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Lynch, where he covered financial institutions. Andrés is an industrial engineer (with a BSc 
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Oxford). He is a CFA Level II candidate. 
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He previously worked for three years in corporate finance at FTI Consulting, specialising in 
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Green lithium in the Black Forest 

   

● Vulcan Energy Resources (Vulcan) aims to become a low-cost lithium 
hydroxide supplier in Europe with net-zero-carbon emissions. Vulcan 
intends to produce c40ktpa of certified green lithium hydroxide, a key raw 
material for manufacturing electric vehicle batteries. Its project will source 
the metal from the subterranean geothermal brine abundant in aquifers 
beneath the Upper Rhine Valley in Germany. This unique proposition has 
the potential to be a game-changer, but hinges on the successful 
implementation of Vulcan’s direct lithium extraction technology and on the 
execution of a EUR1.8bn greenfield project targeted for completion by 2025. 
We initiate with a Buy rating and a price target of AUD15.75/share.  

● Project in a nutshell – zero-carbon lithium and geothermal energy: Vulcan 
will be producing zero-carbon lithium by powering part of its operations 
with geothermal energy and selling the excess power to the network. 
Vulcan’s project aims to produce lithium at low cost from an as yet untapped 
resource at the heart of Europe and has compelling ESG credentials. The 
project’s start-up by mid-2024 is timed to meet the huge demand that is 
expected from the battery manufacturers that are setting up in Europe. 

● A non-conventional type of lithium extraction technology: Vulcan will 
make use of direct lithium extraction (DLE), a technology that has two major 
advantages. First, it is effective with lower-grade brines that have much 
lower concentrations of lithium than South American brines. Second, it does 
not require large amounts of reagents to obtain a pure, lithium-rich 
solution. Both advantages mean Vulcan’s project has the potential to 
produce lithium hydroxide at low cost and with unmatched environmental 
credentials. This report contains an explanation of Vulcan’s DLE technology, 
points to existing examples and assesses its feasibility. 

● Rapid growth in sales, but there is significant execution risk ahead: 
Demand for lithium and low production costs could allow the company to 
achieve EUR738m in sales and EUR566m in EBITDA by 2030. Yet Vulcan’s 
EUR1.8bn greenfield project will be quite an engineering feat, and will first 
require significant financing.  

● We initiate at Buy: The news of “white gold” beneath the Rhine has spread 
quickly, pushing Vulcan’s valuation to 0.49x our estimated NAV. This is a 
level of discount that we think still offers some upside, even when 
accounting for a margin of safety for execution risks all the way from now 
to when the company envisages meaningful revenues, by 2025E. 

  9 November 2021 

Vulcan Energy 

Resources Limited 

BUY (Initiation) 

Current price 
 

Price target 

AUD 10.98 
 

AUD 15.75 

09/11/2021 Australia Close 

Market cap (AUD m) 1,570 

Reuters VUL.AX 

Bloomberg VUL AU 

Vulcan Energy 

Resources FR 

BUY  

Current price 
 

Price target 

EUR 7.09 
 

EUR 10.10 

09/11/2021 Frankfurt Close 

Reuters 6KO.F 

Bloomberg 6KO FR 

 
  
 

Y/E 30/06, AUD m 2020 2021 2022 2023 2024 2025 2026

Sales 0 0 0 0 0 186 659 
EBITDA -3 -11 -25 -28 -30 115 483 
EBIT -4 -11 -25 -31 -40 -7 330 
Net profit -4 -11 -25 -105 -114 -81 256 
Capex -1 -7 -291 -659 -1,491 -725 -20 
Y/E net debt (net cash) -6 -115 -9 -798 798 1,496 1,140 
EPS (reported) -0.07 -0.12 -0.20 -0.44 -0.48 -0.34 1.07 
CPS -0.05 -0.11 -2.44 -3.19 -6.69 -2.93 1.49 
Gross margin - - - - - 80.0% 78.8% 
EBITDA margin - - - - - 62.0% 73.3% 
EBIT margin - - - - - -3.8% 50.2% 
ROCE - -8.4% -8.0% -0.9% -1.2% -0.2% 9.8% 
EV/sales - - - - - 22.2 5.7 
EV/EBITDA n.m. n.m. n.m. n.m. n.m. 35.8 7.8 
EV/EBIT n.m. n.m. n.m. n.m. n.m. n.m. 11.4 
P/E n.m. n.m. n.m. n.m. n.m. n.m. 10.2 

Source: Company data, Berenberg. For a full overview of our forecasts, please see the back of this report 
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Investment thesis 

 

9 November 2021 Reuters VUL.AX 

  

● We see huge potential in Vulcan’s project to supply locally sourced, 
low-cost, zero-carbon lithium hydroxide for electric vehicle 
batteries. It simply ticks all the right boxes, and current valuation 
levels still offer enough margin of safety to compensate for the risks 
facing the project. 

● The company is in its infancy and has yet to navigate two major 
challenges. First, it needs to fine-tune its industrial processes to suit 
the Upper Rhine Valley brines in such a way that they can be scaled 
up economically. Second, it has yet to launch and execute a major 
cEUR1.8bn capex programme including geothermal and chemical 
engineering to be able to set up the industrial capabilities to produce 
its target 40ktpa of lithium hydroxide. 

● We acknowledge the huge potential of DLE technology to produce 
cheap and sustainable lithium, a critical material. A blue-sky 
scenario would include Vulcan launching follow-on projects with 
lower capex in other suitable locations or becoming the partner of 
choice of project developers elsewhere. 

● Our 2022E price target is calculated using a DCF model with an 8% 
WACC. We apply a 30% haircut to NAV to reflect project execution 
risk. We cross-check this valuation with comparable multiples and 
with a post-money DCF valuation. 

Bloomberg VUL AU 

Current price Price target   
  

AUD 10.98 AUD 15.75 
Market cap (AUD m) 1,570 

09/11/2021 Australia Close EV (AUD m) 1,562 

Trading volume 1,350,000 

Free float 84.0% 

Non-institutional shareholders Share performance 
  

Francis Wedin (CEO) – 10.5% 
Gavin Rezos (Chairman) – 4.9% 

High 52 weeks AUD 15.90 

Low 52 weeks AUD 1.10 

Business description Performance relative to 
  

Vulcan Energy Resources holds licences to 
explore the lithium-rich aquifers underneath 
the Upper Rhine Valley in Germany. Vulcan 
has conducted a positive preliminary 
feasibility study of a project to extract lithium 
from geothermal brines to produce lithium 
hydroxide, as well as geothermal energy. 

 SXXP SX4P 
  

1mth 4.3% 4.2% 

3mth 7.6% 8.6% 

12mth 1021.1
% 

1027.9% 

 

Profit and loss summary 

AUD  m 2020 2021 2022E 2023E 2024E 
Revenues - - - - - 
EBITDA -3 -11 -25 -28 -30 
EBITA -4 -11 -25 -31 -40 
EBIT -4 -11 -25 -31 -40 
Associates contribution - - - - - 
Net interest -4 -10 -25 -105 -114 
Tax - - - - - 
Minorities - - - - - 
Net income adj. -4 -11 -25 -105 -114 
EPS reported -0.07 -0.12 -0.20 -0.44 -0.48 
EPS adjusted -0.07 -0.12 -0.20 -0.44 -0.48 
Year end shares 66 109 124 239 239 
Average shares 48 87 124 239 239 
DPS - - - - - 

 

 
Cash flow summary 

AUD  m 2020 2021 2022E 2023E 2024E 
EBITDA -3 -11 -25 -28 -30 
Capex - - - - - 
Dividends to subsidiaries - - - - - 
Other 2 7 14 0 0 
FCF to the firm -2 -11 -302 -686 -1,522 
Net interest 0 0 0 -74 -74 
FCFE -3 -10 -302 -761 -1,596 
Acquisitions, disposals - - - - - 
Other investment CF - - - - - 
Dividends paid - - - - - 
Buybacks, issuance 6 120 203 1,550 0 
Change in net debt -3 -108 106 -789 1,596 
Net debt -6 -115 -9 -798 798 
FCF per share -0.05 -0.11 -2.44 -3.19 -6.69 

 

  

Growth and margins 

 2020 2021 2022E 2023E 2024E 
Revenue growth - - - - - 
EBITDA growth - - - - - 
EBIT growth - - - - - 
EPS adj growth - - - - - 
FCF growth - - - - - 
EBITDA margin - - - - - 
EBIT margin - - - - - 
Net income margin - - - - - 
FCF margin - - - - - 

 

 
Key ratios 

 2020 2021 2022E 2023E 2024E 
Net debt / equity - - - - 48.5% 
Net debt / EBITDA - - - - - 
Avg cost of debt - - - 4.8% 4.8% 
Tax rate n.m. n.m. n.m. n.m. n.m. 
Interest cover 0.0 0.0 0.0 -0.4 -0.4 
Payout ratio - - - - - 
ROCE -40.5% -8.4% -8.0% -0.9% -1.2% 
Capex / sales - - - - - 
Capex / depreciation n.m. n.m. n.m. n.m. n.m. 

