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This discussion paper examines the

opportunities for Queensland to become a

domestic leader in Australia’s future
battery industry

This discussion paper has been commissioned by the
Queensland Government, Department of State Development,
Infrastructure, Local Government and Planning to inform the
development of the Queensland Battery Industry Strategy.

It examines the opportunities within the Australian battery
industry and identifies how Queensland can become a
domestic leader.

To estimate the size of the opportunity available for
Queensland, scenarios are used to demonstrate the range of
potential outcomes from developing Queensland’s domestic
battery industry.

In examining the opportunities for Queensland, this discussion
paper focuses on supply chains for lithium-ion batteries and
other emerging technologies such as redox flow batteries.

Lead-acid battery manufacturing is already well established in
Queensland. As such, this discussion paper recognises the
maturity of the lead-acid market and has considered new
battery industry opportunities in the context of developing a
diverse multi-technology sector in Queensland.



Executive summary

Domestic battery demand will total 90 GWh to 2030, with
opportunities for a range of technologies, especially lithium-ion.

Global battery demand is expected to reach 2,045 GWh by 2030,
nearly 11 times 2020 levels, and this will be driven by demand for
electric vehicles.

Australian domestic demand is growing at the same rate and is
forecast to provide 90 GWh of demand to 2030, including 26 GWh of

Queensland demand that should be easily accessed by local producers.

While electric vehicles are the largest segment of battery demand, on-
grid stationary storage is the fastest growing segment within the
battery market with 37% annual growth across the decade. The
domestic stationary storage market will be a key opportunity for
Queensland in the medium term. As cell manufacturing capabilities
build out, there is potential to target the markets in the international
electric vehicle industry.

There are currently many battery technologies in the market. Lithium-
ion technology is expected to retain its dominant market position but
there are smaller applications where other technologies can compete.

Queensland can build a battery industry based on existing up-stream
capabilities, and competitive advantages in reliability, R&D,
vanadium, and other critical minerals.

The current battery value chain is large and growing with any segment
able to support a significant industry. Cell manufacturing for lithium-
ion batteries is the most significant global opportunity and is
important for the growth of the industry overall.

>

Queensland already has developing capabilities across the battery
value chain, particularly in mining, refining and active materials. Key
capabilities have been developed through investments in vanadium,
cobalt, nickel, and other minerals; refining activities including for
vanadium, high purity alumina, cobalt and nickel, and graphene, and
active materials investments in anodes, cathodes, and vanadium
electrolyte.

Overall, Queensland is likely to have competitive advantages through
its:

* Existing capabilities in mining, refining to chemicals and active
materials;

* R&D capabilities through the value chain but particularly in active
materials, cell manufacturing and pack assembly;

* Ability to position itself as a reliable participant in global battery
value chains and low future energy costs from renewable energy;

* Strong environmental, social and governance (ESG) credentials
throughout the value chain;

* Proximity to markets in Asia; and

* Strong end to end capabilities in vanadium and related battery
technologies

To capture these opportunities, Queensland will need to respond
quickly given the lead times to develop capabilities within the battery
value chain, particularly for cell manufacturing. In the short-term,
Queensland may be able to benefit from developing capabilities in
pack assembly due to the shorter lead times as they develop
capabilities elsewhere in the value chain.

Queensland’s battery industry has the potential to contribute
$1.3B in GVA and produce 9,100 jobs by 2030.1

To develop a battery industry in Queensland there are two broad
pathways to pursue:

(1) alocal and specialised industry that could contribute $0.6B in
GVA

(2) aleading Australian industry that could contribute $1.3B in
GVA

A localised and specialised industry would enable alternative
technologies to continue to commercialise; meeting market
opportunities as they arise.

A leading Australian industry would need to be underpinned by
ambitious private sector investment and supply chain growth. This
pathway has the potential to capture a greater market share
outside of Queensland, while Queensland continues to develop a
pipeline of alternative technology opportunities. To take advantage
of this opportunity, Queensland would need to:

* Build a diverse customer base with a strong forward order
book;

* Develop integrated research and development programs to
support advanced materials manufacture, cell prototyping, pilot
scale production, certification and testing; and

* Develop a skilled workforce to meet industry requirements

Notes: 1. There is potential for the value realised to be higher than stated, given the rapidly evolving demand profile for batteries globally and domestically, as well as the recent supply challenges for multiple critical minerals having significant price effects
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Domestic battery demand will total

90 GWh to 2030, with opportunities for a
range of technologies, especially lithium-ion




There are opportunities in the battery industry for Queensland to capture given the growing
market, domestic capabilities and advances in technology

1 Growing global battery market

Demand for batteries has been growing significantly over the last decade. This growth is
expected to continue to 2030, driven by the demand for electric vehicles and stationary
storage needs. While batteries are produced through a complex global value chain,
Australia has a strong presence in mining, while China is dominant downstream.

. I Y e, 3 Opportunities across multiple
| I technologies

:~' _________________________ There are a number of different battery chemistries and
2 Queensland’s capabilities v v technologies each with different strengths to meet the wide

J— e range of applications. Lithium-ion is the most dominant
Queensland is in a position to leverage its existing ™. technology today and, while it will continue to play a critical
capabilities and investments in the battery value role in the future, new technologies are being developed in

chain to capitalise on rapidly growing opportunities. D ACEERREEEEEEEEE R EEEEEEEED > response to production costs, raw material availability and

emerging applications. These technologies are increasingly
targeting niche opportunities in utility scale storage,
defence, mining and aerospace.



Growing global battery market

Global battery demand is expected to grow over 10x this decade with annual demand reaching
2,045 GWh in 2030

Global battery demand is expected to reach 2,045 GWh by Exhibit 1: Project battery demand worldwide by application
2030, nearly 11 times 2020 levels, and this will be driven by
demand for electric vehicles (EVs). GWh of annual demand, 2020-2030 (2020 = latest actual data)?

In a climate of decarbonisation, the world is transitioning to

other forms of energy beyond fossil fuels. This has translated - Stationary - EVs - Consumer electronics
into growing demand for batteries globally, and is forecasted

to increase by 10.5 times in the coming decade to 2030.

Demand for batteries in 2020 was driven by consumer

electronics (52% of demand by energy storage) and electric @
vehicles (48%). However, this is expected to change by 2030, N +
with electric vehicles accounting for 87% of global demand. 2,045

Stationary storage also presents a significant opportunity
within the global battery industry. Battery demand for
stationary storage is expected to increase by 140 times to
reach 140 GWh by 2030. This accounts for 7% of global battery
demand in 2030.

806

2020 2025 2030

Notes: 1. Potential for demand to be higher than stated, given the rapidly evolving demand profile for batteries globally
Source: BNEF (2022) Electric Vehicles to Drive Massive Battery Demand: BNEF Chart.



Growing global battery market

On-grid stationary storage is the fastest growing segment within the battery market, growing
annually by 37% in the decade to 2030

The global battery market is expected to increase nearly
four-fold over the next decade to US$133B, and this is
driven by strong growth in on-grid stationary storage (37%
p.a.) and passenger electric vehicles (17% p.a.).

With strong demand expected for batteries over the coming
decade, the battery market is expected to increase 267% by
2030 to be a US$133 billion industry. This will be driven by
strong growth in stationary storage, particularly on-grid, as
well as growing demand for passenger electric vehicles.

On-grid stationary storage is set to grow 22-fold (37% p.a.) to
US$12 billion by 2030. This growth is underpinned by strong
demand to support the energy transition.

The battery market for passenger electric vehicles will
continue to play an important role in the industry. Batteries
for passenger electric vehicles will grow nearly five-fold by
2030 to become a US$82 billion market.

The market for consumer electronics is expected to shrink
with unit costs falling faster than the growing demand for
devices.

Notes: 1. Reductions in battery prices are expected to more than offset volumes growth over the next decade in consumer electronics.; 2. Potential for battery market size to be larger than stated, given the rapidly evolving demand profile for batteries globally
Source: FBI CRC (2021); International Renewable Energy Agency (2017) Electricity storage and renewables: Costs and markets to 2030; Accenture analysis.

Exhibit 2: Projected global battery market size by application
USS billion per annum, 2020 = latest actual data?
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https://fbicrc.com.au/wp-content/uploads/2021/06/Future-Charge-Report-Final.pdf
https://www.irena.org/costs/Electricity-Storage

Growing global battery market

Batteries are produced through a complex global value chain, with Australia strong in mining
and China dominant downstream

Exhibit 3: Battery value chain segments and market shares

Description

Opportunities for
Queensland

Share of segment
by country (share
of revenue, %)?

Materials

Battery manufacturing

Integration & services

Mining raw materials

Extraction of raw materials
as ores or brines. Raw
materials include lithium,
graphite, nickel,
manganese, cobalt,
vanadium, copper and
aluminium.

Queensland could mine its
graphite, nickel, cobalt,
vanadium, aluminium,
graphite and other
reserves.

Australia

Chile

China

Other

Refining to chemicals

Refining of raw materials to
highly purified chemical salts.
Refined chemicals include
lithium hydroxide, lithium
carbonate, and nickel sulfate.

Queensland could use its raw
material reserves and service
the growing market for more
diversified supplies of refined
chemicals.

China - China

Chile

Active materials

Production of

precursors and

finished active

materials including LINMC
and LFP cathodes!, along
with graphite and silicon
anodes.

Queensland could use its
refined chemicals to develop
active materials and
electrolytes.

South
Korea

Other

Cell manufacturing

Manufacturing of the
battery cell including
electrode chemical
processing, cell assembly
and cell finishing, which
are critical for battery pack
performance and quality.

Queensland could further
develop its cell
manufacturing capabilities,
particularly given its
emerging R&D.

Japan

South
Korea

Other

Battery pack assembly

Production of the battery
pack consisting of many
individual cells that are
interconnected.

Battery pack testing is an
integrated part of battery
pack manufacturing.

Queensland could further
develop its battery pack
assembly capabilities,
particularly given its
emerging R&D.

Japan .

China

South
Korea

Other

Integration, service and
maintenance

Integration and service of
batteries for different
applications, including
installation and grid
connection for on-grid Energy
Storage Systems (ESS) and
maintenance for electric
vehicles (EVs).

Queensland will have
opportunities to increase its
integration, service and
maintenance offerings as the
local market for battery storage
grows.

No dominant countries

Highly localised

Re-use and recycling

Re-use and recycling of
batteries materials through
repurposing of degraded
batteries, refurbishment or
recycling to recover raw
materials.

Queensland will have
opportunities to increase its re-
use and recycling capabilities
for batteries other than lead-
acid as the feedstock volume
grows.

us

11% South

45%
® Korea

11% Other

Japan

> Notes: 1. Lithium nickel manganese and cobalt cathodes and lithium iron phosphate cathodes respectively; 2. Data for mining, refining, cell manufacturing and assembly are for 2017. Data for active materials is the average of country market share for anode, cathodes and electrolytes in 2019, and data for recycling uses distribution of
leading recycling companies in 2019.

Source: AusTrade (2018) The Lithium-ion Battery Value Chain: New economy opportunities for Australia; Roskill (2020) Lithium-ion Batteries: Outlook to 2029, Tables 18-21 and Chapter 14; Accenture analysis.


https://www.austrade.gov.au/ArticleDocuments/5572/Lithium-Ion%20Battery%20Value%20Chain%20report.pdf.aspx
https://roskill.com/market-report/lithium-ion-batteries/

Growing global battery market

Queensland will see 26GWh of demand from in-state markets through to 2030 plus 63GWh from
the rest of Australia and 1GWh from defence opportunities

Application Potential Queensland Potential market from
(not exhaustive) market to 2030 rest of Australia to 2030
Grid stationary * State ownership of Queensland's energy utilities could offer a long-term secure base of demand for battery storage in conjunction with Queensland's 14 GWh 27 GWh
storage? development of renewable energy zones.
Behind the meter * Behind the meter residential storage and participation in virtual power plants is on the rise. Queensland’s leading rate of solar uptake — 4.1 GW of
3 . Lo . . . 7 GWh 18 GWh
storage rooftop solar from 700,000 homes — is being increasingly paired with energy storage systems.
Off-grid stationary o . . . o ., . . .
storage? * 2% of Australians live off-grid. More than 6% of Australia’s electricity use occurs in these regional and remote areas. 1GWh 5 GWh
* There are currently 75 large resources projects in Queensland and over 350 operating mines in Australia.
I ¢ Electrification of mining haulers represent a potential market for mobile batteries with many miners looking to decarbonise operations. However, with
Mining . . . - . 0.7 GWh 2.6 GWh
R&D ongoing, short-term deployments are likely to be in new mining operations.
* Remote mining activities may continue deploying specialised off-grid storage.
Electric trucks and ¢ Queensland is currently home to significant bus and truck manufacturing. CSIRO projects almost 15,500 electric buses and almost 70,000 electric trucks
. . 3GWh 10 GWh
buses by 2030 under a step-change scenario for Eastern Australia.
Cumulative demand: 26 GWh 63 GWh

Two additional applications exist only at the aggregate domestic and international level

Potential Market!

Defence

Electric passenger
vehicles

Specialty batteries for the military vehicle electrification represent local demand where supply chain sovereignty is of heightened value. Some
manufacturing of military vehicles currently occurs in Queensland.
Queensland hosts 14 of the 64 military bases in Australia where stationary storage could either supply or backup their power grids.

Demand for EV batteries is experiencing strong competition from established global players.
EVs imported by Queenslanders will contain 32 GWh of EV battery storage between now and 2030.
Without domestic manufacturing capabilities for passenger vehicles, addressing this demand is challenging.

Notes: 1. Total cumulative demand from 2023-2030 inclusive and includes all the demand from NEM in FY30-31 from the Australian Energy Market Operator (AMO) Integrated System Plan (ISP); 2. based on AEMO Step Change scenario, for East Coast of Australia; 3.

Distributed energy storage includes grid connected batteries installed to support the customer’s own load as well as coordinated systems in a virtual power plant arrangement; 4. Based on 2% of Australian population, average household size of 2.6 people and average
> battery size of 42kWh; limited data makes this market challenging to size; 5. Based on 20% of Australian mines electrifying, with an average of 15 haulers per mine with a 2MWh battery per hauler and a battery replacement after 2.5 years as well as a 50MWh battery per

mine electrifying

Source: Wood Mackenzie (2022); Renew Economy (2022); Energy Storage News (2022); SolarRun (2022); Department of Energy and Public Works (2022); AEMO WEM Electricity Statement of Opportunities (2022); AEMO Distributed Energy Resources Roadmap (2022)

Renew Economy (2022); Expert interviews; Accenture analysis

Australia: 1 GWh

International: 7,000 GWh
Australia: 133 GWh
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https://www.woodmac.com/news/opinion/quantifying-battery-raw-material-demand/
https://reneweconomy.com.au/big-battery-storage-map-of-australia/
https://www.energy-storage.news/construction-begins-on-mining-giant-bhps-first-off-grid-solar-storage-project/
https://www.solarrun.com.au/what-size-battery-do-i-need/#:~:text=What%20size%20battery%3F-,The%20quick%20answer,between%206.6kW%20and%2010kW.
https://www.epw.qld.gov.au/about/initiatives/renewable-energy-targets
https://www.aemo.com.au/-/media/files/electricity/wem/planning_and_forecasting/esoo/2022/2022-wholesale-electricity-market-esoo.pdf?la=en&hash=AF5B0EE73B9AAD4C0A246F264BC72AB6
https://www.brighterenergyfuture.wa.gov.au/wp-content/uploads/2020/04/DER-Roadmap_April2020.pdf
https://reneweconomy.com.au/synergy-to-seek-more-than-1gw-of-battery-storage-in-plan-to-replace-coal

Growing global battery market

Global cell manufacturing capacity is forecast to grow 14-fold with the current top six
manufactures plus OEMs holding three quarters of this capacity

Global yield adjusted capacity for battery cells is forecast to Exhibit 4: Breakdown of cell manufacturing by type of manufacturer
increase 14 times to 4,650 GWh in the decade to 2030. The
current top 6 global manufacturers accounted for 79% of the GWh of yield adjusted capacity*
global cell manufacturing capacity. Over the decade it is
forecast the original equipment manufacturers (OEMs), both - Top 6 - Start-up (>5 year know how)
directly and through partnerships will grow from 2% to 20%.
I cxisting producers beyond Top 6 Start-up (<5 year know how)
The cell manufacturing market will continue to be dominated by
the current top 6 manufacturers and OEMs, both directly and Il OEM and OEM backed @ Share of production by Top 6 + OEMs
through partnerships. The current top 6 manufacturers
accounted for 79% of global production capacity in 2020. OEMs @
are forecast to expand their share to 20% of global cell N +
production capacity by 2030. The top 6 manufacturers and OEMs 4,650
are forecast to hold 75-81% of the total capacity across the whole
decade.
New entrants on the global market face a high barrier to entry.
The incumbent players and OEMs can leverage economies of
scale, their technology leadership, and increasing vertical 3130
integration. This competition is also occurring in an environment 4
with some material and skill bottlenecks which may contribute to 2,670
keeping the cell manufacturing capacity consolidated beyond
2030. 15%
2,020
[s)
1,570 9%
0,
1,160 >%
2020 2021 2022E 2023E 2024E 2025E 2026E 2027E 2028E 2029E 2030E
@D D D S D D <>
> Notes: 1. Yield adjusted capacity captures announcements and forecast development of total capacity to produce batteries 11
Source: Goldman Sachs (June, 2022) Global Batteries: The Greenflation Challenge 1I; McKinsey (January, 2022); Capturing the battery value- chain opportunity; Accenture analysis


https://www.goldmansachs.com/insights/pages/gs-research/batteries-the-greenflation-challenge-2/report.pdf
https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-insights/capturing-the-battery-value-chain-opportunity

Growing global battery market

Strong automotive industries underpin local EV battery industries, reducing the opportunities
for EV batteries for Queensland in the medium term

While global battery demand for use in electric vehicles (EVs) is
expected to increase nearly 20-fold by 2030, there is currently less
potential for Queensland to build a battery industry focused on
EVs in the medium term.

