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The Natural Graphite Industry in
2012

Reshaping for a hi-tech revolution

Simon Moores, Manager, Industrial Minerals Data, London, UK
smoores@indmin.com @sdmoores
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Industry snapshot

2011 production:
2012 production:

Flake output share: 49%
Amorphous output share:
Vein output share:

#1 Producer:
#1 Producer (Outside China):

Markets:

1.14m. tonnes
1.01m. tonnes

50%
1%

="

Data Source: Industrial Minerals’ Natural
Graphite Report 2012

Heilongjiang Aoyu Energy, China 90,000 tpa capacity

Nacional de Grafite, Brazil

72,000 tpa capacity

Market amz2

Refractories, foundries and crucibles 3%%

Batteries %
Metallurgy 28%
Lubricants %
Parts and components 10%

Other 5%
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1. Graphite production Data Source: Industrial Minerals’ Natural

. . Graphite Report 2012
Vein Graphite

* Purest form in nature

* Large single crystals . , ]

* Purity: 95 — 98% C * Sri Lanka — world’s only mine
* Occurs in large lumps

* <1% of world output

Top vein producers
1. Sri Lanka
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1. Graphite production Data Source: Industrial Minerals’ Natural

. Graphite Report 2012
Flake Graphite

* High quality, quite common
* Occurs as small flakes, specs
* Purity: 85-95% C

*49% of world graphite output

Top flake producers

China

Brazil

India

North Korea

Canada

Norway

Zimbabwe

Ukraine

; Czech Republic
10. Uzbekistan

11. Russia

12. Madagascar

WoONOURWNE
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1. Graphite production Data Source: Industrial Minerals’ Natural

. . Graphite Report 2012
Amorphous (micro-crystalline)

* Low quality, common

* Associated with coal mines (meta-coal)
* Purity: 70-85% C

* Biggest producers: China, Mexico

* 50% of world graphite output

Top amorphous producers
1. China

2. Mexico

3. Austria

4. North Korea
Russia
Turkey
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1. Graphite production Data Source: Industrial Minerals’ Natural

. Graphite Report 2012
Production market share

Top Producers Share of supply y-0-y direction
* China: dominates world supply 80% ﬁ
* Brazil: world’s biggest outside China 8% ﬁ
* India: modest flake graphite producer 1% .,
* North Korea: supplier to the Chinese 3% .
* Canada: only miner in North America 2% -

Source: Industrial Minerals’ Natural Graphite Report 2012
(www.indmin.com/graphitereport )


http://www.metalbulletinstore.com/product.asp?PositionID=campaign&ProductID=16101
http://www.metalbulletinstore.com/product.asp?PositionID=campaign&ProductID=16101

INDUSTRIAL

l. \' ‘lu__'..-"u.')

www.indmin.com

2. How is Graphite produced?

Mining Mechanical Separation Flotation
2:20%C " '50-90% C 90-98% C

Purification
98-99.99% C

To market

Data Source: Industrial Minerals’ Natural
Graphite Report 2012
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Data Source: Industrial
Minerals’ Natural

Graphite Report 2012

Picture: Simon Moores
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Data Source: Industrial Minerals’ Natural Graphite Report 2012

C h [ ] n a Picture: Simon Moores
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Data Source: Industrial Minerals’ Natural Graphite Report
2012

[ ]
B ra z I I Picture: Simon Moores
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Data Source: Industrial Minerals’ Natural Graphite Report
2012

Picture: Simon Moores
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3. Commercial markets for graphite Data Source: Industrial Minerals’ Natural

Graphite Report 2012

Refractories

High temperature bricks, linings and shapes

Biggest demand driver 380,000 - 430,000 tonnes/year

Requires flake graphite >85% C, medium flake and above

Driven by steel production

Steel
Cement & lime

Nonferrous

70%
7%_\" = Ceramic
Glass
Source: Shinagawa
Refractories m Other
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3. Commercial markets for graphite: Refractories Data Source: Industrial Minerals’

Natural Graphite Report 2012
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3. Commercial markets for graphite: Batteries

Data Source: Industrial Minerals’ Natural

The Lithium-ion era... E——

WALKMAn FAAR]
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3. Commercial markets for graphite: Batteries patasource: industrial Minerals’

