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Population Growth and distribution per Country
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The context

Recent OECD projections of global material demand
through 2060 indicate that primary material use will
roughly double, from 89 Gt in 2017 to 167 Gt in 2060
from 2017 levels — including growth in all major
categories of materials;

Growth in metals demand particularly remains consistent
even when broken down to the level of individual ore

types, with projections of most metal ore usage levels
approximately doubling, or more, to 2060.

Demand for commodities such as iron ore will continue
to exceed recent levels through 2050, despite accounting
for increasing regulation on material recycling and
factoring in an expected slow-down and eventual
decrease in China’s steel consumption (WEF 2015).

* 63% growth in fossil fuels,
e 73% in biomass,
* 97% in non-metallic minerals, and

« 126% in metals (growth to 2060
from 2017 levels)

https://population.un.org/wpp/D

ownload/Standard/Population/



https://population.un.org/wpp/Download/Standard/Population/
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Linear X Circular Economy
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Non-recyclable waste Non-recyclable waste

Circular economy




Circular Economy: A Key Driver for
Sustainable Development

* 100 billion tones of materials enter the global economy
every year, resulting in 39 billion tones of greenhouse gas

emissions

* Only 7.2% of the world’s resources are reused or
recycled

» Adopting a circular economy maximizes resource value,
achieves SDGs, and creates opportunities

 Circular economy could unlock $4.5 trillion by 2030

(<2 JUNECE
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Design For the Future: Adopt a systemic perspective during the

I h e < :I rC u I ar EC O n O I I l V D o design process, to employ the right materials for appropriate lifetime and

extended future use.

Incorporate Digital Technology: Track and optimise resource
I @ use and strengthen connections between supply-chain actors through

UN @) production
b digital, online platforms and technologies.

environment
programme
Sustain & Preserve What's Already There: Maintain, repair
s o and upgrade resources in use to maximise their lifetime and give them a
extraction second life through take-back strategies, where applicable.

greater value and align incentives through business models that build on
the interaction between products and services.

R 9 Rethink the Business Model: Consider opportunities to create

Use Waste as a Resource: Utilise waste streams as a source of

secondary resources and recover waste for reuse and recycling.

reusable, non-toxic resources are utilised as materials and energy in an
efficient way.

P e Prioritise Regenerative Resources: Ensure renewable,

Team Up to Create Joint Value: Work together throughout the
T supply chain, internally within organisations and with the public sector to

. increase transparency and create shared value.
Circular economy processes

3
@ T Guiding principle i
ST Business to business (mh
S == Userto business :
ST User to user -/

R Enabling Circular Systems
What is needed to create circular systems? » Education
« Skills circular product, design and production * Financing
* New Business Models « Collaborative Platforms

« A New Economic Framework



UNFC and UNRMS: A Universal Language

and Framework for Resources

@UNECE

UNFC and UNRMS are
frameworks for
classifying, accounting,
reporting, managing on
resource projects

UNFC and UNRMS
promoted in the EU (EU
CRM Act) and adopted
as the continental
system by the African
Union

They consider viability,
feasibility, confidence in
estimates, and
environmental, social,
and economic factors

Don’t discount the future:
Social discounting - a
reflection of a society's
relative valuation on
today's well-being versus
well-being in the future

United Nations Framework
Classification for Resources

Update 2019




CE is not the same or connected with waste
management hierarchy

e In Waste Management Hierarchy the final stage is still disposal
e CE envisages a zero-waste approach
| m pO rta nt e Interim storagetill appropriate use is found = procrastination

Considerations

. valuable resources = market dependent
on Circular

ECO ﬂOmV Subsidies are called upon = tax-payer moneys!!!

Legislation developed for a linear economy -
adaptation for a circular economy

Stakeholder perception: do | want something containing
radioactivity?




Towards a business analytics capability for the

circular economy

Material

Economic

esy

Need to develop a deeper understanding of the
importance of taking a holistic approach to business
analytics when leveraging data and analytics towards a

more efficientand effective enabled circular economy,

the smart circular economy.

ENVIRONMENT

Sociat

Communities/
Non-profit sector

/

Industry

Economic & TECHNICAL



The 3 “Musts” for “Recyclable” to become Recycled

There is a cost-effective
recycling
technology/process for it;

A waste material can There is a potential
only go from being market for the recyclate*

“recyclable” to really which the
being recycled when technology/process
three conditions are met: produces; and

The price of that
recyclate is lower than
equivalent virgin
material.

The role of government
IS to make sure that
these conditions exist.




[ 1sts of critical raw

materials — what

about Uranium???

List 2011 List 2014 List 2017
Antimony Antimony Antimony
Beryllium Beryllium Baryte
Cobalt Borates Beryllium
Fluorspar Chromium Bismuth
Gallinm Cobalt Borate
Germanium Coking coal Cobalt
Graphite Fluorspar Coking Coal
Indium Gallium Fluorspar
Magnesium Germanium Gallium
Niobium Indium Germanium
Platinum group metals  Magnesite Hafnmum
Rare earths Magnesium Helium
Tantalum Natural graphite Indium
Tungsten Niobium Magnesium

Phosphate rock

Platinum group
metals

Heavy rare earths
Light rare earths
Silicon metal

Tantalum

Natural graphite

NWatural rubber

Niobium
Phosphate rock
Phosphorous
Scandium

Silicon Metal



The five big bets for
the circular economy

1. Food systems
Packaging

3. The built
environment

4. Electronics
5. Fashion and textiles

 NORM (mining)
related industries????

