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MALAYSIAN SCENARIO | ROADMAP TO VISION 2020

1 Malaysia
s,
People First, Performance Now
Preservation and enhancement of unity in diversity
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6 NKRAs New Economic Model
Effective delivery of government A high income, inclusive and
services sustainable nation

@ 10" and 11t Malaysia Plan Roll-Out

=P Implementation of government’s development program
Source: Academia-Industry Consultative Council 8t Dec 2011 _

New Economy Model

2020
*  MARKET LED
*  WELL-GOVERNED
REGIONALLY INTEGRATED
ENTREPRENURIAL

People
quality of
life

The Goals




22/10/2015

ETP focuses on:
¢ 12 National Key

s ] Economy Areas (NKEAs)
3 Ty e T * 131 entry point projects
[ N ey point Proi
@ Tourism . - ¢ 3.3 millions new jobs by
= e
e 3 < 2020
/Fmancnal Services ucation ™ \\

¢ 60% are middle & high
income jobs

! ECONOMIC

r
*=%  TRANSFORMATION &%
Kldng Valley PROGRAMME \

% : Communication Contents
Business Services
1 2 & Infrastructure

National Key /

\ Economic Areas / ETP 1 year progress:
1. A ® |+ 66% or RM10 billion
g €. Ga & Energy Palm Oif Q worth of projects have
. started
Eléc’t\ncal - Electmmc Healthcare *  53% of 131 entry point

Wholesale & Retail w projects have taken off
(s Private investments
inceased 23.4% to

RM512.2 billion from R
41.5 billion

Source: Academia-Industry Consultative Council 8" Dec 2011
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Green Economy - Climate Change,
Alternative and Conservative Energy

\ Strategic - “Middle East has Oil, China
J has Rare Earth” (Deng Xiao Peng 1987)

Human Capital Development - High
Technology Experts

CHAiNAS Ik ‘

@ National High Technology Research and
Development Program, namely Program 863

@ the objective of the program is to “gain a foothold

in the world arena; to strive to achieve
breakthroughs in key technical fields that
concern the national economic lifeline and national
security; and to achieve ‘leap-frog’ development
in key high-tech fields in which China
enjoys relative advantages or should take
strategic positions in order to provide high-
tech support to fulfill strategic objectives in
the implementation of the third step of
China’s modernization process.”
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@mainly meant to narrow the gap
in technology between the developed
world and China, which still lags behind
in technological innovation, although
progress is being made.

@focuses on biotechnology, space,
information, laser, automation, energy,
and new materials.

@®The use of rare earth elements can
be found in each one of the areas
in which Program 863 focuses.

1 ® Professor Xu Guangxian

@in 2009, at the age of
89, won the 5 million
yuan ($730,000) State
Supreme Science and
Technology Prize,
China’s = Nobel Prize.




ARE NOT REALLY RARE ;

EARTH’S CRUST SMALL

CONCENTRATIONS;

IN

CANNOT BE MINED ECONOMICALLY.

Rare Earth Elements

Rare Earth Elements consist of a group of fifteen elements
known as the Lanthanides. The lanthanides are located in
block 5d of the from lanthanum to lutetium

Lanthanum (La)
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Rare Earths cannot be substituted in

B
many applications . .

RARE EARTHS: LANTHINIDES PLUS YITTRIUM - UNIQUE PROPERTIES
+ Chemical
Rare Earth Elements »Unique electron configuration
el + Catalytic
|I.a Ce PrlNd|Pm|Sm|Eu|Gd|Th DylHo|Er TIII|YII Lu »Oxygen storage and release
51| 58 [ |60 |6 |62|63|6e 65|66 |67 [ea[60|m|m
Lanthanides ) * Magnetic
< |'|,E| »High mggnetic anisotropy and large
BICINTOTE INe magnetic moment
[AI[Si[P[S [Ci[Ar - Optical
Ga|Ge|As|Se[Br|Kr »Fluorescence, high refractive index
Cd|In SnISI?ITe | [Xe . Electrical
1 PbIBIIPO L Hn| »High conductivity
+ Metallurgical
» Efficient hydrogen storage in
rare earths alloys

Rare Earths underpin new materials technology | .
required to sustain the needs of today’s society . .

Energy efficiency through Environmental protection Smaller yet more powerful
lower consumption through lower emissions digital technology
v
Al
i
- Compact Fluorescent Lights « Wind turbine + Flat panel displays
« Hybrid vehicle + Auto catalytic converter + Disk drives
« Weight reduction in cars + Diesel additives * Digital cameras




Dielectric Materials

Importance of REES to Modern Industry

aviation industry medical equipment
. =
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Green Energy | Electronics | Defense--missile guidance & Smart Bombs

$ 9.2 BILLION

S 3 BILLION

Global Demands :
180,000 metric tonnes

Commodi t%onl ine, 13th

10
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1.CERIUM 2.LANTHANUM 3.NEODYMIUM
Flat-screen displays: fiber optics Oil refining: metal-hydride batteries  Hybrid/electric vehicles; wind
Estimated 2015 demand in tons: for electric vehicles turbines

Demand: 48,500 Demand: 36,900

4.YTTRIUM 5.0YSPROSIUM 6.TERBIUM

Smartphones; flat-screen displays Magnetic resonance imaging: Hybrid/electric vehicles; smart-

Demand: 14,050 smartphones phones; flat-screen displays
Demand: 2,200 Demand: 550

Magnets will be the growth driver for Rare Earths

demand to 2014. Polishing powder demand has
dropped due to activities to improve productivi

