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People First, Performance Now
Preservation and enhancement of unity in diversity
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’ Reducing Crime I
@ Fighting Corruption I /
% High Inclusive
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& Improving Student Outcomes I {
@' Raising Standards of Low Income Households I
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\
@ Improving Rural Basic Infrastructure I Sustainability >
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G Improving Urban Public Transport ] ~
6 NKRAs New Economic Model
Effective delivery of government A high income, inclusive and
services sustainable nation

@ 10" and 11 Malaysia Plan Roll-Out

=P Implementation of government’s development program

Source: Academia-Industry Consultative Council 8t Dec 2011

CHARACTERISTICS IN 2020
* MARKET LED
WELL-GOVERNED
REGIONALLY INTEGRATED
ENTREPRENURIAL
INNOVATIVE

The Goals
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ETP focuses on:

* 12 National Key Economy Areas
(NKEAs)

* 131 entry point projects

¢ 3.3 millions new jobs by 2020

¢ 60% are middle & high income
jobs

Tourism

s
it S

Fifiancial Services ucation

\

ECONOMIC J

TRANSFORMATION e

Gi KL
pa PROGRAMME

Klf ng Valley

% : Communication Contents
Business Services

1 2 & Infrastructure
National Key
Economic Areas
'-..:‘i.--. &% 0Oil, Gas & Energy Palm Oil
[ ETP 1 year progress:
. 669 RM10 billi th of
Eleéctrical & Electronic Healthcare Yo or Hion worlh @

projects have started

Wholesale & Retail W, *  53% of 131 entry point projects
| have taken off

* Private investments inceased
23.4% to RM512.2 billion from
RM 41.5 billion

Source: Academia-Industry Consultative Council 8t Dec 2011

~ HIGH TECH &
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WHY RARE EARTH?

" Green Economy - Climate Change,
') Alternative and Conservative Energy

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

‘ { \%f ) Technology Experts

TN A y FRUJLIK AN SO.95 (1N

@ 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.

] © 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.
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4[ ARE NOT REALLY RARE ; ]7

WIDELY SPREAD THROUGH OUT THE
EARTH’S CRUST IN SMALL
CONCENTRATIONS;

4{ CANNOT BE MINED ECONOMICALLY. Jf

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

v Lanthanum (La)
_~" | & || Cerium (Ce)
; Praseodymium (Pr)

Rare Earth Elements

La (Ce|Pr|Nd|Pm(Sm|Eu|Gd|Th{Dy|Ho| Er [Tm{Yb| Lu] | ncodymium (Nd)
57 |58 [59 |60 |6 [62]63]|64 o | ] rj St (Sin)
. d AT Europium (Eu)
A L S m Gadolinium (Gd)
- E == Terbium (Tb)
Li Be| L2 B C‘ NJO]F INe Dysprosium (Dy)
NaMg Al{Si| P | S |CI{Ar| | Holmium (Ho)

K[Ca| [Sc] TV [CrMdFe[Co[Ni[Cu[zn[Ga[Ge[As]Se[Br K] | Erbium (Er)
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Fr(Ra|An| Lr Yttrium (Y)
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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

21

39

57

58

59

60

61
62

Scandium

Yttrium

Lanthanum

Cerium

Praseodymium

Neodymium

Promethium
Samarium

Sc

La

Ce

Pr

Nd

Pm
Sm

LIGHT RARE EARTH AND USAGES

Aerospace framework, high-intensity street lamps,
high performance equipment

TV sets, cancer treatment drugs, enhances
strength of alloys

Camera lenses, battery-electrodes, hydrogen
storage

Catalytic converters, colored glass, steel
production

Super-strong magnets, welding goggles, lasers

Extremely strong permanent magnets,
microphones, electric motors of hybrid

automobiles, laser

Not usually found in Nature

Cancer treatment, nuclear reactor control rods, X-

ray lasers Ref :Namibia rare earths inc.