Enablers

* Harmonized and supportive
policies

* Business development
support

 Data availability- inventory

» Technology — innovation

* Access to financial services
and infrastructure



Valorisation analysis scheme

 Hazardous and nsk assessment; E
: Econor.nicgl and efficiency ' | Metal recovery
i determination; .
besvncaasnesnnpecconnd
Building materials | Development of
Selection criteria complete usage strategies
Characterization » Adsorbent, catalysts
"""" L"""""" Soil amendments
' Physncal chemical properties, | b
l mineralogical and mechanical | Revegetation
| pl‘OpCﬂlCS etc. :

Shaker M.A. Qaidi et al. (2022)




Mining Residues: A
Circular Solution for
Resource Recovery

* Alow-hanging fruit

« Address "humankind's earliest and most
persistent form of environmental
contamination."

« Tailings impoundment facilities require high
capital and operational costs

« Uranium by-product from gold tailings

« Most iron ore tailings could be made into
Industry-grade sand

« Potential with phosphogypsum and red
mud

« Making a challenge to opportunity




Unconventional uranium resources

IAEA TECDOC SERIES

A Preliminary Inventory
and Assessment of Uranium
Resources in Mine Wastes

Bauxite residue
Tin slags
Coal bottom and fly ash

Phosphoric acid waste
stream

Process liquids of copper
ores

REE



THE ROLE OF THE
URANIUM MINING
INDUSTRY IN A
CIRCULAR
ECONOMY

Linear economy

Underground/Surface mine

Spent heap leach pile

/' Uranium recovery

l\/ Impermeable base for long-term collection
of uraniferous solutions




Some conclusions from the TECDOC

Metallurgical accounting indicates that the global mass of uranium mill tailings
contains at least between 0.87 to 1.74 Mt U304

Mine waters of active and historical uranium mines may contain uranium

concentrations that are of possible economic interest and could be extractable
using established technologies (Pocos de Caldas is an example)

Recovery of uranium from mine wastes may ultimately initiate the valorisation
of uranium resources, support total resource use of uranium ores and help the
transformation towards a circular economy in uranium mining.




Practical Examples Outside Uranium

Recovery

Red Mud (Bauxite)
Applications

Road

construction,
Bricks &
Heavy metal  Pavements Cement &
removal Concrete
Dyes. Phenols. Geopolymers,
& inorganic Ceramics. &
ions Composites
Red Mud Applications
Critical Metals
(Vanadium, Catalyst
Galliwm)
Scandium &  Coagulant &
REES Aluminium, adsorbent
Iron, &
Titanmm

RM utilization rate Iin various
applications for the period
from 1964 to 201

Rare Earth
Elerment
Recovery, 6%

Gas Scrubbing, 2%

T Soil Amendment or
Production, 2%

Shaker M.A. Qaidi

Steel Making and Slag

Additive, S%l '
I
Civil & Construction,

34%

L 13"f|6 I

Ceramic Materia

et al. (2022)



Circular economy model of coal mine

cooling
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coal-washing wastewater | system -
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Re-thinking Mine Remediation: from Harm Reduction
to Value Generation (Legacy to Asset)

® Remediation for Recreational and Commercial Purposes (While closed mine sites should be reclaimed so that plants

and wildlife do not require ongoing management, certain business opportunities could thrive, for example tourism):
— Seasonal sports, e.g., hiking, biking, golf, zip lining, skiing, tobogganing;
— Fishing and hunting grounds, camping resorts/retreats; and,
— Nature observatory parks, specialty gardens, etc.
® Regenerating Land to Healthy Agro-Ecosystems
® Regenerating and Reclaiming to Natural Ecological Systems
— Reclaimed to self-sustaining ecosystems

® Reprocessing existing, older wastes can eliminate costly remediation by geochemically and geotechnically
stabilizing residuals. This will reduce liabilities and associated final closure costs and may create marketable

“green” products



Reconversion strategy around the
3 pillars of sustainable development

Economic
Industrial facilities: ~7%
Agricultural activities:

Environmental

Ecological lands (hives,
ecosystems protection,

Social

Leisure activities
(fishing, hunting, etc.),
training areas for
firefighters, one-off
agreements: ~20%

~o0% etc.): ~10%
Photovoltaic power Forest lands: ~25%
orano Several different reconversions are possible for each site




Solar Farm in a Mine Pit Lake




Conclusions




Environet NORM Project — The Holistic
Approach

-""/ﬁgPoIicies & Strategies (WG1)
eQ)CircuIar Economy (WG 5)

(/f-"'
‘ [ Inventories (WG 2) J

Cost Assessment (WG 3)

Characterization
(WG 4)

[ Decommissioning (WG 6) ]
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IAEA.org  NUCLEUS y, Register  Sign In

(&) 1AEA|ENVIRONET
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JOIN ENVIRONTE — Network on
International Conference on 5 Environmental Remediation and

Sttt B NORM Managrment
Naturally Occurring
Partnering Organizations

adioactive Material
(NORM) in Industry

ENA European NORM Association

The next ENA workshop will be held 20—22
October 2020 in Vienna, Austria and will be hosted
by AGES (Austrian Agency for Health and Food
Safety) in parallel to the IAEA NORM2020

Welcome to the IAEA Network of Environmental Management and Remediation - ENVIRONET

Experience has shown that interaction between the less experienced and the more experienced countries and organizations may contribute

Conference.
to better conditions for implementing environmental remediation projects. To inspire countries to share their knowledge and experience as
well as to promote and facilitate collaboration, ENVIRONET was created. The basis for the network has been built over the past decade as
a number of remediation methods have been developed worldwide to deal with environmental clean-up of radiologically contaminated sites. ~ Current Highlights

However, the methods vary in terms of sophistication and costs and must be selected on a case-by-case basis. Hence planning is one of
the most imnortant nhases of the environmental manaaement and remediation nrocess In sunnart of better imnlementation of remediation

https://nucleus.iaea.org/sites/connect/ENVIRONETpublic/Pages/default.aspx
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