 

  

Valuation metrics 

 2020 2021 2022E 2023E 2024E 
P / adjusted EPS -4.0 -40.0 -54.1 -25.1 -23.0 
P / book value 1.6 3.3 4.3 1.5 1.6 
FCF yield -17.8% -2.3% -22.2% -29.0% -60.8% 
Dividend yield - - - - - 
EV / sales - - - - - 
EV / EBITDA -2.4 -30.0 -54.1 -66.4 -113.2 
EV / EBIT -2.2 -29.0 -53.8 -59.8 -85.8 
EV / FCF -3.1 -31.5 -4.5 -2.4 -2.1 
EV / cap. employed 0.9 2.4 4.3 0.6 1.1 

 

 
Key risks to our investment thesis 

● Key risks include: 1) failure to issue a successful definitive feasibility 
study soon after June 2022 and to secure preliminary exploitation 
licences; 2) failure to raise capital at attractive rates, avoiding dilution 
to shareholders, to fund the construction of the project; 3) failure to 
execute the geothermal engineering, construction and commissioning 
of both phase one of the project by June 2024 and phase two by June 
2025; and 4) failure to develop and scale a suitable and cost-efficient 
DLE method to extract lithium from geothermal brines and an 
electrolysis process able to produce battery-grade lithium hydroxide. 
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Vulcan Energy Resources Ltd: investment thesis in 
pictures 

Chart 1: Lithium demand is expected to grow strongly due to the rise 

in electric vehicles (ktpa of LCE – lithium carbonate equivalent) 
Chart 2: Vulcan plans to start producing in H2 2024 (FY 2025E) 

 
 

Source: Berenberg estimates Source: Berenberg estimates 

 

Chart 3: Vulcan’s internally developed DLE process could produce 

lithium cheaply and in an environmentally friendly fashion 

Chart 4: DLE technology will displace the mineralogical barrier, 

unlocking significant lithium resources with lower concentrations 

than Chile’s Atacama Desert brines  

    

Source: Vulcan Energy Resources, Minviro Source: Skinner, 1976; sourced from Jade Cove Partners 

 

Chart 5: Vulcan’s Zero-Carbon Lithium project is capex-intensive but 

will represent the second-largest investment in Europe and the 

largest DLE project globally (project capex, EURm) 

Chart 6: We discount NAV to reflect the execution risk ahead 

(EUR/share) 

 
 

Source: Company information, Berenberg estimates. Note: Vulcan capex 

including geothermal plants 
Source: Berenberg estimates 
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Vulcan Energy Resources: investment thesis 

Two-minute summary 

In our view, Vulcan’s Zero-Carbon Lithium project has unmatched green credentials, 
meaningful scale (it is the second-largest lithium project in Europe by total capex 
investment) and enviable positioning at the heart of the emerging European electric vehicle 
battery supply chain. Yet Vulcan is in the early stages of its exciting journey and still needs 
to prove it can scale up its project. Its technology is intended to produce battery-quality 
lithium hydroxide (LiOH or LHM) at industrial scales and low cost, with Vulcan aiming to 
finance and execute a series of projects amounting to EUR1.8bn by Q3 2024. We believe the 
shares still offer upside, despite the significant execution risk of a project of this magnitude. 

Key investment point one: exceptional access to attractive markets 

Vulcan’s commercial case is excellent. We think there is very low risk to Vulcan experiencing 
strong demand for its certified zero-carbon lithium – and offtake agreements signed over 
the last few months prove this, in our view. Such attractive positioning has also been spotted 
by a number of other hard-rock lithium projects in Europe and by other DLE projects at the 
Salton Sea area in California, but we think Vulcan Energy combines great timing, good 
location, large scale and best-in-class environmental credentials. Geothermal power 
production is key to Vulcan’s differentiated green positioning, enabling free access to the 
lithium resource while marginally contributing to the project’s value. 

Key investment point two: Vulcan’s DLE optionality 

This report looks in detail into DLE technology. The technology that Vulcan wants to 
implement is well established, but needs to be adapted to the local resource and then scaled 
up to manage flows of hundreds of litres per second. Once DLE is mastered, Vulcan will 
become a low-cost producer of lithium hydroxide and potentially set the standard in the 
exploitation of lithium-rich geothermal brines. Unlocking new lower-grade sources of 
lithium would be revolutionary for the industry. Vulcan also aims to produce lithium 
hydroxide by electrolysis, a novel method with some advantages, but potentially a risky one. 

Key investment point three: execution requires a discounted valuation 

Our base case assumes that Vulcan’s project is funded, built and commissioned successfully, 
booking the first revenues in September 2024. We have discounted cash flows at an 8% 
WACC, which we believe is a fair discount rate for a junior lithium asset that could be up to 
50% financed with credit. However, in order to reflect project development risks, we have 
applied a 30% discount (or a 0.70x multiple) as a haircut to our price target. This leaves us 
with a price target of AUD15.75 and some upside to the current share price. 

Our sensitivity analysis shows that delays in execution or a potential capex overrun would 
justify meaningful impacts on the fair valuation. Vulcan is also sensitive to lithium hydroxide 
pricing. Our 0.70x discount factor should disappear over time, as positive updates about the 
feasibility of the project are issued and execution milestones are met. Indeed, more advanced 
DLE projects, such as Standard Lithium’s, trade at 0.57x NAV. We note that the average 
European (hard-rock) lithium project trades at just 0.33x NAV.  

Financing risk for the project is also a hurdle further down the road. We discuss potential 
future financing and the pro-forma share count to assess a potential entry point.   
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The Zero-Carbon Lithium project 

Vulcan’s history and project overview 

The company was founded in 2018 as “Koppar Resources Ltd” and its initial goal was to 
develop mining projects for battery metals in Europe. In July 2019, the company announced 
it would acquire Vulcan Energy Resources and changed its name. Since then, Vulcan has 
spun off Kuniko Ltd, its hard-rock mining exploration projects in Norway (copper, nickel 
and cobalt). The company is now focused on the Vulcan Zero-Carbon Lithium project in the 
Upper Rhine Valley.  

Vulcan’s Zero-Carbon Lithium project was co-founded by Dr Francis Wedin and Dr Horst 
Kreuter, now CEO and board advisor respectively. Gavin Rezos also joined as a non-executive 
chairman to bring in investment banking experience. Vulcan now employs 80 people.  

The project consists of two businesses: renewable energy and lithium. 

Energy business: In order to extract lithium from geothermal brines, Vulcan plans to build 
five geothermal energy plants, divided into two phases. These plants will pump hot 
geothermal brine out of the reservoirs underneath the Upper Rhine Valley and use the heat 
to generate renewable energy. The electricity power will be sold to the network at guaranteed 
feed-in tariffs. 

Lithium business: Adjacent to each of the five geothermal plants will stand five lithium-
extraction plants. These plants will use DLE technology to capture the lithium ions from the 
geothermal brine after it has been used for power generation. They will generate a 
concentrated lithium chloride solution and re-inject the depleted brines back into the 
underground reservoir. 

The concentrated lithium chloride solution will be used as feedstock to produce battery-
quality lithium hydroxide. Lithium hydroxide is used by cathode and/or battery 
manufacturers as a key ingredient to manufacture lithium-ion batteries. Vulcan’s central 
lithium plants will be off the geothermal site, at a chemical park that Vulcan has already 
secured near Frankfurt. 

Overview of Vulcan’s Zero-Carbon Lithium project  

 
Source: Vulcan Energy Resources  
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Vulcan’s Zero-Carbon Lithium project: illustrative business model 

 
Source: Vulcan Energy Resources, Berenberg research  

The two phases of the project (as per the figure on the previous page) will be developed at 
different locations. Phase one corresponds to the Taro licence and phase two corresponds to 
the Ortenau licence.  

