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About Argus Consulting Services

Argus Consulting Services helps clients to understand their markets better
and define strategies to succeed within them

Single Client Work Outlook Publications Multi Client Studies

* Bespoke research

Market Studies and analysis
* Typically ‘Market B | P arsus consutting senvices
St rategy' projects Argus Battery Materials Monthly Outlook s Brusayionor
Argus Battery Materials Annual 2018
Strategic * We help clients “
Planning evaluate potential

investments and

support market

Supply, Demand entry decisions =
& Pricing
Analysis * Our workis built

off the foundation
of Argus data and

Market Supply knowledge

Strategy
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Introduction
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Reserves

- China dominates reserves of rare earths —
close to 40pc of the global total

Global Rare Earth Reserves, 2017

- Brazil and Vietnam both represent around
18pc

1% 2% M China
M Vietnam

. . . M Brazil
+ Russia also has significant RE reserves -

15pc

M Russia

M India
- India, Australia and US account for 1-6pc of W Australia
global reserves S
M Other

- Relative abundance of rare earths in the
earths crust, but mineable concentrations —usGs
less common
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Reserves

- Relative abundance of LREEs:
o Cerium = +30mn t
o Lanthanum = +20mn t
> Neodymium = +15mn t

- HREEs less abundant but still not that
rare:

> Dysprosium = 3mn t

«  Mineable resources more the issue

illuminating the markets
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Reserves
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Bastnasite, Monazite and
Loparite are the main cerium
and light lanthanide-
containing minerals

Xenotime is the main
Yttrium-containing rare
earth mineral & also high in
dysprosium

Two main types of rare earth
laterites (ion adsorption
clays) in southern China:

> Type A (Xunwu) - V. low Ce &
higher La, Nd & Pr

- Type B (Longnan) - V. high
yttrium and dysprosium

Rare earth content of selected source materials

% of total REO m Other B Yttrium B Samarium H Dysprosium

100% -
90% -+
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Rare earth

refining process

* Ores contain low
concentrations of
REE, with
composition
varying between
deposit

Produce

Concentrate

* Milled ores
produce higher
concentrations of
mixed REE

* Difficult to
transport due to
volume of material,
50 generally
processed local to
the mine

illuminating the markets

* Further processing

Increasing Value

Produce RE
Oxides

Produce RE
Compounds

* Separation of REO

to upgrade the through further
material, eliminate processing. Highly
impurities and resource intensive
typically produce a process, particularly
mixed REE for HREOs. Done by
concentrate atomic weight,

« i there Is a high starting with cerium
concentration of * Oxides are most stable
REE within the form of element and
compound then most widely traded.
:’r::eponaﬂoo o * Fluorides are used

when oxygen would

cause contamination

Copyright © 2019 Argus Media group. All rights reserved.

* Process of benefication

Produce RE
Metals

* Material is used in

to produce oxides, production of a wide
metals or magnetic range of products
powders, typically to

the specifications of

the customer
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Rare earth requirements by industry

The eight industry sectors require different types of rare earth and options to
substitute can be limited.

Industry LRE/HRE Substitution
potential

Glass
Neodymium magnets
Refinery catalysts

Battery alloys

Metallurgy (excl.
batteries)

Phosphors
Ceramics
Catalytic converters

Other

illuminating the markets

Cerium, Lanthanum, Praseodymium, Neodymium, Yttrium

Neodymium, Praseodymium, Dysprosium, Gadolinium, Terbium

Lanthanum, Cerium

Lanthanum, Cerium, Neodymium, Praseodymium, Samarium

Cerium, Lanthanum, Neodymium, Praseodymium

Yttrium, Cerium, Lanthanum, Gadolinium, Europium, Terbium
Yttrium, Lanthanum, Cerium, Neodymium, Praseodymium
Cerium, Lanthanum, Neodymium, Praseodymium

Cerium, Lanthanum, Yttrium, Neodymium, Praseodymium,
Samarium, Gadolinium, Other REOs

Copyright © 2019 Argus Media group. All rights reserved.

High

HRE/LRE Low-Medium

LRE Low

LRE Between battery
types

LRE Medium

LRE/HRE Low
LRE High
LRE Low

LRE/HRE N/A
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Rare Earth Production

Estimated global REO production, 2010-18

» Gradual decline in production
from 2008 to 2011/12 - ;
Chinese controls on Output 250,000 - Other B Vitrium B Dysprosium B Samarium
and exports

m Neodymium m Praseodymium m Cerium m Lanthanum
200,000

« Jump in production 2013/14 -
reaction to higher prices 150,000 1 %
:

. . 100,000 A B f%} =
« Further jump in 2015/16 - L
‘illegal’ production in China 50,000
(despite Molycorp closure)
O -

o Increase in 2018 _ Mountain 2010 2011 2012 2013 2014 2015 2016 2017 2018f

Pass? —Argus
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Rare Earth Production