22/10/2015

10



HEAVY RARE EARTH AND USAGES

63

64

65
66

67

68

69

70

71

Europium

Gadolinium

Terbium

Dysprosium
Holmium
Erbium

Thulium

Ytterbium

Lutetium

Eu

Gd

Tb
Dy
Ho

Er

Tm

Yb

Lu

Color TV screens, fluorescent glass, genetic
screening tests

Shielding in nuclear reactors, nuclear
marine propulsion, increases durability of
alloys

TV sets, fuel cells, sonar systems
Commercial lighting, hard disk devices,
transducers

Lasers, glass coloring, High-strength
magnets

Glass colorant, signal amplification for fiber|
optic cables, metallurgical uses

High efficiency lasers, portable x-ray
machines, high temperature superconductor

Improves stainless steel, lasers, ground
monitoring devices

Refining petroleum, LED light bulbs,

integrated circuit manufacturing

S 3 BILLION

$ 9.2 BILLION

Global Demands :
180,000 metric tonnes

2015

Commodit% online, 13th Dec 2011

22/10/2015
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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.
]
ARGENTINA SOUTH AFRICA u
o
143 3l 12 11 48 09 12 564 93 11.7 12 08

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)

26
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World Mine Production and Reserves (2012 Estimates)

Country Prodgction Resgrves
(Metric Ton) (Metric Ton)
United States 7,000 13,000,000
Australia 4,000 1,600,000
Brazil 300 36,000
China 95,000 55,000,000
India 2,800 3,100,000
Malaysia 350 30,000
Other countries not available 41,000,000
World total (rounded) 110,000 110,000,000

Ref :Hobart King, Geology.com

US 1.24% Brazil 0.47%

Estonia 1.82%

Malaysia
0.28%

India
1.97%

China 94.23%

The world rare earth supply in 2009
(USGS 2010) 28

22/10/2015
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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

—
-
tREO / USSkg
L US$168.30/kg . T
23 May 2011
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nthanm | § i 154 ]
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Price Sources: Technology Metals Research derived from metal-
pages.com for 99% REO FOB China
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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 kdsacenat
Into gravel size
Alloy Metal Oxide H
B H hd
v ) : Separation Process
Melals are <’_ -:] P REE is se_pualod
combined to Oxides are REE Is first from mineral
create alloys turned inlo sepalated
T metals as an oiide
\/
Green energy
High"t':::gomll.lia;lons Hybrid electric vehicles
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 | | B |
Making Extraction ' | Removal \ ‘ Leaching ’ ‘
J Legend
High-Purity Mixed RE —
. 2 - |
RE Metal Chloride Production Phase |
W Intermediate
End-Use {Non-Saleable)
Alloy Permanant Intermediate
g Magnet Alloys
Making el (saleable)
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DEVELOPING RARE EARTH PROJECT
[DUDLEY J. KINGSNORTH 2013]

Establish resource

Processing -

Develop

understanding of the
mineralogy

Definitive feasibility
study & funding

beneficiation, extraction j En\;lrop;gtéﬂtal Letters of intent
& separation PP
Engineering,

procurement &
construction

Commissioning &
startup

33

DATA BY TECHNOLOGY METAL
RESEARCH [AS OF NOV 5, 2013]

(st

advanced
rare earth
" projects

57

rare-earth
mineral
resources

different
countries
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OPPORTUNITY FOR MALAYSIA

min 30,00
S 0

High tec

h
ompanie

HUMAN TOUCH CASE STUDY : LYNAS

The Lynas Advanced Materials Plant (LAMP) is
built to international environmental performance
standards — gas, water and solids manangement

NIE MAIN GATFHOLISE
022 MAINTENANCE WORKSHOP & STORE
025 COMPRESSED AIR SHED
026 STEAM GENERATION SHED
1 PRODUCT STORE
ITCHING.

Phase 1 : 11,000t REO

Phase 222,000t REO

22/10/2015
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Gebeng, Malaysia, has exceptional infrastructure
required for a Rare Earths separation facility

INDUSTRIAL INFRASTRUCTURE
»  Energy, chemicals, water, industrial land

KNOWLEDGE INFRASTRUCTURE
» Engineering, trade skills and services

GOVERNMENT INFRASTRUCTURE
» Including FDI incentives
(12 years tax exemption for pioneer status)

20

Gebeng
Industrial
Estate,

\East Coast

Malaysia

, CORPORATIONLTD

RIA’s Exposure Levels vs Actual Exposure

Levels

receptors.

