UNFC and UNRMS
for Nuclear Fuel

Resources

King Lee, e e s e e e

Chair, EGRM Nuclear Fuel Resources RESOURCE MANAGEMENT WEEK 2023
ASSURING SUSTAINABILITY IN RESOURCE

m n SN = R AF- Al
I I I NN — I S ——
TSweEs ws Ws E e EEsvImss w =

Working Group and
World Nuclear Association

YUNECE




Future nuclear energy prospects, and what
it means for uranium requirements
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= World Nuclear Association has
published reports on the supply and
demand of nuclear fuel since its
foundation in 1975

= |tis based on three scenarios for
future reactor development — lower,
reference and upper. These are
developed by WNA member
experts

= It describes the current supply
capacities in natural uranium,
conversion, enrichment and
fabrication services — and the future
capacity needs under the scenarios

/

WORLD NUCLEAR
ASSOCIATION

The Nuclear Fuel Report

Global Scenarios for Demand and Supply
Availability 2021-2040
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Demand for nuclear energy is set to
increase
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Near/mid term In the Reference and Upper 1000
Scenarios there is some decline in global
nuclear generating projections over 2025-
2035 due to various delays caused by the
Covid-19 pandemic and reconsideration of
nuclear programmes in some countries.

Reference case to 2040:
Generating capacity is expected
to grow by 2.6% annually

800

600
Long term: Beyond 2035 there is a more

positive outlook due to wider prospects for
the nuclear energy and improved climate
change policies.

Working on the Fuel Report 2023 report, -

nuclear energy demand looking to Upper
significantly increase because of recent Reference
energy policies to address energy security. Lower

Net Nuclear Capacity, GWe

400
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In the long run intense development of new uranium
mines will be needed to fill the supply gap
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In 2020, only 74% of world reactor
requirements were covered by primary
uranium supply.

In the near-term shortage in uranium
supply will be largely covered by
commercial inventories (unspecified

supply)

By mid-2020s, restart of idled capacity
is expected, however the decrease of
supply from the presently-known
existing mines will continue due to

further depletion of uranium resources.
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Uranium demand and expected supply in the reference scenario
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2020 2022
mm Specified secondary supply
Restarted idled mines
 Planned mines
Unspecified supply
= Reactor requirements, Reference Scenario

2024 2026

2028 2030 2032 2034 2036 2038 2040

B Existing mines

mmm Mines under development
I Prospective mines

=== Commercial Inventory
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Carbon Neutrality - energy and resource
demand
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The UNECE Carbon Neutrality
Toolkit is integrated approach
looking at interplay of all low- and
zero-carbon technologies
including; renewables, CCUS,
nuclear and hydrogen.

In-depth analysis of selected low-
and zero-carbon technologies
including:

- CCUS,

* Nuclear power

- Hydrogen
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Technology Brief on nuclear power,
provide an overview of nuclear energy as
an important source of low-carbon
electricity and heat that contributes to
attaining carbon neutrality:

Large scale reactors and Small Modular
Reactors (SMR)

Flexible operation of large reactors and
SMR

SMR providing low-temperature district
heat (DH) in the cogeneration mode

SMR producing high temperature
process heat for industrial applications

Hydrogen production (including high
temperature solid oxide electrolyzes)

Nuclear Power Brief
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Nuclear power is an important source of low-carbon electricity and heat that contributes to attaining carbon neutrality

Microreactor
10 megawatts electri Heat flow
(around 20 v wtts rma !

Compa tdeslg uita r grids, distributed grids and off-grid applications A/ Electricity flow
such as powering remote communities and industrial sites. ‘%ﬂ

‘;'asf" e

Small Modular Reactor

Up to 300 megawatts electric
(up to 900 megawatts thermal)

Large-scale Nuclear Reactor
300 - 1700 megawatts electric

(aroun d 900 to 5000 megawatts thermal)
Currently primarily used for reliable
large-scale electricity generation. A range

Scalable, versatile and suitable for elec

‘ grids of varyi ngs\zes and diverse heat
of mature and proven designs available.

applications. Many designs
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ELECTRICITY GENERATION HYDROGEN

si
d elopment. Wide deployme T p cted
n the 2030s.

Raising Awareness

Nuclear power plants can produce reliable 24/7 Nuclear power can be used to produce low-carbon hydrogen Recognise that nuclear power is a source
electrlclty or Qperate f[ex|b|y as requlred ‘ eeeeee I process: 8 of low-carbon energy and heat that can
helpd boni: e
Dlspatchable electricity sources are essential for - Low-temperatu I troly ng nuclear electricity elp decarbonise energy systems
keeping the costs of the overall system low. - Steam ele lrcly elear heat and electri city
ﬂ + Thermochemical process uslng nuclear heat at above 600 C Promoting Acceptance

Develop policies that instil confidence and
facilitate the wider application of nuclear

power to decarbonise electricity and
PROCESS HEAT FOR INDUSTRY DISTRIC HEATING energy intensive industries

High-temperature heat from nuclear plants r‘ Nuclear plants are a proven source of heat for urban rameworks that instil
isi Qﬂ district heatin, gth at have operated successfully in a confidence and incentivise affordable public

N .a be transformative in decarbonising & 3 A “
@ 7 hard-to-abate sectors. Ny number of countti and private investment in support of new
A /\94 L nuclear power projects
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Carbon Neutrality - need more nuclear and

uranium
Carbon Neutrality Innovation LETIE]
i Electricity Generation Mix [TWh] Carbon Neutrality Innovation Scenario
Scenario _
I Coal ] Coalccs [ oil 0il ccs Gas Gas CCS Nuclear il Hydro Wind Offshore Biomass
For the UNECE reglon by 2050’ Biomass CCS [} Geothermal Solar PV Concentrated Solar Power Wind Onshore Other
the amount of generation from
nuclear energy more than triples,
with 6235 TWh (~28% supply)
874 GWe of installed nuclear
capacity, of which 432 GWe is
projected to be SMRs, by 2050.

