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Important Disclaimer 

This document is a marketing communication sponsored by Quantum Graphite Ltd (QGL). The document has been prepared 
by Orior Capital, an independent third party, which is and shall continue to be the owner of this document.  

It is being supplied to you solely for your information, and it is for informational and educational purposes only. 

The information contained in this document has not been prepared or verified by QGL, and neither this document nor the 
information contained in it should be considered as being endorsed by QGL or a recommendation by QGL (or any of its 
directors, officers, agents, employees or advisers) in relation to investment in QGL.  

This document is not investment advice.  

This document does not and could not take into account your financial situation, objectives, needs, risk appetite, and other 
factors pertaining to your circumstances. It is not personalised to your specific situation and is not personal investment 
advice. You should consult with a qualified financial advisor before making any financial decisions 

While every effort is made to ensure the information, facts, figures, data and analysis in this document are accurate, reliable 
and credible, this document and the information contained in it has not been verified for its accuracy and certainty, and is 
subject to material updating, revision and further amendment, and therefore the information contained in this document is not 
a substitute for your own independent investigation and analysis. Any opinions expressed in this document are opinions only 
and nothing more.  

Neither QGL nor the owner of this document is responsible for any errors or admissions. Therefore, in furnishing this 
document, neither QGL nor the owner of this document undertake or agree to any obligation to provide you with access to 
any additional information or to update this document or to correct any inaccuracies in, or omissions from, this document 
which may become apparent. This document does not constitute an offer or invitation to subscribe for or purchase any 
securities and neither this document nor anything contained herein shall form the basis of any contract or commitment 
whatsoever. In particular, this document is for information purposes only and does not constitute an offer or invitation to 
subscribe for or purchase any securities. 

This document may contain forward looking statements, estimates and projections which are subject to risks, uncertainties 
and factors that may cause the results and outcomes to differ materially from those discussed herein. These forward-looking 
statements, estimates and projections may constitute statements regarding intentions, beliefs or current expectations 
concerning, among other things, QGL’s operations, condition, prospects, revenue generation, growth, strategies and the 
industry in which QGL operates. By their nature, forward-looking statements, estimates and projections involve risks and 
uncertainties because they relate to events and depend on circumstances that may or may not occur in the future, and actual 
outcomes could differ materially and adversely due to a range of factors. Such forward looking statements are not necessarily 
endorsed by QGL, but in any case, these forward-looking statements, estimates and projections speak only as of the date of 
this document and neither QGL nor the owner of this document undertake any obligation to release any revisions to these 
forward-looking statements, estimates or projections to reflect events or circumstances after the date of this document. 

By reading this document you acknowledge, submit and adhere to this disclaimer and accept the liabilities incurred from your 
own decisions. All information in this document is subject to change without notice, and therefore you and any other person 
who receives this document should not rely or act upon it. Using this document and the information contained within it is at 
your own risk. Accordingly, neither QGL nor any of its directors, officers, agents, employees or advisers take any responsibility 
for, or will accept any liability or responsibility for any loss, damage, cost or expense whether direct or indirect, express or 
implied, contractual, tortious, statutory or otherwise, in respect of, the accuracy or completeness of this document or the 
information contained in this document, or for any of the opinions contained in this document, or for any errors, omissions or 
misstatements or for any loss, howsoever arising, from the use of this document and the information contained in this 
document. 

The owner of this document may or may not own shares in the companies discussed in this document. The owner of this 
document has a long position in QGL. 

This document is distributed free of charge and any unauthorized copying, alteration, distribution, transmission, performance, 
display or other use of this material, without prior consultation with the owner of this document, is prohibited. 

 



Quantum Graphite Ltd, QGL.AX         13 December 2022 
 

Orior Capital 3 

Glossary of terms  

 

DER  Distributed Energy Services 

DFS  2019 Uley 2 Definitive Feasibility Study 

INEMET TU Freiberg’s Institute for Non-ferrous Metallurgy and High Purity Materials 

LCOS  Levelized cost of storage 

LDES  Long duration energy storage 

NEM  Australian National Electricity Market 

QSP  The Quantum Sunlands Partnership Pty Ltd 

Quantum Quantum Graphite Ltd 

Sunlands The Sunlands Company Pty Ltd 

TES  Thermal Energy Storage 

TGC  Total graphitic carbon 

TPA  Tonnes per annum 

Uley Flake Natural flake production from the Uley 2 project 

Uley Media TES media manufactured utilising Uley 2 Flake as one of the main raw materials 

Uley 2 Project Stage 1 of the Uley 2 mine development 

VRE  Variable renewable energy 

 

A reference to graphite is a reference to natural flake graphite. Graphite produced from PET coke 
and/or needle coke is referred to as Synthetic Graphite. 
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Executive summary 

Quantum Graphite is developing the 100% held Uley graphite mine on the Eyre Peninsula, 
South Australia. In addition, the company owns a 50% stake in the Quantum Sunlands 
Partnership (QSP), a joint venture with The Sunlands Company. Sunlands is developing a 
thermal energy storage (TES) system around a graphite media. QSP will purchase graphite 
from Quantum and produce thermal storage media for Sunlands under a global exclusivity 
agreement. Quantum published a Definitive Feasibility Study (DFS) in December 2019 
based on a small mine operation producing 55,000 tpa graphite. An updated DFS, 
expected to incorporate larger scale graphite mining, and the financial contribution of the 
joint venture is expected to be completed in 1Q23. 

Quantum looks compellingly cheap: A valuation framework is based on Quantum mining  
sufficient graphite for QSP to deliver 500GWh of thermal energy storage media over a 
project lifetime of 24 years, and valuing the shares at a percentage of NPV prior to 
production and at a multiple of earnings once production commences. The market is 
currently valuing Quantum at just 11% of estimated post-tax NPV8 of A$1,604m. 

Generally, projects at the DFS stage can trade at 30% or more of NPV. Projects in critical 
minerals have traded at higher valuations than this reflecting the very strong outlook for 
demand, the relative scarcity of good projects, and the markets’ increased appetite for 
solid ESG investments. Quantum is expected to achieve a premium valuation by virtue of 
these properties and the fact that Sunlands’ TES system is expected to be able to drive 
grid-scale steam turbines, a key advantage. Valuing Quantum at 50% of post-tax NPV8, a 
year from now, suggests a valuation of A$2.37/share. This is 4.6x the current share 
price. 

The Uley graphite project and the thermal storage media business are expected to start 
production in 2025. ‘Attributable EBITDA’ to Quantum, comprising Quantum’s EBITDA plus 
50% of QSP’s EBITDA, is expected to reach A$277m by 2028, the first full year of 
operations. Assuming the project is financed 70% debt and 30% equity with new shares 
issued at A$1.00/share, and applying an EV/EBITDA multiple range of 10-15x, Quantum 
could be valued at A$6.74/share to A$10.27/share. This represents 13-20x the current 
share price. Assuming the market starts to price this is by early-2026, about a year after 
start-up, this would represent an annual return of 135% to 170% over the next three years.  

Other markets for LDES, potential in battery anodes not yet factored in: There are two 
potential upside scenarios that are not examined in this report. One is the application of the 
Sunlands technology to markets beyond Australia. There are likely to be significant 
opportunities in the UK, Germany, and parts of the US that have large coal- and gas-
fired capacities. Together these markets could be more than 20 times larger than the 
Australian market. A second area of growth could be the market for battery anode 
materials. The graphite at Uley is known to be of high quality, low in impurities, and readily 
upgradable. Tests conducted at INEMET demonstrated the potential viability of 
thermal purification of Uley Flake for lithium-ion battery anodes. 

Figure 1: Summary of valuations 
Timeframe Methodology Valuation, A$/share 
One year 50% of post-tax NPV8 of A$1,604m 2.37 
2026  10-15x EV/EBITDA, including 50% share of QSP 6.74 – 10.27 

Source: Orior Capital 
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Financially robust project: The modelling herein envisages Quantum producing 120ktpa 
graphite, virtually all of which is sold to QSP for use in thermal storage media. Including 
Quantum’s 50% share in the earnings of QSP, attributable EBITDA to Quantum is 
estimated at A$277m in the first full year of production, at EBITDA margins of 62% at 
Quantum and 58% at QSP. The project is expected to generate A$307m in the first three 
years of operations. The project has an estimated IRR of 63%. 

The thing with renewables: Limiting the rise in global temperatures to 1.5°C in line with 
the Paris Agreement will require substantial decarbonisation of the power sector, and the 
electrification of end-use activities in transportation, industry and buildings. This will need 
to be achieved despite growing global power demand which McKinsey estimates could 
triple by 2050 in some deep decarbonisation scenarios. Yet, it is not as simple as building 
more renewables capacity. Variable renewable energy (VRE) generators such as wind 
and solar are intermittent; they are not always available for dispatch to meet electricity 
demand. Further, they do not provide inertia to the grid. This refers to the tendency of the 
huge turbines used in modern power plants to keep rotating, which acts as a critical 
stabiliser in the power supply. These issues are overcome with energy storage. 

By storing energy at times of surplus generation, and releasing it at times of surplus 
demand, electricity supply and demand can be balanced. Energy storage can also ensure 
system stability in increasingly decarbonised power systems. Battery raw materials have 
attracted most attention from investors, yet in decarbonisation, it is energy storage 
that is the key enabling technology. 

Sunlands’ TES is one of the most promising technologies: Sunlands’ TES comprises a 
graphite based heat sink held within a refractory lined cell, with argon, an inert gas, 
circulated by a blower to heat a boiler that drives a conventional steam turbine. Unlike 
many systems being developed, Sunlands’ TES can operate at the very high 
temperature ranges necessary to drive utility scale steam turbines. This is a critical 
advantage. It means much of the existing generation and transmission infrastructure can be 
retained, substantially cutting the costs of decarbonisation. Such high temperature systems 
are likely to be far less costly than alternatives such as pumped hydro and batteries.  

Two key commercialisation studies now completed: Quantum announced, December 
2021, an extension to its 2019 DFS in order to incorporate its 50% share of QSP. An 
updated DFS is expected to be published in 1Q23. To help determine the contribution of 
the joint venture to Quantum, management commissioned two new studies; one comprising 
high temperature test work, and one on the potential for Sunlands in the Australian National 
Electricity Market (NEM). Taken together, the studies evidence both the commercial and 
financial viability of the project. 

The thermal tests conducted at INEMET were highly successful, confirming the heat 
storage capacity and performance of Uley Media for Sunlands TES driving utility scale 
turbines. The results were consistent across the purity and size fractions of Uley Flake 
products which has important implications for operating costs. The results suggest QSP 
will be able to manufacture Uley Media at a far greater scale than anticipated. The tests 
also highlighted the potential viability of thermal purification of Uley Flake for the 
lithium-ion battery anode market. 

Macroeconomics Advisory completed the NEM Study in March 2022, concluding that each 
coal fired station maintained by Sunlands would have an average capital cost avoided of 
approximately A$7.5 bn (range A$5-10bn) per GW of generation capacity.  
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Phenomenal outlook for demand: The market for energy storage is embryonic in nature 
and expected to see rapid demand growth. McKinsey estimates that LDES capacity will 
need to increase by 300x to 500x over the next two decades, representing growth of more 
than 30% pa. Sunlands’ addressable market in the NEM could amount to an estimated 
580GWh to 1,100GWh by 2050. Assuming 50% of sales are to NEM grid applications, and 
the rest to behind-the-meter customers such as mining companies, and applications 
beyond the NEM, Sunlands’ market share in the NEM could be 23-43%. 

Uley is a tremendous asset: Uley is located 18km west-southwest of Port Lincoln at the 
southern end of the Eyre Peninsula in South Australia. It is viewed as an important and 
strategic asset, close to key infrastructure. The mineralisation hosts very high quality 
graphite with low impurities. Mining Licences have already been granted at the northern 
end of the licenced areas. Quantum plans further drilling at Uley 2, and a geophysical 
survey over the entire licence area in 2023. Historical work conducted by Rio Tinto 
Exploration Pty Limited (formerly CRA Exploration Pty Limited) in the 1980s identified the 
potential for resources of 350-400Mt at 6-7% TGC. 

Graphite looks like becoming the ‘new lithium’: Global graphite demand is expected to 
rise more than 4-fold to 2040. This is being driven by global decarbonisation, particularly 
the increasing penetration of electric vehicles, growth in consumer electronics, and the 
incorporation of batteries into new applications, including grid storage. Increased use of 
electric arc furnaces (EAFs) in steelmaking, where anode demand is expected to almost 
double this decade, is driving demand for synthetic graphite. Demand for natural graphite 
is expected to increase about five-fold this decade, and to more than double again 
next decade. 

Given the long lead times in mining projects, qualification periods for battery components, 
and increasing requirements for supply-chain due diligence, especially in the EU, it seems 
unlikely the supply-side will keep pace. The expectation is the graphite market will be in 
deficit from as early as 2023, with a deficit of some 2-4Mt by 2030. 

Bid for Lincoln: Quantum made an all share bid for Lincoln Minerals in September 2022. 
Lincoln owns the Kookaburra Gully graphite project, which Quantum considers to be an 
extension of its greater Mikkira flake graphite deposit. There would be substantial financial, 
marketing and environmental synergies in developing the projects together. The 1-for-40 
offer was at a 32.3% premium to the last available Lincoln share price of A$0.008/share, 
based on the one month VWAP of Quantum shares prior to the announcement. At 
Quantum’s current share price the offer represents a premium of 62.5%. 

Share price catalysts: The results of further drilling beyond Uley 2 and new geophysical 
work, the completion of the pilot plant and an updated DFS in 1Q23, and further test work 
directed towards increasing the purity of Uley Flake with a view to assessing opportunities 
in the anode market are all factors expected to propel the share price. 

Quantum represents an excellent way to gain exposure to graphite, the ‘new lithium’ of 
critical minerals, and the essential sector of long duration energy storage. Greater 
recognition by the market of the strengths of the graphite business, increased 
understanding of the prospects in energy storage, release of an updated DFS and a final 
investment decision, are expected to drive a significant re-rating in the stock. 

 

Simon Francis             December 2022 
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Key financial data 

Figure 2: Shareholding structure 
ASX code  QGL.AX 
Share price, 12 December 2022 A$/share 0.52 
Shares on issue Millions 335.7 
Options and rights Millions 3.0 
Fully diluted shares Millions 338.7 
Market capitalisation  A$ m 

millions 
174.6 

Net cash, estimated A$ m 
millions 

4.5 
Enterprise value A$ m 170.1 
Top 20 shareholders  55.9% 

Source: Quantum 

Key Management: 

Sal Catalano, BJuris., LLB, FITA, Managing Director, Chairman of audit committee: Mr Catalano 
has over 30 years’ experience across business, the law and investment banking. He brings strong 
leadership skills and international business experience to the Board. He was a former Principal of 
Paloma Partners’ securities financing group, Head of Donaldson Lufkin & Jenrette’s (Pershing 
Division) Asian securities business and a Director of Credit Suisse’s Alternative Capital Group. He is 
a Principal of the Chimaera Financial Group.  

Bruno Ruggiero, BE (Mech), Grad Dip MinSc (Ext. Met), Grad Cert Eng Tech (Struct), Chairman 
and Independent Non-Executive Director Member of audit committee: Bruno has multiple 
degrees in engineering and over 30 years’ global experience in the minerals industry, crossing all 
facets from scoping to operations, and is a founding partner of the publicly listed Lycopodium Ltd. 
Currently Technical Director with Lycopodium Minerals, Bruno sets the technical direction and 
standards for new project initiatives that Lycopodium Minerals undertakes globally.  

David Trimboli BCom, Independent Non-Executive Director: Mr Trimboli is an experienced global 
investor with significant experience in commodities financing and trading. He was formerly a long 
serving senior coal trader at the world’s largest commodities trading group, Glencore International 
AG, and was a key member of the Glencore team when the group successfully completed its IPO in 
London and Hong Kong. Mr Trimboli has undertaken significant investments activities and holds 
diverse interests in commodities, industrial minerals, real estate and technology in Australia and 
internationally. Mr Trimboli is the founder of Seefeld Investments, with offices in London, Zug and 
Perth and has been an integral part of the rapid growth of the Seefeld Investments business. He 
brings a wealth of experience in cultivating partnerships and key commercial relationships globally.  

Michael Wyer, Non-Executive Director: Experienced banking and finance professional with 
extensive experience in corporate treasury management, managing teams, trade finance, credit 
insurance, acquisition finance, capital markets and executive information systems. Commenced 
professional life in Chartered Accountancy in risk management and credit analysis. 

Rochelle J. Pattison, Company Secretary; Co-founder of the Chimaera Group with more than 25 
years’ experience in the global capital markets in key operations, technical and compliance 
leadership roles. Rochelle brings in-depth legal and governance experience. 
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Figure 3: Quantum Graphite share price chart 

 
Source: ASX 
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Superb project, compellingly priced 

Ø Trading at just 11% of post-tax NPV8, Quantum looks incredibly cheap; valuing 
the company at 50% of NPV would underpin a valuation of A$2.37/share 

Ø As production commences, share valuations could reach A$6.74 to A$10.27 
based on expected TES deployment levels and multiples of 10-15x EV/EBITDA 

Ø Share price catalysts: greater market recognition of Quantum’s value, resource 
upgrades, the upcoming DFS that will include QSP’s financial contribution to the 
overall Uley 2 project economics, and a final investment decision 

One year valuation of A$2.37/share 
The valuation framework is based on Quantum producing sufficient graphite for QSP to be able to 
deliver 500GWh of long duration energy storage over a project life of 24 years, including ramp up, 
commencing 2025. Valuations are based on a percentage of NPV prior to production, and a multiple 
of earnings once production commences. 