Vulcan holds exploration rights over other areas in the Upper Rhine Valley and has bid for 
additional ones, but has not projected any further developments yet. The Upper Rhine Valley 
area is easily accessible, has good infrastructure and is densely populated. It also located near 
the heartland of European automotive production. 
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Vulcan’s licences for brine assets in the Upper Rhine Valley 

 
Source: Vulcan Energy Resources. Note: GGH’s licences became 100% owned by Vulcan in February 2021. Lampertheim, an additional licence for 108km2, was 

granted to Vulcan in the State of Hesse in July 2021 

Aside from the environmental benefits, the primary advantage of DLE technology is the 
ability to profitably exploit brines with relatively low concentrations of lithium. The amount 
of lithium resource in the reservoirs beneath the Upper Rhine Valley is huge, but this is due 
to their size, not an exceptionally high concentration.  

Vulcan’s brines have around 181mg of lithium per litre. These concentrations are nowhere 
near the Chilean Atacama Desert’s 1,400mg/l concentration (c7x greater) or even 
Argentinian brines at 600mg/l. However, DLE technology has been shown to be effective for 
lithium capture from hot brines and achieves high lithium recovery rates. If the brine has 
low levels of impurities so that the amount of pre-treatment to the brines is not too intensive, 
DLE could be more economical despite larger volumes needing to be processed. 

DLE is currently used by Livent in South American brines, but it requires heat to drive the 
adsorption process. We understand this heat is currently sourced from fossil fuels. Vulcan’s 
geothermal brine, by contrast, is naturally hot, which facilitates the extraction process at no 
additional cost. This combined with the advantage in available infrastructure and access to 
market compared to Catamarca’s highlands, should help offset the lower lithium grade. 
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The figure below shows the amount of resource in Vulcan’s licences, comparing favourably 
versus hard-rock lithium deposits. 

Lithium resource estimates comparison across European lithium projects (Mt LCE) 

 
Source: Vulcan Energy Resources. Berenberg. For Ortenau and Taro licences only  

Feasibility studies and timeline ahead 

In January 2021, Vulcan released its project’s positive pre-feasibility study (PFS), 
demonstrating strong potential to develop the project to produce net-zero-carbon lithium 
hydroxide in the heart of Europe. The PFS claims the project could produce 39.4ktpa of 
lithium hydroxide at an excellent cost of EUR2,640 per ton over 30 years and be worth 
EUR2.25bn in post-tax NPV. The investment required for the project is EUR1.7bn-1.8bn. 

Key PFS findings (February 2021; EURm) 

 Description 
Expected 
revenues 

Expected 
Capex 

Post Tax 
NPV 

Contribu-
tion to NPV 

Phase 1 Geothermal 
5 pairs of wells divided between 2 sites. 
Combined 21MW capacity 

46 226 99 4% 

Phase 1 Lithium 
2 DLE plants adjacent to the power plants plus 
a single, separate lithium hydroxide conversion 
plant with a capacity of 15ktpa LiOH 

187 474 644 29% 

Phase 2 Geothermal 
9 pairs of wells divided between 3 sites. 
Combined 52MW capacity 

111 438 371 16% 

Phase 2 Lithium 
3 DLE plants adjacent to the power plants plus 
a single, separate lithium hydroxide conversion 

plant with a capacity of 25ktpa LiOH 

312 700 1,111 49% 

Synergies* 
Expected savings from not phasing phases 1 
and 2 

- (100) 25 1% 

Total 40ktpa LiOH and 74MW 656 1,738 2,250 100% 
 

Source: Vulcan Energy Resources, Berenberg research. * Synergies not accounted for in Berenberg model 

The positive PFS has already facilitated an AUD120m share placement in February 2021 and 
a second one in September 2021 for an additional AUD203m to finance project development, 
permitting and definitive feasibility study (DFS) costs. The February 2021 capital increase 
also allowed for the acquisition of drill sites and two geothermal engineering companies 
instrumental to the development of the project: Global Engineering & Consulting-Company 
GmbH (gec-co) and GeoThermal Engineering GmbH (GeoT). The September 2021 capital 
increase aimed to de-risk and accelerate project development by supplying funds for the 
acquisition of equipment and of existing geothermal stations. We believe Vulcan is now fully 
funded until the final investment decision, expected soon after 30 June 2022. 

Over the past few months, the company has made progress on the technical side. Vulcan has 
conducted expected acquisitions and hiring in order to set up a strong DFS and development 
team, it has continued its geological studies and it has tested further brine samples from the 
Upper Rhine Valley with good results. The firm has signed a collaboration agreement with 

Brine 

based 

resource 

Hard-rock 

based 

resource 
2x larger 

resource 
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DuPont Water Solutions for the supply of DLE equipment and it has commissioned a pilot 
DLE plant in order to test lithium adsorbents and processes and to produce samples for 
offtakers. In September 2021, Vulcan produced LiOH for the first time from its own pilot 
plant. 

On the commercial front, in July, August and October 2021, Vulcan signed offtake 
agreements with LG Chem, Renault and Umicore. We estimate that these three agreements 
mean that Vulcan has already found offtakers for 72% of its run-rate capacity. The company 
has also been included as a member of the Global Battery Alliance partnership, which 
promotes “battery passports”. 

Announced offtake agreements (LiOH ktpa); Vulcan has already found offtakers for 72% of its run-rate capacity 

 
Source: Berenberg. Vulcan Press releases 

A successful start-up of operations and the full qualification of the lithium chemical product 
are deemed pre-conditions for all the offtake contracts above. All three contracts can be 
extended beyond the initially stipulated term. 

Publication of definitive feasibility studies (DFS) is the key next milestone: During the 
coming months, the company will focus on delivering the DFS. We expect Vulcan to deliver 
a positive DFS so that banks and other credit institutions can comfortably commit debt 
financing to the project. We would expect a first instalment regarding the Taro licence (Phase 
one) by mid-2022 followed by the Orteanu licence (Phase two) later that year.  

As part of this work, we expect Vulcan to build and commission a bigger DLE demonstration 
plant that can work on a continuous basis and manage a flow of more than 1% of the real 
plant flow, and a similar electrolysis test plant for lithium hydroxide production. We also 
expect further announcements on the geological feasibility of the Ortenau licence (phase two 
of the project). 

The DFS project is led by Dr Stephen Harrison, Vulcan’s in-house lithium expert, COO 
Thorsten Weimann and Vulcan’s gec-co (above-surface geothermal engineering) and 
Vulcan’s GeoT (geological engineering) teams. Vulcan has an 80-strong team working across 
lithium and geothermal energy. They are supported by Hatch and GLJ as engineering 
consultants.  
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Vulcan’s Zero-Carbon Lithium project timeline 

 
Source: Vulcan Energy Resources 

 
  



Vulcan Energy Resources Ltd (VUL AU, 6KO FR) 

Chemicals – Speciality Chemicals 
 

 

14 

Vulcan’s key personnel (see appendix for Vulcan’s board of directors) 

Name Short Bio Photo 

Dr Francis Wedin 

CEO, managing director 

and founder 

Dr Francis Wedin has worked in the lithium industry since 2014. He was previously 
executive director of Exore Resources Ltd and linked to the Pilgangoora project, now in 
production as part of Pilbara Minerals. 

Dr Horst Kreuter 

Co-founder, board advisor 

and executive director 

(Germany) 

Formerly CEO of Geothermal Group Germany GmbH and GeoT, Dr Horst Kreuter has 
experience in geothermal project development and permitting in Germany and abroad. 

Gavin Rezos 

Non-executive chairman 

Gavin Rezos has previously held executive and non-executive positions at ASX 300 
companies (Iluka Resources, Resources & Energy Group, and Alexium). 

A former investment banking director at HSBC, Mr Rezos will support investment 
banking workstreams. 

Thorsten Weimann  

COO  

Thorsten Weimann has over 25 years’ experience in geothermal project development and 
operation in Germany. 

He was previously CEO of gec-co. 

 

Dr Stephen Harrison  

Chief technical officer 

(CTO) 

Dr Stephen Harrison was CTO of Simbol Materials for seven years (2008-15), where he 
led the scientific and engineering teams. 

CEO of Rakehill Technology LLC, Dr Harrison has since consulted to the lithium industry 

on various lithium extraction technologies, including sorbents. 
 

