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= A Screening Exercise

* Prelude to Detailled Assessment

source: Roderick Eggert
Colorado School of Mines, US

RESOURCE MANAGEMENT WEEK 2023 | ASSURING SUSTAINABILITY IN RESOURCE MANAGEMENT | 25-28 April 2023 | Palais des Nations | Geneva 2



International Criticality Study Groups
US NRC, 2008
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International Criticality Study Groups
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International Round Tab
Materials Criticality — IR

* Alessandra Hool, IRTC Coordinator, ESM Foundation, Switzerland

» Currently in third round:
2018-2020 IRTC
2020-2022 IRTC-Busine
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Aggregates
Aluminium
Ammenia
Andalusite
Antimony
Arsenic
Ashestos
Barium
Baryte
Bauxite
Bentonite
Beryllium
Bismuth
Boron
Brass
Bromine
Cadmium
Caesium
Calcium
Carbon fiber
Chlorine
Chromium
Clay

Coal
Cobalt
Copper
Cork
Diamond
Diatomite
Feldspar
Fluor
Gallium
Germanium
Glass fiber
Gold
Graphite
Gypsum
Hafnium
Helium
Indium
lodine

Iron

Kevlar
Kyanite
Lead
Limestone
Lithium
Magnesite
Magnesium
Manganese
Mercury
Methane
Mica

Molybdenu...

Monazite
Natural gas
Nickel
Nigbium
Nomex

RESOURCE MANAGEMENT WEEK 2023

Outlook on Criticality Assessments
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Periite
Petroleum
PGM Iridium
PGM Osmium
PGM Palladium
PGM Platinum
PGM Rhodium
PGM Ruthenium
PGMs
Phosphorus
Potassium
Quartz fiber
REE Cerium

REE Dysprosil
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REE Erbium

REE Europium
REE Gadolinium
REE Holmium
REE Lanthanum
REE Lutetium
REE ium

REE Praseodymium
REE Samarium
REE Scandium
REE Terbium
REE Thulium
REE Ytterbium
REE Yurium
REEs

REEs Heawy
REEs Light
Rhenium
Rubber
Rubidium
Selenium
Shale gas
Silica
Silicomanganese
Silicon

Silver

Soda ash
Sodium
Strontium
Sulfur

Talc
Tantalum
Tellurium
Thallium
Thorium

Tin

Titanium
Tungsten
Uranium
Vanadium
Vermiculite
Wood

Zinc
Zirconium
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Frequency of appearance and assessment of "high”, "medium®, or
"low" criticality
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EC Criticality Assessments
EC methodology

2010 first release
22013 update
2015 revision (JRC) |

“Joint Research Centre

The European Commission’s science and knowledge service

- - : R . \

METHODOLOGY FOR ESTABLISHING
THE EU LIST OF

CRITICAL RAW MATERIALS

« Guidelines «
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EC Criticality Assessments
2017 Guidelines — Supply risk
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EU methodology for critical raw materials assessment: Policy needs
and proposed solutions for incremental improvements

journal www.olsovier P
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Gian Andrea Blengini***, Philip Nuss®, Jo Dewulf*“, Viorel Nita®, Laura Talens Peiro*,
Beatriz Vidal-Legaz’, Cynthia Latunussa®, Lucia Mancini®, Darina Blagoeva®, David Pennington®,
Mattia Pellegrini®, Alexis Van Maercke®, Slavko Solar”, Milan Grohol®, Constantin Ciupagea®

Research Centre, Ispra, ltaly
Rewarch Centre, Petten, Netherlands

ROW, Brusicks, Belgium
“ Ghent Universty, Ghent, Belgam
* Poliecnico di Torin, Torina, Ity

ARTICLE INFO ABSTRACT

TUNGSTEN GLOBAL SUPPLIER/COUNTRIES
(~73kt in 201

TUNGSTEN ACTUAL SUPPLIERS TO EU28
(ore and conc. 13kt in 2010)