Co-location with a large EV manufacturer and perusing strong
vertical integration is a key driver to consolidate value and secure
supply chains in a constrained global commodity market.

In most current instances, local EV manufacturing is underpinned by
favourable domestic policy with additional support from consumer
side incentives. As an example of this, the USA’s Inflation Reduction
Act targets support to domestic manufacturers, with some early
speculation that the EU should follow suit?.

Inflation Reduction Act — USA Fact Box

The inflation reduction act (IRA) raises significant barriers to
countries outside North America participating in component
manufacturing for US EVs and prioritises battery materials
sourced from free trade partners, such as Australia.

The IRA creates a $7500 consumer tax incentive for the purchase
of eligible EVs that meet escalating sourcing thresholds. To
qualify, 100% of battery components need to be manufactured in
North America (by 2028). In addition, 80% of critical minerals
need to be sourced and processed from free trade partners (by
2026), which presents significant opportunities for Australia and
Queensland.

The IRA also includes a $2 billion grant pool to build up domestic
manufacturing facilities.

Notes: 1).Including comments from French Finance Minister Bruno Le Maire.

>

Exhibit 5: Relationship between vehicle manufacturing capacity and EV battery production by country
Y-axis: Thousands of vehicles (2022); X-axis: GWh of EV batteries manufactured (2022)

Correlation = 0.93
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Source: Bloomberg (2022); BNEF (2022) Electric Vehicles to Drive Massive Battery Demand; International Energy Agency (2022); Accenture Analysis


https://europe.autonews.com/automakers/europe-should-copy-us-electric-car-subsidies-france-says
https://news.bloomberglaw.com/environment-and-energy/electric-vehicles-to-drive-massive-battery-demand-bnef-chart
https://iea.blob.core.windows.net/assets/4eb8c252-76b1-4710-8f5e-867e751c8dda/GlobalSupplyChainsofEVBatteries.pdf

Growing global battery market

The energy transition calls for 63 GWh of additional stationary storage on the NEM by decade’s
end, a massive expansion of the current 1 GWh battery fleet

The demand for stationary storage in Australian Energy
Market Operator’s (AEMO) Step Change scenario called for
an additional 63GWh of stationary storage through to 2030-
31. This is the equivalent of building the currently
commissioned utility battery fleet seven times over every
year (on average). This scenario includes 21GWh of battery
storage installed in Queensland.

The market for this rapidly expanding industry averages at $2.5
billion through to 2030-31. Although the demand grows more
rapidly in the second half of the decade, the overall market for
stationary storage grows more consistently as unit battery
costs continue to fall.

Year to year fluctuations in demand are tied to the
commissioning of large renewable projects in particular states
on the National Energy Market (NEM) which also influence the
type of batteries commissioned in a given year.

Size of individual battery projects is set to increase with GWh
scale batteries proposed by SolarQ for a 1GW/4GWh project in
Gympie as well as Syncline Energy with a proposed
1.2GW/1.6GWh system in Melton, Victoria.

The role of battery systems with the grid will also continue to
evolve. For example, South Australia's Hornsdale Power
Reserve battery is now providing inertia services to the grid,
and Stanwell's proposition of a multi-staged 1.3GW/2.6GWh
project on site at its coal power station near Rockhampton,
Queensland.

Exhibit 6: Australian battery demand for grid connected stationary storage

GWh of annual demand under AEMO ISP2 34 in Queensland and the rest of Eastern Australia

I Queensland Spike in new battery capacity for Queensland in 2030-
31 is in conjunction with the Step Change scenario’s
commissioning of 1.3GW of wind and 2GW of utility and
rooftop solar.

U 15 63

Rest of Eastern Australia
I Current Australian grid battery fleet
@ Annual market in Eastern Australia (AUD SB)

5 8 21
6 3#/ 77777777
10 5
10
3
10 8
-—
42
3 7
7 B 2 _n- 77777777
5 2
1 Zm 77777777
Current 2022-2023 2023-24 2024-25 2025-26 2026-27 2027-28 2028-29 2029-30 2030-31 Total new

battery battery storage

(East Aus.) (Step Change)

> Notes: 1. Based on Step Change scenario using CSIRO forecasts (2022). 2. Based on Step Change scenario. 3. Includes medium storage, shallow storage, distributed storage and coordinated DER storage, underlying mix of these types of storage influence the size of the battery 13
market in the given year. 4 Model begins from 2023-2024 and supplemented with data on project pipeline in AEMO Generator Information report
Source: AEMO ISP (2022); USA National Renewable Energy Laboratory (2022); AEMO Generator Information (2022); Spiire (2022); The Electricity Hub (2022); AEMO System Strength and Inertia Report (2020); Accenture analysis


https://aemo.com.au/en/energy-systems/major-publications/integrated-system-plan-isp/2022-integrated-system-plan-isp
https://www.nrel.gov/docs/fy21osti/79236.pdf
https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-planning-data/generation-information
https://www.spiire.com.au/projects/mreh/
https://theelectricityhub.com/stanwell-to-develop-2-9-gwh-mega-battery-storage/
https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/Operability/2020/2020-System-Strength-and-Inertia-Report

Growing global battery market

Lithium-ion technology is expected to retain its dominant market position but there are
applications where other technologies can compete

Technology

Lithium-ion

Flow Batteries

Lead-acid

Graphene
aluminium-ion

Description

Notable projects

Existing activity in Queensland (public, not exhaustive)

First commercialised in 1980.

Global manufacturing scale production of batteries for use in
consumer electronics and mobility applications, with
chemistries such as NMC and LFP.!

Energy density sufficient for compact mobility applications.?

External electrolyte tanks can be scaled to match desired
output with discharge duration.

Battery life typically anticipated to be 25 years with a
recoverable electrolyte, which presents opportunities for
recycling.

Suitable for longer duration storage.

The first rechargeable battery, invented in 1859.
Mature technology with a 95-99% recycling rate.
Widely used as a source of stand-by or infrequent power.
Low self-discharge rate but a low power density.

High theoretical energy density,® which will likely drive usage in
niche applications.*
Potential future applications for vehicles.

Very fast recharge time and high energy density.
Potential mobility and stationary storage applications.

Similar features to lithium-ion batteries, but with improved
temperature tolerance and safety features.

Suited for applications that prioritise power density,®> with
potential stationary storage applications.

Suitable for longer duration storage.
First deployed in 1995 after development from NGK.

.

Australia’s nine operational grid storage batteries
(totalling 760MW/1054 MWHh) all utilise lithium-ion
technology.

2MW/8MWh battery in South Australia
100MW/400MWh vanadium flow battery
commissioned in China.

200MW/2GWh iron flow battery purchased in the
USA.

Frequently used for starting or back up power in
automobiles and remote sensing.

10MW/40MWh lead-acid battery commissioned by
the Southern California Edison Company in 1988.

Sion and Oxis have some commercial products
available.

To date no large scale graphene batteries have been
deployed.

Anticipated production by Natron Energy and Clarios
International of 600MW/year of sodium-ion
batteries from 2023 in Michigan.

Used for projects including grid and microgrid
applications, with 700MW/4.9GWh of capacity
installed globally.

Vena Energy Australia commissioned its 100MW/150MWh battery at Woleebee in August 2022.
Feline is producing high performance cells for niche applications, along with specialty cathodes.
VSPC are working towards pilot scale production of LFP cathodes.

Energy Storage Industries Asia-Pacific is constructing a pack assembly facility for iron-flow batteries from 2024
with a target production of 400MW by 2026.

Vecco Group have announced plans to build to 100MWh per annum of vanadium electrolyte production
drawing from its Debella Project mine in North Queensland.

Redflow has developed zinc-bromine flow batteries for small commercial applications and have also installed
a 500kW/2MWHh system in California.

Century Yuasa produces 1.2 million modern lead-acid batteries at its plant in Brisbane from new and recycled
material.

Queensland headquartered Li-S is using Boron Nitride Nano-tube Technology (BNNT) with lithium sulfur
batteries, which will increase energy density and extend cycle life.

Graphene Manufacturing Group is developing end-to-end graphene battery production in Queensland in
conjunction with University of Queensland (UQ).

No manufacturing capacity exists for sodium-ion battery technology. However, UQ is contributing to
foundational research in this space.

Queensland University of Technology (QUT) and Sparc Technologies have formed a partnership to
commercialise battery materials including for sodium-ion batteries.

BASF and QUT are working to pilot the deployment of sodium sulfur batteries.

Given the current scale of production and expected learning rates, lithium-ion batteries are likely to have a levelised cost of storage advantage over lead-acid and vanadium flow batteries in the future. However, redox flow batteries are likely to be a cost effective option for
longer duration storage, particularly given the potential to scale flow batteries by increasing the volume of electrolyte without increasing capital expenditure. Competition for raw materials could also impact production costs for lithium-ion batteries, potentially driving the
development of alternate technologies that target specific applications and utilise cheaper and more readily available materials.

> Notes: 1. Cathode chemistries of nickel manganese cobalt and lithium iron phosphate respectively; 2. Energy density of 100-265 Wh/kg; 3. Theoretical density of up to 2700 Wh/kg, although current cells have about 470 Wh/kg; 4. Including satellites, drones and the defence sector; 5. Including power tools and

uninterruptible power supply (UPS) applications. There are also opportunities for sodium-ion batteries to be used in diesel generators and car engines.
Sources: Clean Energy Institute (2022); Yadlamalaka Energy (2022); Sacramento Municipal Utility District (2022); USA Department of Energy (2022); Vena Energy Australia (2022); Energy Storage News (2022); Graphene Manufacturing Group (2022); Century Batteries (2022); Vecco Group (2022); The Faraday
Institution, (2020); The Faraday Institution, (2021); Li-S Energy (2022); The Market Herald (2022); NGK, (2022); BASF, (2020); Schmidt et al., (2019); Schmidt (2017),
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Queensland can build a battery industry based on
up-stream capabilities and competitive
advantages in reliability, R&D and vanadium



Queensland’s opportunities

Queensland has some advantages in the upstream battery value chain, but cell manufacturing
capabilities are key to supporting a local industry

Queensland has some competitive advantage in the

Exhibit 7: Opportunity for Queensland in the battery value chain

upstream battery value chain, particularly in mining and

raw materials. However, cell manufacturing is critical to the

battery value chain and Queensland will need to further Factors

Description

Summary of Queensland’s opportunity

develop these capabilities to establish a local battery
industry.

The biggest opportunities for Queensland lie at the
intersection of the most attractive markets and the areas
where Queensland has the strongest capabilities.

Attractiveness of
the battery market

The most attractive battery value chain opportunities lie in
lithium-ion batteries, which is the dominant technology other
than lead-acid batteries. These opportunities are particularly
large for cell manufacturing, which is critical for industry
development, accounting for 45% (US$136B) of global
revenue in 2030.1

Queensland’s capabilities are predominately in mining,
refining and active materials. However, there are emerging
capabilities in cell manufacturing and pack assembly.

Queensland is most cost competitive in the mining and
refining of its available raw materials, which includes
vanadium, aluminium, graphite, nickel and cobalt. If the
supply chain for these materials were developed, Queensland
could be cost competitive for some active materials.

Queensland’s
capabilities

Size

Importance in value
chain

Current and planned
activities

Differentiated
products

Workforce

Cost competitiveness

The scale of the global opportunity for a part of
the value chain, as measured by future revenue
opportunities.

The impact of a capability on broader industry
development through providing supply chain
security and reducing materials and logistics costs.

The scale of current and planned activities for a
part of the value chain, as measured by planned
production, level of investment and importance of
activities to the battery value chain.

The ability of Queensland to provide products
which are differentiated either by their quality or
by being nascent with unique applications.

The strength of labour skills within companies and
research institutions for a part of the value chain.

The cost competitiveness of the labour, materials,
energy, logistics and tax inputs for part of the
value chain.

Notes: 1. There is potential for revenue to be higher than stated, given the rapidly evolving demand profile for batteries globally and domestically, as well as the recent supply challenges for multiple critical minerals having significant price effects
> Source: WEF (2019), A Vision for a Sustainable Battery Value Chain in 2030; Lithium Energy (2022); Australian Mines (2022); Sconi, (2022); Queensland Government (2021); QEM (February, 2022); AFR (2021); Queensland Government (2022); Rio Tinto (2022), Aeon Metals (2021), Alpha HPA (2022); Lava Blue

(2022); QPM (October, 2021); QPM (June, 2022); Vecco Group (2022a); Vecco Group (2022b); Graphene Manufacturing Group, (2022), AnteoTech (August 2022); Lithium Australia (July, 2022); FBI CRC (July, 2020); NBTC (2022); Magnis (2022); Century Yuasa (2022); Feline (2022); ESI Asia Pacific, (2022); Tritium

Charging (2021); RedEarth (2019); Queensland Government (2018); ARENA (2022); ARENA (2021); Prohelion (2022); Queensland Government (2022); Queensland Government (2022), FBI CRC (March, 2020); Everledger (July, 2021); RJ Batteries (2022); ABRI (2020); Powercell (2022); Accenture Analysis.

Cell manufacturing for lithium-ion batteries is the most
significant global opportunity by size and impact on
industry development, with other substantial
opportunities in pack assembly and refining to chemicals
for the lithium-ion battery value chain.

Queensland’s mining and refining activities are the most
significant in the battery value chain by investment,
followed by active materials and integration, service and
maintenance.

There are strong R&D capabilities throughout the value
chain in Queensland, particularly in active materials, cell
manufacturing, and pack assembly.

Queensland has a skilled mining workforce,

and emerging labour skills in refining, active materials,
and pack assembly.

Queensland has cost advantages for some raw materials
and refining to chemicals. This may also reduce the
materials and logistics costs for some active materials.
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Queensland’s opportunities

Queensland has the opportunity to pursue the significant opportunities in cell manufacturing
by linking up its refining capabilities with midstream activities

Exhibit 8: Battery value chain opportunities for Queensland

o

Larger

Smaller

Mining raw materials

Attractiveness of

the battery mal’ket_ _ _ _

Global demand for
minerals to be used in
the battery value
chain, particularly for
nickel, cobalt,
graphite and lithium.

Queensland’s
capabilities

Capabilities in
vanadium, aluminium,
and potentially
graphite, nickel and
cobalt, but not all
materials mined will be
used for the battery
value chain.

Materials

Refining to chemicals

Opportunities to refine
to chemicals due to
increased demand for
battery materials as the
value chain expands.

Capabilities in refining
vanadium, High Purity
Alumina (HPA), nickel,
cobalt and potentially
graphite, but not all
refined materials will
be used for the battery
value chain.

Active materials
manufacturing

Opportunities to
manufacture active
materials given supply
shortages and the need
to improve quality to
boost battery
performance.