Vincent 

Ledoux-Pedailles  

Vice president – business 

development 

Vincent Ledoux-Pedailles was previously executive director – corporate strategy at 
Infinity Lithium. He has also worked at IHS Markit, where he led the lithium and battery 
materials research team. 

At Infinity Lithium, Mr Ledoux-Pedailles secured EU funding for the project and was 
appointed as a lithium expert by the European Commission.   

Markus Ritzauer 

CFO (Germany) 

Markus Ritzauer has over 20 years’ experience in finance roles within the chemicals 
industry. 

His previous roles were head of finance at Currenta, CFO of the Bayer Group of 
companies in South Korea and head of corporate M&A in Asia-Pacific for Bayer. 

 

Markus Ruff 

CEO Global Engineering 

and Consulting Company 

GmbH (gec-co) 

Markus Ruff has been focused on geothermal power plants, geothermal plant technology 
and thermodynamics of geothermal co-generation plants since 2010. 

He has been managing director of gec-co since 2020. 

 

Tobias Hochschild 

CEO GeoThermal 

Engineering GmbH (GeoT) 

Tobias Hochschild has worked in geothermal exploration and project development since 
2009. As Geologist, has experience in reservoir characterisation, geomodelling, operation 

and production in southern Germany and internationally.  

He has been CEO of GeoThermal Engineering GmbH (GeoT) since 2021. 

  

Beate Holzwarth 

Chief communications 

officer (Germany) 

Beate Holzwarth has worked at Mercedes-Benz Cars and Daimler Trucks in various 
communication and marketing roles for 20 years. She was responsible for events 

involving state representatives and local politicians. 

She was appointed as chief communications officer for Germany in October 2021. 
 

 

Source: Vulcan Energy Resources, LinkedIn 
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Key investment point one: exceptional access to 
attractive markets 

This section provides an overview of the advantageous location and timing of Vulcan’s 
projects. We first describe how the company’s geothermal assets will benefit from 
established infrastructure and feed-in tariffs in Germany. We then place Vulcan’s lithium 
assets in the context of the wider move to the manufacture of batteries and battery materials 
in Europe, and highlight their environmental merits. Finally, we discuss Vulcan’s excellent 
alignment with the UN Sustainable Development Goals (SDGs). 

Only the latest in series of geothermal projects in Germany 

Germany has an established geothermal tradition, including 168 thermal baths, c440k near-
surface (less than 400m deep) hot water installations and 37 deep geothermal energy plants 
in operation, with wells with an average depth of 2,500m, comparable to those projected by 
Vulcan in the Upper Rhine Valley. 

The Upper Rhine Valley has both geothermal potential and lithium-rich brines. We have 
identified three geothermal plants in the Upper Rhine Valley area, the rest being in northern 
Germany and Bavaria. The majority of the deep energy plants provide district heating, while 
some 11 plants are set to produce a total of 47MW of renewable electricity.1 As opposed to 
wind and solar power, geothermal energy is not weather-dependent and thus it can be 
considered an equivalent alternative to dirty baseload energy sources, such as lignite. 

The push for sustainability, particularly regarding heating, is encouraging growth in 
geothermal district heating applications. As at 2018, geothermal represented 14% of the 
heating sources in Germany, while gas and oil represented 75%.2 Bundesverband Geothermie 
estimates that 24.5k new systems are installed per year, 5.5% growth. The graphs below 
illustrate the fast growth of district heating and geothermal power generation. 

Development of geothermal heat use in Germany (GWh) Cumulative number of geothermal energy power plants in Germany 

 
 

Source: Leibniz Institute for Applied Geophysics (2018) 

 

Source: Kunze, C, Hertel, M (2017), “Contested deep geothermal energy in 

Germany: the emergence of an environmental protest movement” 

The German Renewable Energy Act (EEG) encourages geothermal electricity generation and 
guarantees a feed-in tariff for new projects installed until a capacity of 120MWel is reached. 
Vulcan assumes this point will be reached after 2026. The feed-in tariff of EUR0.252 per kWh 
stands for 20 years and declines by 0.5% every year after.  

In our view, this favourable context implies access to proven drilling and electric generation 
technology and expertise, while the feed-in tariff guarantees a minimum revenue threshold 
for Vulcan and should support access to funding on the back of relatively secure utility 
revenues. In the Upper Rhine Valley, geothermal stations operate successfully at Insheim, 
Landau in der Pfalz and Bruschal providing with heat and electricity to the local communities. 

 
1 Bundesverband Geothermie, Geothermie.de 

2 BDEW, 2019, sourced from: www.cleanenergywire.org 
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However, we note the emergence of an environmental protest movement that opposes 
geothermal developments due to perceived seismicity risk in the Upper Rhine Valley. A 
geothermal project in Brühl, Baden-Württemberg, was halted in 2013 due to local residents’ 
opposition after drilling had started and in spite of good prospects and a favourable ruling 
on litigation challenges brought by local politicians. We understand that ultimately potential 
investors withdrew their support for the project and the sponsor went bankrupt. 

Seismicity risk events linked to geothermal activities have occurred in the Rhine Valley Area 
in recent years, including at Basel, Switzerland (2006) and at Vendenheim, France (2019). In 
the case of Basel, high-pressure water was forced into the crystalline basement rock over a 
two-week period in order to increase the hard rock permeability and create a geothermal 
reservoir where the liquid would circulate. An earthquake with a local magnitude of 3.4 on 
the Richter scale occurred, leading to minor damage totalling CHF6m. Consequently, the 
project was definitively terminated in 2009. Vendenheim has experienced induced 
seismicity events since December 2019 of a magnitude up to 3.7 on the Richter scale, as the 
operator had over-pressurised wells. Operations were stopped and damage claims are now 
being issued. Drilling was only based on 2D seismic data, as opposed to 3D, which means the 
drilling was less precise and was conducted into granite. 

Vulcan is fully aware of seismicity risks and will be following industry best practice by 1) 
doing full 3D modelling of the subsurface, 2) not over-pressurising the wells and 3) only 
targeting natural sandstone reservoirs as opposed to hard-rock granites. 

Overall, and particularly in the current politically supportive context, we are not overly 
concerned about environmental activist action regarding Vulcan new geothermal power 
projects unless serious seismicity events occur. We also believe that seismic activity should 
not occur if the appropriate sandstone spot in the aquifer is targeted and if the pressure used 
to re-inject the water underground is moderate. 
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Vulcan’s Zero-Carbon Lithium project is perfectly timed to serve the 

emerging battery supply chain in Europe 

Vulcan’s key value driver is lithium hydroxide production. First Vulcan will use DLE 
technology to extract lithium from geothermal brines, producing a pure concentrated 
lithium chloride solution. Then it will electrolyse the solution to obtain pure, battery-quality 
lithium hydroxide, which is a key ingredient of the high-nickel cathodes used in electric 
vehicle batteries. 

We believe the location proposed for Vulcan’s zero-carbon lithium project could hardly be 
better. We expect European demand for lithium to increase very significantly over the next 
few years driven by growing penetration of electric vehicles. Putting Vulcan’s fully phased 
production of c40ktpa of lithium hydroxide in context, this would be enough to produce 
c50GWh worth of battery capacity, or enough for c1m electric vehicles. This is just a fraction 
of the c900ktpa of LCE (lithium carbonate equivalent) required for an industry of 1,200GWh 
battery capacity, which is the amount that is being projected by McKinsey in Europe by 2040. 

In our view, Vulcan’s recently announced offtake agreements with LG, Renault and Umicore 
are testament to the strength of Vulcan’s commercial case.  

European gigafactory projects (ie large-scale factories for electric vehicle batteries) 

 
Source: CIC energiGUNE, April 2021 

Zero-carbon lithium offers potential advantages from both a marketing and regulatory 
standpoint. Domestic European lithium production could also avoid the impact of any 
increase in commercial barriers between China and Europe. Any commercial barrier means 
that Vulcan, which is fully backwards-integrated, will benefit from higher market prices, 
capturing any premium as a profit. 
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Green credentials and why they matter 

A new European battery regulation to modernise the existing 2006 framework was 
announced in December 2020 by the European Commission. The new legislation will cover 
sourcing of materials and will require traceability of the raw materials used. Batteries will 
have “digital passports” that allow auto manufacturers to track the origin and credentials of 
the raw materials used. While cobalt is typically a source of concern, lithium retrieved from 
evaporation ponds or converted from the mineral spodumene also has a high environmental 
footprint in terms of CO2 emissions, landscape impacts and freshwater usage. Vulcan’s 
production of geothermal energy and use of efficient DLE technology, and the fact that 
depleted brines are re-injected into the aquifers, should ensure that its zero-carbon lithium 
stands out versus competitors’ on sustainability grounds.  