Generally, projects that are fully financed and approved and a year from cash flow can trade at 30% 
or more of NPV. Projects in critical minerals such as lithium have traded at higher multiples than this, 
reflecting incredible demand growth prospects, the relative scarcity of good projects, and the 
market’s increased appetite for environmentally and socially responsible investments. Quantum is 
expected to fetch a premium multiple by virtue of these properties, and the fact that Sunlands’ TES 
system can provide inertia, which provides a critical safeguard in energy security, and which 
distinguishes Sunlands from other systems in development.  

The market is currently valuing Quantum at just 11% of estimated post-tax NPV8 of A$1.6bn. Over 
the next year, share price catalysts are expected to include greater recognition by the market of 
Quantum’s fundamental value, and the strategic and energy security importance of QSP’s product 
offering, an updated DFS which will include Quantum’s share of QSP’s earnings, further resource 
upgrades at Uley, and a final investment decision. 

Valuing Quantum at 50% of post-tax NPV8, a year from now, suggests a valuation of A$2.37/share. 
This is 4.6x the current share price. 

Figure 4: Valuation framework and potential outcomes 
Timeframe Valuation Methodology Comments 
 A$/share   
One year 2.37 50% of NPV Quantum producing 120ktpa graphite product 
   QSP producing and selling 22.5GWh energy storage media pa in 
   full production, amounting to 500GWh over the project life 
   Quantum graphite basket selling price of US$1,000/t, and thermal  
   media price of US$3,500/t 
   No value for potential expansion into other markets or segments 
2026 6.74 to 10.27 10-15x Production commencing 2025, reaching full production by 2028 
  EV/EBITDA Valuation multiples in line with listed critical minerals companies  
   Still no value attributed to potential new markets or segments 

Source: Orior Capital 
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Valuation of A$6.74/share to A$10.27/share as production commences 
The Uley graphite project and the thermal storage media business are expected to commence 
production in 2025. Attributable EBITDA to Quantum (including Quantum’s 50% stake in QSP) is 
expected to rise from A$115m in 2026 to A$277m by 2028, the first full year of operations. (Note that 
while the modelling herein aims to gauge the value of QSP to Quantum and is based on effective 
EBITDA contribution, Quantum is not expected to consolidate QSP in its financial statements). 

Assuming the project is financed 70% debt and 30% equity with new shares issued at A$1.00/share 
(equivalent to ~21% of post-tax NPV8), and a substantial discount to the one-year valuation, and 
applying an EV/EBITDA multiple range of 10-15x, Quantum could be valued at A$6.74/share to 
A$10.27/share. This represents 13-20x the current share price. Assuming the market starts to 
price in full production by early-2026, about a year after start-up, this would represent an annual 
return of 135% to 170% over the next three years.  

Figure 5: Quantum valuation model 

Shares on issue, current millions                   335.7  
Options and rights millions                     3.0   
Fully diluted shares millions                338.7   
Development    
NPV8, post-tax A$ m               1,604   
1 year valuation based on % of NPV    

20% A$/share                     0.95   
30% A$/share                     1.42   
40% A$/share                     1.89   
50% A$/share                     2.37   
75% A$/share                     3.55   
100% A$/share                     4.73   

Production    
Capex A$ m                   180.0   
Debt A$ m                   126.0  Assume 70% debt 
Equity A$ m                     54.0  Assume 30% equity… 
New shares millions                     54.0  …Issued at A$1.00/share 
Fully diluted shares millions                   392.7   
Annual EBITDA A$ m                   277.3  First full year, 2028, includes 50% 
EV/EBITDA valuations   contribution from QSP 

8x A$/share                     5.33   
10x A$/share                     6.74   
12x A$/share                     8.15   
15x A$/share                   10.27   
20x A$/share                   13.80   

Source: Orior Capital 

These valuations may look high in the context of Quantum’s current share price, yet they are based 
on QSP achieving a reasonable market share in Australia only, typical graphite selling prices, and 
valuation multiples in line with those of other critical minerals companies.  

Upside scenarios 
There are two potential upside scenarios that are not examined in this report: 

Other markets: While Quantum and QSP are currently focused on developing a market in Australia, 
there are likely to be significant opportunities in other markets with large coal- and gas-fired 
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capacities including the UK, Germany, and the northeast states of the US that comprise New 
England. Together these markets could be more than 20 times larger than the Australian market, and 
appear to offer excellent prospects for further expansion. 

Further, the Sunlands technology is expected to have global appeal. The Middle East, for instance, 
has abundant solar energy; Sunlands offers an ideal way to store this energy for later use. In the US, 
southern states are experiencing ground water declines and depletion, posing a threat to hydro-
power and steam generating power supplies; according to a 2013 report, the cooling of power plants 
requires some 41% of US freshwater withdrawals. Sunlands TES could be used to store renewable 
energy for firming capacity in times of water shortages, or in place of traditional power systems.  

If any of these other markets were to be developed, arguably the biggest questions would be around 
the amount of graphite Quantum could provide, and environmental approvals. 

Battery anodes: The modelling herein is based on Quantum providing graphite to QSP for its use in 
thermal storage media. The graphite at Uley is known to be of high quality, low in impurities, and 
readily upgradable. The recent tests conducted at INEMET demonstrated the potential viability of 
thermal purification of Uley Flake for the lithium-ion battery anode market. Consequently, there may 
be opportunities in the market for anode material that are not modelled in this report. 

Selling prices: The financial modelling is based on an Uley graphite basket price of US$1,000/t, and 
a selling price for thermal storage media of US$3,500/t. Given the tightness in the graphite market 
and the expectation of acute shortages, this may prove to be conservative. 

There are a number of reasons why the opportunity in Quantum may have so far been missed 
by the market: 

• Quantum’s DFS, released 2019, envisaged a relatively small graphite operation and did not include 
any contribution from QSP 

• The market does not yet fully understand the substantial value of Quantum’s 50% stake in QSP  

• Although renewable energy penetration is increasing, investors may not yet associate increasing 
renewables generation with a greater need for long duration energy storage and the very limited 
technologies available that are both cost effective and truly scalable; indeed, the fact that variable 
renewables do not provide inertia to the grid does not yet appear to be well understood in the 
broader market 

• Quantum is believed to be one of only a very few companies on the ASX exposed to graphite and 
energy storage; most Australian graphite producers, to the extent that they have focused on 
downstream businesses, have tended to focus on anode material for electric vehicle batteries;  

A greater understanding by the market of the strengths of the Uley graphite project and Sunlands’ 
TES technology is expected to be a significant driver of Quantum’s share price. 

 

 

Ground water depletion in US: https://www.usgs.gov/special-topics/water-science-
school/science/groundwater-decline-and-depletion 
Power sector water use in the US: https://www.ourenergypolicy.org/wp-
content/uploads/2014/07/power.pdf 
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Peer comparisons 
Quantum has few, if any, listed peers. 

Graphite 
There are few listed graphite producers. Graphite is still a relatively small market with production of 
~2.8Mt in 2020. Of this amount, only about 821kt was natural graphite, of which Chinese production 
accounted for about 80%. There have been few new projects come on stream in the West in the 
past few years. Syrah is operating in Mozambique. Mason Graphite is in development, after 
publishing a feasibility study in 2015. Asbury Carbons is private. 

There are downstream companies that produce graphite products, such as electrodes for the 
electric arc furnace (EAF) steel industry and specialised products for the automotive and aerospace 
industries. They are not considered comparable to Quantum. These companies have typically 
invested heavily in industrial plant. This group includes companies such as GrafTech International, 
Tokai Carbon, FangDa Carbon New Material Co Ltd, and SGL Carbon. GrafTech is the only graphite 
electrode producer that is substantially vertically integrated into petroleum needle coke. Tokai claims 
to produce the largest electrodes (3m long and 80cm in diameter). FangDa produces graphite 
electrodes, furnace bricks and other industrial products. SGL Carbon is focused on supplying high-
end composite materials and graphite products for the lithium-ion battery, solar, semiconductor, 
LED, chemical and automotive sectors. 

Other critical minerals 

While there are few listed and operating peers in graphite, there are companies in critical minerals 
such as lithium, and rare earths. Over the past couple of years, these companies have tended to 
trade at high multiples reflecting the excellent growth prospects in the sector, the relative scarcity of 
the companies, and the increasing appetite among investors for ‘clean-tech’ investments. More 
recently, valuation multiples have declined as earnings have caught up with market valuations. 

Figure 6: Selected critical minerals producer EV/EBITDA valuations 
Company Code EV/EBITDA 

  2020 2021 2022 2023 2024 
Lithium Americas LAC n.a. n.a. n.a. 18.2 14.4 
Livent LHTM 134.0 58.5 12.9 9.2 8.1 
Lynas Rare Earths LYC.AX 22.2 16.0 12.5 11.0 7.2 
MP Materials MP 107.0 34.7 16.0 16.6 11.7 
Simple average  87.7 36.4 13.8 13.8 10.4 
Note: “n.a.” means the company either made losses or was not in operations during the period, and the company is 
excluded from the averages. Lithium Americas was in start-up mode until 2022, and excluded from the average.  

Source: Orior Capital estimates 

In lithium, Livent is currently trading at an estimated 12.9x 2022 EV/EBITDA. Lithium Americas is 
trading at estimated EV/EBITDA multiples of 18.2x in 2023 and 14.4x in 2024. Similarly, in rare 
earths, MP Materials is trading at 16.0x EV/EBITDA in 2022, and 16.6x in 2023. Based on calendar 
years and consensus earnings forecasts, Lynas is trading at estimated EV/EBITDA multiples of 12.5x 
in 2022 and 11.0x in 2023. 
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Energy storage 
A number of companies aim to develop technologies that capture process heat, mainly for industrial 
use. Heating accounts for about half of all final power use. None of the peers mentioned below can 
operate at the temperature range that Sunlands can achieve, and which is key to driving the large 
turbines used in modern power generation. 

ESS Tech Inc: ESS designs, builds and deploys iron flow batteries for LDES applications. In a flow 
battery, two chemical solutions are stored separately and pumped past each side of a membrane 
where ion exchange occurs, converting chemical energy to electricity. ESS uses iron, salt, and water 
for the electrolyte. The batteries can achieve up to 12 hours storage duration and are relatively low 
cost. ESS’ Energy Warehouse provides nominal power of 75kW, and peak energy of 400kWh. The 
Energy Centre can deliver capacities starting at 3MW and storage durations of more than 8 hours. In 
September 2022, ESS and Sacramento Municipal Utility District announced an agreement for ESS to 
provide up to 200MW / 2GWh in the form of Energy Warehouse and Energy Centre units. ESS is 
listed on the NYSE. It has a current market capitalisation of some US$399m. 

EnergyNest: Energy Nest is a private Norwegian company that is developing thermal battery 
technologies aimed at storing and recycling industrial energy to power new production cycles. 
Essentially, the system uses a high performance thermal concrete to store energy at temperatures of 
up to 400°C. Energy is transferred to the storage unit using a heat transfer fluid (typically thermal oil 
or water/steam). The modules are designed to fit into standard 20-foot shipping containers. A 20-
foot module can store up to 1.5MWh. In April 2021, EnergyNest announced it had secured €110m 
from Infracapital, the infrastructure equity investment arm of M&G plc. 

Azelio: Azelio is a Swedish company, listed in Stockholm with a current market cap of ~A$54m. The 
Azelio TES technology uses recycled aluminium as the storage media. The company states that its 
TES.POD system can provide dispatchable electricity for 13 hours at continuous operating power, 
and has a lifespan of 30 years. According to Azelio, an aluminium alloy is heated using energy from 
sources such as solar PV, to phase change at 600°C. Heat is then transferred to a Stirling engine 
through a heat transfer fluid. (A Stirling engine is a type of heat engine, that is a system that converts 
heat to mechanical work). The Stirling engine runs a generator for electricity and heat between 55-
65°C that can be supplied on demand. Azelio states that each TES.POD can deliver 13kW nominal 
output, with 165kWh storage capacity for electrical output. The company believes the system is 
scalable from 0.1MW to 20MW. 

Form Energy: Form Energy is an American company that is developing an iron-air battery with 
storage durations as long as 100 hours. The basic principle is that during the discharge cycle the 
battery takes oxygen from air and converts iron metal to rust. During charging, an electrical current is 
applied to convert the rust back to iron, and the battery gives out oxygen. Each battery is about the 
same size as a side-by-side washer-dryer set, and contains a stack of about 50 1m tall cells. The 
battery modules are grouped together in protective enclosures and hundreds of the enclosures are 
grouped together in MW-scale power blocks. Depending on the density of the configuration, a 2-
3MW system will require about 0.4 Ha of land. A number of well-known investing groups have 
invested in Form Energy including Breakthrough Energy Ventures, MIT’s investment fund The 
Engine, Arcelor Mittal, TPG, and others. In October 2022, Form Energy announced that it had raised 
US$450m in a financing round led by TPG’s global impact investing platform, TPG Rise. 
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1414 Degrees Ltd: 1414 Degrees, an ASX listed company with a market cap of A$17m, is 
developing the SiBox thermal energy storage technology, based on a molten silicon based storage 
media. The aim is to absorb low-cost renewable energy from the grid, and to output high 
temperature air up to 1,000°C, that can be used for heat or combined heat and power. Silicon has a 
high melting point (1,414°C) and high energy density. The company’s current focus is its 1MWh 
demonstration plant which has attracted investment from Woodside Energy Technology, a 
subsidiary of Woodside Energy Group, and from the Australian Federal Government. The company 
also has a 50:50 joint venture with Vast Solar that is developing the Aurora Energy Project, located 
30km north of Port Augusta in South Australia. The first stage of the project aims to build up to a 
140MW / 280MWh battery storage unit, with future stages targeting up to 150MW concentrated 
solar power, 70MW of solar PV generation, and thermal energy storage. 

Robust financials 

The operating assumptions are based on the parameters set out in the 2019 DFS, on assumptions 
made about resource expansion and additional capital costs to expand graphite production, and the 
basic economics of the joint venture, QSP. Quantum, including its 50% stake in QSP, is expected to 
generate substantial earnings and high margins. The project boasts: 

• Post-tax NPV8 of A$1,604m, representing NPV of A$4.73 per fully diluted share 

• Accumulative EBITDA of A$307m in 2025 to 2027, the first three years of operations and a ramp-
up period, and EBITDA of A$277m by 2028, assumed to be the first full year of production 

• Quantum Graphite to account for about 39% of total attributable EBITDA, with the remaining 61% 
representing Quantum’s 50% stake in QSP 

• Quantum Graphite is expected to achieve an average EBITDA margin of 62% over the life of the 
project 

• QSP is expected to achieve an average EBITDA margin of 58% 

• An aggregated IRR of 63% 

 

 

 

https://investors.essinc.com/news/news-details/2022/New-Analysis-Demonstrates-Need-for-Long-
Duration-Energy-Storage-to-Enable-Deployment-of-Renewable-Energy-and-Achieve-
Decarbonization/default.aspx 
EnergyNest: https://energy-nest.com/energynest-secures-e110m-investment-from-mg-backed-
infracapital/ 
Azelio: https://www.azelio.com/the-solution/technology/ 
Form Energy: https://formenergy.com/technology/battery-technology/ 
https://formenergy.com/form-energy-announces-450m-series-e-financing/ 
1414 Degrees presentation: 
https://yourir.info/resources/d49045259aac9460/announcements/14d.asx/2A1384902/14D_Overvie
w_and_Market_Update_July_2022.pdf 
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Figure 7: Key project parameters 

Quantum Graphite   
Production parameters, life of project   
Ore mined Tonnes 000s                31,900  
Mining recovery % 95% 
Ore to processing plant Tonnes 000s                30,305  
Ore grade TGC % 10.5% 
Contained graphite processed Tonnes          3,182,025  
Plant recovery rate % 84% 
Graphite product Tonnes          2,672,901  
Production parameters, annual average, full production  
Ore mined Tonnes 1,430,000 
Graphite product Tonnes              119,819  
Financial parameters   
Initial capital costs A$ m                      180  
Operating costs, full production A$/t                      563  
Graphite basket price US$/t                   1,000  
Graphite basket price A$/t                   1,385  
Revenues, life of project A$ m                   4,764  
Revenues, annual average, full production A$ m                      176  
EBITDA, life of project A$ m                   2,943  
EBITDA, annual average, full production A$ m                      109  
EBITDA margin, life of project % 62% 
Quantum Sunlands Partnership (100% basis)  
Operating parameters   
TES deployed, life of project MWh              499,375  
TES deployed, pa, full production MWh                22,525  
Average storage duration Hours                        8.5  
Graphite used in storage media t/GWh                   5,000  
Process yield % 95% 
Total graphite used, full production tonnes              118,553  
Financial parameters   
Operating costs, full production A$/MWh deployed                10,750  
Thermal storage media selling price US$/t                   3,500  
Thermal storage media selling price A$/t                   4,848  
Revenues per unit TES deployed A$/MWh                24,238  
Revenues, life of project A$ m                15,594  
Revenues, annual average, full production A$ m                      579  
EBITDA, life of project A$ m                   9,076  
EBITDA, annual average, full production A$ m                      337  
EBITDA margin, life of project % 58% 

Source: Quantum, Orior Capital estimates 
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Operating assumptions 

Timing 
The project is expected to start-up in 2025, ramping up to full production by 2028. The assumption 
is that QSP delivers a total of 500GWh of energy storage media over a 24 year project life to 2048, 
after which it is assumed, the project terminates. Developing additional markets outside of 
Australia, say in the UK or Germany, both of which are substantial fossil fuel power markets, and 
developing additional markets for Uley graphite, such as the market for battery anode material 
could lead to an operation that is substantially larger and has a longer project life than 
envisaged herein.  