DEMAND FORECAST BY APPLICATION

2010 Demand by Application 2014 Demand Forecast by Application

Application Demand (%) Demand (t) Application Growth (%) Demand (t)
+ Magnets 25% 31,500 + Magnets 12% 49,600
« Battery Alloy 15% 18,600 « Battery Alloy 15% 32,500
+ Metallurgy ex batt 9% 11,700 + Metallurgy ex batt 2% 12,700
* Auto catalysts % 9,000 * Auto catalysts 8% 12,200
«FCC 17% 21,300 +FCC 4% 24,900
+ Polishing Powder 1% 14,000 + Polishing Powder 10% 20,600
+ Glass Additives 6% 7,800 + Glass Additives 0% 7,800
* Phosphors 6% 7.900 * Phosphors 8% 10.800
+ Others 4% 5,700 + Others 8% 6,100
Total 100% 127,500 Total 8% 177,200
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Major Rare-Earth Deposits -

| |
L | L] GREENLAND
CANADA " RUSSIA
L]
us.
| CHINA
n
o
VIETNAM
AUSTRALA.
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o
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How they are used

BATTERY ALLOY 19%

PERMANENT MAGNETS 25% FLUID CRACKIN

IBCES: CIEC WORLD MARKET ING  SOCIETY MINING METARIIURGY AMD FXPLL

ETROLEUM PRODUCTION]) 15%  POLISHING POW

\BEATION ING U< GEOLGGIGAL SUBVEY U< ENERGY DEPT

METALLURGY 8% OTHER 16%

DER 14% AUTO CATALYSTS 7%

Australia, 5.4m
tonne, 5.48%

Others, 22.0m
tonne, 22.32%

US, 13.0m tonne,
13.19%

CIS, 19m tonne,
19.27%

Malaysia, 0.03m  [1dia 3.1m tonne,
tonne, 0.03% 3.14%

Brazil, 0.048m
tonne, 0.05%

China, 36m tonne,
36.52%

The world rare earth resource distribution

(USGS 2010)
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Estonia 1.82% US 1.24% Brazil 0.47%

Malaysia
0.28%

India
1.97%

China 94.23%

The world rare earth supply in 2009
(USGS 2010) 25

Supply shortfall and increasing prices are a result

of structural change as China addresses
environmental and mining issues

HISTORIC AND FORECAST SUPPLY, DEMAND AND PRICING JErs.
//
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REE Process

Ore Crusher Mill Floatation Process
[::,‘; > Gravel Is Mneral contaning
milled into sit REE is extracled
S—— I.e.: Basinaseshe
: r.lona;no
Ore is crushed N
Into gravel size
Alloy Metal Oxide H
- - H \/
v ) : Separation Process
Melals are <’_ <-:] P REE is se_pualod
combined to Oxides are REE Is first from miersl
create alloys turned inlo sepalated
T metals as an oiide
\/
Green energy
High tech applications Hybrid electric vehicles
There aré hundreds of >
high tech applcaticns for > | Water treatment
REE. Defense
High tech Disgeasm 1
Mineral Processing
Exploration > Mining Ore - > Beneficiation |
p— |
Individual RE Concentrate
Oxides I
Metal Solvent | Impurity
: 1 SN IE H 1 Leachin
Making Extraction [ Removal | | g
: Legend
High-Purity Mixed RE =
REMetal Chloride ProductionPhase |
N4 Intermediate
End4Use {Non-Saleable)
Alloy ASfanen Intermediate
: Magnet Alloys
Making ¢ Y (saleable)
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| USA (Molycorp) - $1.25 / b

[CHINA- $2.53/Ib

{ AUSTRALIA (Lynas) - $ 4.59 / Ib ]

DATA BY TECANOLOGY METAL

RESEARCH |AS OF JUNE 2013]

15
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OPPORTUNITY FOR MALAYSIA

min 30,00

PERSPECTIVES FROM

16
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RECOMMENDED STRATEGIES

Enhance the environment, safety and
health aspects of the management of
industrial estates

Undertake a national exercise to map the
potential rare earths alluvial and hard-
rock deposits

Incentivise the upstream mining and
extraction of rare earths through
partnership with global enterprises

RECOMMENDED STRATEGIES

Incentivise investments in the
downstream manufacturing of rare-
earth based products

Build the key competence in human
capital for the entire value chain of
the rare earths business

17



RECOMMENDED STRATEGIES

Strengthen the legal and regulatory
framework to enable the effective
functioning of the rare earths
business

Undertake coordinated,
comprehensive and continual public
awareness program & community
engagement

O Automotive industry
> Hybrid and EV Vehicles \/Oc,?f\. <O

e
> Catalytic Converter _ e<‘>\0&,
> NIH Battery O \e?

> Fuel additives
O Superconducting magnets
O Rare Earth Recycling
0O Rare Earth Processing
Q Utilisation of gypsum byprod3l61cts
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MALAYJIAN RARE CARI A RV URL

« Mining Engineering, Material Scienc
and Engineering, Processing,
Environmental & Safety, Nuclear
Fuel Technology, Automotive.
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KARLSRUHE
INSTITUTE PEKING UNIVERSITY,
TECHNOLOGY, CHINA
GERMANY

ATOMIC AGENCY
UKM; UTP; UTAR; LICENSING BOARD;
and UTEM. NUCLEAR MALAYSIA;

And LYNAS 4

RCITCRLCOINGL

Report Parliament Select Committee on Lynas
Advanced Materials Plant (LAMP); Dewan Rakyat,
Ke 12, Penggal ke 5, 2012.

Proceedings International Symposium on Rare
Earth; Akademi Sains Malaysia & National
Professors’ Council, 2012.

ASM Report on Rare Earth Industries : Moving
Malaysia’s Green Economy Forward, August 2011.

Malaysian Parliament Hansard, 2012.
LYNAS Investor Presentation; May 2011.
www.techmetalsreseach.com; 2013
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