Natural Graphite Report 2012

Technology Graphite Consumption
1950s: Alkaline battery
1970s: Nickel hydrogen battery "

1980s: Nickel metal-hydride battery )
1990s: Lithium-ion polymer ﬁ ﬁ ﬁ
* Portable electronics, power tools

2000s: Lithium-ion ﬁ ﬁ ﬁ

*Portable electronics, power tools

2012-2020: Lithium-ion ﬁ ﬁ ﬁ ﬁ ﬁ

*Portable electronics, power tools, large scale energy storage, hybrid & electric vehicles

Graphite (natural & synthetic), the anode material of choice
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Uses — Electric vehicle batteries

 Graphite (natural + synthetic) the anode of
choice for all battery technologies

 Spherical graphite = the goal
* Highly processed flake graphite
* Optimum product for batteries

2.5 tonnes of flake graphite = 1 tonne of
spherical graphite

EVs charging in central London, August 2012



ammn INDUSTRIAL
In MINERALS

www.indmin.com _ &,
Commercial markets for graphite: Batteries  uasouce nduis inerat

Case study: Nissan Leaf

1kWh Li-ion Battery:
* 0.6-0.8kg lithium carbonate equivalent (LCE)

*Consumed as lithium carbonate or hydroxide = electrolyte
* 1.2-1.6kg graphite

Case Study: Nissan LEAF
«24kWh Battery Pack

*19kgs Lithium carbonate per car
*38.4kgs Graphite per car

WNISSAN
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348mpg’
INCONCEIVABLE. UNTIL NOW

250mpg
UNBELIEVABLE

200mpg
UNMAGINABLE

1m. EVs = 105,000 tonnes graphite = medium to large flake = 5 new mines

Warning: Batteries compete directly with refractories for the same flake graphite

Simon Moores, Manager, Industrial Minerals Data, smoores@indmin.com
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Battery grade graphite pata Source: Industrlal Minerals’ Natural
Challenge: Producing a consistent, hi-tech product the market can use

Expanded Graphite Spherical Graphite

Characteristics: Characteristics:

*High purity *High purity

*High crystallinity *High crystallinity

*Sheet-like particles Spherical (potato-like) particle shape

Raw material requirements: Purity (90%C, >93% C ideal); medium to large
flake (the larger the flake, the higher the yield).
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Data Source: Industrial Minerals’ Natural
Graphite Report 2012

Price voltatility increasing:

Large flake graphite, 94-97% C, +80 mesh, average, $/tonne
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® www.indmin.com/GraphiteReport

® Brochure - in this room
® Industrial Minerals - booth outside
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Critical Mineral Status: Graphite revision

Data Source: Industrial Minerals’ Natural
Graphite Report 2012
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China

Facts

*Supplies 80% of the world’s
graphite

* Trying to build an value chain

* Reduction in exports of all raw
materials = supply restrictions

* Mining revolution >>> Forcing consolidation >>> supply restrictions
*Trends are long term >>> generational

Myths

* China has a rare earths style export quota system — only VAT + Export tax
 China is running out of graphite

* This is the same situation as 1993 Data Source: Industrial Minerals’ Natural
Graphite Report 2012
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China: mining controls
China restrictions >>> Graphite consumers now
buying mines>>> reduce dependence on China

. INDUSTRIAL THE . QUARTZ

4 CORP

B B EMINERALS

From mine to market: global non-metallic minerals intelligence Erter & keyword s

.ﬂ-"li ]

éAmurphous graphite monopoly underway in China

D3 Aprii 22
o Chinese government to control domestic
South Graphite Co will determine price following consolidation, sources say phusphate indUStW
16 March 2012
Magnesita seeks partners for Brazil graphite .
project IM's Shanghai-based analyst looks at growing trend in the phosphate industry
05 December 2071
by

Brazilian group exploring potential JV deals for 40,000 tpa Minas Gerais mine
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Industrial Minerals’ Graphite Resource Map
Limited number free for American Resources Policy Network visitors
Email: smoores@indmin.com

ONTARIO
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MRS \atural Graphite 2012

Production & Exploration

TECHNOGRAFIT
Industrial mineral

supplier focusing on
Graphite and mica

Focus Metals'isn’ty
your traditional
mineral

We are a developer. &/
technology solutions supplier
and 3 business innovator:

We own the best quality.
lowest-cost-to-produce
technology-grade graphite
in the world

To us, being our own best
customer for graphite means
assuming a leading role

in the coming graphene
revolution.