Resources 
Quantum’s current resource comprises 7.2Mt at a grade of 10.5% TGC for 757,000 tonnes graphite. 
As modelled, the project will utilise resources of some 31.8Mt at 10.5% TGC, or 3.2Mt graphite. This 
is substantially greater than the current resource. Management plans further exploration activity 
aimed at resource expansion over the coming months. In the 1980s, exploration work by Rio Tinto 
Exploration suggested potential for total resources of as much as 350Mt to 400Mt at 6-7% TGC.   

Capital costs 
Total project capital costs are estimated at A$180m including contingencies. This is based on the 
capital costs of A$80m for a processing capacity of 500,000 tpa as set out in the December 2019 
DFS, the ‘six-tenths rule’ for capacity expansion as explained in AusIMM Mongraph27 – The Cost 
Estimation Handbook (2nd Edition, 2012), and potential cost inflation of 20% to reflect for example, 
higher structural steel costs and higher logistics costs. On this basis, unit capital costs are assumed 
to be similar to those in the DFS at around A$1,500 per tonne capacity. 

Funding 
As one of the few energy storage projects capable of providing inertia to maintain grid stability, and 
with a power market in Australia requiring substantial new LDES capacity, the assumption is that the 
project will be funded with a high proportion of debt and offtake funding. Generally speaking, the 
cost of capital for ‘clean-tech’ companies has declined as a result of strong regulator support and 
access to specialist funds which currently appear to be chasing relatively few investable projects. 

Production 

Graphite production is forecast at 120ktpa at full production rates. This is derived from graphite ore 
being mined at an assumed rate of 1.43Mt pa, at a grade of 10.5% TGC, with an ore recovery of 
95% and a process plant yield of 84%. The average assumed graphite grade of 10.5% TGC is the 
current resource grade. The mine plan set out in the 2019 DFS was based on the current Mineral 
Reserve which has an average grade of 11.9% TGC. In the 2019 DFS, mined ore grades varied from 
10.1% in Year 1 to 13.5% in Year 8. 

At peak production, QSP is assumed to sell 22.5GWh of thermal storage media pa. This is expected 
to require 112,000 tpa of treated graphite, or ~119,000 tpa of graphite after process losses. That is, 
the assumption is that virtually all of Quantum’s graphite production is utilised by QSP in the 
production of thermal storage media. 

In May 2022, Quantum executed a binding agreement with Swiss global metals and minerals trading 
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group MRI Trading AG (MRI) for the sale of 100% of its Uley 2 graphite production for the first five 
years of operations. It is understood the sales of graphite from Quantum to QSP will be conducted 
via MRI. 

Graphite prices 
The assumptions are a Uley graphite basket price of US$1,000/t, and a selling price for thermal 
storage media of US$3,500/t. Given the phenomenal demand growth prospects in natural graphite 
and the expectation of increasing supply deficits, these prices may turn out to be conservative. 

One difficulty for investors is that the graphite market is somewhat opaque. Graphite is not an 
exchange traded mineral and the few price assessments that are available are generally for 94-95% 
carbon content material into China. Quantum would expect, by virtue of the higher grade nature of 
its material, to achieve superior prices. Based on current Chinese prices, and Quantum’s likely 
premiums, Quantum’s current basket selling price could be around US$1,200/t, about US$200/t 
(20%) above the prices assumed herein. 

Deployment of thermal media 

At full production the assumption is that each year QSP will deploy sufficient Uley Media for 
4x100MW behind-the-meter units, 5x250MW units and 2x500MW units, for a total annual 
deployment of 22,525MWh of 8.5 hours duration storage. 

Figure 8: QSP deployment of Uley Media to power generation units 

 
Source: Orior Capital estimates 

Taxation 
Net present values are stated after Australian corporate taxes of 30%. 

Next steps 
Management has identified three key work streams over the next several months. One area is 
resource expansion. The company plans to conduct further drilling beyond Uley 2, and new 
geophysical work that is designed to generate data granularity. Another focus is on the pilot plant 
and completion of the DFS which will help quantify the contribution of QSP to the overall project 
economics. A third area is further test work directed towards increasing the purity of Uley flake with 
a view to assessing opportunities in the anode market. 
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Figure 9: Ore mined         Figure 10: Graphite production 

 
Source: Orior Capital         Source: Orior Capital 

Figure 11: EBITDA contributions        Figure 12: EBITDA margins by segment 

 
Source: Orior Capital         Source: Orior Capital 

Figure 13: Thermal storage media sold       Figure 14: Cumulative FCF to Quantum 

 
Source: Orior Capital         Source: Orior Capital 
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Sunlands’ Thermal Energy Storage 

Ø Sunlands is developing a graphite based energy storage system that can 
operate at sufficiently high temperatures to drive utility-scale turbines 

Ø The system has numerous advantages and is expected to be cost competitive 
with pumped hydro, and significantly cheaper than lithium-ion batteries 

Ø Recently completed commercialisation studies have quantified the scope of the 
financial benefits to Quantum  

The Sunlands Company is developing a TES system that is designed to take advantage of the high 
purity graphite available at Uley, South Australia. Sunlands is ultimately controlled by the directors of 
Quantum. The Quantum Sunlands Partnership (QSP) is a 50:50 joint venture between Quantum 
Graphite and Sunlands. QSP will purchase graphite from Quantum and produce thermal storage 
media for Sunlands under a global exclusivity agreement. The JV is governed by a strict agreement 
aimed at protecting both parties, the main terms of which are set out in Appendix 3. 

Sunlands’ TES technology uses a heat sink comprising a graphite storage media held within a 
refractory lined cell. Argon, an inert gas, is circulated by a blower to heat a boiler that drives a 
conventional steam turbine. This technology is viewed as one of the most promising TES systems 
currently being tested. Unlike many technologies being developed, the Sunlands technology can 
operate at the very high temperature ranges necessary to drive utility scale steam turbines. TES 
technologies capable of operating at such high temperatures are likely to be far less costly than 
alternatives such as pumped hydro and batteries.  

Figure 15: Sunlands long duration energy storage and grid integration 

 
Source: Quantum 
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The Sunlands’ TES system has a number of important advantages: 

• It is capable of driving utility scale steam turbines, thus allowing the retrofitting of coal-fired power 
stations 

• It uses proven technologies and processes; the Sunlands’ TES design has already been reviewed 
and costed by thermal energy expert Protherm Systems 

• Graphite is the highest performing heat storage media and is widely used in industrial applications 
such as blast furnaces 

• Storage temperatures can be as high as 3,000°C without phase changes; this delivers substantial 
thermal efficiency advantages and mitigates technical risks 

• The system is portable; it can be located anywhere near to a heat or electricity source, thus 
avoiding transmission costs and marginal loss factors, and unlike pumped-hydro it is not subject 
to hydro and geotechnical risks 

• The system is modular, and units can be stacked; it is compact 

• Heat storage and turbine generation capacity can be readily scaled 

• The system is cost effective; it has a long useful life measured in decades, since the graphite 
based storage media does not degrade, with a levelized cost of storage (LCOS) that is competitive 
with lithium-ion batteries for short duration dispatch, and with pumped hydro for long duration 
dispatch (and with lower execution risks compared with pumped hydro because of the reduced 
time and cost of feasibility studies and delivery) 

• The system operates safely in hot environments with no combustion risk (unlike lithium-ion 
batteries) 

• Environmentally friendly decommissioning 

Cost competitive 
The Sunlands TES is expected to boast an LCOS that is competitive both with lithium-ion batteries 
for short duration despatch, typically under 8 hours, and also with pumped hydro over longer 
durations up to 24 hours despatch. 

Sunlands’ estimates, based on an assumed 250MW system, are that for a 4-hour storage duration, 
initial capex would be ~A$1.2m/MW or A$0.3m/MWh. Based on a 30-year life, and power costs of 
A$30/MWh, the LCOS would be A$136/MWh over the life of the asset. This is significantly cheaper 
compared to an estimated LCOS of A$231/MWh for 4-hour battery storage. 

Similarly, Sunlands’ initial capex for an 8-hour storage duration system is estimated at A$1.4m, or 
A$0.17m/MWh. Again, based on a 30-year life, and power costs of A$30/MWh, the LCOS would be 
A$103/MWh. This compares to LCOSs for the Kidston pumped-hydro project of A$125/MWh 
excluding transmission, and A$159/MWh including transmission.  
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Figure 16: Sunlands’ TES cost competitiveness 

 
Source: Sunlands 

Commercialisation studies 
In December 2021, Quantum announced an extension to its 2019 DFS in order to incorporate its 
50% share of the Quantum Sunlands Partnership. Quantum is entitled to 50% of the return from 
QSP’s thermal storage media manufacturing business, the main raw material for which is Uley Flake. 
To help determine the contribution of the joint venture to Quantum, management commissioned two 
new studies; one targeting the potential for Sunlands TES systems deployment in the National 
Electricity Market (NEM), and one comprising high temperature test work. 

National Electricity Market Study 
The National Electricity Market Study was completed by Macroeconomics Advisory in March 2022. It 
aimed to estimate demand for long duration energy storage, and specifically long duration thermal 
energy storage, in Australia’s NEM. The study helped quantify demand for the thermal storage media 
that will be made by QSP, and hence the amount of graphite flake needed from Uley. The study 
concluded that long duration thermal energy storage not only offers a commercially feasible 
way of supporting NEM’s net zero ambitions, but also that it enables the increasing penetration 
of solar and wind energy. The study identified three advantages of TES in solar and wind systems: 

• TES provides relatively cheap back up for intermittent systems 

• TES can be used to replace coal and gas in existing thermal generation capacity thereby 1) 
retaining the value of the existing infrastructure and transmission facilities and thus avoiding the 
cost of its replacement, and 2) continuing to provide flexibility, security and stabilisation services 
that are currently delivered by thermal generation facilities 
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• TES provides a way to hedge against the partial failure of the solar and wind program; even with 
about 20% of electricity being generated from intermittent sources, Australia’s Energy Security 
Board (ESB) has warned of the risks to energy security and stability.  

The study was based on the three key parameters: 

Commerciality: Defined as the ability to deploy Sunlands TES technology in the NEM without 
substantial regulatory changes, substantial Commonwealth or State transfer payments or material 
changes to the NEM infrastructure. According to Macroeconomics Advisory, a number of storage 
technologies have been commercially deployed across the NEM though none are commercially 
viable for long duration storage without significant changes to existing policy, infrastructure or both.  

Market segment: Defined as the application of the Sunlands TES technology to the retro-fitting of 
coal fired power stations within the NEM. Other potential applications outside of the NEM were not 
considered in the study. In that sense the demand projections in the study are probably just the tip 
of the iceberg; Quantum’s management believes there is ready demand in markets in Europe and in 
the US where Sunlands TES systems would benefit government efforts to decarbonise. 

Scalable: Production scalability of the storage media including access to critical raw materials 
(graphite) is regarded as essential. Testing demonstrates that using Sunlands technology, 100,000 
tonnes of Uley Flake would be required to replace every 1GW of coal fired power generation required 
to run for 20 hours (a total of 20 GWh). This is roughly equivalent to the amount of coal burnt in the 
same plant every 10 days. These figures, and the expected roll-out of storage facilities, drive 
graphite demand and hence, to a large extent, the mining schedule. 

Macroeconomics Advisory concluded that each coal fired station serviced by the Sunlands 
technology would have an average capital cost avoided of approximately A$7.5 bn (range 
A$5bn to A$10bn) per GW of generation capacity, if the costs of maintaining or refurbishing 
existing facilities, which are not expected to be significant, are ignored. 

Further, taking into account the forecasted growth in renewable energy capacity, Macroeconomics 
Advisory estimate there will be sufficient almost zero-cost electricity in the system to support enough 
thermal energy storage to replace about 12GW of coal generation capacity based on AEMO’s 2050 
figures. This represents almost half of Australia’s current coal-fired generation capacity. Once this 
12GW of coal generation is displaced, additional investment in renewable generation capacity (solar 
and wind) would be necessary. 

In terms of the capital costs, Macroeconomics Advisory estimated that replacing a 1GW unit with 
Sunlands TES systems is likely to cost less than A$800m if the storage thermal unit were required to 
have a run time of 20 hours without energy input. This includes all the costs of retrofitting the 
technology to the existing thermal units. Further, if a 1GW plant were expected to operate closer to 
today’s typical output the expected cost is likely to be less than A$460m. Macroeconomics Advisory 
states that its estimates are ‘deliberately conservative’ and are likely to understate the attainable 
savings, suggesting both these figures as upper bounds for capital costs. Furthermore, the cost of 
the supply of generation to the Sunlands thermal storage units is expected to be significantly less 
than Australia’s A$100/MWh target. 
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High temperature test work 
In 2022, tests were undertaken on various specifications of Uley Media to determine the optimum 
Uley Flake specification, including thermodynamic criteria, for the advanced processing of Uley 
Flake into thermal storage media. The tests were done at the Institute for Non-Ferrous Metallurgy 
and High Purity Materials (INEMET) at the Technische Universitat Bergakademie Freiberg under the 
supervision of ProTherm Systems. The tests represent a significant expansion of the bench scale 
work previously completed.  

Tests, including thermal treatment cycles at temperatures up to 2,200°C, were conducted on various 
specifications of Uley Media. The high operating temperatures of the program were designed to 
simulate the conditions within the TES cell during the charging and discharging phases. The test 
work program was designed to help QSP optimise the thermal energy storage media, and generate 
data to enhance the design for the advanced processing of graphite to increase purity, and thus 
value. Previous tests were restricted to a temperature of 1,500°C. 

INEMET’s tests used isostatic graphite with certified conductivity as a control. This enabled QSP to 
evaluate the thermal conductivity of Uley Media against the performance of isostatic material. 
Isostatic graphite is graphite that has been isostatically moulded into round or rectangular blocks in 
such a way as to create the most isotropic (uniform in all directions) form of artificial graphite. 
Isostatic graphite tends to have the smallest grain size of all artificial graphite. It demonstrates 
extremely high thermal and chemical resistance and high electrical and thermal conductivity.  

The test work was run in three phases. The first tests were conducted on several grades of isostatic 
graphite to generate results that can be compared to the certified performance by manufacturers, to 
provide a range of thermal conductivity data for each grade of isostatic material, and to provide heat 
transfer data for the argon transfer fluid (the rate of heating of the argon). The second phase 
comprised the same tests on Uley Media manufactured from different specifications of Uley Flake. 
This enables comparison with the isostatic material, and provides heat transfer data for the argon 
heat transfer fluid for each type of Uley Media (ie. Uley Media manufactured from different Uley Flake 
specifications). A third phase comprised high temperature vacuum heat treatment tests on Uley 
Flake to determine the level of purity that can be achieved. 

Quantum announced the successful completion results of these tests in November 2022. The 
results highlight the following: 

• Heat storage capability: The results confirm the heat storage capacity and performance of Uley 
Media for Sunlands TES systems driving utility scale turbine generation facilities  

• High Performance: Uley Media performs at substantially similar levels to that of isostatic products 
thereby significantly reducing the unit cost of the TES system  

• Uniformity: Uley Media performance is consistent across purity and size fractions of Uley Flake 
products used to manufacture the media; this has important implications for operating costs that 
are expected to be borne out in the upcoming DFS 

• Scale of Manufacturing: The uniformity and performance of Uley Media enables QSP to  
manufacture thermal storage media at a far greater scale than anticipated  

• Purity: The level of volatilisation of impurities that occurred within the thermal treatment of Uley 
Flake during the third phase of the experimental program strongly suggests a material increase in 
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purity and thus the potential viability of thermal purification of Uley Flake for the lithium-ion battery 
anode market.  

The uniformity in the heat storage results mean that QSP should be able to utilise all the Uley 
Flake products, thereby offering significant operational advantages in terms of procurement. 
Further, QSP should be able to achieve efficiencies of scale in the size and type of Uley Media 
blocks regardless of the configurations required by Sunlands for its various LDES cells. 

The INEMET tests provide utilities with independent verification of the performance of the 
storage media, especially that the cells can store and maintain heat at the appropriate temperature 
and pressure (>550°C, >20 bars) for extended periods as this is required to feed utility scale boilers 
that drive steam turbine generation plants. 

These are excellent results which will now feed into the final design and manufacture of the 
Sunlands LDES pilot battery. 

According to Quantum, the next phase of test work will be aimed at assessing the viability of 
the thermal purification of Uley Flake for the production of anode. 

Figure 17: INEMET test work 

 
Source: Quantum 

 

 

 

 

Isostatic graphite: https://www.sglcarbon.com/en/markets-solutions/material/sigrafine-isostatic-
graphite/ 
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Uley Flake has a density that is about 40% that of isostatic graphite. This will require larger cells 
relative to using isostatic graphite. Isostatic graphite is baked for extended periods at 3,000°C when 
it is manufactured. This produces near-perfect hexagonal layering of carbon atoms and thus 
achieves almost perfect conductivity in three dimensions. Quantum’s management has not viewed 
the lower density of Uley graphite as being a disadvantage. If anything, the avoidance of extended 
high temperature heat treatment is seen as a significant cost advantage. 

Proposed demonstration plant 
A National Electricity Market (NEM) grid operator has offered to support Sunlands in a demonstration 
plant at one of its facilities. The demonstration plant is expected to be delivered in two phases. A 
first phase will involve a heat cell with up to 2MWh of storage capacity and a small turbine producing 
up to 250kW of electrical power. This is expected to provide data that will be used to optimise a 
larger system in phase 2. Phase 2 will use a larger, 1MW turbine, and additional storage media to 
enable at least 8 MWh of despatch. 

Figure 18: Sunlands TES circuit diagram 

Source: Quantum 

It’s already happening 
This idea that old power station sites, already ‘wired in’ to the grid, can be given new leases of life as 
renewable energy projects is not new. The established transmission infrastructure at coal-fired 
power plants is regarded as a valuable asset. It means the costs of installing transmission lines are 
avoided. (This is the cost that Macroeconomics Advisory aimed to identify when evaluating the 
Sunlands TES system). It also makes for a simpler regulatory process; building new transmission 
lines takes time and can be controversial. In fact, with the reductions in costs of building and 
operating renewables projects over the past decade or so, the main barrier to increased renewables 
penetration is interconnection and transmissions costs. This is one of the major advantages of the 
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Sunlands technology. 