-Supply concentr.
(HHI)

-Poor Governance

Kegpoords: Raw materials form the basis of Earope’s economy to ensure jobs and competitiveness, and they are essential for
‘maintaining and improving quality of life. ARbough all raw materials are important, some of them are of more
Sipply sk concem than others, thus the list of critical raw materials (CRMs) for the EU, and the underlying European
Rsnouts mpirtatus Commission (EC) eriticality assessment methodology, are key instruments in the context of the EU raw
iads fneriers materils policy

For the next update of the CRMs list in 2017, the EC is considering to apply the overall methodology akready
Sepply daie used in 201 1 and 2014, but with some modifications. Keeping the same chis a deliberate

choice in order to prioritise the comparability with the previous two exercises, effectively monitor trends, and

maintain the highest possible policy relevance. As the EC' in-house science service, the Directorate General

Rescnure criiabty smsment

Portugal

1% Risk-reducing Risk-reducing

China Russia Russia Austria filt filt Joint Research Centre (DG JRC) identified aspects of the EU criticality methodology that could be adapted to
83% 9% liter er better address the needs and expectations of the resulting CRMs list 1o identify and monitor ritcal raw
el / 4% ° materbls in the EU.
oth | “The goal of this paper is o discuss the sp of the EC aritcality me were adapted
thers R | H b t' t t' by DG JRC, highlight their noveky and/or potential outcomes, and discuss them in the context of criticality
> ecycling ubstitution e e
SR Bolivia
1% 2%
— - o a vs 1. Introduction (product complexity) (Greenfield and Graedel, 2013). Global economic
Bolivia Portugal growth coupled with technological change (e.g., low-carbon energy and
Canada| 2% 6% Supply Raw mateias form the basis of Europe’s economy to ensure jobs  transpertation systems, modem defence and commuicaton systers)

1% risk

Number of measures.

-Import
dependency

-Trade
-Supply chain
-Substitution

8

-Black > already in 2014
-Red - JRC introduced
-Blue 2> JRC improved
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-Recycling

RESOURCE MANAGEMENT WEEK 2023

and competitiveness, and they are essential for maintaining and
improving our quality of life. Securing relisble, sustainable, and
undistorted access of raw materials and their circular use in the
therefore, of growing concern within the EU (EC. 2014,
Legaz et al., 2016) and globally (Coulors! 5).
mendous increase in the amount of

2009) together with
s used in single products

al., 2

asiguificant growth i the number of mat

Ablreviations: CPA. St activity: CRM,

mand for many raw materials in the future
Pavel and 6).

“Criticality” combines a wmparatively high economic importance
with a comparatively high risk of supply disruption (Buis et a ).
In 2008 the U.S. National Research Council propased a frameworl
evaluating material “criticality” based on a metal's supply risk and the
impact of a supply restricion (NRC, 2008). Since that ime, a number
of organizations worldwide have built upon that framework in various

or

Added Vakse; HHI, Herfirdahl Hirxchman Index; IR, lmport Relisnce; JRC, Joint Resarch Centre: MSA, Materisl System Anslyss. NACE, Rafstical Clasific
o Communiy; PPL, Policy PatentialIndex; RGL Rescurce Governance Idex: RM, Raw Materia; RMI, Raw MaterissIniitive; ROW, Res e Work SR,

Sepply Rk overtance Tedex; WTO, Word Trade Orgarizat
P arrepondin aihot ot Eorcpea Commidon. D Jotes Resesreh Crtr, pes, 1
E-mail address: g ropa.ex (GA. Bengind).