6,235

Potentially significant increase
demand of uranium required for
Carbon Neutrality.
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Life cycle assessment of
electricity sources
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= UNECE conducted an LCA study to assess the life
cycle environmental impacts of electricity
generation options such as coal, natural gas, Carbon Neutrality in the UNECE Region:
hydropower, concentrated solar power (CSP), S Lj,':;g;':g:;‘*;;:::;
photovoltaic (PV) technologies, wind power and
nuclear energy.

UNITED NATIONS ECONOMIC COMMISSION FOR EUROPE

= These options have been evaluated for climate | (e

change, freshwater eutrophication, ionizing P
radiation, human toxicity, land occupation, | \
dissipated water and resource use. ' " \

* The study is part of the UNECE Carbon
Neutrality Toolkit, which provides the pathway N
to bold, immediate and sustained action to
decarbonize energy through international
cooperation.
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Life cycle assessment - Greenhouse gas
(GHG) emissions
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UNECE Llfe C Cle J-01-B8 |ifecycle greenhouse gas emission ranges for the assessed technologies
Y
Ass_essmen’g C_0m pa red t_he Lifecycle GHG emissions, in g CO: eq. per kWh, regional variation, 2020
Mailn eIectr|C|ty generating 1200 1095
technologies over a broad 1000 | 912 .
range of impact 800 o1+
categories. o0 788 S
e
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Life cycle assessment - Impact on human
health
&
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Human health SO0 Life cycle impacts on human health, in points, including climate change.
Note on unit: 1 point is equivalent to the impacts (in disability-adjusted life years, DALY) of 1

person (globally) over one year.

Life cycle impacts on human health,per MWh, in pointes

Nuclear power has a
low impact on human oy S~
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Life cycle assessment - Impact on
ecosystems
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ST %) Normalised, weighted, environmental impacts of the generation of 1 TWh of electricity

Normalised lifecycle impacts, weighted, of the production of 1 TWh, per technology, Europe, 2020

Ecosystems

“Nuclear power 180.0
show a very low 1400
score on the 1000
ecosystem g
damage 00
indicator”
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m Resource use, minerals and metals
Land use

m Resource use, fossils

m Water use

m Particulate matter

m Photochemical ozone formation

m Ozone depletion

m Human toxicity, non-cancer

m lonising radiation

m Human toxicity, cancer
Eutrophication, terrestrial

m Eutrophication, marine

m Eutrophication, freshwater
Ecotoxicity, freshwater

m Acidification

m Climate change



Nuclear and Uranium Sustainability
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UNECE information contributed
to the discussion on nuclear
energy sustainability as part of
EU Taxonomy environmentally
sustainable economic activities.

SUSTAINABLE FINANCE

H European @ Engiish
Commission m PLATFORM ON

Home > Publications > EU taxonomy: Commission presents Complementary Climate Delegated Act to accelerate decarbonisation

EU taxonomy: Commission presents Complementary
Climate Delegated Act to accelerate decarbonisation

First published on 02 February 2022

Currently ongoing discussion u PLATFORM On
SUSTAINABLE
reg a rd I n g u ra n I u m I n CI u S I O n Nn 2 Eohriary 20237 tha Cammicginn annrnvad in nrincinla a2 Comnlsmantany Climata Dolanatod S
TECHNICAL
within the mining economic WORKING SROUP
activities as part of the EU \ oo
Taxonomy.

RESOURCE MANAGEMENT WEEK 2023 | ASSURING SUSTAINABILITY IN RESOURCE MANAGEMENT | 25-28 April 2023 | Palais des Nations | Geneva 12



Best Practices in Uranium Mining and

Processing
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The VV.Or.Id NUCIGar WORLD NUCLEAR
Association has developed /
i ' Guidelines for Evaluating Supplier
Industry Best Practices in
Uranium I\/Ilnlng and Performance at Uranium Mining

and other Processing Sites in the
Nuclear Fuel Supply Chain

Processing for responsible
management of uranium - .
mining and processing Sustaining Global Best Practices

projects. in Uranium Mining and

Currently reviewing and Processing

updating a assessment tool
of uranium mining and
processing supply chain, Health and Safety,
considering development of Waste and the Environment
UNRMS, other regulations
and standards.

Principles for Managing Radation,
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King Lee, ASSURING SUSTAINABILITY IN RESOURCE

Chair, EGRM Nuclear Fuel Resources Working — — — —— A A e —
Group and World Nuclear Association —
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