In Australia, a number of lithium-ion battery projects are designed to make use of existing 
connection infrastructure. EnergyAustralia plans to close its Yallourn power station in 2028, and to 
build a 350MW battery (4 hours storage duration) at a nearby gas-fired plant to compensate. 
Privately owned Greenspot acquired the Wallerawang power station in 2020 with plans to turn it into 
a multi-purpose industrial site with a large 500MW (2 hours) battery. Australian power utility, AGL, is 
building a 250MW, 4 hours, battery system at Torrens Island. In March 2022, AGL gained approval 
for its Liddell big battery which could be 500MW with 4 hours storage duration. AGL is also working 
with RayGen initially to develop a small solar thermal TES facility of 4MW with 12 hours storage 
duration near Mildura (which is not an old power station site) with a view to larger facility at Liddell in 
the future. 

In the US, similar projects are now underway across at least 10 States. Many of the coal-fired 
generators in the US are old. Some 600 generators with a combined capacity of about 85GW (power 
plants can run multiple generators) have already been retired over the past two decades. Of the 
remaining 266 coal-fired power plants, the majority were built in the 1970s and 1980s are nearing the 
end of their normal operational lives. 

A good example of this is the Brayton Point Power Station, Massachusetts. Brayton point was the 
largest coal-fired power plant (1,600MW) in the six States that constitute New England, and the last 
to provide power to the regional grid. It was closed in 2017. The plan now is to use the site as the 
connection point for a 1,200MW windfarm off the coast of Massachusetts. In February 2022, Italian 
company Prysmian Group announced it would purchase land at the site for an offshore wind 
undersea cable factory. 

Vistra Corp, a Texas-based power company plans to convert at least 9 of its coal-fired power plants 
in Illinois to solar farms and battery storage facilities in the next three years. The largest, situated in 
Baldwin, is scheduled to be retired by 2025. The plan is to generate 86MW of solar power and install 
a 9MW battery at the site. 

 

 

 

 

 

 

 

 

 

 

 

https://www.nytimes.com/2022/07/15/climate/coal-plants-renewable-energy.html 
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Phenomenal outlook for demand 

Ø McKinsey estimates long duration energy storage capacity will need to increase 
by 300x to 500x over the next two decades, at a rate of more than 30% pa 

Ø The Australian Energy Market Operator (AEMO) expects renewables to represent 
96% of total Australian generation by 2040, up from 28% in 2020-2021 

Ø This roll-out of renewables will need to be supported by the rapid deployment of 
energy storage; Sunlands has one of the most promising technologies 

Grid-scale storage solutions are the key enabling technology for decarbonisation, yet like the lithium-
ion battery market a few years ago, the industry is embryonic in nature. There are phenomenal 
prospects for demand growth over the coming decades. According to McKinsey, total installed 
and announced LDES capacity amounts to more than 5GW and 65GWh. This is expected to 
increase to 1.5-2.5 TW and 85-140 TWh by 2040, by which time LDES technologies could store as 
much as 10% of all electricity consumed. This increase in installed capacity of 300x to 500x over 
the next two decades represents average growth of more than 30% pa. 

Ultimately, growth in LDES will be driven by its deployment in grid-scale power systems where it can 
enable load shifting, and support system stability. In the near-term, most new capacity (McKinsey 
estimates >95%) will be used in island grids, remote grids, and renewable energy power purchase 
agreements. As the penetration of renewables increases, demand for energy storage solutions in 
grid applications is expected to accelerate. 

Figure 19: LDES total addressable market and cumulative capex investment by year 

 
Source: Net Zero Power, long duration energy storage for a renewable grid, McKinsey & Company, 2021 

According to McKinsey, by 2040, load shifting and firm capacity provision in renewables-intense 
power systems are expected to account for 80-90% of total LDES deployment. McKinsey estimates 
that in the US, LDES could store 10-15% of total energy consumed by 2040, and that LDES systems 
could replace some lithium-ion and hydrogen turbine capacities. An estimated US$1.5 trillion to 
US$3.0 trillion will be required in new investment to achieve this growth. This sounds challenging, 
but it represents 2-4 years of investment in transmission and distribution networks.  
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Figure 20: Total addressable market by modelled markets 

 
Source: Net Zero Power, long duration energy storage for a renewable grid, McKinsey & Company, 2021 

Like many materials and new technologies that target decarbonisation, the roll-out of LDES 
technologies will depend upon a number of factors the most important of which are probably the 
rate of deployment of renewable energy sources, the cost and performance of LDES technologies 
and the development of competing technologies. Currently, the technology being tested by 
Sunlands offers numerous advantages and is expected to see rapid take-up from utilities. 

Sunlands’ addressable market 
McKinsey also estimates that by 2040, Australia could need 20-40GW and 500-1,000GWh of LDES 
capacity. In contrast, AEMO, in its Integrated System Plan 2022, estimated that even by 2050, the 
Australian National Electricity Market (NEM) will require only 13GW and 520GWh of medium and long 
duration energy storage. Quantum considers these figures conservative, especially in light of the 
significant electrification that must occur across the transport, commercial and manufacturing 
sectors. Indeed, there are a number of areas, discussed below, where the AEMO forecasts may 
understate energy storage requirements. 

Industry experts seem to believe that demand could be 2-3x higher than AEMO estimates. Taking 
the upper end of McKinsey’s range of 1TWh by 2040, and assuming AEMO’s growth rate in 
generation of ~37% from 2040-41 to 2050-51 is matched by growth in energy storage, medium and 
long duration energy storage demand could reach 1.37TWh by 2050. This is 2.6x AEMO’s current 
forecast of 0.52TWh capacity in 2050. 

There are two other factors to consider. One is that while AEMO focuses on the National Electricity 
Market, ‘national’ in this context does not include Western Australia, nor some of the more remote 
parts of Queensland or South Australia. Another is that AEMO does not include behind-the-meter 
power generation that is not intended to be dispatched to the grid. Many mining companies, for 
example, have mine site generation capacity, most of which is not designed to be dispatched into 
the grid and some of which is not even connected to the grid. One of the key areas for demand for 
LDES is likely to be the replacement of behind-the-meter diesel generators by miners with 
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renewables generation and energy storage. 

The approach adopted herein is based on the following assumptions: 

• Storage demand in the NEM will be 2-3x the current AEMO forecast, though it could be more 

• Beyond Snowy 2.0, a further 100GWh of pumped-hydro capacity will come on stream (see below) 

• Batteries will represent 50% of the 4 hour duration storage market which forms part of AEMO’s 
medium duration storage category (which has an 8hr duration average notionally split equally 
between 4, 8 and 12hr durations) 

On this basis, Sunlands’ addressable market in the NEM could amount to 580GWh to 
1,100GWh by 2050. Assuming Sunlands deploys 500GWh of storage capacity by 2050, and 50% of 
sales are to NEM grid applications (the rest being sales to behind-the-meter customers such as 
mining companies, and applications beyond the NEM), Sunlands’ market share could be 23-43%. 

Figure 21: Addressable market scenarios 
Multiple of AEMO estimate of LDS capacity, 2050, GWh 1x 2x 2.5x 3x 4x 
Long duration storage capacity by 2050, GWh 520 1,040 1,300 1,560 2,080 
Pumped-hydro storage capacity 450 450 450 450 450 
Snowy 2.0 350 350 350 350 350 
Other pumped-hydro capacity, GWh 100 100 100 100 100 
Battery share of 4-hour storage market, GWh 10 10 10 10 10 
Estimated 4-hour storage market 20 20 20 20 20 
Battery share of 4-hour storage market, % 50% 50% 50% 50% 50% 
Balance available for thermal and other storage, GWh 60 580 840 1,100 1,620 
Note: 4 hour storage market estimated to be one-third of 60GWh medium duration storage market 

Source: Quantum, Orior Capital estimates 

A closer look at the AEMO figures 
AEMO’s 2022 Integrated System Plan, describes the expected changes in Australia’s energy market 
as a ‘once-in-a-century transformation’. In the Step Change scenario, now considered ‘base case’, 
utility-scale variable renewable energy capacity is expected to increase almost nine-fold from 16GW 
now to 141GW by 2050. 

‘Total underlying consumption’ is forecast to be 394TWh in 2050. This includes power consumed in 
hydrogen production for domestic consumption of 58TWh, and is after apparent ‘energy efficiency’ 
savings, i.e. consumption avoided because of energy efficiency measures, of 55TWh. It does not 
include 65TWh of behind-the-meter photovoltaic (PV) generation consumed on premises or 27TWh 
of small non-scheduled generation. Actual NEM underlying consumption, excluding that required for 
hydrogen production, is 336TWh. 

Total ‘as-generated’ dispatched energy is estimated by AEMO at 516TWh in 2050. This includes 
88TWh from storage of all durations. This suggests that energy being generated and sent directly to 
the grid (not via storage) is forecast at 428TWh. This includes 93TWh of distributed PV. 

Based on these figures, generation dispatched to the grid in excess of grid demand is 92TWh 
(428TWh supply less 336TWh underlying consumption). The total storage dispatched in AEMO’s 
forecast is 88TWh. This implies AEMO is forecasting a round trip storage efficiency (RTE) of 96% 
(that is 88/92), something typically available from lithium batteries, but not pumped hydro.  
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Figure 22: AEMO electricity consumption by segment 

 
Source: AEMO Integrated System Plan, 2022, 

Figure 23: AEMO electricity as-generated generation 

 
Source: AEMO Integrated System Plan, 2022, 
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With respect to AEMO’s forecasts, there are a number of factors worth discussing: 

Is there sufficient storage built into the forecasts? AEMO assumes the curtailment of 127GWh of 
dispatchable coal-fired generation by 2050-51 but the addition of only 88GWh of storage. This is 
despite power demand increasing almost 2.5x by 2050-51. 

AEMO’s forecast of underlying consumption of 394TWh by 2050 represents average daily 
consumption of 1.1TWh. This is expected to be satisfied almost exclusively from wind (530GWh), 
utility-scale solar (366GWh) and distributed rooftop photovoltaics (PV) (255GWh). This generation 
would be firmed by an average daily dispatch of peaking liquids/gas (22GWh), hydro (26GWh), utility 
scale storage (90GWh) and co-ordinated distributed storage (i.e. dispatchable batteries controlled by 
retailers/AEMO (112GWh), all totalling 250GWh. Interestingly, however, AEMO’s forecast of installed 
medium duration (4-12hrs), shallow duration and co-ordinated distributed storage capacity was only 
170GWh in any cycle (generally only cycling once per day) which in addition to daily hydro dispatch 
amounts to 196GWh. After allowing for liquids/gas peaking daily dispatch, this appears to fall short 
of the average daily firming dispatch of 250GWh. 

AEMO also forecasts there will be 520GWh of medium and long duration storage capacity by 2050-
51, medium representing 60GWh split equally between 4, 8 and 12hr duration and which will be 
largely applied in the provision of intra-day time shifting. This implies AEMO is proposing 460GWh of 
deep storage, of which Snowy 2.0 accounts for 75%. This looks to be well short of what would be 
required to provide energy security from a weather dependent generation fleet. For example, if 
weather events gave rise to a concurrent 40% drop in wind and solar (utility scale and distributed 
PV) energy production in one day it would result in a loss of 460GWh. Whilst running gas/liquids 
peakers flat out would provide 225GWh per day for so long as the gas and liquid supplies sustained 
them (even assuming running them 24/7 is operationally feasible), at least 235GWh will need to come 
from deep or ‘reserve’ storage. That would represent more than half the deep storage being used in 
a single day of low wind and solar production. 

Reliance on coordinated DER storage: Coordinated distributed energy resources (DER) storage 
refers to energy storage placed at or close to the point of end use, typically on consumers’ premises, 
where those consumers have effectively assigned control of their storage to electricity companies. 
The obvious issue with coordinated DER storage is that electricity companies will want this power at 
times when other generation is not meeting demand. In essence, it is asking customers to hand over 
electricity at times when the grid is struggling to meet demand. Based on the AEMO numbers, some 
46% of dispatchable capacity (30.7GW of 66.7GW total) will come from coordinated DER storage by 
2050-51. This seems incredibly high. In AEMO’s forecasts, coordinated DER storage also represents 
~8% of all energy dispatched to the grid. It is unclear at this stage how this will work. 

System stability and inertia: The influx of asynchronous renewable generation at the expense of 
synchronous ‘base load’ turbines has seen AEMO scrambling to maintain system strength/stability.  
Band aids in the form of fast start lithium batteries and synchronous condensers or fly wheels are 
now being deployed. The best means, however, of maintaining system strength is through the 
spinning of turbines and Sunlands’ thermal energy storage technology can do this on a large scale 
and with electricity from renewable generation. It is not clear what level of additional storage 
capacity will be required to maintain system stability, for example, to provide inertia. Sunlands 
believes that 20-30% of its capacity deployed could ultimately go to meeting system stability 
requirements. 
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Different storage RTE: The AEMO figures appear to forecast a round-trip efficiency (that is the 
proportion of energy used to charge a system that is subsequently available for discharge) for energy 
storage of 96%. This may be reasonable for batteries, but is probably too high for pumped-hydro 
which typically demonstrates RTEs of 75-80%. Whilst the RTE of storage doesn’t contribute to the 
debate around adequacy of storage, it does suggest that more renewables than currently forecast by 
AEMO will be required to keep that forecast level of storage charged. 

Intuitively, based on the above, substantially more storage capacity will be needed than AEMO 
is currently estimating. 

Figure 24: Summary of AEMO forecasts, storage 
Storage Capacity (MW) 2023-24 2030-31 2040-41 2050-51 
Snowy 2.0               -           2,040         2,040         2,040  
Deep Storage           160            386         3,158         4,070  
Medium Storage           650         4,289         6,864         7,367  
Shallow Storage           749            747            999            999  
Coordinated DER Storage           319         4,727      18,488      30,721  
Distributed Storage        1,533         6,404      14,783      14,447  
Single cycle duration (hrs) 2023-24 2030-31 2040-41 2050-51 
Snowy 2.0         171.0         171.0         171.0  
Deep Storage          37.8           29.7           28.2           27.3  
Medium Storage             9.1              8.1              8.1              8.1  
Shallow Storage             1.2              1.2              1.3              1.3  
Coordinated DER Storage             2.0              2.1              2.8              3.5  
Distributed Storage             2.3              2.1              2.0              2.0  
Total Energy per cycle (GWh) 2023-24 2030-31 2040-41 2050-51 
Snowy 2.0               -              349            349            349  
Deep Storage                6               11               89            111  
Medium Storage                6               35               55               60  
Total medium duration storage 12 395 493 520 
Shallow Storage                1                 1                 1                 1  
Coordinated DER Storage                1               10               52            109  
Distributed Storage                4               14               30               29  
Total storage              17            419            576            659  

Source: AEMO Integrated System Plan, 2022, Quantum, Orior Capital 

 

 

 

 

 

 

 

 

https://www.aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2022-
integrated-system-plan-isp 
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Figure 25: Summary of AEMO forecasts, generation 
Capacity (GW) 2023-24 2030-31 2040-41 2050-51 
Black Coal 16.5 5.9 0.4 - 
Brown Coal 4.8 1.2 - - 
Mid-merit Gas 4.1 3.4 1.5 - 
Peaking Gas+Liquids 8.3 7.9 7.4 9.4 
Hydro 6.8 7.2 7.1 7.1 
Utility-scale Storage 1.6 7.5 13.1 14.5 
Coordinated DER Storage 0.3 4.7 18.5 30.7 
Distributed Storage 1.5 6.4 14.8 14.4 
Wind 11.5 34.4 49.5 69.7 
Utility-scale Solar 8.4 13.6 34.7 69.6 
Distributed PV 21.3 37.2 55.0 68.6 
Demand side participation 0.9 2.2 3.8 5.1 
Dispatchable Capacity 43.2 39.9 51.9 66.7 
Total Storage 10.2 25.8 53.5 66.7 
Average daily hours at capacity 2023-24 2030-31 2040-41 2050-51 
Black Coal 15.3 15.4 16.1 - 
Brown Coal 19.8 17.5 - - 
Mid-merit Gas 1.3 3.9 8.0 - 
Peaking Gas and Liquids 0.0 0.2 1.7 2.3 
Hydro 5.1 5.8 4.9 3.7 
Utility-scale Storage 2.0 5.4 5.9 6.2 
Coordinated DER Storage 2.1 2.5 2.8 3.6 
Distributed Storage 0.7 0.9 1.0 1.0 
Wind 8.1 8.5 8.5 7.6 
Utility-scale Solar 5.5 5.9 5.9 5.3 
Distributed PV 3.3 3.5 3.7 3.7 
Demand side participation - 0.0 0.1 1.0 
Annual As-generated generation (GWh)    
Black Coal 91,665 33,325 2,502 - 
Brown Coal 34,887 7,399 - - 
Mid-merit Gas 1,943 4,756 4,389 - 
Peaking Gas and Liquids 104 700 4,693 7,903 
Hydro 12,678 15,264 12,738 9,527 
Utility-scale Storage 1,159 14,671 27,933 32,751 
Coordinated DER Storage 241 4,272 18,926 40,757 
Distributed Storage 400 2,116 5,202 5,140 
Wind 34,143 106,500 153,925 193,562 
Utility-scale Solar 16,875 29,249 74,527 133,593 
Distributed PV 25,899 47,761 73,389 93,257 
Demand side participation - 6 77 1,865 
Dispatchable Capacity 142,677 80,392 71,258 92,804 
All Storage 14,478 36,322 64,799 88,175 
Total dispatched energy (gross) 219,994 266,013 378,225 516,491 
Notes: 
Dispatchable capacity comprises coal, gas, hydro, utility-scale and coordinated DER storage 
Total storage comprises hydro, utility-scale, coordinated DER, and distributed storage 
Demand side participation refers to customer load reductions during periods of high wholesale  
prices or reliability issues 

Source: AEMO Integrated System Plan, 2022, Quantum, Orior Capital 
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What about pumped-hydro? 
Pumped-hydro is currently the only LDES technology that is proven and scalable. It will likely meet 
most of the NSW Government’s current tender for 600MW of LDES, which assuming a minimum of 
12 hours duration, could be 7.2GWh or more. The Battery of the Nation project, which will see an 
expansion of pumped hydro in Tasmania supported by the proposed Marinus link subsea cable 
across Bass strait, is trumpeted as the next best pumped hydro scheme. It is only proposed to 
deliver a further 1.5-4.5GW. The assumption herein is that after Snowy 2.0, a further 10GW and 100 
GWh of pumped-hydro storage capacity is built in the NEM.  