2 i revised form 9 March 2D17; Accepted 17 May 2017
Avaibible caline 24 May

,E Importance; BOL-RIR, Frd of Life Recyding leput

03014207/ © 217 The Authars. Publishedby Elevier Ld. This is

the CC BY cense (hsp 40))
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Share of RM uses (%) Substitution
values
181

EC Criticality Assessments

2017 Guidelines — Economic importance
I N N DN N e I

Allocation of RM uses
to NACE sectors

NACE sector | NACEsector | sqcior's VA

RM use 1
Share =P, = 40%

RM use 2
Share =P,=15% 52

83

RMuse 3
Share=P,=20%

4

RM use 4
Share=P,=25%

Pyt P+ Pyt py=100%

2/3-[a-digit | 2-/3-(a-digit

EI = ) (A *Qs) %]

NACE sector | NACEsector | ¢appnrs ya
2-/3-/a-digit | 2-3-/4-digit

NACE sector Sector’s VA
2-/3-[a-digit

(1) MEGASECTORS > NACE-2
(2) allocation of RM uses (NACE-6)
(3) RM-specific substitution index
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EC Criticality Assessments
2023 List of Critical Raw Materials
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2023 CRMs vs. 2020 CRMs

aluminium/bauxite gallium phosphate rock
antimony germanium phosphorus
baryte hafnium PGM

beryllium HREE scandium
bismuth lithium silicon metal
borate LREE strontium
cobalt magnesium tantalum
coking coal natural graphite titanium metal
fluorspar niobium tungsten
Legend:

Black: CRMs in 2023 and 2020
Red: CRMs in 2023, non-CRMs in 2020
Strike: Non-CRMs in 2023 that were critical in 2020

vanadium
arsenic
feldspar
helium
manganese
copper

nickel

e
ReHHHHBBeF
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EC Criticality Assessments
2023 Foresight Report & Strategic raw materials
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JRC SCIENCE FOR POLICY REPORT

Supply chain analysis and material demand
forecast in strategic technologies and sectors
in the EU - A foresight study

Carrara, 5, Bobba, . Blagoeve, D, Alves Diaz, P.,
Cavalli, &, Georgitzikiz, K., Grahol, M. Trul, &,
Kuzov, T, Latunusse, €, Lyans, L, Malano, 6.,
Maury, T., Prior Arce, & Somers, 1 Telsig, T.,
Vech, C, Wittmer, D, Black, €, Penningtan, D,
Christau, M.
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L1ST OF STRATEGIC RAW MATERIALS

The following raw materials shall be considered strategic:

Bismuth

Boron - metallurgy grade
Cobalt

Copper

Gallium

Germanium

Lithium - battery grade
Magnesium metal

Manganese - battery grade
Natural Graphite - battery grade
Nickel - battery grade

Platinum Group Metals

Rare Earth Elements for magnets (Nd, Pr. Tb, Dy, Gd, Sm, and Ce)
Silicon metal

Titanium metal

Tungsten
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International Criticality Study Groups
Yale University, 2012
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Methodology of Metal Criticality Determination

T. E. Graedel, Rachel Bamr, Chelsea Chandler, Thomas Chase, Joanne Choi, Lee Christoffersen,
Elizabeth Friedlander, Claire Henly, Christine Jun, Nedal T. Nassar,* Daniel Schechner, Simon Warren,
Man-yu Yang, and Charles Zhu

Vulnerability to
Supply Restriction

Center for Industrial Ecology, School of Forestry and Environmental Studies, Yale University, 195 Prospect Street, New Haven,
Connecticut 06511, United States

© Supporting Information

ABSTRACT: A comprehensive methodology has been created to quantify the degree of
criticality of the metals of the periodic table In this paper, we present and discuss the

hodology, which is « ised three di i supply risk, environmental
implications, and vulnerability to supply restriction. Supply risk differs with the time scale
(medium or long), and at its more complex involves several components, themselves
composed of a number of distinct indicators drawn Fom readily available peer-reviewed
indexes and public information Vulnersbiiy to supply restriction differs with the
organizational level (Le, global national, and corporate). The criticality methodology, an
enhancement of a United States National Research Coundil template, is designed to help
corporate, national, and global stakeholders conduct risk evaluation and to inform resource
utilization and strategic dedsion-making. Although we believe our methodological choices
lead to the most robust results, the framework has been constructed to permit flexibility by
the user. Specific indicatars can be deleted or added as desired and weighted as the user
deems appropriate. The value of each indicator will evolve over time, and our future research will focus on this evolution. The
methodology has proven to be suffidently mbust as to make it applicable across the entire spectrum of metals and organizational

). | I
levels and provides a structural approach that reflects the multifaceted factors influencing the availability of metals in the 21st

10 20 30 40 50 60 70 80 90 T00 century.