According to the European Commission’s 2020 announcement, the new EU Batteries 
Regulation will force battery manufacturers to declare their batteries’ CO2 footprint by 2024, 
and a CO2 emissions limit is likely by the year 2027. Vulcan estimates that its “zero-carbon” 
(actually negative carbon) lithium hydroxide compares with c7.5t and c15t of CO2 emitted 
per ton of lithium hydroxide manufactured from lithium originating from evaporation 
ponds and spodumene respectively. This is more than a marketing advantage, because by 
2027 thresholds on battery emissions could be imposed, effectively banning CO2-intensive 
battery materials from Europe. Automakers also have an incentive to lower their CO2 
footprint and hence will favour low-carbon raw materials. 

Vulcan’s lithium hydroxide global warming potential (tCO2/tLiOH) 
Vulcan’s emissions versus traditional production methods 

(tCO2/tLiOH) 

 
 

Source: Vulcan Energy Resources, Minviro Life Cycle Assessment Source: Vulcan Energy Resources, Minviro Life Cycle Assessment 

Water use is also a typical environmental concern, particularly when considering that 
lithium sources in Australia and South America are in areas with relative water scarcity. Net 
water use by Vulcan is low because it re-injects depleted brines, as opposed to evaporation 
ponds. Even if salty brines in the Atacama Desert are not suitable for agriculture or human 
consumption, their exploitation may affect the level of hydration of the soil and ultimately 
the ecosystem. 
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Local supply chain integration and why it matters 

In 2020, lithium was added to the list of critical raw materials in the EU in the context of the 
European launch of a clear political push for efficient, safe and environmentally-friendly 
transport. This political tailwind has positive implications for Vulcan, which should benefit 
from European Investment Bank’s new energy lending policy, supporting projects relating 
to the supply of critical raw materials, and potentially from grants and fast-tracking of 
necessary licences. 

Localisation of the lithium battery supply chain will make tangible economic differences and 
potentially support a price premium for Vulcan’s zero-carbon lithium for the following 
reasons. 

● Chinese export levy: Currently, China, the main producer of lithium hydroxide, charges 
non-recoverable VAT of 14% on Chinese exports. In our view, this tax would be reflected 
in European lithium prices, so Vulcan would be able to sell at an “artificially” high price. 

● Carbon Border Adjustment Mechanism (CBAM): The EU’s planned CBAM is an import 
levy designed to reflect the cost that the CO2 emissions would have entailed if the 
producer had been EU-based and subject to the Emissions Trading System (ETS). 
Depending on carbon prices, a surcharge of between 7% and 14% on the lithium 
hydroxide sale price could be charged to spodumene converters wanting to export to 
Europe. Assuming a carbon price differential of EUR50 per CO2 ton emitted in Europe, 
lithium hydroxide imported from China could command a EUR750/t premium.  

● Transport costs: lithium hydroxide is slightly more hygroscopic than lithium carbonate 
and more delicate. These speciality chemicals are not transported in bulk, but in sacks 
inside a container. Intercontinental shipping costs could be hundreds of dollars per ton, 
representing a c2% surcharge. 

Due to these factors, we are highly confident that Vulcan will be a partner of choice for many 
European cathode manufacturers, or by electric vehicle manufacturers once its lithium 
hydroxide is certified for battery manufacturing. We believe that producing lithium 
hydroxide by electrolysis should lead to best-in-class levels of purity, and Vulcan’s product 
should have no problem in being certified as battery-quality. 
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Lithium hydroxide price outlook 

We believe that over time, if Vulcan successfully executes its project, its superior 
environmental credentials and the implementation of the CBAM will justify Vulcan’s lithium 
to be acquired at a premium over market prices. In order to secure a premium in contract 
prices for lithium hydroxide Vulcan would first need to prove to its clients that it can reliably 
supply the pre-agreed quantities. Current offtake agreements with LG, Renault and Umicore 
are indexed at market prices. 

In the chart below, we show the EUR price curve for Vulcan’s future contracts. The chart 
compares our proposed curve versus Vulcan’s PFS assumed prices. As at 29 October 2021, 
contracts traded at USD27,000/ton LiOH (EUR23,300), but first commercial volumes by 
Vulcan will only arrive in the market in late 2024E, when additional supply should have 
moderated prices. 

Lithium hydroxide forecast prices (EUR/ton) 

 
Source: Berenberg Research, Vulcan Energy Resources 

Our lithium 2030 outlook elaborates our view on long-term lithium prices. Two conflicting 
trends still need to develop. The first is the almost certain acceleration of the penetration of 
electric vehicles, at a faster rate than lithium resources are extracted and processed. This 
would add upward pressure to prices. The second trend is that low-grade lithium resources 
could become increasingly economically viable and be offered at cheaper prices. This trend 
would be led by players such as Vulcan, thank to successful application of DLE to geothermal 
brines or by unlocking the potential of lithium-rich clays. This would add downward 
pressure to prices.   
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Vulcan’s alignment with the SDGs 

In this section, we map Vulcan’s business model to the UN SDGs (via the Berenberg Adjusted 
Sustainable Development Goal Framework, or BDSG). As we explained in the previous 
section, we believe Vulcan’s sustainable positioning is a key differentiator from other 
projects and other lithium producers, and a strong competitive advantage. In Appendix 2, we 
show how Vulcan’s sustainability credentials compare to those of other projects. 

Vulcan is a strong sustainability play, in our view. Lithium mining and chemical processing 
are key to enable the energy transition and electrification, but they have significant 
associated negative environmental impacts. Vulcan’s DLE technology, by contrast, proposes 
to obtain lithium very efficiently, with net negative carbon generation thanks to the 
generation of excess renewable energy. 

Vulcan’s BSDG profile 

BSDG BSDG criteria being met Our SDG view Relevance 

 

• Increase access to affordable, reliable 

and modern energy services 

• Increase renewable energy production 

Both of Vulcan’s businesses are direct contributors to this 
goal. 

Vulcan aims to produce c40ktpa of LiOH. This could be 
enough to manufacture batteries for c1m electric cars per 
year. 

Vulcan will contribute 74MW of geothermal power to the 
network. 

Vulcan’s Scope 3 emissions will have a net negative 
carbon impact at -2.9 tons CO2 per ton of LiOH produced. 
This is because Vulcan’s operations have net negative 
energy use (a net renewable energy generator). 

High 

 

• Advance technological capabilities of 

industrial sectors through innovation 

• Improve sustainability of infrastructure 

by adopting resource efficiency and 

adopting environmentally sound 

industrial processes 

Vulcan’s adoption of direct lithium extraction technology 
could be a significant step in unlocking large, more 
sustainable sources of lithium, a key metal for 
electrification and the energy transition. 

Vulcan’s process uses significantly fewer chemical 
reagents and re-injects most of the pumped brines back 
into the underground aquifers. 

High 

 

• Build and provide efficient, sustainable 

and affordable means of transport 

Vulcan aims to produce c40ktpa of LiOH, a key ingredient 
in manufacturing batteries, enough for c1m electric cars 
per year. 

High 

 

• Reduce waste generation, in particular, 

chemicals 

Vulcan’s process uses significantly fewer chemical 
reagents. 

Compared to traditional lithium-extraction methods 
Vulcan does not produce waste rock or salt tailings. 

High 

 

• Provide well-paid employment and 

decent working conditions 

Vulcan aims to invest cEUR1.8bn in the Upper Rhine 
Valley, Germany, to build the project. 

We estimate Vulcan could provide quality employment for 
c150 employees directly, plus additional indirect 
employment 

Medium 

 

• Improve safety, sustainability and 

efficiency of water use and 

management 

Vulcan’s technology compares moderately favourably 
versus other lithium extraction methods such as 
evaporation ponds or spodumene mining followed by 
lithium conversion, in term of water use. Vulcan pumps 
large amounts of brines from aquifers about 2.5km deep 
that are not suitable for agriculture or human use. After 
energy and lithium are extracted from them, depleted 
brines are injected back into the aquifer. 

Vulcan does require fresh water in its industrial process. 