In December 2018, Entura completed a study, Pumped-Hydro Cost Modelling, that examined data 
on potential pumped-hydro sites generated by Australia National University. Entura was engaged by 
TasNetworks and the report is now available on the AEMO website. Entura compiled cost data for 
the lowest cost 25% of projects in each geographic area and for different storage durations. Entura 
selected six projects as benchmarks, based on the fact that they were – this was four years ago – “in 
development”. Only two of the projects have reached financial close, both of which were largely 
funded by low cost government money. Entura noted its capital cost estimates did not include the 
cost of new transmission infrastructure required to connect the facilities to the NEM. Nor did Entura 
consider the geological, technical, or commercial feasibility of the projects. 

Entura estimated capex for the Kidston project at A$2.0m/MW. Actual capex at the time of financial 
close (May 2021) was slated to be A$2.3m/MW. Transmission costs were expected to be a further 
A$1.1m/MW. It is reasonable to assume that in the past 18 months, capital costs will have risen 
further driven by higher construction steel prices and logistics costs. 

Entura also estimated the costs of the Snowy 2.0 project at A$2.9m/MW. In April 2019, a major 
works contract was awarded for A$5.1bn, representing a cost of A$2.5m/MW, not including 
transmission costs which could be that much again. Since then, there have been various reports of 
further cost increases. In August 2022, Renew Economy reported that Snowy 2.0 is facing more than 
A$2.2bn of additional claims that EPC firms have attributed to a mix of Covid-19 and inflationary 
impacts.  

Figure 26: Entura capital cost estimation benchmarking 
Project Location Proponent Installed Reported Estimated Estimated Estimated/ 
   capacity unit cost cost unit cost reported 
   MW A$M/MW A$m A$m/MW  
Kidston K2-Hydro QLD Genex Power 250 1.6 488 2.0 1.22 
Snowy 2.0  Snowy Hydro 2,000 2.25 5,733 2.9 1.27 
Cultana  SA EnergyAustralia 225 2.1 625 2.8 1.32 
Goat Hill SA Altura Group 230 1.8 529 2.3 1.28 
Highbury SA Tilt Renewables 300 1.4 628 2.1 1.50 
Kanmantoo SA Hillgrove 

Resources 
220 1.0 440 2.0 2.00 

Source: Entura, Pumped-Hydro Cost Modelling, December 2018 

Sunlands believes that for a 250MW unit, it will be able to deliver capital costs of A$1.4m/MW for 8 
hours storage duration and A$1.6m/MW for 12 hours duration, even before production scale benefits 
and including the cost of new turbines (which in fact may be available at negligible cost at closing 
coal fired power stations). Even based on Entura’s Pumped-Hydro Cost Modelling report and 
ignoring the cost of new transmission infrastructure required by pumped hydro and cost increases 
over the past four years, this is cheaper than anything pumped hydro can achieve with the possible 
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exception of schemes in Northern NSW and Tasmania.  

Entura identified that the pumped hydro projects representing the lowest 25% on the cost curve 
across all renewable energy regions in the NEM totalled 21.7 GW and 265 GWh, but that each 
category was not mutually exclusive, meaning that a single project could be included in various 
categories. The total storage capacity in Northern NSW and Tasmania, which are the only regions 
where costs look competitive with Sunlands (and then only on cost figures dating from 2018, and 
before transmission costs) is 7.6GW or 99.5 GWh. Also, Entura’s estimate for capacity in Tasmania is 
5.8GW or 74.3GWh. This is greater than the range currently estimated for Battery of the Nation of 
1.5-4.5GW, possibly as a result of double counting. 

Figure 27: Entura analysis, pumped-hydro projects, various regions, and durations 
PHES Region Total capacity Total energy  Average 
 of projects stored unit cost 
 MW MWh A$m/MW 
6 hour storage 9,100 54,000 1.48 
Central NSW 1,200 7,200 1.53 
North NSW 600 3,600 1.36 
North Queensland 1,200 7,200 1.53 
South Australia 500 2,900 1.93 
South NSW 1,600 9,600 1.63 
South Queensland 600 3,600 1.73 
Tasmania 2,200 13,000 1.16 
Victoria 1,200 6,900 1.53 
12 hour storage 7,500 89,800 1.70 
Central NSW 800 9,400 1.87 
North NSW 600 7,200 1.52 
North Queensland 900 11,100 1.80 
South Australia 200 2,900 2.64 
South NSW 1,200 14,400 1.76 
South Queensland 600 7,200 1.90 
Tasmania 2,000 23,800 1.28 
Victoria 1,200 13,800 1.75 
24 hour storage 5,100 121,600 2.11 
Central NSW 200 5,300 2.43 
North NSW 600 14,400 1.85 
North Queensland 500 10,900 1.98 
South Australia 200 4,500 3.75 
South NSW 700 17,200 2.26 
South Queensland 600 14,400 2.17 
Tasmania 1,600 37,500 1.39 
Victoria 700 17,400 2.25 

Source: Entura, Pumped-Hydro Cost Modelling, December 2018 

 

https://re100.eng.anu.edu.au/global/ 
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/Inputs-
Assumptions-Methodologies/2019/Report-Pumped-Hydro-Cost-Modelling.pdf 
https://majorprojects.planningportal.nsw.gov.au/prweb/PRRestService/mp/01/getContent?AttachRe
f=EXH-2536%2120191108T002841.250%20GMT 
https://reneweconomy.com.au/snowy-2-0-hit-by-new-billion-dollar-cost-blowout-claims/ 
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Based on all this, pumped-hydro capacity beyond that of Snowy 2.0 is estimated to be a 
maximum of 10GW and 100GWh. 

There is also the fact that AEMO cannot afford to overly rely on pumped hydro for its deep storage 
needs. Assuming new pumped hydro capacity of a further 100GWh beyond Snowy 2.0’s 350 GWh, 
this would account for 97% of all deep storage forecast by AEMO for 2050. That is obviously not a 
diversified portfolio of deep storage, especially in a country so prone to drought. As recently as 2016 
Tasmania experienced an energy crisis when drought conditions exacerbated already low water 
storage levels in its hydro schemes. As AEMO’s risk management thinking evolves, thermal energy 
storage technologies such as that offered by Sunlands will need to provide a substantial contribution 
to deep storage needs. 
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The Need for Long Duration Energy Storage 

Ø Decarbonising global power generation is essential to limit the rise in global 
temperatures 

Ø Increasing renewables penetration brings energy security challenges including 
loss of inertia; energy storage offers solutions and arbitrage opportunities  

Ø While battery raw materials seem to get most attention from investors, in 
decarbonisation, it is energy storage that is the key enabling technology 

Limiting the rise in global temperatures to 1.5°C in line with the Paris Agreement will require both 
significant decarbonisation of the power sector, and the electrification of end-use activities in 
transportation, industry and buildings. Wind and solar energy, which generate no operating carbon 
dioxide emissions, are likely to represent a substantial portion of future power generation. Indeed, as 
the cost of renewables has fallen over the past decade, these technologies are being increasingly 
deployed around the world. 

Yet, it is not as straightforward as simply building more renewables capacity. Variable renewable 
energy (VRE) sources such as solar and wind are both intermittent. Output depends on the weather. 
As a result, VRE generators are not always available for despatch, irrespective of electricity demand. 
Further, they do not provide inertia to the grid; inertia is the tendency of the huge turbines used in 
modern power plants to keep rotating, and which acts as a critical safeguard in the power supply. 

These issues are overcome with energy storage. By storing energy at times of surplus generation, 
and releasing it at times of surplus demand, electricity supply and demand can be balanced. Energy 
storage can also ensure system stability in increasingly decarbonised power systems. In terms of 
decarbonising power generation, it is energy storage that is the critical enabling technology. 

Decarbonising power generation is crucial 

According to Net Zero Tracker’s (https://zerotracker.net) Stocktake 2022, some 128 countries 
representing 91% of global GDP, 83% of total greenhouse gas emissions, and 80% of the world’s 
population have pledged to achieve net zero emissions and carbon neutrality by 2050. 

The power sector is one of the biggest emitters of greenhouse gases, accounting for about one-third 
of total emissions, and according to the International Energy Agency (IEA), emitting some 12.3 giga-
tonnes of carbon dioxide equivalent (12.3 Gt CO2.Eq) in 2020. Decarbonising the power sector is 
crucial and must be achieved in the face of growing demand. According to McKinsey & Company, in 
deep decarbonisation scenarios, widespread electrification could cause power consumption to triple 
by 2050. Population growth and higher living standards in developing countries are key drivers of 
demand. To limit the rise of global temperatures to 1.5°C, McKinsey has assumed the power sector 
will need to achieve net zero emissions by 2040. 
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Figure 28: Power sector emission reduction pathways 

 
Source: Net Zero Power, long duration energy storage for a renewable grid, McKinsey & Company, 2021 

A vital element of this transition will be a far greater reliance on renewable sources of energy as fossil 
fuels are replaced in power generation. Energy from renewables including wind and solar has grown 
rapidly over the past two decades, and represented 29% of global power generation in 2020 
(including 16.8% from hydro-power). Renewables are expected to account for close to 100% of 
global power output by 2050 in most Net Zero scenarios. The IEA estimates wind and solar energy 
capacity additions of more than 1TW pa to 2030. Increased penetration of VRE resources will 
drive demand for energy storage. 

Figure 29: Global renewable energy generation 

 
Source: BP Statistical Review of Global Energy, OurWorldinData.org 
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Energy storage costs set to decline 
The levelized cost of electricity from renewable sources has fallen substantially over the past 
decade. This has helped to accelerate adoption, especially as existing coal-fired power plants are 
retired. According to IRENA, the global average levelized cost of electricity (LCOE) generated by 
utility-scale solar photovoltaics (PV) fell by 82% between 2010 and 2019. Cost reductions for VRE 
resources are expected to continue. Similarly, the cost of energy storage is expected to decline with 
greater experience and wider adoption. The introduction of cost effective energy storage 
systems is now widely viewed as being the final key in unlocking global low-carbon electricity. 

Figure 30: LDES power and energy capex trajectories 

 
Source: LDES Council member technology benchmarking, Net Zero Power, long duration energy storage 
for a renewable grid, McKinsey & Company, 2021 

The energy trilemma and the role of energy storage 

The term ‘energy trilemma’, first coined by the World Energy Council, refers to the need to balance 
three key pillars of energy supply; sustainability, affordability and security. Decarbonisation of the 
power sector is now sustainable and affordable, yet has to be accomplished without negatively 
impacting energy security. The switch to renewables brings a number of energy security challenges 
including the need to balance supply and demand, changes in electricity transmission flow patterns, 
and a decrease in system inertia. Energy storage presents one way to overcome these challenges. 

Energy arbitrage, or load shifting 
Intermittent energy sources such as solar and wind do not tend to generate energy at the same 
times as peak demand. They are ‘non-dispatchable’, meaning they cannot be controlled to follow 
variable power demand. Further, variations in VRE generation occur over time spans ranging from 
hours, to as long as seasons. As a result, increased use of renewables will lead to greater periods of 
surplus energy, and of shortages. The ability to capture energy at times of peak generation and store 
it until periods of peak demand is called ‘energy arbitrage’, or ‘load shifting’ in the context of behind-
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the-meter storage. The opportunity in energy arbitrage will increase with further deployment of VRE 
capacity. This is expected to remain the primary use of energy storage. 

In addition to energy arbitrage, which can often be achieved by short duration storage (<4hrs), 
energy storage is required for LDES and deep storage to meet periods of insufficient renewable 
generation caused by wind or solar droughts. Energy storage systems can also capture energy from 
the grid during periods of surplus, releasing it back to the grid during periods of peak demand. 

Figure 31: Long duration energy storage, time shifting 

 
Source: Quantum 

Frequency regulation and inertia 
Another issue is that in conventional (fossil fuels, nuclear) power systems, the spinning turbines are 
synchronised; they all rotate in lock step at the same frequency. This helps underpin the stability of 
the electricity system through the provision of inertia (the tendency of an object in motion to remain 
in motion). At times of system disturbance, the kinetic energy of these huge rotating masses acts to 
prevent grid frequency from dropping too quickly, helping to prevent blackouts. 

Renewable energy technologies such as wind and solar do not have rotating masses connected to 
the grid and thus do not provide system inertia. They are ‘asynchronous’ as opposed to 
‘synchronous’. This means a greater risk of frequency and voltage variations. ‘Frequency regulation’ 
refers to the use of energy storage to dampen fluctuations in frequency that are caused by very 
short-term differences between generation and demand. In VRE-based systems, this is usually 
performed minute-by-minute, or on even shorter time-scales. It replaces the inertia provided by 
turbines in conventional systems. 

According to Aurora Energy Research’s February 2022 report, Long Duration Electricity Storage in 
GB, the contribution to inertia from conventional assets is set to fall by more than 80% by 2050, 
mainly as combined cycle gas turbines are retired. As a result, inertia from conventional assets is 
expected to be well below the requirement of the UK National Grid. This inertia will need to be 
replaced to avoid the threat of frequent power outages and blackouts. Long duration energy storage 
will help alleviate these threats. 
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Figure 32: Inertia contribution from conventional assets, Great Britain 

 
Notes: GVAs is gigavolt amp seconds; 2 National Grid has previously published that the lowest amount of 
inertia the system can manage at any given half-hour is 130 GVAs; 3 Others includes some biomass, 
pumped storage, run-of-river, and OCGTs 
Source: Aurora Energy Research 

Flexible capacity, or load following: Load following is another balancing mechanism but over 
longer timeframes of roughly 15 minutes to 24 hours. Renewables can experience sudden shifts in 
power generation, and this creates the need for ‘fast-ramping generation’. Aurora has estimated that 
in Great Britain, renewables output between two consecutive hours could fluctuate by as much as 
26GW by 2050 (up from 5GW in 2021).   

Changing transmission flow patterns: Power systems will also need to cope with changes in 
geographical supply and embrace systems with more decentralised generation. Solar and wind 
energy capture depend upon suitable locations. Also, as consumers generate more of their own 
power and upload it to the grid the traditional one-way design of power lines will need to switch to a 
two-way system. This can potentially create issues with voltage control and stability. According to 
ARENA (https://arena.gov.au/renewable-energy/solar/) more than 30% of Australian households now 
have rooftop solar PV, with a combined capacity exceeding 11GW. Similarly, in California, there is 
now more than 10GW of distributed solar generation. 

‘Black start’ capabilities: This refers to the ability to restart a power station after a black out without 
relying on the transmission network. 

Management of customer energy: Small-scale energy storage systems at customer locations 
could be used to increase system reliability and to reduce peak loads; systems could be aggregated. 

Figure 33: Storage assets are an effective low carbon technology to maintain security of supply 

 
Source: Aurora Energy Research 
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Uley is a tremendous asset 

Ø Uley is viewed as a strategic asset with very high grade graphite, and potential 
for very substantial resources; Mining Licences have already been granted 

Ø Exploration priorities include expanding the Ore Reserve with drilling at Uley 2 
and Uley 3, a geophysical survey over area EL6224, and drilling to the south 

Ø Historical work conducted by CRA Exploration in the 1980s identified the 
potential for resources of 350-400Mt at 6-7% TGC 

The Uley graphite mine is located 18km west-southwest of Port Lincoln at the southern end of the 
Eyre Peninsula in South Australia. It is situated in the Mikkira Graphite Province, Australia’s largest 
known crystalline flake graphite resource. A DFS, based on crusher feed of 500,000 tpa and saleable 
flake graphite production of 55,000 tpa, was completed in December 2019. The 2019 DFS did not 
account for Quantum’s 50% stake in QSP. 

Uley is viewed as an important and strategic asset located in an excellent jurisdiction and close 
to key infrastructure. It boasts very high quality graphite with low impurities. Historical exploration 
work has highlighted the potential to develop a significant resource. Quantum has already been 
granted two Mining Licences. 

Mineral Resources and Reserves 
The project has an existing resource of 7.2Mt at 10.5% TGC for 757,000 tonnes total graphite 
content, and reserves of 4.0Mt at 11.9% TGC for 476kt. Like the 2019 DFS, the upcoming DFS, will 
be based on this material. Importantly, it will provide a view of expected earnings including the 
impact of QSP. Up until now, the focus has been on demonstrating the commercial viability of the 
Sunlands energy storage system, rather than a larger resource. 