Capabilities in
cathodes, anodes,
vanadium electrolyte
and iron electrolyte.

Battery manufacturing

Cell manufacturing

Significant opportunities
given the scale of
revenue available for
cell manufacturing,
particularly in lithium-
ion batteries.

Capabilities in lithium-
ion cell innovation,
along with capabilities
in graphene aluminium-
ion and potentially
vanadium flow cells.

Integration, service and

Battery pack assembly maintenance

Highly localised

Opportunities for pack
assembly to grow in
order to address the
demand for energy
storage.

Largely localised
opportunities for an
installation and
maintenance workforce.

Capabilities in lithium-ion
battery pack innovation,
along with graphene
aluminium-ion and iron
flow batteries, and
potentially vanadium flow
batteries.

Capabilities in energy
storage systems and EV
charging.

Source: WEF (2019), A Vision for a Sustainable Battery Value Chain in 2030; Goldman Sachs, (March, 2022), Global Batteries: The Greenflation Challenge; Goldman Sachs (June, 2022), Global Batteries: The Greenflation Challenge II; Lithium

Energy (2022); Australian Mines, (2020); Australian Mines, (2022); Sconi, (2022); Queensland Government (2021); QEM (February, 2022); AFR (2021); Queensland Government (2022); Rio Tinto (2022), Aeon Metals (2021), Alpha HPA (2022); Lava
Blue (2022); QPM (October, 2021); QPM (June, 2022); Vecco Group (2022a); Vecco Group (2022b); Graphene Manufacturing Group, (2022), AnteoTech (August 2022); Lithium Australia (July, 2022); FBI CRC (July, 2020); NBTC (2022); Magnis
(2022); Century Yuasa (2022); Feline (2022); ESI Asia Pacific, (2022); Tritium Charging (2021); RedEarth (2019); Queensland Government (2018); ARENA (2022); ARENA (2021); Prohelion (2022); Queensland Government (2022); Queensland
Government (2022), FBI CRC (March, 2020); Everledger (July, 2021); RJ Batteries (2022); ABRI (2020); Powercell (2022); Accenture Analysis.

Integration and services

Re-use and recycling

Important in developing
a circular battery value
chain and to improve the
environmental impact of
batteries.

Capabilities in lead-acid
recycling, and potentially
for other types of
batteries. Feedstock
volume growth is needed
to support facilities, but
in the long term recycling
can provide materials for
cell manufacturing.

Summary

Attractive opportunities across
the entire battery value chain,
particularly in cell
manufacturing and pack
assembly due to their scale of
revenue and importance for
value chain development.

Emerging capabilities,
particularly in the mining
and refining of particular
raw materials, and
differentiated active
materials, cell and pack
products.
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Global opportunities

Cell manufacturing for lithium-ion batteries will have a $136B market by 2030, contributing
up to 45% of battery value-chain revenue

The lithium-ion battery industry is forecast to be a Exhibit 9: Potential lithium-ion battery value chain revenue by 2030
US$300B industry by 2030, with cell manufacturing
SUS billions, 2030 (base case)*2

presenting the largest opportunity in the value
chain. Cell manufacturing will account for 45% of
global revenue (SUS136B).

Share of
The application of lithium-ion technology within the revenue
global battery value chain is expected to grow the
market to be a USS300B industry. The largest
opportunity within the lithium-ion battery value
chain will be cell manufacturing, accounting for 45%
of global revenue and a 25% industry profit margin.

3% 25% 8% 45% 16% 4%

There are also other opportunities in refining
chemicals (25% of global revenue) and battery pack
assembly (16% of global revenue). The remaining
15% of revenue is made up by opportunities in active
materials, reuse and recycling, and mining raw
materials. Mining raw materials also has the largest
industry profit margin, including both wages and
business profits (49% industry margin).

By 2030, China is expected to remain the largest
player in the global battery market, accounting for
$126B of global revenue (42%), while the EU and US
will make up another 20% of the global market.

Mining raw Refining to Active Battery pack Re-use and

Value .
. Cell manufacturing
chain step

materials chemicals materials assembly recycling

Industry
profit 49% 20% 27% 25% 15% 30%

margin®

Note: 1. Totals may not sum to 100% due to rounding; 2. There is potential for revenue to be higher than stated, given the rapidly evolving demand profile for batteries globally and domestically, as well as the recent supply challenges for multiple critical minerals having 18
significant price effects; 3. Including business profits and wages
Sources: WEF (2019), A Vision for a Sustainable Battery Value Chain in 2030; Accenture (June, 2021), Future Charge- Building Australia’s Battery Industries; Accenture analysis.
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Queensland’s capabilities

Queensland has growing capabilities throughout the battery value chain, particularly in

refining

Exhibit 10: Queensland’s capabilities across the battery value chain

Strength of capability

| Higher . .

Lower

Key areas of
capability?

Current and
planned activities

Investment?

Differentiated
products

Workforce®

Materials

Battery manufacturing

Integration & services

Mining raw materials

Refining to chemicals

Active materials &
electrolytes

Cell manufacturing

Battery pack assembly

Integration, service and
maintenance

Re-use and recycling

Vanadium: QEM Julia Creek,
Vecco Debella, Richmond
Vanadium, St EImo mine,
Critical Minerals Group

Nickel and cobalt: Sconi mine,
Aeon Metals Walford Creek
Cobalt mine

Graphite: Lithium Energy
Burke project

$2.5-5B%

¢ Significant and shallow
vanadium reserves

e High grade graphite

¢ Skilled mining workforce

High Purity Alumina (HPA): Lava
Blue, Alpha HPA, Vecco Debella,
Queensland Pacific Metals
(QPM) TECH

Nickel and cobalt: Sconi, QPM
TECH

Graphene: Graphene
Manufacturing Group (GMG)

Battery grade material
development and qualifying:
uQ, QuUT

$500M- $2.583

¢ Ultra High Purity Alumina

e Graphene using a
proprietary process

¢ Current skills at GMG, and
emerging skills

Anodes: AnteoTech
Cathodes: VSPC, PBT, Feline

Vanadium electrolyte: Vecco

Prototyping and development of

cathodes and electrolytes: UQ,
QuTt

$50-100M

* Silicon anodes

* Reduced cost cathode
process

e Current skills at AnteoTech
and VSPC

Testing and prototyping:
QUT’s energy storage
research, which encompasses
the National Battery Testing
Centre (NBTC)

Lithium-ion battery cells:
Imperium3 Gigafactory, Feline

Graphene aluminium-ion
battery cells: GMG

Lead acid cells: Century Yuasa
(CYB)

>$150M*

e High performance
lithium-ion cells

e  Graphene aluminium-ion
cells

e Current skills at Feline,
GMG and CYB

Testing: QUT’s energy storage
research, which encompasses
the NBTC

Lithium-ion batteries: Feline,
RedEarth

Iron flow batteries: ESI Asia
Pacific

Zinc-bromine flow batteries:
Redflow

Lead acid batteries: CYB

$50-100M

*  High performance lithium-
ion packs

e lron and zinc bromine flow
packs

e Current skills at Feline,
Redflow, RedEarth and
CYB

Testing: QUT’s energy
storage research, which
encompasses the NBTC

Electric vehicle charging:
Tritium Charging, Evie
Networks

Electric vehicles: BusTech

Energy storage systems:
Redback Technologies,
RedEarth, Prohelion, eleXsys

Battery casing: Vaulta

$50-100M

*  Fastcharging technology

e Current skills within
diverse capabilities

Lead acid battery recycling:
CYB, RJ Batteries’, Lex Enviro
Services8, Gold Coast Resource
Recovery

Lithium-ion battery recycling
collection: Powercell?, MRI e-
cycle, Envirostream

Tracking: Everledger

<$50M

* Local recycling

e Current lead-acid battery
recycling skills

Notes: 1. Based on the size of investment, amount of current and planned activities, and relevance of activities to the battery value chain; 2. Publicly available investment figures for activities related to emerging battery technologies within Queensland, not including investment into lead-acid capabilities or capabilities outside of Queensland.
Investment figures are likely to be higher than this due to activities which don’t have available investment figures; 3. Not all of the capabilities in mining and refining will be used for the battery value chain; 4. This doesn’t include the $3B investment figure outlined for the Imperium3 factory in a feasibility study, as this activity is not yet planned; 5. In
addition to process industry workers with transferable skills, such as chemical engineers, chemists, metallurgists, mechanical engineers, and maintenance technicians.
Source: Lithium Energy (2022); Australian Mines (2022); Sconi, (2022); Queensland Government (2021); QEM (February, 2022); AFR (2021); Queensland Government (2022); Rio Tinto (2022), Aeon Metals (2021), Australian Government, (2022); Alpha HPA (2022); Lava Blue (2022); QPM (October, 2021); QPM (June, 2022); Critical Minerals Group,
(2022); Vecco Group (2022a); Vecco Group (2022b); Graphene Manufacturing Group, (2022), AnteoTech (August 2022); Pure Battery Technology, (2022); Lithium Australia (July, 2022); VSPC, (August, 2021); FBI CRC (July, 2020); NBTC (2022); Magnis (2022); Century Yuasa (2022); Feline (2022); ESI Asia Pacific, (2022); Li-S, (2022); Tritium Charging
(2021); RedEarth (2019); Queensland Government (2018); ARENA (2022); ARENA (2021); Prohelion (2022); Queensland Government (2022); Queensland Government (2022), FBI CRC (March, 2020); Everledger (July, 2021); RJ Batteries (2022); ABRI (2020); Powercell (2022); Ecycle, (2022); Envirostream, (2022); Vaulta, (2021); Vaulta, (2022), eleXsys,

(2022); Accenture Analysis.
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https://statements.qld.gov.au/statements/83675
https://arena.gov.au/projects/national-ultrafast-ev-charging-infrastructure-network/
https://arena.gov.au/assets/2021/10/evie-lessons-learnt-report-oct-2021.pdf
https://www.prohelion.com/integrated-mobile-power-system/
https://www.epw.qld.gov.au/about/initiatives/renewable-energy-zones
https://www.epw.qld.gov.au/about/initiatives/renewable-energy-targets
https://fbicrc.com.au/wp-content/uploads/2020/10/20-00191_MR_REPORT_FBICRC-StateOfPlayBattery_WEB_201002.pdf
https://everledger.io/everledger-wins-major-australian-government-critical-minerals-blockchain-pilot-project/
https://www.rjbatt.com.au/resources/battery-recycling
https://batteryrecycling.org.au/member-profiles/lex-enviro-services/
https://www.powercell.com.au/
https://ecyclesolutions.net.au/
https://envirostream.com.au/
https://www.vaulta.com.au/news/brisbane-based-vaulta-gets-a-charge-from-federal-government-to-commercialise-battery-modules-for-ev-market/
https://www.vaulta.com.au/technology/
https://elexsys.com/the-solution/

Queensland’s capabilities

Queensland’s cost competitiveness in mining and refining may drive improved
competitiveness in active materials, reducing costs for battery manufacturing

. Queensland advantage
Queensland has cost competitiveness in mining and refining of

particular raw materials, which can lower costs for active materials
production, and potentially cell manufacturing and pack assembly. Exhibit 11: Battery value chain cost competitiveness-" @ Current disadvantage improved with industry development

The availability and grade of the critical mineral reserves in 2022 . Queensland disadvantage

Queensland could support the cost competitiveness of active
materials and electrolyte production. Utilisation of cost competitive — - -
Refining to Active materials & .
. Cell manufacturing Battery pack assembly
chemicals electrolytes

Neutral

active materials and electrolytes, coupled with industry Mining raw
development, would serve to reduce costs for cell manufacturing and materials
therefore pack assembly.

% of South United % of United
Cost factor

Queensland is not likely to be cost competitive with China given Queensland has cost advantages in unit cost Korea? States? unit cost States?

China’s scale of production and well-developed supply chains, but .. .. .
: ) : mining and refining due to its
there is a growing global market for non-China sources of battery ilabili . ¢
materials. These sources could include Queensland given the State’s availabi .|ty and p-urlty 0 .raw Labour’ 19
ESG credentials and R&D into battery materials and technology. materials, particularly in
vanadium, aluminium and
graphite, along with its available

If Queensland can develop its local raw materials capabilities, the
State is likely to be able to develop cost effective active materials?

compared to countries other than China, including South Korea. nickel and cobalt. Energy 2 4 . 2 ’
Utilising these cost competitive active materials and electrolytes in
conjunction with industry development could reduce materials and
logistics cost for cell manufacturing, and therefore for pack assembly. Logistics 2 '

Queensland also has the potential to be able to provide future cheap

renewable energy.? The State is targeting 70% renewable electricity

generation by 2032, supported by the $145M QREZ initiatives. It is Tax® 8
estimated that wholesale electricity prices in Queensland will be 15

per cent lower on average by 2040 than they would be without the

Queensland Energy and Jobs Plan.
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Notes: 1. Particularly for cathodes, vanadium electrolytes, and potentially iron electrolytes; 2. The greater availability of renewable energy may translate into lower costs because renewable energy is expected to have lower LCOE by 2030 compared to black coal, brown coal and gas; 3. Due to the highly
localised nature of integration, service and maintenance and re-use and recycling, the cost competitiveness of Queensland globally is less relevant to developing capabilities; 4. Compared to the largest players in the EV battery value chain; 5. For the manufacturing and professional and scientific services
industries; 6. Based on Federal taxes; 7. On average between countries

> Source: |IEA (2022), Global Supply Chains of EV batteries; ILO (2022), Average monthly earnings of employees; ABS, 2016 Census Data; Ahmed (2017), Cost and energy demand of producing nickel manganese cobalt cathode material for lithium-ion batteries; Orangi & Strgmman, (2022), A Techno-
Economic Model for Benchmarking the Production Cost of Lithium-lon Battery Cells; Sakti et al., (2015), A techno-economic analysis and optimization of Li-ion batteries for light-duty passenger vehicle electrification; Argonne National Laboratory, (2019), Modeling the Performance and Cost of Lithium-lon
Batteries for Electric-Drive Vehicles; PwC (2022) Tax Summaries; Accenture (June, 2022), Future Charge- Building Australia’s Battery Industries; AEMO (2022), NEM Data Dashboard; IEA (2022) Electricity Market Report July 2022; Energy Council (February, 2022) International Electricity prices: How does
Australia compare?; World Bank (2018) Trade Logistics in the Global Economy; Accenture Analysis
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https://iea.blob.core.windows.net/assets/961cfc6c-6a8c-42bb-a3ef-57f3657b7aca/GlobalSupplyChainsofEVBatteries.pdf
https://www.ilo.org/ilostat-files/Documents/Excel/INDICATOR/EAR_4MTH_SEX_ECO_CUR_NB_A_EN.xlsx
https://www.sciencedirect.com/science/article/abs/pii/S0378775316317724?fr=RR-2&ref=pdf_download&rr=745cd7c85d39a971
https://www.mdpi.com/2313-0105/8/8/83/htm#:~:text=Sakti%20et%20al.%20%5B%2016%5D%20presented%20a%20techno-economic,cost%20modeling%2C%20to%20find%20cost-minimized%20battery%20cell%20design.
https://www.cmu.edu/me/ddl/publications/2014-JPS-Sakti-etal-Techno-Economic-EV-Battery.pdf
https://publications.anl.gov/anlpubs/2019/03/150624.pdf
https://taxsummaries.pwc.com/
https://fbicrc.com.au/wp-content/uploads/2021/06/Future-Charge-Report-Final.pdf
https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/data-nem/data-dashboard-nem
https://iea.blob.core.windows.net/assets/660c2410-218c-4145-9348-c782e185dcdf/ElectricityMarketReport-July2022.pdf
https://www.energycouncil.com.au/analysis/international-electricity-prices-how-does-australia-compare/
https://openknowledge.worldbank.org/bitstream/handle/10986/29971/LPI2018.pdf

Queensland’s capabilities

Queensland has competitive advantages in reliability, R&D, renewable energy, ESG, and
capabilities throughout the vanadium value chain

Exhibit 12: QueenSIand’S Competitive adva ntages Segments: .ning raw material*  fining to chemical’ Active materials Cell manufacturing - dttery pack assembly Integration, service Recycling

manufacturing and maintenance

ib Reliability P > > > > > > 3

\ J Queensland can be a reliable global participant in the battery market that helps reduce geopolitical risk given its: Queensland’s reliability advantage supports all parts of
* Availability and purity of vanadium and aluminium, and potentially graphite the value chain
* Openness to trade and low sovereign risk

7 ™ Specialisation and R&D > > D> > > 3
| !
“\ 4 V\," Queensland can develop its specialisation by: Queensland’s specialisation advantage supports refining

chemicals, active materials, cell manufacturing, pack

» Utilising its R&D from research institutions such as James Cook University (JCU), QUT, UQ and Griffith University, which have been supported
assembly and integration, service and maintenance.

by the early adoption of R&D support services such as the Advanced Battery Facility and the NBTC
* Growing its innovation into active materials and a diverse range of battery chemistries!