Low 

 

Source: Berenberg research 

 



Vulcan Energy Resources Ltd (VUL AU, 6KO FR) 

Chemicals – Speciality Chemicals 
 

 

22 

Key investment point two: Vulcan’s direct lithium 
extraction optionality; a primer on DLE 

This section explains and highlights the merits of Vulcan’s direct lithium extraction 
technology. This technology is, in our view, credible and will enable the company to exploit 
the Upper Rhine Valley geothermal brines with relatively low lithium concentrations.  

Lithium-rich brines, like the ones in the Atacama Desert in Chile, are traditionally pumped 
from underground reservoirs into ponds, where they concentrate by natural evaporation. In 
this evaporation process, other metal salts, such as sodium, potassium and magnesium, 
precipitate out, leaving a lithium chloride concentrate. Further precipitation is achieved by 
adding reagents. 

Direct lithium extraction works on a different principle. DLE uses materials able to associate 
themselves selectively with lithium ions only, leaving all the other salts and impurities in the 
solution. This selective approach is energy- and resource-efficient.  

We believe that DLE has the potential to be implemented with existing technology and start 
producing significant amounts of low-cost lithium. DLE can unlock huge but lower-grade 
resources of lithium to supply the explosion in lithium demand required to meet targets for 
electric vehicles on the road by 2030, with the additional benefit of displacing expensive and 
water-, land- and carbon-intensive lithium sources. 

Understanding DLE chemistry 

DLE technologies all interact with lithium ions exclusively and leave all the other ions in the 
solution unchanged. These technologies can be broadly grouped into three main categories.  

● Adsorption: Lithium chloride (LiCl) molecules physically “stick” onto the surface of a 
sorbent, normally a resin-like substance. The resin then becomes a lithium-loaded 
solution and is later “washed” with a stripping solution (water, in the case of Vulcan) that 
retains the LiCl. This regenerates the sorbent to be used in further adsorption cycles. 

● Ion exchange: The sorbent – normally a solid – takes lithium ions from the solution by 
trading them for protons or other cations within the sorbent’s structure. Then it is 
regenerated with an acidic solution that strips the sorbent and replenishes the cations.  

● Solvent extraction: A solvent, normally an organic liquid, exchanges LiCl molecules or 
lithium ions by forming complexes between itself and the lithium in brine. 

Overview of the three technologies for direct lithium extraction; Vulcan will favour adsorption 

 
Source: Jade Cove Partners, National Renewable Energy Laboratory (NREL) 
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All the technologies above are, in theory, able to both deal with the impurities and also 
concentrate the lithium without the need for evaporation. In practice, adsorption may be 
preferable to ion exchange and solvent extraction because the degree of decay of the sorbent 
is less pronounced than that of the solvent or ion exchange column. This is because it uses 
water for stripping, which can be recovered and recycled. Ion exchange uses acids to strip 
and replenish, which means higher costs and a more reagent-intensive process. Continuous 
replacement of solvents in solvent extraction is also costly. 

Membrane technologies are efficient at filtration and selective at the ionic level (ie they will 
only let the lithium ions through) and can be used in combination with the above 
technologies. Membranes usually dilute the lithium concentration and their use needs to be 
followed by electrochemical processes that require energy in order to concentrate the lithium 
solution.  

We think the successful DLE technologies will be the ones that can not only filter specifically 
for lithium while removing the impurities but also concentrate the brine solution without 
the need of evaporation. Hence, in our view, Vulcan’s choice of adsorption is optimal. 

Vulcan’s DLE technology: adsorption in detail 

Through conversations with experts, Vulcan’s PFS and other press releases, we have been 
able to elucidate the rough mechanism of action of Vulcan’s adsorbent-based extraction 
process. 

The working principle behind both adsorption and elution processes is that the geothermal 
brine is highly saturated in ions in a multitude of different sizes and electric charges. Water 
molecules, which have an excess of negative charge, allow different positive metal ions, such 
as lithium, magnesium and sodium, to be in a stabilised environment. 

The water molecules do this by surrounding the ions, forming a hydration shell. Lithium 
ions require a double hydration shell to stabilise their electric charges due to their small size 
(the smallest metal in terms of atom sizes). 

In high-salinity brines, metal ions outnumber the water molecules in the solution and 
compete for water molecules. Lithium ions have a disproportionate need for water in the 
form of a double hydration shell relative to their single charge; compared to divalent (double-
positive) ions, which exert a stronger pull on water ions. Lithium ions are outcompeted and 
thus move to the surface of the sorbent material.  

The sorbent material is tailored to suit lithium in terms of size and charge, so that other ions 
do not displace the lithium. This process of retaining lithium into the DLE sorbent material 
while the other ions pass through is known as the loading process. The process is quite 
effective – ie Vulcan has indicated that its absorbent of choice, provided by DuPont, achieves 
over 90% LiCl recovery from the geothermal brine. Peers have also achieved over 90% lithium 
recovery rates (ie E3 Metals and Standard Lithium). 

Lithium ions are released from the sorbent material by a process of elution – ie extracting 
the lithium from the sorbent resin by washing it with a clean solution. Lithium is hence 
washed with water, which provides an excess of free water molecules that can form 
hydration shells again, naturally driving the desorption process. Once rehydrated, the 
remaining lithium concentrated solution is known as the eluate. 
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Adsorption process (figure 1) and elution process (figure 2) 

 
Source: Vulcan Energy Resources 

The complete absorption and elution process takes just a matter of minutes instead of the 
months required for solar evaporation to occur naturally at the Chilean evaporation ponds. 
The rate of extraction is driven by the temperature accelerating the kinetics, enabling the 
process of loading/unloading through hydration to be as fast as possible. In other words, the 
high temperatures of geothermal brines accelerate the lithium extraction process. Our 
understanding is that Vulcan’s peer Livent uses natural gas to heat up the brine ahead of its 
DLE process. Vulcan‘s geothermal brine, by contrast, is hot by nature and could have a cost 
advantage over other sources. 

Vulcan has remained tight-lipped about the details of its process for competitive reasons. 
But the chart below from EnergySource (a peer of Vulcan) gives us an idea of how the 
industrial process based on this principle could be set up. Essentially, the brine is forced into 
contact with the adsorbent for a prolonged time across a number of columns (A and B), then 
the adsorbent is regenerated and, finally, the pure lithium chloride solution is extracted (D). 
A concentrated lithium chloride solution (eg 42%, based on Simbol documents)3 is used as 
input for electrolysis. 

EnergySource’s adsorption and desorption system 

 
Source: EnergySource (2021), NREL 

 
3 Simbol Materials, 2013. “Sustainable extraction of valuable elements”. Available at: 

https://www.aiche.org/sites/default/files/docs/conferences/event/b.1_burba_suschem.pdf  

https://www.aiche.org/sites/default/files/docs/conferences/event/b.1_burba_suschem.pdf
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Key advantages of DLE versus traditional lithium-extraction methods 

 
● Unlocking massive lower-grade resources: As shown in the chart below, high-grade 

evaporative salt-flat brines account for only a tiny fraction of total lithium resources. This 
is because only the highest-quality brines allow for solar evaporation to concentrate the 
brines. By contrast, the lower-grade, high-impurity brines account for a much higher 
proportion of lithium reserves. 

Lithium extraction from these lower-grade brines is not commercially viable using 
traditional evaporation processes. DLE represents an opportunity to move the 
mineralogical barrier (which indicates the economic feasibility of a project) in the chart 
below towards the left, enabling more brine assets to come on line. 

The mineralogical barrier indicates the lithium assets that it is economically viable to develop 

 
Source: Skinner, 1976; sourced from Jade Cove Partners 

 

Illustrative concentration of lithium in different brines (mg lithium per litre) 

 
Source: Berenberg 
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● Superior environmental credentials: DLE is an efficient process that requires less energy 
and smaller amounts of reagents versus traditional lithium extraction methods. Vulcan’s 
process involves hot geothermal brines so it would need no additional heat and could 
lead to net-positive energy generation and net-zero-carbon emissions. DLE has a small 
water and landscape footprint, as depleted brines are re-injected back into their 
reservoirs. DLE contrasts with the immensely more carbon-intensive hard-rock mining 
process (largely due to the need to roast the spodumene in furnaces) and the water and 
land usage of brine-based extraction, in particular in regions where there is a water 
shortage and the reservoir balance might not be easily restored. 