 
Figure 34: Mineral Resource Estimate, calculated at a 3.5% cut-off 

Resource Classification Tonnes (kt) TGC (%) Density (t/m3) TGC (kt) 
Uley 2 Measured 800 15.6 2.1  
 Indicated 4,200 10.4 2.1  
 Inferred 1,300 10.5 2.2  
 Measured and indicated 6,300 11.1 2.1 697 
Uley 3 Inferred 900 6.6 2.1 59 
Uley project 
total 

Total 7,200 10.5 2.1 757 
Source: Quantum 

Figure 35: Reserves Estimate 
Classification Tonnes (kt) TGC (%) Contained tonnes 
Proven 811 11.66 94,500 
Probable 3,191 11.95 381,325 

 
Proven and probable 4,003 11.89 475,825 

Source: Quantum 
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The resource modelling is based on 18 diamond drillholes of 1993 era drilled by Graphite Mines of 
Australia, 12 SER diamond drillholes drilled in 2011, and 112 Valence angled diamond drillholes in 
the Uley area. The database used for resource estimation consists entirely of diamond drilling.  

Figure 36: Plan view, Uley 2, ore reserve estimate 

 
Source: Quantum 

Exploration plans 
Quantum’s exploration priorities include: 

Uley 2 and Uley 3: The aim is to expand the Ore Reserve with the likely extension of the 2019 Uley 2 
Ore Reserve to the south, to target other near-mine targets, and to conduct infill drilling at Uley 3 
which is aimed at upgrading resources to the indicated category. At Uley 2 South, the plan is to 
conduct 25m by 25m spaced infill drilling. A second priority is Uley 3 South. Management plans to 
drill to the north of the Uley 3 drilling undertaken in in 2019, and wholly within the mining lease areas. 
A third priority 3, Uley 2 West, represents a substantial geophysical anomaly, where Quantum plans 
wide-spaced exploratory drilling.  

EL 6224 geophysical survey: Management plans to conduct an airborne geophysical transient 
electro-magnetic (TEM) survey across currently defined anomalies. The plan is to survey at 100m 
intervals for a total of 900-line km, and to also fly 50m spaced infill lines for the mining and retention 
leases, representing a further 70-line km. The intention is to commence the survey over the known 
geology at Uley 2 in order to get a handle on the level of detail expected from the rest of the survey, 
to identify any potential issues with the conductive regolith, and to ascertain whether the proposed 
line spacing needs to be adjusted. The program is expected to commence early next year with 
results expected by mid-2023. 

Salt Lake, Kacey and Homestead: According to management, drill programs aimed at delineating 
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potential economic graphite mineralisation at Salt Lake, Homestead, Kacey (and eventually Fishery) 
will be planned based on the TEM survey results. Drilling would be expected to be on initial 100m by 
50m spacings, along strike of the defined anomaly. 

Management has said that there are commercial pressure from customers to expand the resources 
at Uley 2. There is also a strategic imperative to expand the resource outside of the Uley area into 
other mineralised envelopes. There appears to be massive scope to increase the resource. 

Figure 37: Uley project area map showing near-mine extension targets 

 
Source: Quantum 
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Figure 38: Project and licence areas 

 
Source: Quantum 
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Historical exploration highlights much broader potential 
Graphite was first reported at Uley in 1917. At the time, assays returned 18% of 80+ mesh material 
containing 34% to 58% carbon. Seven drill holes were completed by the Department of Graphite Ltd 
in 1926, and an ore reserve of 63,000 tonnes was estimated. Production commenced in 1928, but 
ceased a year later because of financial constraints. Further investigations were carried out through 
the 1930s to 1950s including geophysical surveys, and metallurgical testing. The mine restarted 
operations for four years in the 1940s and operated intermittently until 1990. 

CRA Exploration Pty Ltd gained an exploration licence for the Uley area in 1981. The company 
identified high conductivity zones prospective for graphite mineralisation, and drilled 15 diamond drill 
holes over electrical geophysical anomalies in 1981-1982, establishing a resource of 3.2Mt at 6% 
TGC, including 400,000 tonnes at 11% TGC, and a further inferred 3.0Mt. In 1983, CRA drilled 11 RC 
drill holes, mostly in the broader Uley area, intercepting significant graphite in five drill holes. CRA 
estimated total inferred resources for the Mikkira area (including Uley, Homestead, Salt Lake, 
Kacey and Fishery) at 350-400Mt at 6-7% TGC. 

Figure 39: Uley region drilling major intercepts, CRA, 1981-1983 
Prospect Hole ID From (m) To (m) Intercept (m) % TGC 
Uley 81MKD11 6.0 40.2 34.2 5.2 
  40.2 82.2 42.0 9.5 
 81MKD2 53.4 66.3 12.9 5.0 
 82MKD3 45.9 71.0 25.1 11.9 
 82MKD4 20.8 54.8 34.1 12.2 
 82MKD5 59.0 81.7 22.7 4.8 
 82MKD6 54.9 66.7 11.8 3.7 
 82MKD7 32.0 44.0 12.0 7.3 
 82MKD8 8.3 20.6 12.3 10.9 
 82MKD9 39.3 67.7 28.4 6.1 
 82MKD10 65.0 85.0 20.0 3.0 
Kacey 82MKD11 6.2 51.9 45.7 3.9 
Kinmomt 82MKD12 6.6 9.8 3.2 3.9 
Homestead 82MKD13 11.0 47. 36.4 2.9 
Uley 82MKD14 12.9 52.9 40.0 3.9 
Uley 82MKD15 22.0 42.0 20.0 6.4 
Eastern (now Uley 3) 83MKRC6 6.0 26.0 20.0 3.6 
 83MKRC7 4.0 24.0 20.0 2.4 
Salt Lake 83MKRC8 16.0 42.0 26.0 7.5 
Homestead 83MKRC10 18.0 60.0 42.0 7.0 
Fishery 83MKRC11 68.0 99.0 31.0 7.1 

Source: Graphite in South Australia, a Review of Production, Use and Geology, JT Valentine, 1994 

Subsequent to CRAE’s ownership, development of the project continued. New owners constructed  
a treatment plant on site, and in the early 1990s there were sales of graphite to Japan, Europe and 
the USA. Metallurgical reports from this period demonstrate a graphite product with low moisture, 
volatile matter, and ash content. Historical production from intermittent operations seems to have 
amounted to several hundred thousand tonnes at ~10% fixed carbon, based on figures from 
Valentine (1994) and Keeling (1996). By 1994, a joint venture between Eagle Bay Resources Ltd and 
Pittston Mineral Ventures (Aust) Pty Ltd had established a measured and indicated in-situ resource 
of 2.87Mt at 13.4% fixed carbon, including 1.49Mt at 15.3% fixed carbon. 
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Geophysical surveys 
A number of geophysical surveys have been carried out at Uley since the 1930s. Surveys in the 
1930s and 1950s demonstrated that the graphite mineralisation at Uley is highly conductive and, if of 
shallow depth, can give rise to negative SP anomalies and resistivity lows. Frequency-domain 
electro-magnetic (EM) surveys have also detected shallow mineralisation. In 1993, an extensive 
SIROTEM (from CSIRO, Commonwealth Scientific and Industrial Research Organisation, and 
‘transient EM’) survey was undertaken for International Carbon (Aust) Ltd in order to identify possible 
extensions of the known graphite mineralisation, to guide drilling, and to establish mining reserves. 
The survey successfully mapped several conductive zones within the mine area. In Figure 40, the left 
hand side charts show the amplitude variations with individual SIROTEM channels. The charts on the 
right show inverted conductivity sections from three traverses in the mine area. 

According to Dentith and Barrett (2003) the early time delay data (top LHS chart) shows the location 
of shallow conductors, but does not discriminate between strong and weak conductors. The pit 
conductor is prominent in this chart (and identifies the area where most historical mining took place). 
This pit conductor is not as prominent in later time delay images, suggesting that while it is shallow, 
the project probably hosts superior graphite targets elsewhere.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The GEOEX SIROTEM II Operation Manual, 1980, states the basic principle of transient EM surveys 
is that current flowing in a transmitter loop sets up a magnetic field which induces eddy currents to 
flow in good electrical conductors in the ground. These eddy currents set up a secondary magnetic 
field that can be detected by a receiver loop. Since the eddy currents do not cease flowing instantly 
when the transmitted current is switched off, but decay gradually, their presence is indicated by the 
decaying or transient voltages that they induce in the receiver loop. Hence the recording of the 
“transients” is a means of detecting conductors in the ground. The better the conductor, the longer 
the transients persist. The decaying transient can be described by a number of measurement 
channels recording the voltage at various delay times. The character of this decay depends on the 
conductivity, shape and size of the conductor and its position with respect to the receiver loop. 
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Figure 40: SIROTEM survey results, 1993 

 
Source: Geophysical exploration for graphite at Uley, South Australia, ASEG Extended Abstracts, 2003:3, 
47-58, Mike Dentith & Douglas Barrett (2003) 
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Geology 
Uley is a disseminated crystalline flake graphite deposit that is hosted in proterozoic metasediments 
of ~1900-1850 Ma in age, and crystallised under upper amphibolite to lower granulite grade 
metamorphism. Graphite flakes measuring 0.1-0.2mm occur within a sequence of biotite–quartz 
schist and medium to coarse-grained quartz-feldspar-biotite±garnet gneiss. Graphite ore zones 
grading >6% graphite are up to 12m thick. The ore zones are largely stratigraphic, and represent the 
high-grade metamorphic equivalents of the original carbonaceous sediments (Taylor and Berry, 
1990). The graphite content of some ore lenses is greater than 30%. 

Historically, the distribution of graphite mineralisation at Uley was determined by a combination of 
airborne and ground electrical surveys which are described in the literature, and 68 drillholes. 
Mapping and drill results demonstrate that the graphite mineralisation at Uley occurs in elongated 
anomalies as a series of tightly folded graphite gneiss and schist units that form generally north-
northeast trending anticlines. The open-pit mining operations conducted in 1986–93 were centred on 
a strong anomaly over historical underground workings at the hinge of the anticline. The open-pit 
measured 120m by 100m and was 20m deep. 

Figure 41: Cross section showing graphite distribution at Uley 

 
Source: Uley graphite – a world class resource, John L Keeling, 2000 

 

 

 

 

 

Uley graphite – a world class resource, John L Keeling, 2000, 
https://www.researchgate.net/publication/260272737_Uley_graphite_-_a_world-class_resource 
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Summary of the 2019 DFS 
Quantum released a DFS for the Uley mine project in December 2019 that was based on treating 
500,000 tpa of ore to produce 55,000 tpa of saleable flake graphite. The DFS demonstrated robust 
economics. Notably, Uley 2 is expected to deliver lower quartile operating costs compared with 
similar resources. 

Figure 42: Key parameters of the DFS, December 2019 
Crusher feed Tpa 500,000 
Graphitic carbon grade  11.89% 
Graphitic carbon recovery  84% 
Production Tpa 55,000 
Concentrate purity  95% 
Processing cost A$/t 55.3 
Mining cost A$/t 2.5 
Operating costs A$/dmt, inc drying, bagging 439 
Product basket price US$/dmt 919 

Source: Quantum 

Quantum completed an analysis of the outlook for Uley graphite flake based on four discrete size 
fractions and purities that were determined in accordance with the company’s metallurgical testing. 
In 2019, a basket price of US$919/t was determined. Part of this determination was a review of the 
historical marketing of a range of Uley graphite products into segments including traditional thermal 
management (including refractories and foundry) and engineered products (including extrusions, 
lubricants, and foils). Importantly, Uley flake graphite products have previously been the subject of 
pre-qualification by several major companies operating in these market segments. 

Figure 43: Uley product specs, DFS Update, December 2019 
Size faction Size faction Distribution Graphitic purity LOI 

µm Mesh by weight, % % % 
+300 +50 10.5 97.8 0.26 

-300 to +150 -50 to +100 35.4 97.2 0.34 
-150 to +75 -100 to +200 27.1 96.6 0.36 

-75 -200 27.0 90.7 0.73 
Source: Quantum 

Project execution 
Mining is expected to employ conventional open pit methods of load and haul, utilising small mining 
equipment, including 100 tonne diesel hydraulic excavators and 60 tonne off-highway dump trucks. 
The life of mine waste to ore strip ratio is approximately 4.6:1. Pit slope parameters have been based 
on the slope parameters and conditions in the historical Uley 1 open pit and supporting 
investigations by geotechnical engineering firm Barrett Fuller and Partners. Grade control is 
expected to be undertaken using surface trenching. No mining dilution was included in the 
optimisation work given the expected strong visual mining control. A mining recovery of 95% was 
assumed, and a minimum cutback mining width of 25m was adopted. Overall, the Mine Plan is 
based on Measured and Indicated Resources. 

 

Loss on ignition (LOI) is a test used in analytical chemistry to determine organic carbon content. 
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The primary infrastructure required for the development of the project includes refurbishment of the 
existing Tailings Storage Facility, construction of a new processing plant, and the establishment of a 
water bore-field. The site can be accessed via existing roads, and there is an existing power supply. 

Personnel will be accommodated in Port Lincoln, which is 23km by sealed road from the mine site. 

Process flowsheet 

The process plant is designed to accept run-of-mine ore and to liberate graphite through a 
combination of crushing and grinding. Graphite flakes will be concentrated and delaminated using 
flotation and polishing (regrind) mills with the final product being dried and screened for bagging. 
There is no need for acid cleaning processes, nor for intermediate screening. 

The plan is for the tailings to be thickened to recover water and disposed of to a lined storage 
facility. The proposed metallurgical process follows well accepted industry standard processing 
approaches and uses established, proven technologies. 

Figure 44: Process flowsheet 

 
Source: Quantum Graphite 

Infrastructure and Tailings 
As far as practical, Quantum proposes to utilise existing site infrastructure, though a number of 
facilities will need to upgraded or refurbished. The existing South Australia Power Networks 33kV 
electricity service will be decommissioned and a new 33kV service will be constructed along the 
northern boundary of the property. The existing process plant support buildings will also be 
decommissioned and a new support building constructed. The existing offices, workshops and other 
facilities within the mine services area will be refurbished. Other general and administration facilities 
that are not within the mine services area will be located to the mine services area. 

The site hosts a tailings storage facility that is HDPE-lined, covers some 25 Ha, and which was built 
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as part of the previous operations in the north of the tenement area. A new tailings storage facility 
will be constructed, covering 29 Ha, and utilising the existing facility infrastructure and 
geomembrane liner where practical. The new area is expected to be stripped of topsoil, and the in-
situ soil reworked and compacted to form a low permeability soil liner. An overlying geomembrane 
primary liner will be installed. The embankment of the facility is expected to be raised to a maximum 
height of 25m over the life of the mine. This is based on 8 years of operations. A decant tower 
system will be employed to recycle supernatant and rainwater from the tailing storage facility and a 
pump system is expected to provide process make-up. 

Tenements, permitting 
The Uley graphite project consists of five contiguous tenements all of which are held 100% by 
Quantum. There are no royalties, or other material agreements that impact the company’s interests. 
The project comprises Mining Leases ML5561 and ML5562 that together cover some 66 Ha, 
Retention Leases RL66 and RL67, that cover an additional 412.5 Ha, and a large scale Exploration 
Licence, EL6224, which covers some 75 km2. An application to renew EL6224 was lodged in 
September 2021 and notification of renewal was received in September 2022. Quantum has 
obtained approval under the Mining Act (1971) which includes a comprehensive Program for 
Environment Protection and Rehabilitation (PEPR) and an environmental licence. 

The PEPR imposes a depth restriction on mining at Uley within ML5561 and ML5562 until a 
determination is made regarding the requirement of a ground water licence or such other 
authorisation with respect to ground water. Quantum plans to undertake a 9 month water bore 
monitoring program to assess and verify the presence (or otherwise) of groundwater at depths below 
16m in the proposed extension of the Uley 2 pit. This is expected to commence about a year before 
mining. Life of Mine production will be reliant upon mining beyond this depth restriction and also 
relies upon the conversion of a part of the retention lease (RL67) into a Mining Lease. Quantum is 
currently undertaking relevant studies and are in consultation with the South Australian government 
on these matters. 

Bid for Lincoln 
In September 2022, Quantum launched a bid for Lincoln Minerals. Lincoln owns the Kookaburra 
Gully Graphite project, which Quantum considers to be an extension of its greater Mikkira flake 
graphite deposit. Quantum’s 1-for-40 all share offer represented a 32.3% premium to the last 
available Lincoln share price of A$0.008/share, based on the one month VWAP of Quantum shares 
prior to the announcement. At Quantum’s current share price of A$0.52/share, the offer 
represents a premium of 62.5%. 

Lincoln shares have not traded on the ASX since September 2020 when the ASX determined that 
Lincoln’s operations “are not adequate to warrant the continued quotation of its securities”.  

 

 

Lincoln suspension: https://cdn-api.markitdigital.com/apiman-gateway/ASX/asx-
research/1.0/file/2924-02283003-2A1250925?access_token=83ff96335c2d45a094df02a206a39ff4 
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Lincoln’s assets 
Lincoln holds key mineral licences in the Eyre Peninsula that host graphite, magnetite and haematite 
resources, and copper and gold prospects. The flagship project is the Kookaburra Gully Graphite 
project which is held under mining licence ML 6460. According to Lincoln’s 2021 Annual Report, the 
company has Mineral Resources of 3.88Mt at 12.6% TGC for 489,930 tonnes contained graphite, 
and an Ore Reserve of 1.34Mt at 14.6% TGC for 196,000 tonnes contained graphite. 

Figure 45: Lincoln Mineral Resources 
Classification Tonnes (Mt) TGC (%) Contained graphite (t) 
Kookaburra Gully    
Measured 0.39 14.9 58,110 
Indicated 1.08 14.9 160,920 
Inferred 0.56 16.0 89,600 
Koppio    
Inferred 1.85 9.76 180,730 
Total Resources 3.88 12.6 489,930 

 
Source: Lincoln Minerals 2021 Annual Report 

Figure 46: Lincoln Probable Reserves 
Classification Tonnes (Mt) TGC (%) Contained graphite (t) 
Kookaburra Gully    
Probable 1.34 14.6 196,000 

Source: Lincoln Minerals 2021 Annual Report 

The Kookaburra Gully Graphite is situated some 35km north of Port Lincoln and 20km west of 
Tumby Bay on the Eyre Peninsula in South Australia. Lincoln subsidiary Australian Graphite Ltd was 
granted ML 6460 for a period of 21 years, commencing 3 June 2016. As at 30 June 2021, Lincoln’s 
board was working towards a strategy to fund the project.  