7 @ ™ Long-term renewable energy prospects b > D> D> D> D> D> 2
| |
“\ = // Queensland can harness its expected future availability of renewable energy? to: Queensland’s potential renewable energy advantage
paatiaed » Reduce the carbon footprint of materials and products throughout the value chain supports all parts of the value chain
. * Potentially help to drive down energy costs at all points in the value chain3

4 @ ™ ESG credentials b > > D> D> > > 3

N / Queensland has strong ESG credentials* which can be used to: Queensland’s ESG credentials supports all parts of the

R e Develop products with solid ESG records, such as the products within the battery chain that are being developed with net zero or value chain
carbon neutral emissions targets®

@ Y Vanadium 23>D>

| h

“\ ,," Queensland has 30% of the world’s supply of vanadium, which can support cost competitiveness in: Queensland’s vanadium advantage supports upstream
Rl » Mining and refining vanadium, and developing vanadium electrolyte and midstream parts of the value chain

* Vanadium flow battery manufacturing

Notes: 1. These chemistries include high performance lithium-ion batteries, lithium sulphur batteries, graphene aluminium-ion cells, zinc-bromine batteries, and iron flow packs; 2. 21.4% of electricity produced in Queensland is from renewable sources, with a target of 70% by 2032 as outlined in
the Queensland Jobs and Energy Plan; 3. Renewable energy is expected to have lower LCOE by 2030 compared to black coal, brown coal and gas; 4. ESG credentials supported by Queensland’s renewable energy generation, strong human rights, skilled workforce, stable governance and free
democracy; 4. Including products from Lava Blue, Critical Minerals Group, and others.
> Source: ILO (2022), Average monthly earnings of employees; ABS (2022) Australian Industry, 2018-2019, Catalogue 8155; Bridge & Faigen, (2022), Towards the lithium-ion battery production network: Thinking beyond mineral supply chains; The White House (June, 2022), Building Resilient Supply 21
Chains, Revitalizing American Manufacturing, and Fostering Broad-Based Growth; CSIRO (June, 2022), GenCost 2022-21; Queensland Government, (2022a), Queensland’s renewable energy target; Queensland Government, (2022b), Focus Area- ESG; Queensland Government, (2021),
Queensland’s ESG credentials; Lava Blue, (2022); Critical Minerals Group, (2022); Accenture analysis



https://www.ilo.org/ilostat-files/Documents/Excel/INDICATOR/EAR_4MTH_SEX_ECO_CUR_NB_A_EN.xlsx
https://www.abs.gov.au/statistics/industry/industry-overview/australian-industry/latest-release
https://reader.elsevier.com/reader/sd/pii/S2214629622001633?token=40535623035F78539D634A67F92422B879F6B321C32554191DC8E18615FD33F6D630775422102D1EC741AF551D4B0B0F&originRegion=us-east-1&originCreation=20220923025847
https://www.whitehouse.gov/wp-content/uploads/2021/06/100-day-supply-chain-review-report.pdf
https://www.csiro.au/-/media/EF/Files/GenCost2020-21_FinalReport.pdf
https://www.epw.qld.gov.au/about/initiatives/renewable-energy-targets
https://www.resources.qld.gov.au/qridp/focus-areas/esg
https://s3.treasury.qld.gov.au/files/ESG-Statement-Final2.pdf
https://www.lavablue.com.au/
https://www.criticalmineralsgroup.com.au/

Queensland’s capabilities

Key mineral reserves in Queensland could supply some inputs for some components of both

lithium-ion and flow batteries

Queensland has reserves for key battery value chain critical minerals,
including vanadium, nickel, cobalt, graphite and aluminium.

Queensland has significant vanadium reserves, but limited lithium reserves.
28% of the global reserve of vanadium is in shallow deposits in the Eromanga
basin in central-northern Queensland. The 6.7Mt of vanadium expected from
the deposit would represent 2,000 GWh of flow batteries. There has also been
a renewed focus on lithium lepidolite and recent exploration activity both in
North Queensland offers some future potential. To date no formal reserves
have been reported.

Queensland also has some nickel and cobalt reserves. Nickel was historically
mined at Greenvale (1972-1992), and the operations at the Sconi project are
set to recommence nickel mining in the area from 2024, in addition to mining
cobalt. Cobalt is a key cathode material for some lithium-ion batteries, but
there are supply chain concerns given that 70% of the world’s cobalt was
produced by the Democratic Republic of Congo in 2022. Queensland has 1% of
the global supply for cobalt due it its 57 kt of reserves. Additionally, there is an
estimated 69 kt of partially processed cobalt in the Yabulu refinery tailings.

The bauxite mines on the Gulf of Carpentaria produce 10% of the world’s
bauxite with large reserves supporting planned mine operations until 2057 at
Weipa and 2037 at Bauxite Hill.

Queensland also produces 1% of the world’s copper, with deposits primarily
located around Mt Isa.

However, some of Queensland’s deposits are not viable or have not yet
reached economic feasibility due to the remoteness and quality of the deposits.

> Source: US Geological Surveys (2022); Department of Natural Resources and Mines (2017); Accenture Analysis

Exhibit 13: Key mineral reserves

Queensland’s share of global production volume (kt) and global reserves (kt) of key battery minerals

- Production - Reserves

Vanadium
Lithium

Nickel

Cobalt l

Graphite I
Aluminium
(Bauxite)

Copper

12% 10% 8% 6% 4% 2% 0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 20% 22% 24% 26% 28%
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https://pubs.usgs.gov/periodicals/mcs2022/
https://www.australiaminerals.gov.au/__data/assets/pdf_file/0017/91241/emerging-strategic-minerals-in-qld.pdf

Queensland’s opportunities

Cell manufacturing is important for industry development, and as such Queensland should
focus on developing its cell manufacturing capabilities

Facilitates industry development

Helps foster growth in other parts of the value
chain.

The impact of cell manufacturing on the value chain
is illustrated by the influence of battery gigafactories
in industry dynamics. More tier 1 cell manufacturers
are looking to vertically integrate through upstream
partnerships with material suppliers. This reduces
supply chain risk and gives product certainty to their
buyers.!

Cell manufacturing:

* Brings together active materials into an
integrated product, creating local demand for
upstream materials.

* Reduces the risk for pack assembly facilities of
difficulty in obtaining cells,? and reduces the costs
of transporting heavy and hazardous cells.

* Serves as a source of demand for recycled
materials, and provides production scrap

Kmaterials for recycling.? j

Provides supply chain sovereignty

Provides Queensland made cells and active
materials for pack assembly.

The origin of the cell and active materials which go
into the cell are an important factor in the supply
chain origins of a battery pack, as is demonstrated
by the local content rules for the EU and US.

Developing commercial cell manufacturing
capabilities would enable packs made in
Queensland to use a local cell, whilst also utilising
Queensland’s emerging capabilities in active
materials. Enhancing the Australian made
qualifications of batteries provides increased
domestic sovereignty in the supply chain for
Australia and supply chain diversification for
overseas end-users.

\_ /

Leads innovation in cells and active materials.

The cell is a key determinant of battery performance,
as the cell quality impacts the pack life and durability.
The relative importance of improvements in battery
cell technology is demonstrated by the international
focus on cell manufacturing innovation. There are
almost 2 times the number of patents for cells
compared to the combined number of patents related
to other battery developments.

Cell manufacturers also dictate the specifications for
active materials, which are the other key primary
determinant of battery performance.

Notes: 1. As illustrated by the upstream integration strategies of CATL, BYD, Northvolt and Verkor, the planned joint venture between Volkswagen'’s cell factories and Umicore, and downstream vertical integration with cell manufacturing for companies like BYD, Tesla and Northvolt; 2. Particularly given

Source: Bridge & Faigen, (2022), Towards the lithium-ion battery production network: Thinking beyond mineral supply chains; The White House (June, 2022), Building Resilient Supply Chains, Revitalizing American Manufacturing, and Fostering Broad-Based Growth; IEA (July, 2022), Global Supply Chains of

> the expected global cell shortage from sources other than China; 3. Without production scrap, recycling will take longer to emerge due to the time delay in local batteries being ready for recycling.

EV Batteries; IPCEI, (2022), The importance of regional value creation structures in the battery industry; Batteries Europe, (2022), Strategic Research agenda for batteries; IEA, (September, 2022), Innovation in batteries and electricity storage; Accenture analysis
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Queensland’s opportunities

Queensland should move quickly to capture battery value chain opportunities, with pack
assembly presenting opportunities in the short-term

Pack assembly provides a quick entry point for Queensland Exhibit 14: Typical lead times to reach production in EV battery supply chain
in the short-term, while it builds its capabilities in other
areas of the value chain such as cell manufacturing. Number of years, 2022

The battery value chain is growing at 20% a year, and
moving quickly to capture opportunities will be important
given the pace of change in the industry.

Queensland should build out its capabilities in pack

assembly, as it is a relatively quick to production part of the

value chain. The lead time for battery pack production is

shorter than the lead times for midstream activities such as Refining
refining, active materials production, and cell

manufacturing.

Given that Queensland will need batteries to support its

renewable energy targets, local pack assembly capabilities

will ensure that Queensland can take advantage of its own Active materials
demand for batteries. Pack assembly close to the end-use

location provides costs advantages, which is why pack

assembly facilities are typically co-located with sources of

demand.

Cell manufacturing?

Pack assembly?

Notes: Based on lead times in Norway, Germany and Sweden.

Source: IEA (July, 2022), Global Supply Chains of EV Batteries; McKinsey (January, 2022), Capturing the battery value- chain opportunity; IEA, (September, 2022), Innovation in batteries and electricity storage; IPCEI, (2022), The importance of regional value creation
structures in the battery industry; Norwegian Ministry of Trade, Industry and Fisheries, (June, 2022), Norway’s battery strategy; The White House (June, 2022), Building Resilient Supply Chains, Revitalizing American Manufacturing, and Fostering Broad-Based Growth;
Corvus, (2018); Siemens, (2018); Siemens (December, 2018), Annual Report AS; Morrow, (2020); BMW (2020); Freyr, (2020); Freyr, (2021); Northvolt, (2022); Morrow, (2022); BMW (2022); Accenture analysis
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Queensland’s capabilities

Queensland’s battery value chain activity is focused in the North and South East regions of the

State

Queensland has mining and refining activity in the North West and
North, along with refining and midstream-downstream value chain
activities in the South East.

Queensland has a variety of activities which contribute to the battery
value chain ecosystem:

North West Queensland has mineral deposits, including graphite
deposits, vanadium deposits and lithium deposits, along with mines
such as the Greenvale nickel mine and the St EImo, Richmond, Vecco
and QEM vanadium mines.

North Queensland has JCU, which engages in research on the
processing of raw materials, and refining activity due to the TECH
nickel refinery, along with tungsten deposits at Mount Carbine and
nickel deposits west of Townsville.

Central Queensland is developing refining capabilities through
AlphaHPA’s investment in Gladstone.

Wide Bay Burnett is developing iron flow battery assembly
capability through ESI Asia Pacific’s investment in Maryborough.

South East Queensland is developing commercial scale cell
manufacturing and pack assembly through Feline, and research at
Griffith University, QUT, and UQ. GMG are also active in cell
manufacturing and RedEarth in battery pack assembly.

South East Queensland also has integration, service and
maintenance capabilities through Redback Technologies, RedEarth,
Prohelion, Vaulta, eleXsys, BusTech, Tritium Charging and Evie
Networks, along with research and testing at the NBTC. Everledger
are active in re-use and recycling.

Key
Industry location for:
@ mineral deposits
@ mines
@ refining
active materials
cell manufacturing
pack assembly
integration, service and maintenance
re-use and recycling

Non-industry centre:
university
Oresearch hub

P ~

~—— -
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2022); QPM (June, 2022); Vecco Group (2022a); Vecco Group (2022b); Graphene Manufacturing Group, (2022), AnteoTech (August 2022); Lithium Australia (July, 2022); Magnis (2022); Century Yuasa (2022); Feline (2022); ESI Asia Pacific, (2022); Tritium Charging (2022);

: Source: Lithium Energy (2022); Australian Mines (2022); Sconi, (2022); Queensland Government (2022); QEM (February, 2022); AFR (2022); Queensland Government (2022); Rio Tinto (2022), Aeon Metals (2022), Alpha HPA (2022); Lava Blue (2022); QPM (October,

RedEarth (2019); Queensland Government (2018); Prohelion (2022); Queensland Government (2022); Queensland Government (2022), FBI CRC (March, 2022); Everledger (July, 2022); QUT (2022); Griffith University (2022), Centre for Catalysis and Clean Energy; Griffith

University (2022); UQ (2022)

Maryborough

Brisbane

DTN
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Developing Queensland’s battery industry could
generate up to $1.3B of economic activity and
9,100 jobs by 2030




Queensland’s opportunities

There are two potential paths for the future development of Queensland’s battery industry

Value potentiall? Risk
Local and specialised industry @
Queensland focuses its efforts on fostering existing industry @ $590M The smaller scale gives Queensland a higher chance
development, aiming to capture demand within Queensland while in gross value added, 2030 of realising the value potential and utilizing
providing support for alternative technologies. government investment effectively.
In this scenario Queensland should target 3-5 GWh of production ﬁoﬁ 4,100 However, the slower approach won't position
capacity by 2030, growing production to focus on local demand for <9> Jobs, 2030 Queensland to win in other markets, and it will limit
stationary and specialised mobility storage. the ultimate size of the industry it can develop.
Leading Australian industry Q
Significant industry investment accelerates growth to capture more . . . .
s 'y . : . > @ $1.3B This scenario is contingent on Queensland capturing
market share, while continuing to support the existing industry and %‘ @ an early mover advantage within Australia and
alternative technology opportunities. in gross value added, 2030 Y g

establishing a dominant market position.

In this scenario, Queensland should target at least 13-15 GWh of
production capacity by 2030, focusing on stationary storage, and using 8 9,100
this sFaIe and speeq to gain an early movgr ad'vantag.e.wnhm Australia. =—> Jobs, 2030
This pathway builds on pathway 1, while still providing support to
emerging technology and local industry.

Additionally, Queensland will need to become
globally cost competitive in the ESS market to capture
international demand.

Notes: 1. Scenarios are based on assumptions of demand capture in the Queensland, Australian and International battery markets. Path 1: QLD captures 100% of demand from QLD, but is not able to capture any demand outside of QLD. Path 2: QLD captures 100% of QLD demand, Low @ O O ‘ H|gh
40% from the rest of Australia, and 1% internationally. Further detail found in appendix; 2. There is potential for the value realised to be higher than stated, given the rapidly evolving demand profile for batteries globally and domestically, as well as the recent supply challenges for

> multiple critical minerals having significant price effects 27
Source: Accenture analysis



Queensland’s opportunities

Scale at pace could give Queensland an early mover advantage, enabling it to capture more
demand domestically, and potentially internationally

Queensland could focus on applications where it has the greatest
ability to meet future demand

Queensland’s local demand for stationary storage and select
mobility applications, such as electric trucks and buses, have the
lowest barriers for industry to capture. Much of this demand is
government driven through grid storage or vehicle fleet
electrification, and can be guaranteed for manufacturers with local
content rules. Additionally, Queensland can leverage it’s existing
capabilities in specialised application to target defence, mining
and off-grid stationary storage. Under the local and specialised
industry path, Queensland could target meeting this local demand
for stationary storage, select mobility applications, and specialised
applications.

An early mover advantage gives Queensland industry a better
chance of capturing demand across the rest of Australia, as it can
establish brand recognition and customer loyalty as demand grows
for batteries. Under the leading Australian industry path,
Queensland could leverage this early mover advantage to capture
demand across Australia.

