capability
11. Transparency

Collaboration
10. Innovation

Pump-prime funding; cluster-development; education pathways;
enabling good-practice; Best Available Technique (BAT) development;
R&D opportunities etc.

Next steps

...for a sustainable Critical Metals ecosystem

= Application of the UNRMS as matrix to
highlight gaps in provisioning/knowledge for
sustainable development

= Such as:

Shared infrastructure planning
Central reporting/data provisioning

Strategic Environmental Assessments for
combined impact of resource projects

Talent pipeline development for local content
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More Circular Economy research into:

=  Up- and down-stream value chain adaptations for
circular/servitized business ecosystems

= Skills and capacity building for implementation

=  System/Regional development impact modelling
(environmental/social)

... hext installment in Session 4. Empowering
Sustainable Development, Friday 28t April, 10:00-11:00.

Prof. Frances Wall “A Proposal for Advancing
Circular Economy, Resource Servitization and
International Collaboration”
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