Vulcan’s environmental impact versus other lithium-extraction 

methods 

Vulcan’s water environmental impact versus other lithium-

extraction methods 

 
 

Source: Minviro; Vulcan Energy Resources Source: Minviro; Vulcan Energy Resources 

● Reduced operational risk and shorter production time: Traditional brine-based projects 
are highly weather-dependent, which can lead to delays to the already immensely time-
intensive 12-18 months that it takes for solar evaporation to concentrate one batch of 
brine. DLE technology is not weather-dependent and should offer increased consistency 
in product quality. DLE industrial processes should work on a continuous basis and offer 
a substantially shorter production time of hours or days, in comparison to the numerous 
months or years required for traditional evaporative processes or for the Chinese lithium 
convertors to process material mined in Australia. 

● Increased product recovery: Conventional methods have a low recovery yield of up to 
50% of the lithium resource. However, DLE projects’ feasibility studies and pilot plant 
programmes indicate a much higher recovery yield of 90% or more. DLE has been around 
for decades and has definite advantages over traditional lithium extraction; however, it 
has had limited implementation, Livent being the flagship user of the technology. For 
years, the lithium industry has remained relatively stagnant, especially in the extraction 
of lithium from brine; there has been very little to no innovation in the space. We believe 
this is because the larger, oligopolistic lithium players, such as SQM and Albemarle, have 
limited incentives to innovative as they have invested lots of capital in their evaporation 
ponds and they currently lie at the bottom of the cost curve. 

Growth in lithium demand has so far been absorbed by spodumene, mostly obtained from 
hard-rock mines in Australia and then converted by Chinese players. But this process is 
energy-, carbon- and cost-intensive, and we believe that interest in innovation in this space 
will only rise, driven by concerns about sustainability and the explosion in lithium demand 
to meet 2030 electric vehicle targets.  
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Practical challenges of DLE and steps Vulcan is taking to mitigate 

them 

Decay and maintenance of the adsorbent resins 

One of the key challenges of DLE is that adsorbents need to be used over many thousands of 
cycles without losing performance. In its pilot scheme, Vulcan is testing sorbents for 
resistance and longevity, two key criteria for selection. Designing a process that reduces 
interaction time between brine and resin to just a few minutes per cycle can also help slow 
the degradation. 

Due to how tailored to the local brines and process adsorbents generally are, if outsourced 
then the manufacturer will work hand in hand with the lithium producer to ensure 
optimisation and scalability for their operations. This means sorbents cannot be easily 
replaced by competitor offerings, as a result of having to retest and refine processes.  

Vulcan has signed a collaboration agreement with DuPont as an adsorbent resin and DLE 
equipment provider and has ordered only small volumes for its pilot and test plants.  

Pre-treatment required for geothermal brines 

Geothermal brines come naturally pre-heated, so the optimal temperature for DLE can be 
achieved at virtually no cost. When DLE is applied to non-geothermal brines, as in South 
America, then the brines need to be pre-heated using natural gas, increasing the cost. 

However, geothermal brines are also acidic and have complex impurities. Pre-treatment 
might be one of the most costly steps, as high volumes of brine require large quantities of 
reagents to remove the impurities that DLE cannot cope with. Silica, which forms sticky 
colloids that are difficult to manage, and other transition metals can accelerate the 
deterioration of sorbents and reduce DLE adsorption rates. Lime is a typical reagent used to 
precipitate unwanted material and Vulcan’s pilot study showed it removed all the unwanted 
materials to below detection limits. 

The figure below compares Vulcan’s Upper Rhine Valley brines, sourced from a nearby 
French geothermal operation, with the Salton Sea brines in California, where other lithium 
projects have been attempted. While the Upper Rhine Valley brine has a slightly lower 
lithium concentration, it also carries fewer impurities. We think this may be a key driver of 
project success, ahead of other factors such as lithium concentration, temperatures and 
pressure, factors in terms of which the Salton Sea brine seems to benchmark favourably. For 
example, silica concentrations are just 12% the concentration in the Salton Sea. 
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Concentration of lithium and impurities in the Upper Rhine Valley and the Salton Sea brines (mg/L)  

 
Source: Vulcan Energy Resources 

Industrial scaling: easier said than done 

The volume of brine to be treated in each of the DLE plants will be around 300l/s per plant, 
or 1400l/s across all Vulcan operations. Vulcan has a small-scale pilot plant and will be 
expanding this operation during the course of the year. Management and experts that we 
have spoken to have reassured us that scaling up to 100x times has a relatively low risk for a 
good management team with the right advisors on board. The design would be somewhat 
modular and the adsorption process will occur in multiple parallel columns.  

A second issue is ensuring that the disposal of the depleted brine is handled in an 
environmentally friendly way and without affecting the quality of the reservoir. Re-injected 
depleted brines should not carry polluting chemicals. Also, depleted brine should be re-
injected into the same reservoir. Re-injection wells end about 2km away from the production 
well, at different depths and across fault lines. Colder re-injected brine is denser and will fall 
to the bottom of the reservoir where the mica rocks containing lithium are situated, dissolving 
fresh resource. Eventually this brine will reheat and recharge and could be used again. 

We have seen that longstanding bromine operations have required new holes to be drilled 
and have even reused former input wells as disposal wells as brine is progressively depleted. 
However, the nature of the two types of reservoirs is different.  

Other geothermal operators in the  Upper Rhine Valley have placed tracers in the spent brines 
to test if they reappear in the production wells, and, based on this, Vulcan’s geologists are 

Analyte Upper Rhine Valley Salton Sea Units Delta (%) Notes

Salts (Cations)

Li 214 213 mg/l 1%

Na 22,231 59,600 mg/l -63%

K 4,878 18,126 mg/l -73%

Rb 30 mg/l

Cs 16 mg/l

Mg 99 54 mg/l 83%

Ca 5,195 31,714 mg/l -84%

Sr 276 475 mg/l -42%

Ba 14.4 139 mg/l -90%

Anions

CI 60,567 145,000 mg/l -58%

SO4 172 127 mg/l 35%

F 4.7 24 mg/l -81%

Br 288 mg/l

Metals (Cations)

B 47 401 mg/l -88% Requires additional purification step if high

Be 0.0207 0 mg/l -91%

Si 67.2 550 mg/l -88% Can negatively affect DLE if high

As 20.3 8.8 mg/l 131% Can negatively affect DLE if high

Mn 24.5 1,563 mg/l -98% Can negatively affect DLE if high

Fe 37.4 664 mg/l -94% Can negatively affect DLE if high

Zn 5.2 492 mg/l -99% Can negatively affect DLE if high

Pb 0.156 108 mg/l -100%

AI 0.014 16 mg/l -100% Can negatively affect DLE if high

Ni 0.188 0.5 mg/l -61%

Co 0.015 8 mg/l -100% Can negatively affect DLE if high

Sb 0.717 6.5 mg/l -89%

Ti <0.1 mg/l

V 0.165 0.6 mg/l -71%

Cr 0.181 2 mg/l -89%

Cd 0.0205 3 mg/l -99%

Mo 0.0124 8 mg/l -100%

TI 0.328 2 mg/l -86%

pH

5.828 4.9
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comfortable that the lithium concentration of the reservoir will only decrease slightly over 
the 30 years of planned production given the size of the reservoir and the magnitude of the 
resource. This is not an immediate concern for our investment case.  

Engineering and execution 

Refining the processes that lead to optimum levels of treatment, adsorption recovery rate 
and resin longevity requires iterative work and trial and error. Processes are designed in 
modular fashion so they can be altered, improved and, crucially, scaled up. 

We review operational industrial-scale DLE operations in the next few pages. Livent has the 
most longstanding and scaled operations, but there are few others and none use geothermal 
brines. Standard Lithium is targeting the earliest commercialisation date, but it does not use 
geothermal brines either. EnergySource Minerals has worked with Simbol Materials and 
counts on a working geothermal plant in the Salton Sea through EnergySource, an affiliate; 
although this is a private company, it may be the closest peer to Vulcan. 

Vulcan has a wide and capable team of 80 professionals with expertise in geothermal energy 
(a mature industry in Germany) and lithium. Crucially, Stephen Harrison, Simbol’s former 
chief technology officer, was hired by Vulcan in May 2021 and will be leading the lithium 
project. 

Vulcan not only has to contend with efficiently operating its DLE facilities but also with 
building a geothermal plant from scratch. We think that Vulcan may try shortcuts to 
greenfield development by partnering with existing geothermal assets that are already in 
operation in the Upper Rhine Valley area, but designing, building and ramping up capacity 
of the DLE operation will remain a challenge. 