Supply Risk

I1D 20 30 40 50 60 70 80 90 700

B INTRODUCTION
Metals are vital to modem society. Indeed, it i difficult to think

and of data on nonfuel minerals important to the American
economy. The report, titlad Minerals, Critical Minerals, and the

Environmental
&
Implications

of a facet of human society that does not incorporate metaks in
one form or another. Human relance on metals is not a new
phenomenon, of course What is new is the rate at which
bumans are extracting, provessing, and usng metals. The
growth of materials use during the 20th century is such that
overall gobal metal mobiization increased neady 19-fold from
1900 to 2005, with aluminum increasing over 1000-fold" Not
only has the quantity of metals utilized by human societies
incressed, but so too have the number and variety of metaks. In
the 1980s, for example, computer chip manufacturing required
the wse of 12 elements. Today that number has increased w
around 60—a skable faction of the naturally occurring
elements.”

The exponential increase of metal utilization witnessed over
the past century has led to a marked shift of metl stocks.
Historically, all available stocks have been in Earth’s crust. Now
a significant portion reddes above ground in the anthropo-
sphere. This shift, coupled with ever-decressing ore grades,”
rases important questions such as whether we should be
concemed about the long-term availability of metals and
whether it is possible to recyde our way to sustainabiity.

In 2006, the United States Nationa Research Coundl
(NRC) undertook 3 study to address the lack of understanding

<7 ACS Publications 2001 Ametcan Chemica Saciery

1063

UL, Economy,” defined the criticality of minerds as a function
of two variables, impaortance of uses and availability, efiectively
communicated by a graphical representation referred to
hereafter as the criticality matrix in which the vertical axis
reflects importance in use and the horizontal avis & 2 measure
of availability (for more details, see the Supporting
Information).

The NRC carried out preliminary  eriticality
analyses for several metals. Of those surveyed, a number fell
within the region of danger—rhodium, platinum, manganese,
niobium, indium, and the rare earths. Copper was considered
not critical, not because of a ladk of importance of use (termed
“impact of supply restriction” by the committee) but because
supply risk was judged to be low. A number of other elements
were located between these extremes The evalutions were
regarded 2 very preliminary, but served to point out the
potentially great differences in criticality among a number of
the metals.

Received:  October 5, 2011
Revised: December 9 2011
Accepted: December 13, 2011
Published: December 13, 2011
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International Criticality Study Groups
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Vulnerability to Supply Restriction

Importance Substitutability
Substitut
—  Material Assets ubstitute
Performance
— E'iau;ﬁ::!: | Substitute
Importance Availability

Environmental
Impact Ratio

Net Import
Reliance Ratio

source: Tom Graedel et al
Yale Univ, US

Susceptibility

Met Import
Reliance

Index

| Global Innovation

>

Vulnerability to Supply Restriction

Supply Risk

Yale University, 2012

Supply Risk
|
[ | ]
Geological, Social &
Technological, Geopolitical
Economic Regulatary

Depletion Policy Potential | WG = Political

Time Index Stability
Lonpanton Human Global Supply

L—  Dewvelopment 5
Metal Fraction Inchax Concentration

-

F

]
&
Fl
&

Human Health

Environmental Implications

Ecosystems

Cradle-to-gate lifecycle inventory
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source: Nedal Nassar
USGS, US