Queensland's ability to compete on cost is the most significant
barrier to meeting international demand, particularly in EV
batteries. If Queensland can reduce production costs, and position
it's battery brand as reliable, green, and as a source of
diversification then capturing some global stationary storage
demand may be possible. Key international markets for
Queensland to target could include South East Asian countries
such as Malaysia or Thailand who both have significant future grid-
stationary storage demand and close geographical proximity to
Australia.

Exhibit 15: Addressable market for various battery applications

Local and specialised industry, target demand

Leading Australian industry, additional target demand

Application (not exhaustive)

Addressable market

Fewer barriers

Potential size 2030!

. Significant barriers

Ability to meet demand

Stationary storage

Grid stationary storage?

Stationary

storage Residential and behind the meter

stationary storage?

Off-grid stationary storage®

Defence

Specialised
storage

Mining®

Electric passenger vehicles
Mobility

Electric trucks and buses

International
Queensland
Rest of Australia
Queensland
Rest of Australia
Queensland
Rest of Australia
Australia
Queensland
Rest of Australia
International
Australia
Queensland

Rest of Australia

670 GWh
14 GWh
27 GWh
7 GWh
18 GWh
1 GWh

5 GWh

1 GWh
0.7 GWh
2.6 GWh
7,000 GWh
133 GWh
3 GWh

11 GWh

00 " 070706

Notes: 1.Total cumulative demand from 2023-2030 inclusive; 2. Based on the AEMO Step Change scenario, for East Coast of Australia; 3. Distributed energy storage includes grid connected batteries installed to support the customer’s own load as well as coordinated systems in a virtual power plant arrangement; 4. Based on 2% of
> Australian population, average household size of 2.6 people and average battery size of 42kWh; limited data makes this market challenging to size; 5. Based on 20% of Australian mines electrifying, with an average of 15 haulers per mine with a 2MWh battery per hauler and a battery replacement after 2.5 years as well as a 50MWh

battery per mine electrifying

Sources: Wood Mackenzie (2022); Renew Economy (2022); Energy Storage News (2022); SolarRun (2020); Accenture analysis; Expert interviews
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https://www.woodmac.com/news/opinion/quantifying-battery-raw-material-demand/
https://reneweconomy.com.au/big-battery-storage-map-of-australia/
https://www.energy-storage.news/construction-begins-on-mining-giant-bhps-first-off-grid-solar-storage-project/
https://www.solarrun.com.au/what-size-battery-do-i-need/#:~:text=What%20size%20battery%3F-,The%20quick%20answer,between%206.6kW%20and%2010kW.

Queensland’s opportunities

There are six enablers for Queensland to develop a battery industry

Impacted value-chain segment Low challenge ’ . High challenge
[ = Y
The enablers for industry growth are... waa Rating Rationale
R . 1. Access to customers * While there are significant sources of demand domestically, large
“. The readiness of domestic and international customers to purchase global manufacturers and no domestic EV manufacturing industry
i @ i intermediate and final battery products from Australian industries v v v v . may create challenges for some businesses in sourcing customers
! ) at significant scale
ST ™. 2.Access to technology and infrastructure * There are high fixed costs and significant expertise required to
i Ease of access to the technology and infrastructure required to bring new ‘ develop a proof of concept and commercialise a product
. . products and services to market in the battery value-chain, such as v v v v v
RS electrolyte IP or a demonstration plant
o 3. A skilled workforce e There is a limited pipeline of skilled workers with battery relevant
owo i The availability of, and pipeline for, skilled workers, particularly in ‘ skills, and firms have difficulty finding the quality and quantity of
? ? i specialised technical roles such as chemical engineers, electrical engineers v v v v talent

and industrial chemists

.. 4. Access to project capital * Challenges with sourcing capital is leading to some projects being
i % Volume of capital available and the risk appetite of capital providers for delayed or cancelled

é i Australian industry projects v v v v v
5. Regulation, policy support, and industry standards * There is limited existing policy, regulation and standards for

CH1 % The existence and clarity of appropriate regulation, industry standards industry, however there is scope to address these issues via the
' ! and poli t for the battery industry in Queensland v v Y VYV
. 7| . and policy support for the battery industry in Queensla Queensland Battery Industry Strategy, and the Queensland Energy
s and Jobs Plan

""""""" 6. Access to key supplies * There will be significant lead times on developing some of
E E3| t  Availability of inputs required for production, and coordination of v v v v Queensland’s prospective mineral resources, but key supplies can
@ i relationships with suppliers be sourced from local jurisdictions, such as WA

> Source: Expert interviews; Accenture analysis 29



Five key initiatives will incentivise firms to locate in Queensland, supporting them to access
customers, technology, people and capital

Enabler addressed Key initiative

Prioritise local content in government procurement
The electrification of the energy grid and government transport fleets will require significant battery purchasing by
Queensland and other state governments, providing a large source of demand

Building a customer
base

Assist industry with trade promotion, and the development of a Queensland battery brand
Developing and promoting Queensland’s battery brand domestically and internationally could support industry to attract
new sources of demand

Building a customer
base

Develop a Queensland Battery Industrialisation Centre
By developing a Battery Industrialisation Centre, Queensland could provide a hub for innovation and collaboration, link
academia and industry to drive R&D, and support commercialisation activity

Access to technology
& infrastructure

Develop battery specific education, upskilling and reskilling programs
Finding skilled workers Battery specific education courses across VET and university programs could support talent flows into the industry and
provide reskilling opportunities for workers exiting declining industries

Invest in attracting lithium-ion battery and active materials manufacturing firms
Providing Government co-investment could de-risk the up-front capital costs for larger manufacturing firms, incentivising
them to locate in Queensland and accelerate the State’s production capacity

Accessing project
capital

>

Source: Expert Interviews; Accenture analysis



Queensland’s opportunities

Capturing more domestic demand can increase the potential size of the industry, and drive

downstream value in integration & services

Integration and services makes the most significant contributions Exhibit 16: GVA and Job! potential by value chain segment, pathway 1 and pathway 2, 2030

to value and job creation.

In both pathway 1 and 2, integration and services accounts for the
majority of job creation across the value chain. This value could
largely be realised through the construction, integration and
maintenance of stationary storage batteries in Queensland and
Australia

Local and specialised industry (Path 1)

Pathway 2 would have relatively lower job creation in services and Value added (ASM) $158 563 519 $590

integration due to the export of battery products interstate and
overseas.

[l
1,720 121 4,131
L

Without a domestic automotive industry, EV battery production

would require significant exports, and the majority of the value add Jobs
and jobs created from this integration and services activity would

not be captured domestically.

Leading Australian industry (Path 2)?

I
Value added (ASM) $296 S38 $1,334
| |
[ 1
Jobs 3,496 247 9,112
- Mining - Refining & Active Materials - Cell manufacturing - Pack |:| Services & |:| Re-use & recycling
Assembly Integration
Notes: 1. Direct jobs required to operate and maintain activity. Does not include temporary construction jobs.; 2. There is potential for the value realised to be higher than stated, given the rapidly evolving demand profile for batteries globally and domestically, as well as the recent supply challenges for multiple critical minerals having
> significant price effects

Source: Accenture analysis
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Appendix Al.

Value chain deep-dives



The most attractive opportunity for Queensland is lithium-ion manufacturing, with a focus on

stationary storage applications

Application

Greatest area of opportunity

Mining raw materials

Vanadium
Graphite

Other
Lithium-ion

Lithium
Cobalt

Nickel

Vanadium
Alternate

technologies
Other

A 4

Queensland’s resource
strengths are in vanadium,
aluminium and potentially
graphite. Queensland could

leverage these materials
most effectively if vanadium

flow battery technology is
more widely adopted.

Rationale

Smallest area of opportunity
Materials

Active materials

Refining to chemicals .
manufacturing

Cathode

HPA

Nickel SUIphate
Lithium hydroxide Separator
Electrolyte

Cobalt sulphate

Other metals &
chemicals

Vanadium electrolyte

Other Other

4

There is a strong global market for refining and active
materials manufacturing. Queensland has strong
existing and developing capabilities in HPA, nickel and
cobalt refining, and cathode production.

Queensland could also utilise its vanadium and iron
resources to develop cost competitive vanadium and
iron electrolytes.

Cell manufacturing

Battery manufacturing

Battery pack assembly

Lithium-lon

Vanadium Flow

Iron Flow

h 4

Queensland’s capabilities in lithium-ion battery
manufacturing are currently limited, however it is the
most significant opportunity to create value and further
develop a battery industry.

Lithium-ion is, and is expected to be, the dominant
battery technology other than lead-acid going forward.
Vanadium presents an opportunity for Queensland,
particularly if vanadium flow batteries have more
widespread adoption or cost improvements.

Integration and services

Integration, service and
maintenance

Installation and

maintenance

Installation and
maintenance

A 4

Growth in battery use and
installation in Queensland
could create demand for local
installation and maintenance
capabilities

Re-use and recycling

Collection, transport
and processing

Collection, transport
and processing

h 4

Re-use and recycling will
be critical to batteries in
long-term, but will take
time to develop into a
substantial industry
because the stock of
batteries needs to increase

Demand

Stationary storage

Mobility

Stationary storage

Mobility

h 4

Queensland has the greatest
ability to compete in Lithium-
ion stationary storage unless
alternate technologies are
adopted.

It’s unlikely Queensland can
compete in mobility
applications

Source: Lithium Energy (2022); Australian Mines (2022); Sconi, (2022); Queensland Government (2021); QEM (February, 2022); AFR (2021); Queensland Government (2022); Rio Tinto (2022), Aeon Metals (2021), Alpha HPA (2022); Lava Blue (2022); QPM (October, 2021); QPM (June, 2022); Vecco Group (2022a); Vecco Group (2022b);
Graphene Manufacturing Group, (2022), AnteoTech (August 2022); Lithium Australia (July, 2022); FBI CRC (July, 2020); NBTC (2022); Magnis (2022); Century Yuasa (2022); Feline (2022); ESI Asia Pacific, (2022); Li-S, (2022); Tritium Charging (2021); RedEarth (2019); Queensland Government (2018); ARENA (2022); ARENA (2021);

Prohelion (2022); Queensland Government (2022); Queensland Government (2022), FBI CRC (March, 2020); Everledger (July, 2021); RJ Batteries (2022); ABRI (2020); Powercell (2022); Ecycle, (2022); Envirostream, (2022); Accenture analysis
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https://lithiumenergy.com.au/graphite/burke-graphite-project/
https://australianmines.com.au/projects
https://sconi.com.au/project#overview
https://statements.qld.gov.au/statements/93220
https://www.qldem.com.au/wp-content/uploads/2022/05/Key-Project-Facts-Feb-2022.pdf
https://www.afr.com/street-talk/chinese-giant-backs-qld-battery-play-vecco-next-stop-ipo-20210415-p57jjx
https://www.statedevelopment.qld.gov.au/coordinator-general/assessments-and-approvals/coordinated-projects/current-projects/richmond-julia-creek-vanadium-project
https://www.riotinto.com/Operations/australia/weipa
https://cdn-api.markitdigital.com/apiman-gateway/ASX/asx-research/1.0/file/2924-02389473-2A1306360?access_token=83ff96335c2d45a094df02a206a39ff4
https://alphahpa.com.au/our-projects/
https://www.lavablue.com.au/about/
https://wcsecure.weblink.com.au/pdf/QPM/02431727.pdf
https://wcsecure.weblink.com.au/pdf/QPM/02574824.pdf
https://veccogroup.com.au/operations/debella-v-hpa-project/
https://veccogroup.com.au/operations/
https://graphenemg.com/corporate-overview/
https://www.anteotech.com/wp-content/uploads/2022/08/220823_AnteoTech_AR_2022_FINAL.pdf
https://www.lithium-au.com/wp-content/uploads/2022/07/202207-Lithium-Australia-Investor-Presentation10045.pdf
https://fbicrc.com.au/wp-content/uploads/2020/07/Battery-Manufacture-in-WA-FBICRC-Scene-Setting-report.pdf
https://research.qut.edu.au/nbtc/projects/electrochemical-testing-of-li-ion-battery-materials/
https://magnis.com.au/im3tsv/
https://www.cyb.com.au/home
http://feline.com.au/
https://press.esiap.com.au/releases/2020-7-6-construction-starts-iron-flow-battery-hub
https://www.lis.energy/site/pdf/8037accf-cd43-44a2-b785-205f50ce1f27/Annual-Report-to-shareholders.pdf
https://tritiumcharging.com/tritium-announces-record-breaking-fourth-quarter-and-2021-results/
https://redearth.energy/redearth-energy-storage-raises-4-75-million-to-meet-australias-growing-demand-for-energy-storage-systems/
https://statements.qld.gov.au/statements/83675
https://arena.gov.au/projects/national-ultrafast-ev-charging-infrastructure-network/
https://arena.gov.au/assets/2021/10/evie-lessons-learnt-report-oct-2021.pdf
https://www.prohelion.com/integrated-mobile-power-system/
https://www.epw.qld.gov.au/about/initiatives/renewable-energy-zones
https://www.epw.qld.gov.au/about/initiatives/renewable-energy-targets
https://fbicrc.com.au/wp-content/uploads/2020/10/20-00191_MR_REPORT_FBICRC-StateOfPlayBattery_WEB_201002.pdf
https://everledger.io/everledger-wins-major-australian-government-critical-minerals-blockchain-pilot-project/
https://www.rjbatt.com.au/resources/battery-recycling
https://batteryrecycling.org.au/member-profiles/lex-enviro-services/
https://www.powercell.com.au/
https://ecyclesolutions.net.au/
https://envirostream.com.au/

Queensland’s competitive advantage — 1. Mining raw materials

D.

Queensland has opportunities to mine the raw materials for the battery industry, but the

scale varies by mineral

Criteria Summary of opportunity Rating Revenue and investment
* Significant global market for lithium due to its use in lithium-ion N~ P.lb
batteries, which is the predominant battery technology other than lead- SgB @ noara
acid. @ .
Attracti % @ in global revenue by - \$2' Minerals
ractiveness * Vanadium, graphite, aluminium, nickel and cobalt are in demand for 20302 -
battery active materials and electrolytes. i H P
JINCHUAN )11
Current and planned activities Current
¢ S2B+ of planned vanadium mining to produce 35,000 tonnes of vanadium . -
>2B+ of p gtop . RioTinto
pentoxide and 12,000 tonnes of vanadium pentoxide flake p.a.
* $1.5B of planned nickel and cobalt mining to produce 71,000Mt and
7,000Mt dry metric tonnes respectively.!
Planned
Queensland’s competitive advantages
Capabilities in » 28% of global vanadium reserves. ‘ SZ.S-SB ' RICKMOND
Queensland * Shallow vanadium deposits, which reduces mining costs. !n current Queensland - TESHNOLOSY
o o investment3
* Aluminium reserves of sufficient grade and scale to already be (\
commercialised. VECC.Q
* Graphite reserves with a pure grade of 16%. Group J
MULTICOM
Notes: 1. Produced over 6 years; 2. Global revenue in USD; 3. Current investment in AUD
Source: WEF (2019), A Vision for a Sustainable Battery Value Chain in 2030; IEA (July, 2022), Global Supply Chains of EV Batteries; Goldman Sachs (March, 2022), Electric Vehicles: What’s Next VII: Confronting Greenflation; IEA, (May, 2022), Critical minerals threaten a decades-long trend
> of cost declines for clean energy technologies; IEA, (May, 2021), The Role of Critical Minerals in Clean Energy Transitions; Lithium Energy (2022); Australian Mines (2022); Sconi, (2022); Queensland Government (2021); QEM (February, 2022); AFR (2021); Queensland Government (2022); 34

Rio Tinto (2022), Aeon Metals (2021); Accenture Analysis

Scale of opportunity | Lower QOO. Higher



https://www3.weforum.org/docs/WEF_A_Vision_for_a_Sustainable_Battery_Value_Chain_in_2030_Report.pdf
https://www.iea.org/reports/global-supply-chains-of-ev-batteries
https://www.goldmansachs.com/insights/pages/gs-research/electric-vehicles-whats-next-vii-confronting-greenflation/report.pdf
https://www.iea.org/commentaries/critical-minerals-threaten-a-decades-long-trend-of-cost-declines-for-clean-energy-technologies
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions
https://lithiumenergy.com.au/graphite/burke-graphite-project/
https://australianmines.com.au/projects
https://sconi.com.au/project#overview
https://statements.qld.gov.au/statements/93220
https://www.qldem.com.au/wp-content/uploads/2022/05/Key-Project-Facts-Feb-2022.pdf
https://www.afr.com/street-talk/chinese-giant-backs-qld-battery-play-vecco-next-stop-ipo-20210415-p57jjx
https://www.statedevelopment.qld.gov.au/coordinator-general/assessments-and-approvals/coordinated-projects/current-projects/richmond-julia-creek-vanadium-project
https://www.riotinto.com/Operations/australia/weipa
https://cdn-api.markitdigital.com/apiman-gateway/ASX/asx-research/1.0/file/2924-02389473-2A1306360?access_token=83ff96335c2d45a094df02a206a39ff4

Queensland’s competitive advantage — 1. Mining raw materials

D.