RIA assumes the WORST CASE SCENARIOS in assessing exposure risk to all sensitive

Actual occupational external dose exposures were LESS than the Constraint Limit of 6

mSvly and MUCH LESS than the 20 mSv/y AELA’s Permissible Limit for radiation workers

*RIA ACTUAL RELATIVE
CENARIO

SCENA mSvy? mSv y?t READINGS
Truck driver (Kuantan Port to LAMP: external i :
radiation from Lanthanide concentrate (LC) : 0.06 0.06
External radiation, 280 hr/y)
Workers handling LC stockpile in concentrate 219 0.77
building: External radiation, 730 hr/y : .
Truck driver handling WLP from filter press to
RSF: external 576 hr/y dats Lo
Process Operator at WLP filter press: External
radiation, 1332 hr 4.02 1.14
FEL workers at WLP RSF :576 hr/y 2.96 1.45

a6

22/10/2015
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Water Discharged (critical parameters only):

ALL BELOW LIMITS and 100% COMPLIANCE with
DoE Standard B

Levels (Mean) of Some Critical Parameters, May — July 2013

| Parameters Unit StdB May Jun July
pH - 55-9.0 7.57 7.55 7.58
Iron mg/L 5 1.67 0.27 0.21
BOD; at 20°C mg/L 50 ND ND ND
COoD mg/L 200 36.7 37.7 33.6
Suspended Solid mg/L 100 57 1.2 7.0
Cyanide mg/L 0.10 ND ND ND
Manganese mg/L 1 0.07 0.19 0.14
Zinc mg/L 2 0.10 0.08 0.04
Fluoride mg/L 5 0.95 0.90 1.03
Barium mg/L 4 ND ND ND

0 R
AIR EMISSIONS . .
Plant air emission — 100% compliance
CAR 1978* | Limits imposed Results
Parameters Unit Emission by DOE’s for
Standards WGTS Stack May @ June | July
Total
Suspended mg/Nm?® 400 100 424 | 553 | 34.1
Particulates |
Sulphuric Acid ‘
¥'.St or Sulphur 1 Nm? 200 50 ND ND | 158
rioxide or
Both
Ul mg/Nm? . 500 149 | 252 | 244 |
Dioxide _
biydiogan mg/Nm® | 100 50 ND ND | 0.08 |
Fluoride ‘

AG& -

20
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! PARAS SINARAN DI LUAR TAPAK (OFFSITE) LYNAS

Radius 1km

Radius 5 km
B Radius 10km

Radius 20km

. v l
Radius Purata Paras Sinaran (uSv/j) Kesimpulan
1 km 0.13940.012
Tidak melebihi had yang
2 0.21040.009 ditetapkan oleh AELB
10 km 0.190£0.012
20 km 0.206+0.005

PERSPECTIVES FROM

f QL ) RARE EARTH INDUSTRIES:
yi AN WA MOVING MALAYSIA’S GREEN
ECONOMY FORWARD

A Report by
e N ) m.f.._u.‘...
The Mlonl Brafessors” Council

42
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RECOMMENDED STRATEGIES

~ health aspects

Enhance the environment, safety and

' the potential rare earths deposits

Undertake a national exercise to map

Incentivise the upstream mining and
- extraction of rare earths

43

RECOMMENDED STRATEGIES

Incentivise investments in the
downstream manufacturing of rare-earth

based products

\

_

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

. v

22/10/2015
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RECOMMENDED STRATEGIES
4 N
Strengthen the legal and regulatory

framework to enable the effective
functioning of the rare earths business

\_ Y,

4 N

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

\_ _/

IMPACT ON TECHNOLOGY DEVELOPMENT

AND ADVANCEMENT

— Mining industry;

Processing - midstream (separation and
- refining);

Downstream Application - Catalyst, Magnet,
Automotive;

— Safety, Health and Environment.

46
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QO Automotive industry

> Hybrid and EV Vehicles \’0@:\‘\@63&’
> Catalytic Converter 0\\13( o ¥

> NIH Battery ox\ﬁ\

> Fuel additives o

0 Superconducting Magnets

O Catalyst for Petroleum & Petrochemical
0O Rare Earth Recycling

0O Rare Earth Processing

47

MALAYSIAN RARE EARTH R&D GROUP

« UMP, UTEM, UTP, UKM

e Mining Engineering, Material Science
& Engineering, Metallurgy, Processing,
Environmental & Safety, Nuclear Fuel
Technology, Automotive.

22/10/2015
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RARE EARTH R&D AT UMP

N
re Ea%
%?—oces's\“%

NATIONAL & INTERNATIONAL
COLLABORATION

KARLSRUHE
INSTITUTE PEKING UNIVERSITY,
TECHNOLOGY, CHINA
GERMANY

UNIVERSITY OF
QUEENSLAND,
AUSTRALIA

UKM; UTP; UTAR; and

UTEM.
|

A
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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

52
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