Think Graphite today.
Think Graphene for
the future.

www.focusmetals.ca

'REEF| Graphite fom China?

TIMCAL

\MIN] Contact Refmin.

Secure, Relable, Consistent, High Quality

MORE THAN 75 VEARS OF

# & Aa o o R oty ) (EXPERIENCE IN GRAPHITE
3 i Jhs CONSISTENT SUPPLY OF
\ PR +16H QUACTTY NATURAL
- GRAPHITE

fa\% Web : wwwirefrmincom.cn
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The Natural Graphite Report 2012

> New, original data from Industrial Minerals

> Supply analysis (Flake, amorphous, vein) and forecast to 2016
Unique country supply reviews including: China, Brazil, India, North Korea, and Canada

> Demand analysis and forecast for 2016:
Li-ion batteries, refractories, & emerging end uses

> Price analysis and forecast to 2016
> Risks to demand destruction
> Critique of the graphene revolution

NATURAL

GRAPHITE

REPORT 2012

Data
Analysis
Forecasts
2012-2016

ammy INDUSTRIAL
|TI MINERALS

For more information click here>>Industrial Minerals’ Natural Graphite Report 2012
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New for 2013: Industrial Minerals Data | Graphite
launches

INDUSTRIAL MINERALS

in1DAJA

> Online bespoke price database for natural graphite & fluorspar
> Regular price judgements
> Dedicated analysis on supply, demand and price trends

For more information click here>>www.indmin.com/IMData
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1. Graphite Price Database

B Wineral type GRAPHITE PRICING My saved comparisons~ | My saved prices ~
Mineral type ® Flake Amorphous Vein Spherical {Uncoated) W CHART

Save this comparison | = Print | [ Save as POF | [G] Save as image
@ Geography Flake, 80% C, -100 Mesh, FCL, CIF, Europe

@ Flake, 94-97% C, -100 Mesh, FCL, CIF, Europe
Flake, 94-87% C, +100 Mesh -80 Mesh, FCL, CIF, Europe

Select Mineral by country by clicking in the checkboxes: GRAPHITE ANALYSIS
7 an 9] Afiica 9] China 7] India 9] SiLanka 7 UK 2,000 —

u » A: India flake graphite prices remain higher
Yl Austria ¥l Europe b than global average
Published: 21 November 2012

1,500
e : ® @ 30 e to. [0 - » B: Madagascar graphite exports cantinue 4-
1,000 year upward trend
Published: 15 November 2012
Carbon % 60 ([ ) 100 From: 60 To: 100
500 » C: Sii Lanka vein graphite struggling for
business
Copy relating to where we have the price data from Link to Methodology Published: 12 November 2012
0
2011 Apr Jul Oct 2012 Apr Jul Oct *» D: Flake graphite prices stabilise towards

3 end-2012
3 Select prices _M Published: 01 October 2012

Active ([ Inactive

Search results: Select a maximum of 5 to compare More graphite analysis

Time Period: [1m | [ 3m | [6m | [YTD | [tyr | [0 [Max
I e ™ = Cunency: [US Doller =

Flake, 80-82% C, No Mesh Stated, EXW, Africa Africa

Measure: [tonne  [+]
Flake, 84-86% C, No Mesh Stated, EXW, Africa Africa
Flake, 88-90% C, No Mesh Stated, EXW, Africa Africa

Your selected prices Save this comparison
Flake, 92-94% C. No Mesh Stated, EXW, Africa Africa

Flake. 90% C. -100 Mesh, FCL, CIF, Europe 1]
Flake, 84-97% C, +80 Mesh, FCL, FOB, Qingdao, China China
Flake, 94-97% C. 100 Mesh, FCL. FOB, Qingdao, China China Flake. 94-97% C. -100 Mesh, FCL. CIF, Europe L3
Flake. 84-97% C.+100 Mesh -80 Mesh. FCL. FOB. Qingdao, China China Flake. 84-97% C. +100 Mesh -80 Mesh, FCL, CIF, Europe V]
Flake, 85-87% C.+100 Mesh -&0 Mesh, FCL, FOB, Qingdao, China China