International Criticality Study Groups

Stage I:
Early Warning Screening

Data, updated annually

Potentially
critical
mineral

commodities

USGS

Stage II:
In-Depth Analyses

Additional data, as needed

|

Critical mineral
commodities Criticality

report

Watch list Material
flow

analyses

Special
projects

Feedback from various stakeholders and
findings of special projects and analyses

14



USGS

US list of CRMs - 2018

Early Warning Screening Results
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Result: 35 CRMs -2 50 jin 2022

other events that can disrupt supply of
these key minerals. Pursuant to
Executive Order 13817 of December 20,
2017, " A Federal Strategy to Ensure
Secure and Reliable Supplies of Critical
Minerals,” the Secretary of the Interior
on February 16, 2018, presented a draft
list of 35 mineral commodities deemed
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A risk modeling framework is used to assessing
mineral commodities supply chains that pose
the greatest risk to the U.S. economy.

SCIENCE ADVANCES | RESEARCH ARTICLE

ECONOMICS Copyright © 2020
N = . . The Autthars, some
Evaluating the mineral commodity supply risk rops eservec

exclusive licerase
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of the U.S. manufacturing sector
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Disruption Potential

Selenium

Mica

EXPLANATION

Trade Exposure

e0 @
002505075 1
Supply Risk 1.0
-

Cadmium
@

USGS

N I N . I
) Supply Risk Leading Producers Most Vuinerable Applications
" 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Name(s) P S Description e
Dysprosium china [ Permanent magnets ]
Yitrium china [N Advaced ceramics |
Meodymium china [ Permanent magnets |
Cobalt D.R. Congo [ Superalioys | [
Lanthanum china [N Cataiysts | I
Cerium china [ Catalysts [l
Graphite china [ Refractories | [l
Bismuith China [N Chemicals | [l
Aluminum China, Russia - Passenger cars and light trucks _
Antimory china [ Batteries | [
Tantalum Rwanda, D.R. Congo [N Capacitors | [l
Prassodymium china [N Permanent magnets |
Tungsten cnina [N Cemented carbides ]
Rhodium South Africa [N Catalytic converters |
Ruthenium South Africa [N Electronics | [l
Magnesium china [N Aluminum atloys [l
Platinum South Afiica [ Catalytic converters ]
Miobium Brazil [ Steel dlloys |
Gallium [ china [ Integrated circuits | ]
Palladium Russia, South Africa [N Catalytic converters B
Iridium South Africa [N Electronics | [l
Titanium China, Japan NN As
Germanium China - //mﬁnw"—-—
Indium China
Tin i
— R=H-E-V
T p— ° )
N A

All components
are necessary;

each alone is an
insufficient
condition for risk

Supply Risk
Risk associated with a
supply disruption

Hazard
Likelihood of a supply
disruption

Exposure

Degree of exposure to a supply

disruption

Vulnerability

Ability to withstand the effects of a

Nassar, N. T., Brainard, J., Gulley, A., Manley, R., Matos, G., Lederer, G., Bird, L. R., Pineault, D., Alonso, E., Gambogi, J., & Fortier, S. M.
(2020). Evaluating the mineral commodity supply risk of the U.S. manufacturing sector. Science Advances, 6(8), eaay8647.

supply disruption
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Disruption
Potential

Likelihood of a foreign

supply disruption

Trade Economic

Indicator

Concentration of production in
countries that may become unable or
unwilling to supply the United States

INSTITUTE

Annual Survey of
Mining Companies

Willingness to
Supply Index

Exposure Vulnerability
Degree of exposure to a Ability to withstand the effects
supply disruption of a supply disruption
Net import reliance as a Annual expenditure on the mineral
percentage of apparent commodity by each industry relative

consumption to each industry’s profitability

CUnited States™ | Economic

ensus M

e Bureau

CENSUS

— 334112: Computer storage devices
— 333249: Other industrial machinery mfg.
—— 334510: Electromedical apparatus mfg.
339910: Jewelry and silverware mfg.
[ 333611: Turbine and turbine generator set unit mfg.