Chinese RE mining quota by company, 2018 Chinese RE separation quota by company, 2018

2%

m Northern Rare Earth B Northern Rare Earth

® Southern Rare Earth ® Southern Rare Earth

Chinalco Chinalco

® China Minmetals . .
B China Minmetals
m Guangdong Rare Earth
m Guangdong Rare

B Xiamen Tungsten Earth

—MIIT —MIIT
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Rare Earth Demand

. Steadydg rowth in RE Estimated global REO consumption by application, 2010-18
demand in volume terms:
> =132,000t REO in 2010 to
~165,000t REO in 2018 (CAGR
= 3 pc/yr) tREO
200,000 - Others m Metal alloys m Ceramics m Phosphors
+ Volume grOWth is Steady Glass industry B Catalysts = Batteries B Magnets
supported by:
- Traditional industries for LREEs 150,000 7

(e.g. glass, catalysts 7 . . . . . . . . .

ceramics 190,000
- Rapidly expanding industries T
such as the wind energy,
battery-electric vehicle and
consumer electronics industries 50,000 -

+ REO demand has declined in
t_he battery a”Oy a_nd . 2010 2011 2012 2013 2014 2015 2016 2017 2018f
lighting phosphor industries
due to increasing
competition from non-RE-
based technologies

i“uminating th e markets Copyright © 2019 Argus Media group. All rights reserved. d
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Rare Earth Demand

Rare earth consumption by application, 2018 (volume & value)

Volume

illuminating the markets

B Magnets

m Batteries

= Catalysts

m Glass industry

® Phosphors

m Ceramics

u Metal alloys
Others

— Argus
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Value

M Catalysts

m Ceramics

= Glass

m Metal alloys
® Magnets

W Batteries

® Phosphors

Other
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Rare Earth Demand

Rare earth consumption by element, 2018 (volume & value)

illuminating the markets

m Cerium

= Lanthanum

m Neodymium
B Praseodymium
B Dysprosium

B Gadolinium

B Europium

m Terbium

= Samarium

Yttrium

— Argus
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Value

B Cerium

m Lanthanum

= Neodymium

= Praseodymium
M Dysprosium

® Gadolinium

m Europium

1 Terbium

m Samarium

Yttrium

— Argus
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Trade

- Chinese exports dropped Chinese rare earths exports, 2009-18
dramatically 2009-2011(export
restrictions, mainly to Japan):
o Oxides = 25.4mn kg to 8.0mn kg

- Metal ~ 3.3mn kg to 1.3mn kg 000kg 000 kg
45,000 A - 7,000
- Strong growth in exports since 40,0001 m des el - 6,000
2012 (relaxing of export 350009 | 5,000
restrictions & removal of export 30,000
quota/taxes in 2015): 25,000 + - 4,000
> Oxides = 8.0mn kg to 38.4mn kg 20,000 - 3,000
- Metal = 1.3mn kg to 5.5mn kg 15,000 5000
10,000 A
*  Forecast for 2018: 5,000 - - 1,000
o Oxides = drop to 33.7mn kg 0 - -0
> Metal = slight rise to 5.7mn kg 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018f

Notes: * - right-hand axis
— Official customs data
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Trade

Chinese REO exports by destination, 2018 Chinese RE metal exports by destination, 2018

mus M Japan

M Japan m Europe

m Europe mus

m Other m Other
— Oficial customs statistics — Offical customs statistics
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Historic Rare Earths Pricing

Annual average Chinese fob rare earth oxide prices, 2009-18

$/kg Ce La —Gd ——Nd Pr $/kg
250 ———Sm Y —— Dy* Eu* ——Tb* [ 3,500

- 3,000
200 A

- 2,500
150 1 - 2,000
100 - - 1,500

- 1,000
50

- 500

O T T T T T T T T T C'
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
—Argus
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Historic Rare Earths Pricing

Monthly average Chinese fob rare earth oxide prices, 2017-19

$/kg Ce La Eu* —0Gd ——Nd $/kg
Pr —5m Y — Dy* —Tb*
100 - - 600
Forecast B
30 - 500
- 400
60 -~

%- 3[}0

40 - - D —
- 200

201 - 100
CI T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T G
2017 Jul 2018 Jul 2019 Jul
Notes: * - right-hand axis
— Argus
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New projects that could affect supply