These opportunities can be captured through Queensland’s competitive advantage in mining

vanadium and aluminium

Size and
attractiveness of
opportunity

Capabilities

Global opportunity

Importance in
value chain

Current and
planned activities

Cost
competitiveness

Ability to provide
differentiated
products

Skills of labour

Vanadium

$0.1B-$0.3B of
revenue'?

Significant
determinant of
33% of vanadium
flow battery pack
capital costs?

Investment from
Multicom, QEM,
Vecco and
Richmond
vanadium

28% of world’s
reserves, medium
grade, shallow
deposit

Lithium

$3B2?

11% of battery
pack price*

Limited investment
outside of
exploration from
Strategic Metals
Australia®

0% of world’s
reserves’

Aluminium

0.5% of battery
pack price?

Investment from
Rio Tinto into
bauxite
production

5% of world’s
reserves,
medium-high
grade

Current skills in
bauxite at Weipa
mines

Graphite

S2B?

5% of battery
pack price*

Limited
investment®

1% of world’s
reserves, high
grade

Nickel

$2B?

8% of battery
pack price*

Cobalt

$1B?

2% of battery
pack price*

Investment from Sconi and planned
investment from Aeon Metals

0.2% of world’s
reserves, lower
grade

2% of world’s
reserves,
including reserves
in tailings

Strength Lower Higher

The largest opportunities by revenue from the battery
value chain are in nickel, lithium and graphite.

Lithium and nickel are key contributors to battery pack
prices, and are important capabilities in reducing materials
and logistics costs due to the use of lithium in electrolyte,
and the use of lithium and nickel in some cathodes.
Vanadium is a key contributor to vanadium flow battery
prices through its use in vanadium electrolyte.

Queensland has current mining of bauxite out of the Weipa
mines, planned vanadium mining out of projects from
Multicom, QEM, Vecco Debella and Richmond vanadium,
planned nickel and cobalt mining out of the Sconi mine, and
nickel and cobalt exploration from Aeon Metals.

Queensland has the greatest cost competitiveness in
vanadium, aluminium and graphite due to the availability
and grade of reserves, which reduces mining costs. The
vanadium reserves are in shallow deposits and some cobalt
reserves are in tailings, which would reduce mining costs.

Queensland has the highest ability to provide differentiated
products for the materials with available and higher grade
reserves, such as vanadium, aluminium and graphite.

Skilled Queensland mining workforce, and training at the
Mackay Resources Centre of Excellence
Current bauxite mining workforce

Notes: 1. Higher revenue if early adoption of vanadium redox flow batteries; 2. Revenue from expected 2030 sales of materials to be used in the battery value chain, using current prices, scaled by the $8b revenue opportunity for mining raw materials for batteries in 2030; 3. The concentration of vanadium,
> volume of solution and the cost of vanadium determine the cost of vanadium solution, which is 33% of battery pack capital costs; 4. Expected percentage of 2025 battery pack prices; 5. Strategic Metals Australia made a pegmatite discovery near Georgetown; 6. Lithium Energy is engaging in testing of the Burke

Graphite deposit; 7. Lithium pegmatites in the Georgetown region which could be explored

Sources: Goldman Sachs, (June, 2022), Batteries: The Greenflation Challenge II: Raising battery price forecasts; addressing six key investor debates (March, 2022), IEA, (May, 2021), The Role of Critical Minerals in Clean Energy Transitions; Lithium Energy (2022); Australian Mines (2022); Sconi, (2022); Queensland
Government (2021); Vecco Group, (2022); QEM (February, 2022); Queensland Government (2022); Lithium Energy, (2021); Rio Tinto (2022), Aeon Metals (2021); Strategic Metals Australia, (2022); Accenture Analysis
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https://www.goldmansachs.com/insights/pages/gs-research/batteries-the-greenflation-challenge-2/report.pdf
https://www.goldmansachs.com/insights/pages/gs-research/electric-vehicles-whats-next-vii-confronting-greenflation/report.pdf
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions
https://lithiumenergy.com.au/graphite/burke-graphite-project/
https://australianmines.com.au/projects
https://sconi.com.au/project#overview
https://statements.qld.gov.au/statements/93220
https://veccogroup.com.au/operations/debella-v-hpa-project/
https://www.qldem.com.au/wp-content/uploads/2022/05/Key-Project-Facts-Feb-2022.pdf
https://www.statedevelopment.qld.gov.au/coordinator-general/assessments-and-approvals/coordinated-projects/current-projects/richmond-julia-creek-vanadium-project
https://cdn-api.markitdigital.com/apiman-gateway/ASX/asx-research/1.0/file/2924-02470661-6A1070448?access_token=83ff96335c2d45a094df02a206a39ff4
https://www.riotinto.com/Operations/australia/weipa
https://cdn-api.markitdigital.com/apiman-gateway/ASX/asx-research/1.0/file/2924-02389473-2A1306360?access_token=83ff96335c2d45a094df02a206a39ff4
https://strategicmetalsaustralia.com/index.php/lithium-caesium-rubidium/

Queensland’s competitive advantage — 2. Refining to chemicals D23

There are opportunities for Queensland to play a key role in refining minerals that are mined
locally

Scale of opportunity | Lower QOO. Higher

Criteria Summary of opportunity Rating Revenue and investment Key players
* Large global market for lithium hydroxide and lithium carbonate, due to -
its importance in lithium-ion batteries. $74B " L 1V e n t
. * Vanadium pentoxide, alumina, nickel sulfate, cobalt sulfate and graphite @ in global revenue by S?El" faHe
Attractiveness are in demand for a range of battery applications. 2030! Reg‘;ﬁ?}‘%o‘,ﬁ,ﬁﬂf‘:

Freeport @& balt

Current and planned activities Current
* Lava Blue, AlphaHPA, Vecco Debella and QPM TECH are planning on RiOTil'ltO
producing 21,000 tonnes of HPA per annum collectively.

* QPM TECH is planning on producing 16,000 tonnes of nickel sulfate and

1,800 tonnes of cobalt sulfate. Planned
Competitive advantages ' G M G
Capabilities in * Locally mined vanadium, aluminium, nickel, cobalt and graphite would S ’ : land -
Queensland provide a cost advantage for Queensland refining. in current Queenslan
investment? -
QUEENSLAND
/ PACIFIC METALS
VECCO |
( \ Group
Notes: 1. Global revenue in USD; 2. Current investment in AUD MU L:I'ICOIVI
> Source: WEF (2019), A Vision for a Sustainable Battery Value Chain in 2030; IEA (July, 2022), Global Supply Chains of EV Batteries; Vecco Group, (2022); Sconi, (2022); Multicom (2022); QEM (February, 2022); Vecco Group, (2022); Queensland Government, (2022); 36
Horizon Minerals, (2022); Rio Tinto (2022); QUT, (2022); AlphaHPA, (2020); QPM, (2021); GMG, (2022); Accenture Analysis


https://www3.weforum.org/docs/WEF_A_Vision_for_a_Sustainable_Battery_Value_Chain_in_2030_Report.pdf
https://www.iea.org/reports/global-supply-chains-of-ev-batteries
https://veccogroup.com.au/operations/debella-v-hpa-project/
https://sconi.com.au/project#overview
https://mcres.com.au/projects/saint-elmo-project/
https://www.qldem.com.au/wp-content/uploads/2022/05/Key-Project-Facts-Feb-2022.pdf
https://veccogroup.com.au/operations/
https://www.treasury.qld.gov.au/investment/investment/vanadium-common-user-facility/
https://horizonminerals.com.au/richmond-vanadium-jv/
https://www.riotinto.com/Operations/australia/weipa
https://www.qut.edu.au/news?id=180976
https://alphahpa.com.au/wp-content/uploads/ASX-2020-03-17-hpa-first-project-definitive-feasibility-study1.pdf
https://wcsecure.weblink.com.au/pdf/QPM/02354450.pdf
https://graphenemg.com/wp-content/uploads/2022/09/3.Managements-Discussion-and-Analysis-for-the-year-ended-30-June-22.pdf

Queensland’s competitive advantage — 2. Refining to chemicals

.

Similar to mining, these opportunities are predominately in refining vanadium and
aluminium

Size and
attractiveness of
opportunity

Capabilities

Notes: 1. Revenue from expected 2030 sales of materials to be used in the battery value chain, scaled by the $74b revenue opportunity for mining raw materials for batteries; 2. In addition to the aluminium refining from Rio Tinto; 3. Using natural gas instead of mined graphite; 4. Nickel laterite projects employing PAL
> typically do mining and refining to an intermediate, or often a finished product, in the same facility; 5. Lithium pegmatites in the Georgetown region which could be explored; 6. Through research on materials processing at JCU, and battery grade materials testing and qualification at QUT and UQ.

Global opportunity

Importance in value
chain

Current and planned
activities

Cost
competitiveness

Ability to provide
differentiated
products

Skills of labour

Vanadium

$1-3B of
revenuel

Significant
determinant of
33% of battery
pack capital costs

Potential refining
from Multicom,
QEM or Vecco

28% of world’s
reserves,
medium grade

Significant
reserves of
medium grade

Lithium

$25-30B!?

11% of battery
pack price

Limited
investment

0% of world’s
reserves®

Limited reserves

Aluminium

0.5% of battery
pack price

Investment from
Lava Blue,
AlphaHPA, Vecco
Debella and QPM
TECH?

5% of world’s
reserves,
medium-high
grade

Higher purity
HPA

Graphite

$15-20B!

5% of battery
pack price

Investment from
GMG into
graphene
production?

1% of world’s
reserves, high
grade

Graphene using a
proprietary
process

Nickel

$20-25B!

9% of battery
pack price

Cobalt

$10-15B!?

2% of battery
pack price

Investment from Sconi and QPM TECH*

0.2% of world’s
reserves, lower
grade

2% of world’s
reserves,
including in
tailings

Production of low emissions high grade
refined products using imported

materials

Strength | Higher Lower

The largest refining revenue opportunities for the battery
value chain are in lithium, nickel and graphite.

Lithium and nickel are key contributors to battery pack
prices, and are important refining capabilities in reducing
materials and logistics costs due to the use of lithium in
electrolyte, and the use of lithium and nickel in some
cathodes. Vanadium is a key contributor to vanadium flow
battery prices through its use in vanadium electrolyte.

Pilot common user vanadium processing infrastructure,
planned HPA production from Lava Blue, AlphaHPA, Vecco
Debella and QPM TECH, planned graphene production from
GMG, and planned nickel and cobalt sulfate production from
Sconi and QPM TECH.

Queensland has the greatest cost competitiveness in
vanadium, aluminium and graphite due to the availability
and grade of reserves, which reduces mining costs.

Queensland can produce more differentiated refined
chemicals by using higher grade and more available
reserves, unique processes such as GMG’s graphene
production, and the research into materials processing at
JCU, UQ and QUT.

Skills at JCU, UQ and QUT,® training at the Mackay Resources
Centre of Excellence, and emerging skills from companies
with planned activities.

Sources: Goldman Sachs (March, 2022), Electric Vehicles: What’s Next VII: Confronting Greenflation; IEA, (May, 2022), Critical minerals threaten a decades-long trend of cost declines for clean energy technologies; IEA, (May, 2021), The Role of Critical Minerals in Clean Energy Transitions; Vecco Group, (2022); Sconi, (2022);

Multicom (2022); QEM (February, 2022); Vecco Group, (2022); Queensland Government, (2022); Horizon Minerals, (2022); Rio Tinto (2022); QUT, (2022); AlphaHPA, (2020); QPM, (2021); GMG, (2022); Accenture Analysis
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https://www.goldmansachs.com/insights/pages/gs-research/electric-vehicles-whats-next-vii-confronting-greenflation/report.pdf
https://www.iea.org/commentaries/critical-minerals-threaten-a-decades-long-trend-of-cost-declines-for-clean-energy-technologies
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions
https://veccogroup.com.au/operations/debella-v-hpa-project/
https://sconi.com.au/project#overview
https://mcres.com.au/projects/saint-elmo-project/
https://www.qldem.com.au/wp-content/uploads/2022/05/Key-Project-Facts-Feb-2022.pdf
https://veccogroup.com.au/operations/
https://www.treasury.qld.gov.au/investment/investment/vanadium-common-user-facility/
https://horizonminerals.com.au/richmond-vanadium-jv/
https://www.riotinto.com/Operations/australia/weipa
https://www.qut.edu.au/news?id=180976
https://alphahpa.com.au/wp-content/uploads/ASX-2020-03-17-hpa-first-project-definitive-feasibility-study1.pdf
https://wcsecure.weblink.com.au/pdf/QPM/02354450.pdf
https://graphenemg.com/wp-content/uploads/2022/09/3.Managements-Discussion-and-Analysis-for-the-year-ended-30-June-22.pdf

Queensland’s competitive advantage — 3. Active materials D32

Queensland has the capabilities to produce cathodes, anodes, and electrolytes, which will
help establish a local battery industry

Scale of opportunity | Lower @OO‘ Higher

Criteria Summary of opportunity Rating Revenue and investment Key players3
* Global opportunities in anodes and cathodes because of the attractive
market size and supply shortages. @ $24B Sumitomo Corporat’on
. * Opportunities to produce vanadium electrolyte, particularly if there is % @ in global revenue by
Attractiveness early adoption of vanadium redox flow batteries. 2030!

BTrR W4l

Current and planned activities Current

* AnteoTech is developing silicon anodes, and VSPC is planning on

producing 10,000 tonnes of LFP cathode powder per annum. FeI’n e

+ UQ, QUT and Griffith University have research on active materials, Sai 1S o

particularly in cathodes and anodes.

Planned
Competitive advantages S +
s 50-100M N -
Capabilities in * Queensland has cost advantages in iron and vanadium electrolytes, as ; @{5 AnteoTech BATTERY
there is mining of raw materials which could be used in to reduce logistics in current Queensland TECHNOLOGIES

Queensland . X
and material costs. investment

* Queensland could produce differentiated anodes and cathodes for high VECCOO \VS PC

performance cells and niche applications given the strength of R&D into Group
these active materials.

Notes: 1. In USD; 2. Current investment, in AUD; 3. Key players globally also include Tianjin B&M Science and Technology, Shenzhen Dynanonic, Ningbo Shanshan, Zhuhai Enjie New Material Technology, and Zhangjiagang Guotai-Huarong New Chemical Materials.