Significant potential synergies 
Combining the Kookaburra Gully project with Quantum’s existing Uley project, and developing the 
assets together, would seem to offer significant and sustainable economic and environmental 
benefits. In particular: 

• The geology hosting the graphite mineralisation at Kookaburra Gully has similar features as that of 
the broader Uley geology, and importantly, the metallurgical features are similar 

• The assets share a common mining and processing method and products from both projects 
could be commercialised under the same strategy for Uley 

• Quantum has established transportation routes for its product to Port Adelaide Outer Harbour; the 
same logistics framework could be used for Kookaburra Gully, which is along route from Uley, 
thereby generating significant economies of scale in terms of trucking schedules and container 
handling 

• Combining the assets offers numerous options for ore processing including the processing of the 
run of mine at Uley and the potential development of separate processing paths for different 
products creating economies of scale 

•  The development of the joint assets would be expected to have a reduced environmental impact 
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Graphite market facing significant deficits 

Ø Demand for natural and synthetic graphite is expected to rise more than 4-fold 
over the next two decades driven by global efforts to decarbonize 

Ø Natural graphite demand is expected to rise 10-fold in the same timeframe; 
industry forecasts are for continued supply deficits reaching 2-4Mt by 2030 

Ø Graphite looks like becoming the ‘new lithium’ as supply struggles to keep pace 
with rapid demand growth 

Global demand for graphite, both natural and synthetic, is expected to rise more than 4-fold to 2040. 
This is being driven by global efforts to decarbonise, particularly the increasing penetration of 
electric vehicles, sales of which are expected to increase by 30% pa to 2030. Growth in consumer 
electronics and the incorporation of batteries into new applications such as power tools and drones, 
and their use in grid storage applications are other positive drivers. Increased use of electric arc 
furnaces in steelmaking, where anode demand is expected to almost double this decade, is driving 
demand for synthetic graphite. Demand for natural graphite, which is growing more quickly than 
for synthetic graphite, is expected to increase about five-fold this decade, and to more than 
double again next decade. 

Figure 47: World graphite demand       Figure 48: Graphite market by type 

 
Source: Industry reports, Orior Capital       Source: Industry reports, Orior Capital 

Facing such compelling demand conditions, the graphite market is expected to become increasingly 
tight. It would take almost 50 projects the size of Syrah Resources, based on production rates over 
the past few quarters, to meet this demand growth over the next two decades. Given the long lead 
times in mining projects, qualification periods for battery components, and increasing requirements 
for supply-chain due diligence, especially in the EU, it seems unlikely the supply-side will keep pace. 
The expectation is that the graphite market will be in deficit from as early as 2023, with a 
deficit of some 2-4Mt by 2030. 

Such a shortfall suggests that graphite prices will rise sharply over the next few years. 
Estimated basket prices for Quantum’s graphite have been at or above US$1,200/t over the past 
several months. 
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Figure 49: Graphite prices 

 
Source: Quantum 

Demand model 
A simple model of graphite demand is prepared to 2040. In 2020, anodes used in electric vehicle 
(EV) batteries and in steelmaking accounted for an estimated 52% of total graphite demand, and 
refractories accounted for a further 18%. In EVs, the key drivers of graphite demand are EV sales, 
battery capacity, and anode composition. In steelmaking, the key demand driver is the penetration of 
electric arc furnaces (EAFs). The key assumptions around these drivers are: 

• EV sales rising from 3.4m units in 2020 to 40m units in 2030 and to 80m units in 2040. Some 
market estimates are for higher unit sales than this. Most forecasts are for internal combustion 
engine sales to have all but ceased by 2050. 

• Battery size is generally increasing. In 2020, the average EV battery size was about 65 kWh. The 
Tesla Model S has had battery sizes ranging from 60 kWh to 100 kWh. The Ford F-150 Lightning, 
2022 model, is available with 98 kWh or 113 kWh batteries. The assumption herein is that average 
battery size will reach 70 kWh by 2030 and 75 kWh by 2040. 

• The forecast for battery anode composition incorporates two broad expectations; 1) that natural 
graphite will take share from synthetic graphite; and 2) that there will be a gradual shift towards 
non-graphite materials including silicon materials. By 2040, all-solid state batteries (ASSBs), which 
are expected to use lithium metal as the anode, may be commercialised.  

• Electric arc furnaces accounted for 26% of global steel production in 2020 according to 
Worldsteel.org. This is expected to rise to 38% by 2030 (IEA) and to 55% by 2040. The IEA 
expects EAF production to account for 72% of global steel production by 2050. 

• Demand in all other applications is expected to rise by a conservative 1.5% pa, which is roughly 
half the rate of long-run world GDP growth. 

The demand model does not factor in the prospects of EAF electrode makers switching from 
synthetic graphite to natural alternatives such as spherical graphite. It also does not account for 
growth in non-EV battery applications which could add a further 500GWh to 1,000GWh to lithium-ion 
battery demand. Further, no account is taken of graphite demand from deploying Sunlands TES 
systems. Ultimately, natural graphite demand could be much higher than envisaged herein. 
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Figure 50: Simple model of graphite demand 

  2020 2030 2040 Comments 
Electric vehicles      
EV sales millions 3.4 40.0 80.0 Some market estimates are higher 
Average battery size kWh 65 70 75 Batteries to continue to get bigger 
EV battery capacity GWh 221 2,800 6,000 EV battery market 2.8 TWh by 2030 
Battery anodes      
Anode material content kg/kWh 1.2 1.2 1.2  
Anode material demand tonnes 000s 265 3,360 7,200  
Mix of feedstocks      
Synthetic graphite  58% 45% 32%  
Natural graphite  39% 45% 48% Switch to natural graphite, take-up 
Other anode materials  3% 10% 20% of silicon materials and ASSBs 
Anode material from:      
Synthetic graphite tonnes 000s 154 1,512 2,304  
Natural graphite tonnes 000s 103 1,512 3,456  
Natural graphite per tonne anode tonnes 2.2 2.2 2.2  
  material      
Natural graphite demand tonnes 000s 226 3,326 7,603 CAGR of 31% through the 2020s 
EAF steel production      
World crude steel production tonnes m 1,878 2,179 2,529 Average growth of 1.5% pa 
EAF share of crude steel production  26.3% 40% 55% IEA forecast is for 72% by 2050 
Crude steel produced via EAFs tonnes m 494 872 1,391  
Graphite electrodes per tonne steel tonnes m 2.5 2.5 2.5  
Graphite demand for EAF anodes tonnes m 1,235 2,179 3,478  
Graphite demand tonnes 000s 2,821 7,084 12,913 Demand to grow 4.6x to 2040 
Synthetic graphite tonnes 000s 2,000 3,068 4,509  
EAF anodes tonnes 000s 1,235 2,179 3,478  
Other tonnes 000s 765 888 1,031 Assume growth of 1.5% pa 
Natural graphite tonnes 000s 821 4,016 8,404 10-fold growth to 2040 
Battery anodes tonnes 000s 226 3,326 7,603  
Other tonnes 000s 595 690 801 Assume growth of 1.5% pa 

Source: Orior Capital 

A number of forecasts show natural graphite demand reaching 9Mt or more by 2040. 

Figure 51: Outlook for flake graphite 

 
Source: Syrah presentation, November 2022 
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Lithium-ion batteries 
Lithium-ion batteries are used in diverse applications including smartphones, cameras, drones, 
power tools, medical instruments, battery electric vehicles, satellites, and grid storage applications. 
Although a number of different chemistries are used in battery cathodes (positive electrode), graphite 
is used almost exclusively for battery anodes (negative electrode). 

Figure 52: Graphite is the main anode material 

 
Source: Black Rock Mining presentation, October 2022, Pallinghurst-Traxys analysis 

Anodes are currently produced from both natural and synthetic graphite. Natural graphite has the 
advantages that it provides greater energy density than synthetic graphite, is less energy intensive to 
produce, and is cheaper. Tesla/Panasonic is understood to use a 50:50 mix of natural and synthetic 
graphite. According to Black Rock Mining, the 4680 batteries under development are expected to 
comprise 55-60% natural graphite and 40-45% synthetic graphite. 

It used to be that three tonnes of flake graphite concentrate were required to produce one tonne of 
spherical graphite. According to Northern Graphite, industry yields have improved to 40% or more, 
with some companies reporting yields of 50% or more. The assumption herein is that industry 
average yields remain at around 45%. 

Lithium-ion batteries typically require 1.2 kg of graphite anode material per kWh. An average battery 
size of about 65 kWh in 2020, suggests a typical battery content of 78 kg graphite anode material 
per electric vehicle. Some vehicles, including for example the Tesla Model S and the Ford F-150 
Lightning have larger batteries and require more anode material.  

Research efforts to replace some of the graphite in anodes with silicon and silicon oxide which boast 
five-fold to ten-fold greater energy densities are underway. This could yield significant improvements 
in performance, though there are challenges. One is that as a direct result of its large capacity, 
silicon expands during charging which can cause surface cracking and a degradation in 
performance. Another is that silicon oxide can cause first cycle capacity loss resulting from the 
formation of organics such as Li2O and Li4SiO4. 

Prospects for lithium-ion batteries and beyond—a 2030 vision, Clare P. Grey, David S. Hall 
https://www.nature.com/articles/s41467-020-19991-4.pdf 
https://qz.com/459315/why-did-elon-musk-passed-up-a-chance-to-boast-about-a-scientific-coup/ 
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Lithium metal is another alternative to graphite; it has a greater charge collection capability than 
graphite, but cannot be used in batteries with liquid electrolytes because interactions between the 
anode and electrolyte significantly reduce battery life. Lithium metal anodes, although expensive, 
may become more prevalent with all-solid state batteries once these become commercially viable. 

IEA forecasts 

In its Global EV Outlook, 2022, the IEA presents two main scenarios for future EV demand, based on 
different policy outcomes. In the Stated Policies Scenario, which takes into account existing policy 
announcements by various governments, the IEA expects the global stock of electric vehicles to 
expand from almost 18m vehicles in 2021 to 200m vehicles in 2030. This represents an average 
annual growth rate of more than 30%. By 2030, EV sales are expected to reach more than 30m 
units, accounting for more than 20% of all road vehicle sales. Notably, over the past one year, the 
IEA’s Stated Policies Scenario has been revised up significantly from a global stock of almost 145 
vehicles in the 2021 Outlook, to 200m vehicles in the updated 2022 forecasts. 

The Announced Pledges Scenario is bolder. It assumes that all announced ambitions and targets, 
whether legislated or not, are met in full and on time. For example, the assumption is that countries 
that have signed up to the COP26 declaration on accelerating the transition to zero emissions 
vehicles will achieve this goal, even if no regulations have been put in place yet to support it. In this 
scenario, EV sales are estimated at about 48m vehicles in 2030, when the global stock of electric 
vehicles reaches 270m vehicles. In the IEA’s Net Zero 2050 scenario, EV sales reach more than 65m 
vehicles by 2030. 

Figure 53: Global EV sales by scenario 

 
Source: IEA Global Electric Vehicle Outlook, 2022 

Battery demand is expected to grow rapidly to 2.2TWh in the Stated Policies Scenario, and to 
3.5TWh in the Announced Pledges Scenario, by 2030. These estimates represent a six-fold increase 
in the Stated Policies Scenario, and a ten-fold increase in the Announced Pledges Scenario, when 
compared to demand in 2021, according to the IEA. The IEA notes that delivering this will require an 
additional 52 gigafactories of 35 GWh annual production capacity in the Stated Policies Scenario 
and 90 gigafactories in the Announced Pledges Scenario. 
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Figure 54: Battery demand for EVs 

 
Source: IEA Global Electric Vehicle Outlook, 2022 

In terms of both EV sales and battery demand, the forecasts presented herein fall roughly in the 
middle of these two IEA scenarios. 

Steelmaking 
Heavy industries, including steel, are also under pressure to decarbonise. Making steel in electric arc 
furnaces (EAFs) which use steel scrap as feedstock, is less energy intensive than using the blast 
furnace/basic oxygen furnace route for which the main feedstocks are iron ore and coking coal. In 
EAF steelmaking, a current passes through (normally three) electrodes, creating an arc of intense 
heat that melts the steel scrap. The tips of the electrodes can reach temperatures as high as 
3,000°C. Graphite is the only commercially available material that can withstand these temperatures. 
The electrodes are gradually consumed; they are slowly fed into the furnace to maintain position and 
must be periodically replaced. Broadly, an average of about 2.5 kg of electrodes are consumed per 
tonne of steel produced. EAF electrodes are made from synthetic graphite for which the raw material 
is petroleum coke sourced from the oil industry. 

Figure 55: Schematic illustration of an EAF 

 
Source: Steel Research International, March 2021, Mainz Verlag 2016 
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In 2020, some 26% of world steel production, or about 494m tonnes, used EAFs according to 
Worldsteel.org. EAFs accounted for 69% of steelmaking in the US and 44% in the EU. In China, only 
11% of steel was made in EAFs, though this is expected to rise significantly over time. In 2020, 
China’s Ministry of Industry and Information Technology established a target that EAFs would 
represent 15% of Chinese steel production by 2025. As China increases its use of EAFs, global 
supplies of graphite are likely to come under further pressure. 

Figure 56: EAF penetration rates 

 
Source: Worldsteel.org 

Given the energy savings in using EAFs, and the increase in steel scrap availability in emerging 
markets over time, it is likely that the proportion of steel made using EAFs will increase. In the IEA’s 
Net Zero 2050 report, the assumption is that the proportion of steel made in EAFs increases from 
26.3% in 2020, to 38% by 2030, and to 72% by 2050. 

Figure 57: Forecast graphite demand for EAF electrodes to 2050 

 
Source: The Hague Institute for Strategic Studies, March 2022 
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Based on growth in world steel demand of 1.5% pa over the next two decades, and an increase in 
EAF penetration to 55% by 2040, graphite demand for EAF electrodes could almost triple from 
1.2m tonnes in 2020 to 3.5m tonnes by 2040. This represents an average increase of 5% pa. 

Graphite is also used as a refractory material in steelmaking because of its resistance to thermal 
shock. Consumption is believed to average about 200g per tonne of steel production. In 2020, 
refractories in all industries represented ~18% of global graphite consumption. 

Supply-side challenges 

Graphite faces a huge supply-gap 
Against this outlook for robust demand growth the graphite industry faces a number of supply-side 
issues. In December 2021, the IMF, aiming to determine the level by which current production would 
have to be increased to meet demand, compared estimated cumulative demand in the thirty year 
period 2021-2050, with an assumed 30 years of supply at 2020 production levels. Based on the IMF 
figures, graphite faces the biggest supply gap. 

Figure 58: Current production rates are inadequate to meet future demand 

 
Source: IMFBlog 

World graphite production will need to increase substantially for demand to be met. While mining 
projects usually take several years to come to fruition, graphite projects can have the added burden 
of battery industry qualification requirements. This in turn impacts financing. Graphite is not an 
exchange traded commodity which makes hedging it more difficult, further complicating financing. 
Greater scrutiny of mid-stream companies and anode producers in China could also present 
sourcing issues for companies and investors at some stage. 

 

 

https://blogs.imf.org/2021/12/08/metals-demand-from-energy-transition-may-top-current-global-
supply/ 
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Synthetic graphite production is energy intensive 
While EAF producers tend to prefer to use synthetic graphite for anode material, synthetic graphite 
production is power and emissions intensive, and costly. Investors, regulators and customers 
increasingly focus on ESG factors meaning it is becoming harder to classify products with synthetic 
graphite in final products (batteries, EVs) as ‘clean’. This puts automakers, especially in the EU, in a 
somewhat tricky position. Stricter environmental standards in western markets are likely to make it 
increasingly difficult to source materials that cannot be audited as being environmentally compliant. 

With exponential growth expected in electrodes for EAFs and batteries, the market for synthetic 
graphite is expected to become increasing tight. 

This expected shortage of synthetic graphite, together with an increased focus on environmental 
factors, is likely to encourage battery makers to increase their use of natural graphite and new 
manufacturing methods. Indeed, there is already evidence that battery makers are looking to source 
alternatives to synthetic graphite, including spherical graphite. The demand model above takes no 
account of a switch towards natural graphite for EAF electrodes; such a change in demand would 
place even greater pressure on supplies of natural graphite. 

Figure 59: Schematic flowsheet natural and synthetic graphite to battery component 

 
 
Source: Hague Centre for Strategic Studies, Graphite, March 2022 

China dominates the supply side 
One conundrum facing the EU and the US is that China dominates the graphite supply-side from 
mining through to the manufacture of anode material. Most of the Top 10 anode material companies 
are Chinese. Anode material prices have not been high enough to incentivise new capacity. 

Relying on one country for a resource viewed as critical to clean energy supply and to strategic 
industries is a risk. While China still dominates the mining of natural graphite with an ~80% share of 
global production, the market is gradually becoming more diversified. The quality of Chinese 
graphite flake is generally viewed as decreasing, while demand from domestic battery makers has 
risen sharply. China became a net importer of natural graphite flake in 2019. There are new projects 
in various countries including Australia, Tanzania, Mozambique, Madagascar and Canada. 

https://hcss.nl/wp-content/uploads/2022/03/Graphite-Challenges-and-Recommendations-HCSS-
2022.pdf 
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Figure 60: China dominates graphite supply chains 

 
Source: IEA Global Electric Vehicle Outlook, 2022 
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Appendix 1: Australia is decarbonising 

AEMO’s aim is to replace legacy assets with low-cost renewables, add energy storage and other new 
forms of firming capacity, and reconfigure the grid to support two-way energy flow. Without coal, 
meeting the significantly increased demand created as homes, vehicles and industrial applications 
switch to electricity from renewable energy sources will require an estimated nine-fold increase in 
utility-scale variable renewable energy capacity, and almost a five-fold increase in distributed solar 
photovoltaics. 