Rare Earth Project Tracker

TREQ PFroduction

‘Company Mine Country Stage of Development (mntl  (tREOyT
Rainbow Rare Earths Gakara Burundi 575t REQ concentrate exported by June 2008 (Sep 18) 10.00 014
Marthem Minerals Browrs Range Australa Filat plant comissioned; X, 578kg shipment to China (Dec 18] 500 106
Hastings Technology Metals Yangibana furtrala S0pc increase in ore reserves; Sth offtake agreement (Mow 18} 1702 22
Arafura Resources HNolans Bore Australa DF% due end 2008; pilot plant produced Md-Pr oxide (Dec 18) 5600 146
Greenkind Minerals ard Energy  Kvanefjeld Greenland  DF% completed; deal signed with Shenghe Resource (Aug 15 56,00 1030
Mlango Resounes Songae Malawi Feasibility study due in 2009 resounce updabe 10 19 (Dwec 15) 3180 047
Peak Resources Hguala Tanzania PFS completed in 2014; awaiting mining licence [fug J018) 21440 450
Steenkampskraal Holdings Steenkampsiaal South Africa  Raising finanace for bankabde feasibility study (Dec 18] (51 .04
Alkane Resources Dubbo firconia  Australa Detailed engineering assessment ongaing Ti.20 iy
Mealon Advanced Materials Hechalacho Canada Definitie feasibility study completed (October 2003) 20540 EL
Commeerce Resources #shram Canada Pre-feasibility study cngaing 24950 4.0
Galileo Resources Glenaver (W) South Africa Mo longer focused on REE at the site [July 2017} 2890 040
Geomega Resources bantwiel Canada Ml 43-101 rescurce estimate completed [June A5 250,50 150
Matamec Exploration Lipawa Canada Definitie feasibility study completed (October 2003) 1970 (.08
Mamibian Critical Metals Lofdal Mamibia Fartnership agreement with Gecko Mamibia (Mow 2017} 520 [iTiF,
Pele Mountain Resources Eco Ridge Canada Site sold. Mow focusing on lithium reserves (July 2007) 559.30 005
{uest Rare Minernals Strange Lake Canada Mo active work atfon site (Apnl 5014) #3250 443
Rare: Element Resources Bear Lodge us Pre-feasibility study completed [August 2015) 1800 .50
Fwenzon Rare Metals bdadounstu Ugarda Exploration and PF5 ongaing (Feb 201E) » 00 i |
Search Minerals Faxbrot Canada Feasibility study ongoing [Oct 17) 535 01
Hudson Aesources Larfartog Greenland  Prefiminany economic assessment completed (Movember 2011) 543,00 21
Ucore Rare Metals Bokan Mountain S Mo longer developing Bokan Mourtain 5.0 003

illuminating th e markets Copyright © 2019 Argus Media group. All rights reserved.



World Rare Earth Production Outlook

+  Declining to 2021
(Chinese government
targeting 140,000t
REO in 2021) -
mitigated by some
production from new
projects

*  Moderate growth to
2025 - new projects
and growth in China

«  Slow growth after
2025

illuminating the markets

Forecast global REO production, 2016-28

tREO

B New Projects H Lynas B China-based production
250,000 ~

200,000 ~
150,000 ~
100,000 ~

50,000 -

O -
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
— Argus
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Rare Earth Demand

Rare earth consumption by application, 2028 (volume & value)

Volume Value

H Catalysts H Catalysts
m Ceramics m Ceramics
 Glass  Glass
m Metal alloys m Metal alloys
H Magnets H Magnets
m Batteries m Batteries
m Phosphors m Phosphors
Other Other
— Argus — Argus

i“uminating th e markets Copyright © 2019 Argus Media group. All rights reserved.



Price Forecasts

Nd price forecast

Index $/kg
400 - - 100
——5/D balanceindex ~—— Price forecast
- 80
300 +
- 60
200 /x—/
L 40
100 ~
- 20
O T T T T T T T T T T T T O
2016 2018 2020 2022 2024 2026 2028
— Argus
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Y price forecast

Index $/kg
200 + - 18.0
——5/D balance index =~ —— Price forecast

- 150

150 A
- 120
100 4 - 9.0
- 6.0

50 A
- 3.0
0 T T T T T T T T T T T T 00

2016 2018 2020 2022 2024 2026 2028

—Argus
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Future risks

*  Supply risks

> Chinese market dominance (changes in policy, protectionism,
adding value downstream)

> Stockpiles
- Downstream risks

- Technological change (competing technologies e.g. batteries for EVs
etc.)

o Substitution risk (depends on application and product)
« Price risk (potential price volatility, price spikes)
o Likelihood of supply squeeze leading to price rises?

- Growing demand in certain sectors could push up prices for certain
REEs (e.g. magnet materials?)

i“uminating the markets Copyright © 2019 Argus Media group. All rights reserved. ﬂ



Conclusions

«  China still keen to control production, reduce ‘illegal” mining
and add value to rare earth resources (ambitious target to
reduce production to 140,000t by 2020/21)

« Success of new projects dependent on Chinese cut in output
and sustained price rise (mix of elements also important)

- Magnet sector key to growth in rare earths demand (EVs and
clean energy)

i“uminating the markets Copyright © 2019 Argus Media group. All rights reserved. ﬂ
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