Source: WEF (2019), A Vision for a Sustainable Battery Value Chain in 2030; IEA (July, 2022), Global Supply Chains of EV Batteries; Source: AnteoTech (August 2022), Annual Report 2022; Lithium Australia (July, 2022), Investor Presentation; FBI CRC (July, 2020), Li-ion battery cathode manufacture in Australia; NBTC

(2022), Electrochemical Testing of Li-ion Battery Materials; The Faraday Institution (January, 2020), High-energy battery technologies; Batteries Europe (November, 2021), Roadmap on Advanced Materials for Batteries; Lagadec et al., (January, 2019), Characterization and performance evaluation of lithium-ion 38
battery separators; Orangi & Stremman, (2022), A Techno-Economic Model for Benchmarking the Production Cost of Lithium-lon Battery Cells; QUT (2022); Griffith University (2022); UQ (2022); Pure Battery Technologies (2022a); Pure Battery Technologies (2022b); Vecco Group (2022); BNEF, (July, 2017), Lithium-

ion Battery Costs and Market; Lithium Australia, (April, 2018); AFR, (April, 2021); UQ (June, 2018); Accenture Analysis



https://www3.weforum.org/docs/WEF_A_Vision_for_a_Sustainable_Battery_Value_Chain_in_2030_Report.pdf
https://www.iea.org/reports/global-supply-chains-of-ev-batteries
https://www.anteotech.com/wp-content/uploads/2022/08/220823_AnteoTech_AR_2022_FINAL.pdf
https://www.lithium-au.com/wp-content/uploads/2022/07/202207-Lithium-Australia-Investor-Presentation10045.pdf
https://fbicrc.com.au/wp-content/uploads/2020/07/Battery-Manufacture-in-WA-FBICRC-Scene-Setting-report.pdf
https://research.qut.edu.au/nbtc/projects/electrochemical-testing-of-li-ion-battery-materials/
https://faraday.ac.uk/wp-content/uploads/2020/01/High-Energy-battery-technologies-FINAL.pdf
https://wayback.archive-it.org/12090/20220918101248/https:/energy.ec.europa.eu/roadmap-advanced-materials_en
https://wecanfigurethisout.org/ENERGY/Web_notes/Electrochemical/Batteries_and_Fuel_Cells_Supporting_Files/Characterization%20and%20performance%20evaluation%20of%20lithium-ion%20battery%20separators%20-%20Nature%20Energy%202019.pdf
https://www.mdpi.com/2313-0105/8/8/83/htm#:~:text=Sakti%20et%20al.%20%5B%2016%5D%20presented%20a%20techno-economic,cost%20modeling%2C%20to%20find%20cost-minimized%20battery%20cell%20design.
https://qutvirtual4.qut.edu.au/web/qut
https://www.griffith.edu.au/research
https://researchers.uq.edu.au/
https://purebatterytech.com/our-company/
https://purebatterytech.com/ke-germany/
https://veccogroup.com.au/operations/debella-v-hpa-project/
https://data.bloomberglp.com/bnef/sites/14/2017/07/BNEF-Lithium-ion-battery-costs-and-market.pdf
https://wcsecure.weblink.com.au/pdf/LIT/01972187.pdf
https://www.afr.com/street-talk/chinese-giant-backs-qld-battery-play-vecco-next-stop-ipo-20210415-p57jjx
https://www.uq.edu.au/news/article/2018/06/469m-arc-funding-strengthen-industry-partnerships

Queensland’s competitive advantage — 3. Active materials

.

Queensland has competitive advantages in producing vanadium and iron electrolytes, and
emerging R&D into cathode and anode innovation

Size and
attractiveness of
opportunity

Capabilities

Global
opportunity

Importance in
value chain

Current and
planned activities

Cost
competitiveness

Ability to provide
differentiated
products

Skills of labour

Lithium-ion materials

Anode

Significant revenue
opportunity

13% of cell material
costs

Current
development of
silicon anodes

Lack of graphite
production

Silicon anodes

Current skills
through AnteoTech

Cathode

Significant revenue
opportunity

57% of cell material
costs

Investment from
VSPC and Feline

Planed vanadium,
nickel and cobalt
production

LFP, LFMP, NMC
cathodes, vanadium
based cathodes?

Emerging skills
through PBT and
VSPC

Electrolyte

Smaller revenue
opportunity

8% of cell material
costs

Limited investment

Lack of lithium
production

Opportunities which
Queensland could
pursue?

No current
workforce

Separator

Smaller revenue
opportunity

7% of cell material
costs

Limited investment
in separator, but
investment into HPA
which coats
separators

Planned HPA
production®

Higher purity HPA,
and other
opportunities which
Queensland could
pursue*

No current
workforce

Flow battery materials

Iron electrolyte

Iron flow batteries
make up a small
proportion of the
market

Key contributor to
battery costs

Planned production

Cost competitive
with vanadium
electrolyte

Higher purity
electrolyte

Potential emerging
workforce

Vanadium
electrolyte

Vanadium flow
batteries make up a
small proportion of
the market

33% of battery
capital costs

Planned production
from Vecco

Planned vanadium
production

Higher purity

electrolyte

Emerging skills at
Vecco

Strength | Higher Lower

The largest revenue opportunities for battery active materials in the
battery value chain are in cathodes and anodes, which the world is
in short supply of.

Anodes and cathodes make up a significant proportion of lithium-
ion cell material costs, and vanadium electrolyte makes up a
significant proportion of vanadium flow battery capital costs. As
such, these capabilities help facilitate battery manufacturing by
lowering materials and logistics costs.

AnteoTech is developing a silicon anode, PBT developed precursor
cathode active materials and is manufacturing them overseas, VSPC
is manufacturing LFP cathodes, Feline is manufacturing cathodes,
and Vecco Group is planning on manufacturing vanadium
electrolyte. UQ, QUT and Griffith University also engage in active
materials R&D, particularly in anodes and cathodes.

Queensland has the greatest cost competitiveness in vanadium and
some cathode types due to planned local mining and refining for
necessary inputs, which reduces materials and logistics costs.

Queensland has the ability to provide silicon anodes, which are
differentiated in performance from graphite anodes, develop
vanadium based cathodes, improve phosphate based cathodes,
alter the ratios in NMC cathodes, and improve the purity of iron or
vanadium electrolyte.

Queensland has skilled labour through the current and planned
active materials activities, in addition to the skills at UQ, QUT,
Griffith University, JCU and the NBTC.

Notes: 1. PE and PP is also needed, although these are inexpensive materials; 2. Specific cathode chemistries: lithium iron phosphate, lithium iron manganese phosphate, nickel manganese and cobalt, and vanadium based cathodes. Opportunities for Queensland include optimising phosphate chemistries such as LFP and LFMP, increasing
capacity by altering the ratios in nickel based cathodes, and developing vanadium based cathodes; 3. Opportunities exist globally to develop solid or semi-solid electrolytes, stabilise electrolyte formations, or replace flammable electrolytes; 4. Opportunities exist globally to develop reduced thickness separators, or design separators for

specific cell chemistries
> Source: AnteoTech (August 2022), Annual Report 2022; Lithium Australia (July, 2022), Investor Presentation; FBI CRC (July, 2020), Li-ion battery cathode manufacture in Australia; NBTC (2022), Electrochemical Testing of Li-ion Battery Materials; The Faraday Institution (January, 2020), High-energy battery technologies; Batteries Europe 39
(November, 2021), Roadmap on Advanced Materials for Batteries; Lagadec et al., (January, 2019), Characterization and performance evaluation of lithium-ion battery separators; Orangi & Stremman, (2022), A Techno-Economic Model for Benchmarking the Production Cost of Lithium-lon Battery Cells; QUT (2022); Griffith University

(2022); UQ (2022); Pure Battery Technologies (2022a); Pure Battery Technologies (2022b); Vecco Group (2022); BNEF, (July, 2017), Lithium-ion Battery Costs and Market; Accenture Analysis



https://www.anteotech.com/wp-content/uploads/2022/08/220823_AnteoTech_AR_2022_FINAL.pdf
https://www.lithium-au.com/wp-content/uploads/2022/07/202207-Lithium-Australia-Investor-Presentation10045.pdf
https://fbicrc.com.au/wp-content/uploads/2020/07/Battery-Manufacture-in-WA-FBICRC-Scene-Setting-report.pdf
https://research.qut.edu.au/nbtc/projects/electrochemical-testing-of-li-ion-battery-materials/
https://faraday.ac.uk/wp-content/uploads/2020/01/High-Energy-battery-technologies-FINAL.pdf
https://wayback.archive-it.org/12090/20220918101248/https:/energy.ec.europa.eu/roadmap-advanced-materials_en
https://wecanfigurethisout.org/ENERGY/Web_notes/Electrochemical/Batteries_and_Fuel_Cells_Supporting_Files/Characterization%20and%20performance%20evaluation%20of%20lithium-ion%20battery%20separators%20-%20Nature%20Energy%202019.pdf
https://www.mdpi.com/2313-0105/8/8/83/htm#:~:text=Sakti%20et%20al.%20%5B%2016%5D%20presented%20a%20techno-economic,cost%20modeling%2C%20to%20find%20cost-minimized%20battery%20cell%20design.
https://qutvirtual4.qut.edu.au/web/qut
https://www.griffith.edu.au/research
https://researchers.uq.edu.au/
https://purebatterytech.com/our-company/
https://purebatterytech.com/ke-germany/
https://veccogroup.com.au/operations/debella-v-hpa-project/
https://data.bloomberglp.com/bnef/sites/14/2017/07/BNEF-Lithium-ion-battery-costs-and-market.pdf

Queensland’s competitive advantage — 4. Cell manufacturing

.

Cell manufacturing presents an attractive opportunity for Queensland due to its capabilities in

battery cell innovation

Criteria Summary of opportunity Rating

Revenue and investment

Scale of opportunity | Lower @OO‘ Higher

Key players

* Lithium-ion cells have a significant global market, with $136B in expected

revenue by 2030. @ S 136B
A . * Flow battery cells have a smaller expected global market, but have % @ in global revenue by @ LG Chem
ttractiveness applications for stationary storage in particular. 2030!
Panasonic.
Current and planned activities Current
* High performance lithium-ion cells are being produced by Feline, and QUT
providing lithium-ion cell prototyping for active material validation and FeI'n e
qualification and the NBTC providing cell certification for transport and use. Advancing Technologies
* Graphene aluminium-ion coin cells are being manufactured at a pilot scale by
the Graphene Manufacturing Group. Planned
T Competitive advantages 1-50M
Capabilities in P g S land G MG E:’nr;sions Y am\
Queensland * Cost competitiveness of vanadium flow, iron flow and potentially graphene ;:\f:srtr:\zzgueens an Developmems\_/

aluminium-ion cells given the planned local input materials.

* Queensland’s strong battery industry R&D would help enable the State to
produce a differentiated product, such as graphene aluminium-ion and flow

CATL

Prototyping

battery cells, and high performance lithium-ion cells.
NATIONAL BATTERY

TESTING CENTRE

QUT FUTURE
BATTERY
== INDUSTRIES c=c

Notes: 1. In USD; 2. Current investment, in AUD

> Source: WEF (2019), A Vision for a Sustainable Battery Value Chain in 2030; IEA (July, 2022), Global Supply Chains of EV Batteries; ESI Asia Pacific, (2022); Queensland Government; Graphene Manufacturing Group, (September, 2022), Corporate Presentation; Graphene 40
Manufacturing Group (December, 2021), Battery Pilot Plant; Redflow (August, 2021), FY2021 Results; Redflow (2022), Why Redflow?; Koo et al., (2019), Modeling the Performance of a Zinc/Bromine Flow Battery; Feline (2022); NBTC (2022); QUT (2022); Griffith
University (2022); UQ (2022); UQ, (April, 2021); GMG, (April, 2021); UQ, Dow Centre Annual Report 2020, (2020); AMGC, (2022); Accenture Analysis



https://www3.weforum.org/docs/WEF_A_Vision_for_a_Sustainable_Battery_Value_Chain_in_2030_Report.pdf
https://www.iea.org/reports/global-supply-chains-of-ev-batteries
https://press.esiap.com.au/releases/2020-7-6-construction-starts-iron-flow-battery-hub
https://www.statedevelopment.qld.gov.au/__data/assets/pdf_file/0027/52668/TIB-160321-sword-and-stone-iron-flow-battery-manufacture-project.pdf
https://graphenemg.com/wp-content/uploads/2022/09/GMG-Sept-1-2022-Updated.pdf
https://graphenemg.com/battery-pilot-plant/
https://wcsecure.weblink.com.au/pdf/RFX/02413599.pdf
https://redflow.com/why-reflow
https://www.mdpi.com/1996-1073/12/6/1159/htm
http://feline.com.au/
https://research.qut.edu.au/nbtc/#:~:text=The%20National%20Battery%20Testing%20Centre%20%28NBTC%29%20was%20established,test%20pilot%20quantities%20of%20custom%20Lithium-ion%20%28Li-ion%29%20cells.
https://www.qut.edu.au/research/why-qut/infrastructure/research-engineering-facility
https://www.griffith.edu.au/research
https://researchers.uq.edu.au/
https://www.uq.edu.au/news/article/2021/04/uq-technology-powers-greener-alternative-lithium-ion-brisbane-manufacturing-deal
https://graphenemg.com/gmg-the-university-of-queensland-research-uni-quest-kick-off-the-graphene-enhanced-aluminium-ion-battery-development-project/
https://chemeng.uq.edu.au/files/5566/DowCentreAnnualReport2020.pdf
https://www.amgc.org.au/project/manufacture-of-superior-lithium-ion-battery-lib/

Queensland’s competitive advantage — 4. Cell manufacturing

.

Queensland has capabilities in lithium-ion, vanadium lithium-ion and graphene aluminium-ion

cells

Size and attractiveness
of opportunity

Capabilities

Global opportunity

Importance in value chain

Current and planned
activities

Cost competitiveness

Ability to provide
differentiated products

Certification for transport
and use

Skills of labour

Lithium-ion cells

$136B of revenue

74% of battery costs

Current production of high
performance cells?

Planned cathode
production

Current production of high
performance cells

NBTC developing
certification capability to
existing Australian
standards

Current skills through
Feline and the NBTC

Vanadium lithium-ion
cells

Higher voltage and energy
density has the potential
to displace existing
cathodes as the main
lithium battery cathode

Significant contributor to
battery costs, and
reduction of supply
instability for materials
such as cobalt

Planned commercial scale
cell manufacturing

Planned vanadium
production and higher cell
capacity

Planned production of
uniquely advanced
technology

NBTC developing
certification capability to
existing Australian
standards

Current skills through
Feline

Graphene aluminium-ion
cells

Emerging technology with
characteristics including
high energy density, high
power density, and fast
charging speed

Significant contributor to
battery costs

Coin cell pilot scale
production and pouch cell
prototyping

Current graphene
production

Current production of cells
that are unique on the
market

NBTC developing
certification capability to
existing Australian
standards

Current skills through
GMG and UQ

Flow battery cells
Iron

Emerging technology with
characteristics including
high cycle life, and cost
advantages over vanadium
flow

Significant contributor to
battery costs

No current or planned
activities

Planned iron electrolyte
production

Emerging technology with
differentiated
characteristics

NBTC developing best
practice to inform
standards generation

Emerging skills through ESI
Asia Pacific

Vanadium

Largest market for
alternative technologies
to lead-acid and lithium-
jon!

Significant contributor to
battery costs

No current or planned
activities

Planned vanadium
electrolyte production

Emerging technology with
differentiated
characteristics

NBTC developing best
practice to inform
standards generation

No current workforce

Strength | Higher Lower

Lithium-ion batteries have a significant global market, but vanadium lithium-ion
and graphene aluminium-ion batteries may grow in market share due to
appealing performance characteristics. Flow batteries may grow in market
share as they have a higher cycle life, and battery capacity can be increased by
increasing the quantity of electrolyte without changing capital expenditure.

Cell manufacturing facilitates pack assembly by reducing materials and logistics
costs and creates demand for active materials production.

Feline is producing high performance lithium-ion and vanadium lithium-ion cells
for niche applications, QUT is engaging in prototyping of lithium-ion cells (coin,
cylindrical, pouch) and the GMG is prototyping graphene aluminium-ion coin
and pouch cells.

Queensland has the greatest potential cost competitiveness in manufacturing
vanadium lithium-ion, graphene aluminium-ion, iron flow and vanadium flow
cells, as necessary active materials components for these cells will also be
produced in Queensland.?

Queensland can develop highly differentiated cells and cell stacks as there are
high performance lithium-ion and vanadium lithium-ion cells and unique
graphene aluminium-ion cells being produced, and R&D into electrodes and cell
fabrication at UQ and QUT with cell certification at the NBTC. In addition, flow
battery cells are differentiated from lithium-ion cells due to characteristics such
as high cycle life.

Certification for both cells and packs is required for battery products to be sold.
Current certification covers lithium-ion and aluminium-ion cells and packs with
no standards for flow batteries. NBTC is developing data sets to inform best
practice and standards generation for flow battery certification.

Queensland has skilled labour through current and planned activities, the NBTC,
and research from UQ, QUT and Griffith University.