® m Automotive
m Petroleum

\ = Chemical

Pt Electrical

u Glass
Medical & dental
Jewelry
Other

Secondary

production
(recycling)

production

324110: Petroleum refineries 17
325180: Other basic inorganic chemical mfg.




Economic Vulnerability
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002505075 1
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Supply Risk
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Nassar, N.T., and Fortier, S.M., 2021, Methodology and technical 1 ao
input for the 2021 review and revision of the U.S. Critical Minerals List:

U.S. Geological Survey Open-File Report 2021-1045, 31 p.,

https://doi.org/ 10.3133/ 0fr20211045.



International Criticality Study Groups
USGS

For some mineral commodities, the supply risk to the United States has increased
notably over the past decade.

1.0 1.0
Gallium Cobalt
0.8 0.8
= =
S o6 S 06
L] (]
£ £
- | =
= >
£ 0
5 5
S 04 & D4
(0 L] EXPLANATION
Trade Exposure
. . 0000
002505075 1
Supply Risk
1
0.0 0.0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Disruption potential Disruption potential

Based on Nassar, N.T., and Fortier, S.M., 2021, Methodology and technical input for the 2021 review and revision of the U.S. Critical Minerals List: U.S. Geological Survey Open-File Report 2021-1045, 31 p.,
https://doi.org/ 10.3133/ 0fr20211045.
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Supply Risk (SR)

Leading producing countries

Byproduct status

Recency-

Predominately

sector.

USGS

A subset of mineral
commodities pose the
greatest supply risk for
the U.S. manufacturing

Commodity 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 . Names and process stages produced as a Host commodities
weighted mean
byproduct
Gallium 0.67 |China Yes Bauxite, zinc
Niobium 0.66 |Brazil No —
Cobalt 0.65|DRC (mining), China (refining) Yes Copper, nickel
Neodymium 0.65|China (mining and refining) Yes Iron ore, fitanium, zirconium, other rare earths
Ruthenium 0.63 [South Africa Yes Platinum, nickel
Rhodium 0.62[South Africa Yes Platinum, nickel
Dysprosium 0.61 |China (mining and refining) Yes Iron ore, fitanium, zirconium, other rare earths
Aluminum 0.60|China (alumina and aluminum); Australia (bauxite) No —
Fluorspar 0.60|China No —
Platinum 0.60 [South Africa No —
Iridium 0.59(South Africa Yes Platinum, nickel
Praseodymium 0.58 |China (mining and refining) Yes Iron ore, titanium, zirconium, other rare earths
Cerium 0.56 |China (mining and refining) Yes Iron ore, titanium, zirconium, other rare earths
Lanthanum 0.56|China (mining and refining) Yes Iron ore, titanium, zirconium, other rare earths
Bismuth 0.55(China Yes Lead, tungsten, copper, tin, molybdenum, fluorspar, zinc|
Yttrium 0.54 |China (mining and refining) Yes Iron ore, titanium, zirconium, other rare earths
Antimony 0.53|China Yes Lead, gold, other base and precious metals
Tantalum 0.53|DRC No —
Hafnium 0.51|France Yes Zirconium
Tungsten 0.51|China No —
Vanadium 0.51|China Yes Steel slag from vanadiferous iron ore, spent catalysts
Tin 0.50 |China (mining and smelting) No —
Magnesium 0.49(China No —
Germanium 0.49|China Yes Zinc, coal fly ash
Palladium 0.48|Russia Yes Nickel, platinum
Titanium 0.48|Australia (mineral concentrate), China (sponge) No —
Zinc 0.48|China (mining and smelting) No —
Graphite 0.47|China No —
Chromium 0.47 [South Africa No —
Arsenic 0.45|China Yes Copper, gold, lead, zinc
Barite 0.44 |China No —
Indium 0.41|China Yes Zinc
Samarium 0.40 [China (mining and refining) Yes Iron ore, titanium, zirconium, other rare earths
Manganese 0.40 (South Africa No —
Lithium 0.40[Australia (mining), China (refining) No —
Jelwrium | .| _____O40Chra e Copper, lead, nickel, plainum,zinc |
Supply risk
. . . Nassar, N.T., and Fortier, S.M., 2021, Methodology and technical input for the 2021 review and revision of the U.S. Critical
Low risk E High risk Minerals List: U.S. Geological Survey Open-File Report 2021-1045, 31 p., https://doi.org/ 10.3133/ 0fr20211045.
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JAPAN