“

Flake, 90% C, -100 Mesh, FCL, FOB, Qingdao, China China peckinfbearchlc
Clnla AW £ 4AA Liank CAS Uaman Fhina m Plinn

For more information click here>>www.indmin.com/IMData
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2. Graphite Industry Analysis

A | Contact Us | About Us | Advertise With Us | Follow usffJ
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From mine to market: global non-metallic minerals intoligence

My account  Log out Welcome, SIMON MOORES

Chromite | Fluorspar | Frac sand [RelSNCH Lithium | Magnesia | Phosphate/Potash | Rare earths | Soda ash

Home > Graphite = Analysis > Flake graphite prices stabiise towards end-2012

Help Methodology Bacome a prics provider

GRAPHITE ANALYSIS

Flake graphite prices stabilise towards end-
2012

By MICHAL DUDAK
Publist

Print | Email | Comment | Share

Tweet | Eitke| {0 ] [ share| §+1

China, India and Africa prices firm up as end of the year approaches

All grades of flake graphite from key producing regions in the world are stabilising, new
information from IM Data has shown

Data gathered from key industry participants in India, Africa, China, Europe and North
America shows flake graphite prices firming up after a downward trend in H1 2012 where
they fell across the board by between 15-20%

Prices have stabilised for the last three months to 1 October 2012, however, particularly
medium to small flake grades on offer from Chinese sellers. One example, -100 mesh,
94% C, is available from China (export, FOB) at $1,200/tonne and has been holding at
this level since August.

Indian flake graphite prices — which are traded domestically — have also exhibited a stable
trend. The country, which mines flake graphite from Jharkhand, Odisha and Tamil Nadu
states, has a domestic price of INR 88,000/tonne (31,311) for 94% C, 100 mesh. This has
not changed in the last three months

Industry sources active Africa’s flake graphite industry have commented on the favourable

Euromoney
Institutional .
Investor ric | OnlineStore

Click here :

for the best in business information on

Islamic
Finance

MOSTREAD

ITR PREMIUM

Take a free trial now
and access the daily

tax news and analysis
you need

GRAPHITE ANALYSIS

Madagascar graphite exports continue 4-
year upward trend

Published: Thursday, 15 Now 012
Print | Email | Comment | Share

Tweet Euke 0| [ share g +1

Flake exports rise 13.6% since 2009; IM Data expects 2012 to top 4,000 fonnes

Madagascar's exports of flake graphite have
continued their four-year consecutive rise
as the country's sole producer

Flake, 85-87% C. +100 Mesh -80 Mesh
FCL. CIF, Europe

Etablissements Gallois, experiences Price Change
increasing demand from international

13 Hov 2012 1025.00 -2.38%
markets

Monthly Averages
Since 2009, exports have risen by a total of 1050.00 _8.70%
13.6% to 3,853 tonnes in 2011 and is Oct 2012 - e
expected to reach 4,100 tonnes in 2012. Sep 2012 1150.00 0.00%
This is still some way off the highs of 2007 Aug 2012 1150.00 -12.21%

where it produced 6,087 tonnes —a 36.7%
drop compared with 2011 - but it is still
steady improvement since 2009 and an
increase in what has been a tough 12
months for the graphite industry.

Although Madagascar is & small producer

by volume, it is seen as one of the most

strategic sources of high quality flake graphite outside of China. Production in the country
has not been without problems, however, and has been impacted by rising competition
from China, high energy costs, and poor infrastructure
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For more information click here>>www.indmin.com/IMData
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Simon Moores, Manager (London, UK) Shruti Salwan, Analyst (London, UK)
Twitter: @sdmoores Twitter: @ssalwan _indmin

Linked in — click here Linked in — click here

Email: smoores@indmin.com Email: ssalwan@indmin.com

Albert Li, Analyst (Shanghai, China) Andy Miller, Junior Analyst (London, UK)
Twitter: @amiller_indmin

:

For more information click here>>www.indmin.com/IMData
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