Notes: 1. Potential for vanadium redox flow batteries to replace LFP batteries for utility-scale storage if there was early stage VRFB commercialisation, with the potential to capture almost a third of the energy storage market by 2050; 2. In addition to a completed feasibility study by
Magnis Energy for a $3B cell manufacturing plant; 3. Active materials production reduces materials and logistics costs.

for Electric Vehicles; Queensland Government Department of Energy and Public Works, (2022), Queensland’s renewable energy target; The Faraday Institution (November, 2021), The UK: A Low Carbon Location to Manufacture, Drive and Recycle Electric Vehicles; Magnis, (2022), Media 41

> Source: Magnis (August, 2020), Media Release; FBI CRC (2020), State of Play- Australia’s Battery Industries; Roland Berger (2022), The Lithium-lon Battery Market Supply Chain; LaRocca (July, 2020), Office of Industries Working Paper, Global Value Chains: Lithium in Lithium-ion Batteries

Release; Magnis, (2020), iM3TSV Lithium-ion Battery Factory in Australia; Feline (2022); NBTC (2022); QUT (2022); Griffith University (2022), Centre for Catalysis and Clean Energy; Griffith University (2022); UQ (2022); Graphene Manufacturing Group, (September, 2022), Corporate
Presentation; IEA, (May, 2021), The Role of Critical Minerals in Clean Energy Transitions; Accenture Analysis



https://wcsecure.weblink.com.au/pdf/MNS/02267311.pdf
https://fbicrc.com.au/wp-content/uploads/2020/10/20-00191_MR_REPORT_FBICRC-StateOfPlayBattery_WEB_201002.pdf
https://content.rolandberger.com/hubfs/07_presse/Roland%20Berger_The%20Lithium-Ion%20Battery%20Market%20and%20Supply%20Chain_2022_final.pdf
https://www.usitc.gov/publications/332/working_papers/no_id_069_gvc_lithium-ion_batteries_electric_vehicles_final_compliant.pdf
https://www.epw.qld.gov.au/about/initiatives/renewable-energy-targets
https://www.faraday.ac.uk/wp-content/uploads/2021/11/Faraday_Insights_12_FINAL.pdf
https://wcsecure.weblink.com.au/pdf/MNS/02267311.pdf
https://magnis.com.au/im3tsv/
http://feline.com.au/
https://research.qut.edu.au/nbtc/#:~:text=The%20National%20Battery%20Testing%20Centre%20%28NBTC%29%20was%20established,test%20pilot%20quantities%20of%20custom%20Lithium-ion%20%28Li-ion%29%20cells.
https://www.qut.edu.au/research/why-qut/infrastructure/research-engineering-facility
https://www.griffith.edu.au/centre-catalysis-clean-energy/research
https://www.griffith.edu.au/research
https://researchers.uq.edu.au/
https://graphenemg.com/wp-content/uploads/2022/09/GMG-Sept-1-2022-Updated.pdf
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions

Queensland’s competitive advantage — 5. Pack assembly

D,

The global market for lithium-ion battery packs is attractive, but Queensland has advantages

in vanadium and iron flow batteries

Scale of opportunity | Lower @OO‘ Higher

Criteria Summary of opportunity Rating Revenue and investment Key players
* Lithium-ion battery packs have a $47B global market.
* Flow battery packs have a smaller expected global market, but @ -5478
. have applications for stationary storage in particular. %’ @ in global revenue by CATL
Attractiveness 1
2030
Current and planned activities Current

* Lithium-ion packs are being produced by RedEarth and Feline, who make high
performance batteries for niche applications.

* ESI Asia Pacific are planning to produce 400MW of energy storage per annum
from a $70M iron flow pack assembly facility.

* The NBTC is developing module and pack certification capability for transport
and use with certification services being critical to enabling cost-effective pack ]

Capabilities in
Queensland

manufacture.
Competitive advantages

» Differentiated products, and innovative emerging technologies such as iron flow
and graphene aluminium-ion.

* Cost competitiveness for vanadium flow and iron flow batteries due to local
supplies of materials.

Notes: 1. In USD; 2. Current investment, in AUD

$50-100M
in current Queensland
investment?

> Source: WEF (2019), A Vision for a Sustainable Battery Value Chain in 2030; IEA (July, 2022), Global Supply Chains of EV Batteries; ESI Asia Pacific, (2022); Queensland Government;, Battery Pilot Plant; Redflow (August, 2021), FY2021 Results; Redflow (2022), Why

Redflow?; Koo et al., (2019), Modeling the Performance of a Zinc/Bromine Flow Battery; Feline (2022); NBTC (2022); QUT (2022); Griffith University (2022); UQ (2022); Accenture Analysis
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https://www3.weforum.org/docs/WEF_A_Vision_for_a_Sustainable_Battery_Value_Chain_in_2030_Report.pdf
https://www.iea.org/reports/global-supply-chains-of-ev-batteries
https://press.esiap.com.au/releases/2020-7-6-construction-starts-iron-flow-battery-hub
https://www.statedevelopment.qld.gov.au/__data/assets/pdf_file/0027/52668/TIB-160321-sword-and-stone-iron-flow-battery-manufacture-project.pdf
https://wcsecure.weblink.com.au/pdf/RFX/02413599.pdf
https://redflow.com/why-reflow
https://www.mdpi.com/1996-1073/12/6/1159/htm
http://feline.com.au/
https://research.qut.edu.au/nbtc/#:~:text=The%20National%20Battery%20Testing%20Centre%20%28NBTC%29%20was%20established,test%20pilot%20quantities%20of%20custom%20Lithium-ion%20%28Li-ion%29%20cells.
https://www.qut.edu.au/research/why-qut/infrastructure/research-engineering-facility
https://www.griffith.edu.au/research
https://researchers.uq.edu.au/

Queensland’s competitive advantage — 5. Pack assembly

Queensland has capabilities in lithium-ion pack assembly,

battery chemistries

D.

with planned assembly for other

Size and
attractiveness of
opportunity

Global opportunity

Importance in
value chain

Current and
planned activities

Capabilities

Cost
competitiveness

Ability to provide
differentiated
products

Certification for
transport and use

Skills of labour

Lithium-ion batteries

$47B in revenue

Primarily mobility
applications

Current production of
high performance packs

High performance cell
production

Current production of
high performance packs

NBTC developing
certification capability to
existing Australian
standards

Current skills through
Feline

Vanadium lithium-ion
batteries

Higher voltage and
energy density has the
potential to displace
existing cathodes as the
main lithium battery
cathode

Significant contributor to
battery costs, and
reduction of supply
instability for materials
such as cobalt

Planned commercial
scale manufacturing

Planned vanadium
production and higher
cell capacity

Planned production of
uniquely advanced
technology

NBTC developing
certification capability to
existing Australian
standards

Current skills through
Feline

Graphene aluminium-ion
batteries

Emerging technology
with characteristics
including high energy
density, power density
and charging speed

Multiple potential
applications, including
stationary and mobility

Potential production

Graphene production
using natural gas,
planned cell
manufacturing

Unique on the market

NBTC developing
certification capability to
existing Australian
standards

Emerging skills through
GMG and UQ

Flow batteries
Iron

Emerging technology
with characteristics
including high cycle life,
and cost advantages over
vanadium flow

Primarily stationary
applications

Planned production

Electrolyte production,
but no cell manufacturing

Emerging technology
with differentiated
characteristics

NBTC developing best
practice to inform
standards generation

Emerging skills through
ESI Asia Pacific

Vanadium

Largest market for
alternative technology to
lead-acid and lithium-ion*

Primarily stationary
applications

No current or planned
activity

Electrolyte production,
but no cell manufacturing

Emerging technology
with differentiated
characteristics

NBTC developing best
practice to inform
standards generation

No current workforce

Zinc bromine

Emerging technology
with low cost materials,
and characteristics
including high energy
density

Primarily stationary
applications

Current overseas
manufacturing

No cell manufacturing

Emerging technology,
and the world’s
smallest zinc bromine
battery?

May have parallels with
iron and vanadium flow
best practice

Current skills at
Redflow

Strength | Higher Lower

Lithium-ion batteries have a significant global market, but graphene
aluminium-ion batteries may grow in market share due to appealing
performance characteristics. Flow batteries may grow in market share
as they have a higher cycle life, and battery capacity can be increased by
increasing the quantity of electrolyte without changing capital
expenditure.

Pack assembly provides demand for cell manufacturing, and reduces
logistics costs for the integration, service and maintenance industry. The
largest battery markets are in mobility applications, which lithium-ion
and potentially graphene aluminium-ion are suited to, but Queensland
will also need stationary applications.

Feline is producing high performance lithium-ion and vanadium lithium-
ion battery packs for niche applications, ESI Asia Pacific has planned
production of iron flow batteries, and Redflow produces zinc bromine
batteries overseas.

Queensland has current lithium-ion and vanadium lithium-ion cell
production, planned graphene aluminium-ion cell production, and
planned iron and vanadium electrolyte production, which reduces
materials and logistics costs for battery packs.

Queensland can develop highly differentiated batteries such as high
performance lithium-ion batteries and unique graphene aluminium-ion
batteries. In addition, flow batteries are differentiated from lithium-ion
batteries due to characteristics such as high cycle life.

Certification cells and packs is required for battery products to be sold.
Current certification covers lithium-ion and aluminium-ion cells and
packs with no standards for flow batteries. NBTC is developing data sets
to inform best practice and standards generation for flow battery
certification.

Queensland has emerging labour skills in pack assembly through current
and planned activities, and research institutions.

> Notes: 1. Potential for vanadium redox flow batteries to replace LFP batteries for utility-scale storage if there was early stage VRFB commercialisation, with the potential to capture almost a third of the energy storage market by 2050; 2. The smallest zinc bromine battery which is commercially available.

Source: ESI Asia Pacific, (2022); Queensland Government; Graphene Manufacturing Group, (September, 2022), Corporate Presentation; Graphene Manufacturing Group (

Performance of a Zinc/Bromine Flow Battery; Feline (2022); NBTC (2022); QUT (2022); Griffith University (2022); UQ (2022); IEA, (May, 2021), The Role of Critical Minerals in Clean Energy Transitions; Accenture Analysis

December, 2021), Battery Pilot Plant; Redflow (August, 2021), FY2021 Results; Redflow (2022), Why Redflow?; Koo et al., (2019), Modeling the


https://press.esiap.com.au/releases/2020-7-6-construction-starts-iron-flow-battery-hub
https://www.statedevelopment.qld.gov.au/__data/assets/pdf_file/0027/52668/TIB-160321-sword-and-stone-iron-flow-battery-manufacture-project.pdf
https://graphenemg.com/wp-content/uploads/2022/09/GMG-Sept-1-2022-Updated.pdf
https://graphenemg.com/battery-pilot-plant/
https://wcsecure.weblink.com.au/pdf/RFX/02413599.pdf
https://redflow.com/why-reflow
https://www.mdpi.com/1996-1073/12/6/1159/htm
http://feline.com.au/
https://research.qut.edu.au/nbtc/#:~:text=The%20National%20Battery%20Testing%20Centre%20%28NBTC%29%20was%20established,test%20pilot%20quantities%20of%20custom%20Lithium-ion%20%28Li-ion%29%20cells.
https://www.qut.edu.au/research/why-qut/infrastructure/research-engineering-facility
https://www.griffith.edu.au/research
https://researchers.uq.edu.au/
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions

Queensland’s competitive advantage — 6. Integration, service and maintenance D 6

Queensland has diverse integration, service and maintenance capabilities including in battery
systems and EV charging

Scale of opportunity | Lower @OO‘ Higher

Criteria Summary of opportunity Rating Investment Key players

* The integration, service and maintenance market is highly localised, as
many services and products are provided directly to the end user of the " >
battery.

Attractiveness * Integration, service and maintenance is necessary in order to satisfy

customer demand for batteries in mobility and stationary storage

applications.
Current and planned activities Current
* Redback Technologies offers offers home storage systems and now grid-
tied PV inverters, supporting more than 150 operational jobs. ¢ {s:gngggcielg \\ ngEsg!‘At!!
» RedEarth aims to produce $70M of LFP lithium-ion battery systems over
four years.
* Evie Networks has received $50M in funding for its 42 fast charging EV
stations. I
* BusTech has manufactured 3,000 electric buses, with capacity to build 500 550'100M GO ELECTRIC. GO ANYWHERE

Capabilities in

new vehicles annually. O % Q in current Queensland

Queensland * Tritium made $78M in revenue during 2021 for DC fast charging i
investment? PROHELIONGCGD

technology selling to customers globally.

Competitive advantages

+ Testing facilities, including the NBTC, and Tritium’s electromagnetic VII \"" e | exsys
compatibility testing chambers ‘..f
VAULTA

* QUT’s Battery Testing Microgrid and Energy Queensland’s MIST battery

testing facility (Cairns) FUTURE
BATTERY

== INDUSTRIES crc

NATIONAL BATTERY
TESTING CENTRE

ell)}

Notes: 1. In USD; 2. Current investment, in AUD; 3. Investment within Queensland, which doesn’t include investment by Tritium into facilities or capabilities outside the State

> Source: IEA (July, 2022), Global Supply Chains of EV Batteries; Tritium Charging (2021); RedEarth (2019); Queensland Government (February, 2018); ARENA (2022); ARENA (2021); Prohelion (2022); Queensland Government, (August, 2018); Accenture Analysis 44


https://www.iea.org/reports/global-supply-chains-of-ev-batteries
https://tritiumcharging.com/tritium-announces-record-breaking-fourth-quarter-and-2021-results/
https://redearth.energy/redearth-energy-storage-raises-4-75-million-to-meet-australias-growing-demand-for-energy-storage-systems/
https://statements.qld.gov.au/statements/83675
https://arena.gov.au/projects/national-ultrafast-ev-charging-infrastructure-network/
https://arena.gov.au/assets/2021/10/evie-lessons-learnt-report-oct-2021.pdf
https://www.prohelion.com/integrated-mobile-power-system/
https://statements.qld.gov.au/statements/93031

Queensland’s competitive advantage — 7. Re-use and recycling

D

Queensland has lead-acid recycling, but recycling capabilities for lithium-ion and flow batteries

will also need to expand

Scale of opportunity | Lower @OO‘ Higher

Criteria Summary of opportunity Rating Revenue and investment

Key players

* $11B global revenue opportunity for lithium-ion battery recycling by

2030 with highly localised activities due to waste regulations. @ SllB
. * Opportunity to recover critical minerals profitably,! and use these % @ in global revenue by
Attractiveness : ; ;
minerals to reduce the impacts of raw material supply shortages. 20302
Current and planned activities
* Lead acid battery recycling, including the national Battery Recycling
Centres from Century Yuasa.
* Everledger can track critical minerals and batteries throughout supply
chains.
* E-Cycle and Envirostream have lithium-ion battery collection throughout
Australia, including in Queensland, for recycling.
e $1-50M
Capabilities in . . L .
Competitive advantages % Q in Queensland lithium-ion
Queensland . 3
* Existing recycling network for lead-acid batteries, which could be Investment

expanded to include other battery types.

Notes: 1. The profitability of recycling is dependent on the proportion and value of the component minerals; 2. In USD; 3. Current investment within Queensland for lithium-ion batteries, in AUD
> Source: WEF (2019), A Vision for a Sustainable Battery Value Chain in 2030; CSIRO (February, 2021), Australian landscape for lithium-ion battery recycling and reuse in 2020; Energy Sector Management Assistance Program (ESMAP), World Bank, (2020), Re-use and
Recycling: Environment Sustainability of Lithium-ion Battery Energy Storage Systems; Everledger, (July, 2021); FBI CRC (March, 2020); Everledger (July, 2021); RJ Batteries (2022); ABRI (2020); Powercell (2022); Ecycle, (2022); Envirostream, (2022); Accenture Analysis
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https://www3.weforum.org/docs/WEF_A_Vision_for_a_Sustainable_Battery_Value_Chain_in_2030_Report.pdf
https://www.fbicrc.com.au/wp-content/uploads/2021/03/CSIRO-Report-Australian-landscape-for-lithium-ion-battery-recycling-and-reuse-in-2020.pdf
https://faraday.ac.uk/wp-content/uploads/2020/10/Reuse-and-Recycling-Environmental-Sustainability-of-Lithium-Ion-Battery-Energy-Storage-Systems-1.pdf
https://everledger.io/everledger-wins-major-australian-government-critical-minerals-blockchain-pilot-project/
https://fbicrc.com.au/wp-content/uploads/2020/10/20-00191_MR_REPORT_FBICRC-StateOfPlayBattery_WEB_201002.pdf
https://everledger.io/everledger-wins-major-australian-government-critical-minerals-blockchain-pilot-project/
https://www.rjbatt.com.au/resources/battery-recycling
https://batteryrecycling.org.au/member-profiles/lex-enviro-services/
https://www.powercell.com.au/
https://ecyclesolutions.net.au/
https://envirostream.com.au/
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