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State of Play

Purpose: Measure the baseline of activity in the industry as at the start of the CRC.

Repeat at 3y and 6y to demonstrate progress.

Not a forecasting or research planning tool.
(It may occasionally look that way,
but that’s for others to do.)
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Australia has the §

resources but does not yet =
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Beyond basic refining it’s

still dig and ship.
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refined to metal. ,
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Nickel value chain in Australia
in situ value of reserves and resources (USGS)
value of nickel produced

Insitu value x  Operating Commodity Battery grade Precursors
1% mines grade metal chemicals
production

Lithium demand vs. supply

e

2015 2016 2017 2018 2019 2020 2021

e supply ==demand

FUTURE BATTERY INDUSTRIES CRC

Millions

Billions

5400
$350
$300
5250
5200
5150
$100

$50

$0

S1.4

51.2

51.0

50.8

$0.6

50.4

$0.2

$0.0

Cobalt value chain in Australia
in situ value of reserves and resources (USGS)
value of cobalt produced

In situ value Operating Commodity Battery grade Precursors
x1% mines grade metal chemicals
production
Lithium value chain in Australia
in situ value of reserves and resources (USGS)
value of lithium products exported
I I A A A

In situ value DSO & Li2CO3 & Battery Precursors
x1% Concentrate LiOH grade
chemicals
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s INDUSTRIES c.c transaction value, battery metals
3
Ores/concentrates
dominated by spodumene 55
concentrates.
c
S 2
Primary metal dominated 2
. 1.5
by manganese and nickel.
1
A little cobalt too. Data difficult to find.
0.5 Work in progress!
A $4.4b export industry ; - e =P . _
Ores and Primary Battery Precursors Cells Battery Pack Energy Recycling
Concentrates Metal Chemicals Management

HLi ENi mCo Mn ®mV ® Manufactured Product
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25% metal to battery chemical

2.5

Converting just 25% of
our current output to 15

battery grade chemicals S
" = 1
would add ~S0.65 billion =
nett to the economy. 05
Total exports = ~S5b ] R ] ] ] .
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HLi ENi mCo mMn mV MImports B ManufAust
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Converting that 25% at
battery grade all to
cathode precursor
would add ~$3.1b nett
to the economy.

Total value ~S8.6b
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The "battery balance of trade"

5

Ores and Primary Metal Battery Precursors Cells Batt Energy Recycling
. Concentrates Chemicals Management
Even going to precursors, .
we still miss out on a lot.
£ 10
We would have nearly S9b
-15

of exports
vs. $28b of battery imports 20

-25 Based on Austrade figures

-30
HLi ENi mCo mMn EV HEImports B ManufAust
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Rest of 0.53% of Value Chain Realised by Australia ... :
Aust World
2017
: Electro-chemical Battery Cell Battery Pack/
> Mine/Concentrate He‘ﬁneﬂ’mcess> production > production > Systems Assembly
Hard rock vs Brine LIOH/LI2CO3 WGraphineg; Al; Ni; Sinter/Assemble Manufacture,
Cu; Si; Co; etc Deploy, Manage

Source: Future Smart Strategies (2018)
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Lithium-ion Battery Value Chain

Exploration and mining

The value chain splits again after cell manufacturing.

4 Battery pack use is varied and there is value differentiation in this
Battery Minerals refers to minerals used in rechargeable .
batteries including lithium, nickel, cobalt, araphite, pa rt Of the Cha|n

manaanese, alumina, vanadium,
L

e.g. mining and defence — performance & safety are paramount
------- power utilities — storage cost & reliability

3 domestic machines — safety & cost are the main consideration
Battery Materials refers to precursor materials, produced
from processed minerais and used in the manufacture
of battery components, such as lithium hydroxide. nickal
sulphate or cobalt sulphate.

------- Battery component manufacturing

N

Battery Companents refers to components used to > Mini ng ve h IC I es
manufacture battery cells, including cathodes,
anodes, separators and electrolytes.

A4

Defence

4 Mining machinery
-------
4 Domestic machines
-------
assembly - EV* assembly - BESS**
—> Off grid Power utilities
-------

Battery energy storage systems refers
to a wide range of battery-based devices
used to store energy. Lithium-ion battery

storage systems range from small-scale
behind the meter starage for households

to utility-scale grid batteries.

Opportunities for recycling

Behind the meter

Electric vehicles
refers to a range of
passenger vehicles

powered by electric
energy fram a battery.
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Not surprisingly, value is created at each step in
the chain.

Chemicals to precursor is a 10-fold increase.

The major value arises in battery system
production.

If we turned just 25% of our Li, Ni, Co, Mn

exports into batteries, it would be worth
>S400b
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Multiplier +

Source: Future Smart Strategies 2018
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Concentrate Battery Grade Precursor Cell Battery

Rest of 0.53% of Value Chain Realised by Australia =
Aust World |

i
I
2017 m et m #2ba m oy m R m Rt~ -

- . Electro-chemical Battery Cell Battery Pack/
Mine/Concentrate Rehne!Process> production b lon. > y o
Hard rock vs Brine LiIOHLI2C03 WGraphine; Al; Ni; Sinter/Assemble Manufacture,

Cu; Si; Co; etc Deploy, Manage

Source: Future Smart Strategies (2018)
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R&D is only a small part of the ) I o AT R N ~ S— ) G
answer. == S (I I U el <569,
Technology .- \‘ Sup!oly Inv.estment @ \I Policy
A major gap in investment for SMEs: readiness level ~_/ chains 27 readiness level W
Can SMEs afford to participate? ') LN
N / \ o e ) ., 5 e et T
Supply chains are not built yet. =N~ ) G {f‘, & ' =y
Manufacturing industries not ready. / l\,- ) e
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Living map project

Creating an interactive o QUEENSLAND
geo-tagged database of .
Australian battery
activity. HiEe i

SOUTH AUSTRALIA

AUSTRALIA

Updated over time to
show evolution of the o ° s
industry.
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Living map project

Ability to click on a spot to reveal
database information

Sort on commodity/business, size of
business, location etc

(under development)

Zoom To Extent About This Data

Mincor Resources NL
Panoramic Resources Litd., Ora Gold Lt
Independence Group NL
Kalgoorlie Smelter NiW
Kambalda Concentrator
[l Kwinana Nickel Refinery
Murrin Murrin Refinery
| Nickel West Mt Keith

& Display Variable

[W] Natmap Co.csv

Zoom To Extent About This Data

*Thackaringa™
Flemington

Mt Thirsty*
Norseman®

Wollogorang®

[ Display Variable

W] ManganeseMap.csv

Zoom To Extent About This Data

Atlantic

Element 25
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Feature Information «

Nimap testcsv - Site Data

Kalgoorlie Smelter NiW
lat -3@.875

lon 121.484

Downlead this Table -

Lat / Lon 30.87500°S. 121.48400°E © (4 ®

Frank
Hann
NP,

Feature Information =

Ni map test csv - Site Data

Kwinana Nickel Refinery
lat -32.23

lon 115.77

Download this Table -

Lat/ Lon 32.23000°5, 115.77000°E '@