Australia’s shift to renewables is accelerating. According to AEMO, in 2018-2019, Australia added 
more than 4-5x the solar and wind generation of any of the European Union, the USA, Japan or 
China on a per capita basis, resulting in current renewables capacity of ~16GW. Over the past 
couple of years, confidence that electric alternatives are viable in transportation, mining, and industry 
has increased. Australian governments have introduced more ambitious emissions targets. Coal-
fired generation is being closed more quickly than anticipated. This combination means much 
greater demand for grid scale generation and energy storage.   

AEMO outlines four scenarios that represent different pathways for Australia to decarbonise over the 
coming decades: 

Slow Change: Reflects a difficult economy after COVID19 and slower net zero emissions action. In 
this scenario, Australia would not meet the economy-wide decarbonisation targets of Australia’s 
Emissions Reduction Plan. 	
Progressive Change: Allows for a decade of further research while emissions reductions follow their 

current trajectory, with the emergence of low emissions alternatives in heavy industry in the 2030s 

and economy wide decarbonisation through the 2040s. 

Step Change: Models a consistently rapid-paced transition from fossil fuel to renewable energy that 
is consumer-led and supported by falling costs of energy production and global policy commitments. 
In this scenario, most consumers rely on electricity for heating and transport by 2050, and the global 
manufacture of internal-combustion vehicles has all but ceased. In the 2022 Integrated System Plan, 
this is considered ‘base case’. 

Hydrogen Superpower: Whereas the Progressive Change and Step Change scenarios are both 

based on an almost doubling of demand for electricity to support industry decarbonisation, the 
Hydrogen Superpower scenario assumes that energy consumption nearly quadruples to support a 
hydrogen export industry. In this scenario, technology transforms transport and manufacturing, and 
renewable energy becomes a significant Australian export. 
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The Step Change scenario entails enormous changes: 

• To support the electrification of transport, industry, offices and homes, and to replace fossil fuels, 
the electricity delivered will need to increase from 180TWh pa now to 320TWh pa by 2050 

• Utility-scale variable renewable energy capacity is expected to increase almost nine-fold from 
16GW now to 141 GW by 2050 

• The share of renewables in total annual generation is expected to increase from 28% in 2020-2021 
to 83% in 2030-2031, to 96% by 2040, and to 98% by 2050; by the mid-2040s, virtually all 
electricity supply is expected to come from renewable resources, with energy storage facilities 
managing intermittency and seasonality 

• Coal-fired capacity is being closed more quickly than previously anticipated; according to AEMO 
current announcements suggest 8GW of Australia’s 23GW coal-fired capacity could close by 2030, 
though the Step Change scenario assumes this could be as much as 14 GW (60%) 

• Distributed solar photovoltaic capacity will need to increase by 5x; AEMO estimates that whereas 
today some 30% of detached homes in the NEM have rooftop PV with a combined 15GW of 
capacity, this will increase to 65% of homes with 69 GW capacity by 2050. 

Given these significant changes, AEMO recognises that one of the most pressing needs in the 
coming decades is for energy storage to manage variations in output from rapidly-growing 
solar and wind generation. 

Figure 61: Forecast NEM capacity to 2050 in the Step Change scenario 

 
Source: Australian Energy Market Operator 2022 Integrated System Plan, June 2022 
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Figure 62: Share of total generation from renewables by AEMO scenario 

 
Source: Australian Energy Market Operator 2022 Integrated System Plan, June 2022 

Growth in renewables 
Australia is uniquely rich in renewable resources relative to its global peers, such as the UK, 
Germany and Japan, and it has both the financial and institutional capacity necessary to exploit 
them. Wind and solar have somewhat complimentary daily and seasonal profiles. In the near-term, 
additional wind capacity is expected to compliment Australia’s strong take-up of solar PV capacity.  
Utility-scale solar deployment is expected to accelerate once there is sufficient storage and network 
investment; that is, the roll-out of utility-scale solar energy hinges upon the development of energy 
storage technologies such as that being tested by Sunlands. Although solar energy is cheap, it 
needs longer storage to shift its midday generation peaks to the morning and evening demand 
peaks, especially considering the rapid increase in solar PV penetration. 

Figure 63: Growth and share of utility=scale solar and wind energy capacity, all scenarios 

 
Source: Australian Energy Market Operator 2022 Integrated System Plan, June 2022 
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While Australia has natural advantages in renewables it lacks the advantages of critical support from 
a large-scale neighbouring grid. This means that if Australia is to pursue a reliance on solar and wind, 
it will require significant large-scale storage, and also appropriate back-up. It is widely accepted that 
lithium batteries are prohibitively expensive for utility scale storage applications where storage 
periods exceed six hours. It is also questionable whether hydrogen can operate effectively as a 
major back-up source. 

Pumped hydro is already being deployed in Australia. Indeed, virtually all LDES installed in Australia 
over the next 4-5 years will be pumped hydro. Yet, there are challenges. One is that there are 
relatively few sites from which pumped hydro can delivered cost effectively with adequate storage 
and conducive geological conditions. Another is that, often conducive sites are located remotely 
from the grid requiring massive investment in transmission lines. In Australia, hydrology risks, as 
demonstrated in the Tasmanian hydro crisis a few years back, is another factor. The proposed 
Sunlands thermal energy system is a compelling solution. 

Coal is closing 
One factor driving this is that coal-fired power capacity is being withdrawn more quickly than 
previously expected. Coal-fired generators are facing generally stricter environmental standards, 
high degrees of price volatility, and greater competition from cheaper renewables. In AEMO’s Step 
Change scenario, 60% of Australia’s coal-fired generation capacity is expected to close by 2030, 
and all of it by 2040. These closures will require significant energy storage and other dispatchable 
generation to firm new variable renewable energy. 

Figure 64: Forecast coal-fired capacity curtailments, Step Change scenario 

 
Source: Australian Energy Market Operator 2022 Integrated System Plan, June 2022 
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Appendix 2: Types, features of energy storage 

Types of energy storage 
Energy can be stored in a number of ways, and technologies use a variety of thermal, mechanical, 
chemical, and electro-chemical energy. All these perform the basic function of capturing energy 
during periods of surplus generation (when prices are low) and storing it until periods of surplus 
demand (when prices are high). 

Figure 65: Overview of LDES categories 

 
Source: Net Zero Power, long duration energy storage for a renewable grid, McKinsey & Company, 2021 

Thermal Energy Storage 
In thermal energy storage (TES) systems energy is stored in the form of heat. By using different 
materials with different thermal properties, systems can be designed for a wide range of 
applications, including both heating and cooling.  

In the discharge cycle this stored heat energy is transferred to a fluid which is used to power a heat 
engine to discharge power back to the system. One potential application is to replace the existing 
fossil-fuel boilers at power plants, with thermal energy storage capacity and new steam generators. 
This way the steam turbines and other infrastructure can be retained. This is approach adopted by 
Sunlands. By super-heating argon from the graphite storage media, Sunlands’ technology can 
generate sufficient power to turn the existing steam turbines. 

TES systems can be designed to discharge heat as well as electricity. The heat sector accounts for 
about half of global final energy consumption. TES technologies could be used to supply heat 
directly to industries. 
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Figure 66: Key applications of thermal energy storage in the energy sector 

 
Source: IRENA Innovation Outlook Thermal Energy Storage, 2020 

Figure 67: Typical thermal energy storage scheme 

 
Source: Thermal Energy Storage for Grid Applications, Current Status and Emerging Trends, 2019 

Thermal energy storage can be characterised into three main types by the storage medium used: 

Sensible Heat stores energy in the temperature of a material such as water or a solid (such as 
graphite). Heat can later be released from the storage medium to generate steam to produce power 
or to heat another working fluid. 

Latent Heat storage uses the phase transition (solid to liquid or liquid to gas) of the storage medium 
– the Phase Change Materials – to capture and release heat. These processes can be manipulated 
using pressure. 

Thermo-chemical storage uses endothermic chemical reactions by splitting molecules into 
products and then recombining them to release heat. 

Different technologies use different mediums to store heat. Molten salt, rock materials, concrete, 
aluminium alloys, and others are used in various systems. Currently the most common TES systems 
are molten salts coupled with concentrated solar plants, though these are different from long-
duration energy storage systems. 
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Mechanical energy storage 
Mechanical energy systems include technologies that use gravitational potential energy, kinetic 
energy and tension. Generally, mechanical systems have lower energy densities than chemical or 
electrochemical systems and tend to have relatively large footprints.  

Pumped storage hydropower (PSH) is the most common system, and accounts for more than 90% 
of total global energy storage capacity. In PSH systems, water is pumped between two reservoirs 
situated at different heights. In the discharge cycle, water is released from the upper reservoir (where 
it has potential energy) and passes through a turbine on its way to the lower reservoir. The water can 
be pumped back into the upper reservoir to recharge the system. Although PSH systems can have 
substantial scale, they have been expensive to build, can take years of planning, and are inflexible in 
terms of scale and location as they rely on favourable geographical and geological conditions.  
Another criticism of PSH is that systems are not responsive enough to meet rapid changes in 
demand. The increased use of gas-fired peaking capacity, which has reduced intraday price 
arbitrage, has also made PSH less attractive, according to MIT. In most countries (except China) the 
deployment of new PSH systems has slowed significantly since the 1990s. 

Figure 68: Pumped storage hydro schematic diagram 

 
Source: The Australian Renewable Energy Agency (ARENA) 

Compressed air energy storage (CAES) is a form of mechanical energy storage in which air is 
compressed, sometimes in underground caverns, with the discharging cycle involving the 
decompression (expansion) of the air through a turbine. According to MIT, CAES has been discussed 
as a potential grid-scale energy storage solution but faces significant hurdles to deployment at scale. 
Similarly, liquid CO2 can be stored at high pressure and ambient temperature, and then released 
through a turbine. Yet another form of mechanical energy storage involves the lifting of mass to store 
potential energy, with the mass being released when energy is needed. 

Chemical energy storage 

Chemical energy storage revolves around the use of hydrogen. Hydrogen does not exist freely in 
nature but is produced from other sources of energy including fossil fuels, biomass and the 
electrolysis of water. Hydrogen is known as an ‘energy carrier’. In power-to-gas systems, power is 
used to electrolyse water to produce hydrogen that can be stored and subsequently supplied to a 
hydrogen turbine or fuel cell. Alternatively, the hydrogen can be combined with carbon dioxide to 
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produce methane (syngas) which can be stored for later use in conventional power plants. 

Hydrogen is widely used in industrial processes. The ability to produce hydrogen by using clean 
energy to ‘split’ water could be beneficial in helping decarbonise industry, transportation and power 
generation. 

Electro-chemical energy storage 

Perhaps the most obvious form of energy storage is in batteries. Batteries generally have higher 
energy density than thermal and mechanical energy storage systems, though less than chemical 
systems. They are compact, scalable, and unlike pumped hydro, independent of geological 
resources. There are a number of different battery chemistries in operation. The most established are 
probably lithium-ion batteries which are now ubiquitous in electric vehicles. Lithium-ion batteries are 
ideal for EVs and other short duration storage, but costs are expected to remain prohibitively high for 
their use in larger-scale, longer duration applications. 

Flow batteries are rechargeable fuel cells in which two chemical solutions are stored separately and 
pumped past either side of a membrane where ion exchange occurs, thereby converting chemical 
energy to electricity. These systems can be used for long duration energy storage where equipment 
and chemical costs are low. 

Figure 69: Flow battery schematic  

 

 
Source: J. Vac. Sci. Technol. B 35, 040801 (2017)  

Other battery types include metal air batteries which comprise an anode made from pure metal and 
an external cathode of air. During the discharge cycle, the metal anode is oxidised as a reduction 
reaction occurs in the air. 

Round trip efficiency (RTE) varies widely between different battery types. Whereas lithium-ion 
batteries can have RTE’s as high as 95%, metal-air batteries have RTE’s as low as 40%. 
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Figure 70: Key LDES storage types and parameters 
Technology Market Maximum Max. nominal Average RTE 
 Readiness Deployment Duration  
  MW Hours % 
Thermal     
Sensible heat (molten salts, rock materials) R&D / pilot 10-500 200 55-90 
Latent heat (aluminium alloy) Commercial 10-100 25-100 20-50 
Thermochemical heat (zeolites, silica gel)  R&D n.a. n.a. n.a. 
Mechanical     
Pumped hydro (PSH) Commercial 10-100 0-15 50-80 
Gravity-based Pilot 20-1,000 0-15 70-90 
Compressed air (CAES) Commercial 200-500 6-24 40-70 
Liquid air (LAES) Pilot 50-100 10-25 40-70 
Liquid CO2 Pilot 10-500 4-24 70-80 
Chemical     
Power to gas (hydrogen, syngas) to power Pilot 10-100 500-1,000 40-70 
Electrochemical     
Aqueous electrolyte flow batteries Pilot/commercial 10-100 25-100 50-80 
Metal anode batteries R&D / pilot 10-100 50-200 40-70 
Hybrid flow battery, with liquid electrolyte Commercial >100 25-50 55-75 
  and metal anode     

Source: McKinsey & Company, Net Zero Power, long duration energy storage for a renewable grid, 2021 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.researchgate.net/publication/338524770_Thermal_Energy_Storage_for_Grid_Applicatio
ns_Current_Status_and_Emerging_Trends 
https://www.researchgate.net/publication/316881795_Review_Article_Flow_Battery_Systems_with_
Solid_Electroactive_Materials 
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Key features of energy storage systems 
The key attributes of an energy storage system include: 

• Discharge capacity (measured in MW) refers to the maximum power that can be supplied to the 
grid at any one time 

• Charge capacity refers to the maximum power a system can take from the grid; in some systems 
this can be different from the discharge capacity 

• Energy storage capacity (measured in MWh) is the total amount of energy that can be stored in 
the system 

• Duration (measured in hours) is the ratio of the energy storage capacity to the discharge capacity, 
that is from being fully charged, the time for which a storage system can provide maximum power; 
most battery storage systems have durations of less than 4 hours whereas pumped hydro storage 
systems typically have duration of 12 hours or more 

• Round-trip efficiency is the proportion of energy used to charge a system that is subsequently 
available for discharge 

• Energy density refers to the maximum amount of energy that can be stored per unit volume; 
batteries have high energy density and are well-suited to applications where space is at a premium 
such as in electric vehicles and consumer electronics products  

• Self-discharge rate refers to the rate at which stored energy is gradually lost in some systems 

• Levelized cost of storage (LCOS) aims to quantify the cost of each unit of power (kWh or MWh) 
discharged from the storage system when accounting for all capital and operating costs over the 
expected life of the system  

Typical energy storage systems demonstrate a number of features that make them attractive 
solutions to the challenges presented by increased reliance on renewable energy including: 

• Low marginal costs of storing additional energy 

• Independence between the amount of energy stored and rate at which energy is released 

• Few geographical constraints; systems are usually relatively compact, and scalable 

• Low lead times, especially when compared to the costs and time required to upgrade and expand 
transmission and distribution systems 

• Some systems can be charged and discharged at different power ratings which is beneficial in 
systems with different supply and load profiles 
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Appendix 3: The Quantum Sunlands Partnership 

The Quantum Sunlands Partnership is a 50:50 joint venture between Quantum Graphite and The 
Sunlands Co. Sunlands is developing a thermal energy storage system around a graphite media. 
QSP will purchase graphite from Quantum and produce thermal storage media for Sunlands under a 
global exclusivity agreement. The key terms, rights and obligations of Quantum, Sunlands and QSP 
are set out in the joint venture agreements comprising a Shareholders Agreement, a Graphite Supply 
Agreement and a Storage Media Supply Agreement. The agreements exist to protect each of the 
parties, and Quantum shareholders. Under the terms of these agreements: 

• Quantum must provide flake graphite to QSP and contribute to its funding, including fully funding 
the manufacturing plant for the thermal graphite storage media 

• Sunlands must provide intellectual property to QSP, acquire storage media products from QSP 
and contribute to its funding 

• QSP is restrained from competing with Sunlands 

• Quantum and Sunlands are both restrained from competing with QSP 

• For orders from QSP to Quantum that meet relevant specification criteria, Quantum must supply, 
or procure from the relevant intermediary offtaker, the ordered minerals 

• The prices at which Quantum must supply to QSP and the prices at which Sunlands must 
purchase energy storage media from QSP are established in the agreements 

• Quantum is restrained from entering into supply agreements that may impact its ability to meet the 
supply needs of QSP, and may not supply to minerals to parties making similar products as QSP 

• QSP has a non-transferable exclusive licence from Sunlands to use Sunlands’ intellectual property 
and Sunlands has appointed QSP to exclusively manufacture the products using Sunlands’ IP 

• For orders from Sunlands to QSP that meet relevant specification criteria, QSP must manufacture 
and supply the products to Sunlands 

Figure 71: Quantum-Sunlands ownership structure  

 
Source: Quantum 
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Appendix 4: Companies mentioned 

Figure 72: Companies mentioned 
Company Code 
Quantum Graphite QGL.AX 
AGL Energy Ltd AGL.AX 
Azelio AB AZELIO.ST 
Black Rock Mining BKT.AX 
ESS Tech Inc GWH 
FangDa Carbon New Material 600516.SH 
GrafTech International EAF 
Lincoln Minerals LML.AX 
Lithium Americas LAC 
Livent LHTM 
Lynas Rare Earths LYC.AX 
MP Materials MP 
SGL Carbon SGL.F 
Syrah SYR.AX 
Tokai Carbon 5301.T 
1414 14D.AX 

Source: Company data 
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