A study of a stable supply of mineral resources JOGMEC
JOGMEC, Metal strategy division,Ariga Daisuke

- ical Metals in Japan
'

As Japan is heavily dependent on mineral resources from
abroad, it is critical for Japan to secure a stable supply of them.
Therefore, the Japanese government and companies have
been working on exploration development, stockpile, and
recycle of the mineral resources. In this report, the degree of
importance of mineral commodities in Japan in terms of
economic importance and supply risk for 41 mineral
commodities is evaluated based on the method for evaluating
criticality of raw materials, which was released by the
European Commission in 2010, in order to contribute to secure
stability of mineral resources.

A\ criticality 4\

Supply Risk

o~

+ End uses of metals ¥ Import partner countries
¥ Gross value added (GVA) + Producing countries
¥ Price ¥ Uneven distribution of reserve
* Quantity of domestic demand  + Substitutability
U I ane ¥ Recycle
+ main product/by-product

ol om A

0 2 a 6 8 10
Economic Importance

Critical Metals in Japan

# Market scale of metals in japan (R,

D : quankity of domestic demand ® Other misar metal

FaM
s
E1 sconcenic importance b
NEW GDF pross domestie product n
A:ibee ratio of consumgiion
* . =
8 = GDP AieQs Q: gross value added T
Ry markel scile —
i commadity M
i = Vill; 71 SCONOMIC S6C80r 2 ] E&ﬁM1 |
HELEND V : average impost price =  Fara aanth
v
—

10 100 Lo00 16,000 100,000
Market scale  (M35)
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Reported Supply Disruptions

yUNECE_____ I N . NN DN DN . I .

v

SR are major breakdowns in the mineral market equilibrium

«Healthy system» = «disease» Table 2 _ .
Breakdown of causations extracted from investigated events.

Causations Frequency Percentages
120 Natural disaster 65 13%
Accident 85 16%
100 Strike 71 14%
Environmental pollution 22 4%
Logistical problems 20 4%
o 80 Political instability 15 3%
g Resource depletion 14 3%
& 60 Foreign tension 6 1%
S Policy dispute 41 8%
o Fall in metal price 71 14%
Z 40 Corporate failure 10 2%
Economic downturn 14 3%
Contract disagreement 9 2%
20 Maintenance 10 2%
Demand growth 18 3%
I I sl I I I Electric power shortage 13 3%
0 " - - Drop in demand for parent metal 4 1%
zF> 5§£SE| |§g 2csaaczi o Production cost 2 a
o Other 8 2%

Total 519 100%

Fig. 3. Number of disruption events by metal.

Hatayama H., Tahara K. 2018, Adopting an objective approach to criticality assessment: Learning
from the past, Resources Policy, Volume 55, 96-102
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Links between Criticality parameters

R

\
(% UNECE Il IS I I

S

74

=

E axis

E axis assesses the sustainability of

mineral development in terms of

environmental and socio-economic

factors

- Backbone in most criticality
assessments

- ()

F axis

F axis assesses the ability to extract and
process a mineral economically and with
available technology.

- Technological aspects

-

ENVI RONMENT AL -50C 10-EC ONOM IC

and UNFC axes - discussion

e

G axis

G axis estimates the level of
understanding of a mineral resource’s
qguantity and quality.

- Minor aspects in criticality?

-
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Thank you!

Gian Andrea Blengini
Associate Professor

Politecnico di Torino
Date 25104 | 2023, Geneva
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