Electrolytic conversion process to lithium hydroxide 

The DLE process output is a concentrated lithium chloride solution that requires conversion 
into downstream products such as lithium carbonate and hydroxide, which are used for 
cathode production. Lithium carbonate is the favoured produce from lithium chloride 
concentrate, created through a reaction with sodium carbonate (soda ash). If lithium 
hydroxide is wanted, a second process is needed to obtain it, by reacting the lithium 
carbonate with calcium hydroxide (lime). 

Vulcan has announced that it will be adapting the chlor-alkali electrolysis method to the 
lithium chloride concentrate solution to directly produce lithium hydroxide. Electrolysis had 
been already proposed and demonstrated4 by Simbol Materials. 

Vulcan has chosen this unconventional approach for the following reasons. 

● Lower footprint: Reacting lithium carbonate with calcium hydroxide requires previous 
use of soda ash to obtain lithium carbonate and handling of the leftover residues, which 
does not fit with Vulcan’s environmental positioning. 

● Access to green energy: Electrolysis power consumption nets with the power generated 
by the geothermal component of Vulcan’s operations. Overall, Vulcan generates net 
positive renewable power. 

We understand that the electrolysis cells would be similar to those used in the chlor-alkali 
method, although some components may differ, especially the membranes and electro-
coatings used. Vulcan will have a demonstration plant including electrolysis operational by 
the end of 2022. 

Vulcan’s first battery-quality lithium hydroxide was produced on 27 September by 
electrolysis – but by an external third-party provider.  

 
4 2016, Lithium, Mineral profile, British Geological Survey. Available at: 

https://www2.bgs.ac.uk/mineralsuk/download/mineralProfiles/lithium_profile.pdf 

https://www2.bgs.ac.uk/mineralsuk/download/mineralProfiles/lithium_profile.pdf
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Overview of existing DLE operations 

Aside from being plausible in principle, one of the reasons why it is likely that Vulcan’s 
lithium-extraction technology will work is that other projects are making use of similar 
technology. We highlight below five active DLE projects. It is little known that there are 
presently a number of DLE operations producing industrial amounts of lithium carbonate. 
Note that all processes below use pond evaporation as a pre-treatment step, something that 
Vulcan does without. 

Livent: Fenix project, Salar del Hombre Muerto, Argentina 

Livent’s main lithium operation has been in production since the 1990s and its most recent 
full year produced 16ktpa of LCE. Livent expects capacity to increase to 60ktpa of LCE over 
time. It uses an adsorbent-based mechanism to extract lithium chloride from brine. Lithium 
chloride is produced in Argentina and is then transported to North Carolina for processing 
into lithium hydroxide and other salts. 

The adsorbent is based on intellectual property acquired from Dow Chemical in the 1990s. 
We understand Livent uses a sorbent technology that is comparable to Vulcan’s, but it is 
applied after a different process: first, Livent uses natural evaporation ponds to concentrate 
the brine and then Livent uses natural gas to heat up the brine ahead of the DLE step. 

Livent is listed, already operational and profitable. We think Livent is a relevant peer for 
Vulcan, as we discuss in the valuation section. 

Qinghai Salt Lake Fozhao Lanke Lithium Co: Lanke lithium project, Qinhai, China 

Chinese DLE brine operations were built in the 2010s and are brownfield projects focused 
on extracting lithium from the waste brines of, primarily, existing potash operations in 
Qinghai, China. These brines have traditionally been hard to work with, as a result of a very 
high concentration ratio of magnesium and sulphates to lithium.  

The Lanke project had a nameplate capacity of 15ktpa in 2020 and is looking to move to 
20ktpa when the project is complete. Qinghai uses nano-filtration reverse osmosis, lithium 
precipitation and adsorbent technology. The Lanke project is collaborating with a Russian 
company on DLE and started producing in 2017. 

Lanke is part of the wider Qinghai Salt Lake Industry Co (QSLI) group, which previously 
aimed to build two new battery-grade LCE projects for a total combined capacity of 50ktpa. 
One of the projects had been part of a joint venture with Chinese battery maker BYD that was 
discontinued. Both QSLI projects went bankrupt in early 2020 as they struggled to produce 
above 5ktpa of LCE. 

Recent reports have revealed that work has resumed on the Lanke project using adsorbents 
and the company claims that it has successfully overcome the problem of extracting lithium 
from brines with a high magnesium/lithium ratio by using the adsorption method. 

Zangge Potash Fetilizer Co: Zangge lithium carbonate project, Qinghai, China 

The Zangge project used an adsorbent to extract an estimated 4.4ktpa of LCE in 2020, with 
the intention of reaching 20ktpa in the future. The initial ramp-up has taken longer than 
expected due to issues in constructing the plant; however, the small amounts that have been 
extracted have been classed as battery-grade. 

Qinghai Jintai Potash Co: Jintai lithium carbonate project, Qinghai, China 

Jintai’s brine is highly saturated with magnesium but the absorbent-based extraction process 
is able to extract 3ktpa of LCE per year. Plans to expand up to 7ktpa have been delayed due 
to the COVID-19 pandemic, among other logistics and winter-weather-related issues. 

China Minmetals Corp: Minmetals Yi Li Ping Salt Lake project, Qinghai, China 

Minmetals has 10ktpa of LCE capacity per year using a hybrid evaporation and membrane 
filtration process to separate lithium chloride from the densely concentrated magnesium 
chloride compounds present in the Yi Li Ping Salt Lake.  

The DLE process was developed by Xi’an Lanshen New Material Technology and uses 
aluminium hydroxide as the adsorbent to separate lithium; however, the process requires 
substantial water input. Current production lies at around 1ktpa, and the aim is to expand 
that by 1ktpa every year. 
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Simbol Materials case study: a DLE attempt with workable 

technology, but financing constraints led to failure 

Simbol Materials (2007-2015) was a Californian lithium extraction start-up working on DLE 
technologies that could extract lithium from the Salton Sea. We highlight this example as we 
believe Simbol had functioning technology that had attracted the interest of Tesla – which 
in our view highlights the relevance of this project. The project failed in 2015 before gaining 
industrial scale because of financing issues rather than technological constraints. We note 
that back then in 2015 lithium prices were lower, as were concerns about sustainability. 

Simbol had built pilot demonstrations that showed 95% recovery of lithium, extracted as 
lithium chloride with sorbents utilising lithium-aluminium-layered double hydroxide 
chloride (LDH). The concentrated LiCl solution produced could be converted to lithium 
carbonate and lithium hydroxide with a 90% recovery yield using electrolysis. 

The company had intended to produce 15ktpa LCE per year starting from 2017 and believed 
that, with geothermal plants already operating in the Salton Sea area, once the DLE 
technology was proven commercially scalable the region had the potential to eventually 
produce up to 100ktpa by leveraging all of those geothermal plants.  

Despite having already demonstrated that its lithium-extraction technology worked, it was 
running out of cash and was struggling to secure the USD400m it needed to construct its 
commercial-scale plants.  

The technology was attractive to Tesla, which offered USD325m for the business. Simbol 
subsequently asked Jefferies to carry out a valuation and the bank estimated the business to 
be worth USD2.5bn. Simbol hoped to leverage this valuation to reach a price with Tesla of 
USD1.6bn but the valuation gap could not be bridged and ultimately negotiations broke 
down. Simbol was never able to secure the funding it needed, ran out of cash and filed for 
receivership in late 2015.  

Besides the valuation issue, an expert that ran due diligence on Simbol at the time told us 
that Simbol’s technology was perfected using synthetic brine in the pilot plant and that 
additional unforeseen problems had arisen when the process was tried on geothermal brine 
during the pilot, leading to cost overruns and delays. 

Simbol’s technology highlights included the following. 

● Simbol researched and developed lithium sorbents with higher capacity, longer lifetimes 
and lower manufacturing costs than other adsorbent technology available in the market,  
while simultaneously minimising the impurities present.  

● Ultimately, Simbol carried out four rounds of testing and development to end up with a 
first-generation proprietary sorbent based on lithium aluminate intercalate5. The 
sorbent could be loaded and unloaded multiple times and was optimised to have 
increased lithium adsorption capacity and lower affinity to the other Salton Sea brine 
specific impurities.  

● Simbol manufactured its own sorbent and was able to scale up its capacity, producing 
over 300kg of sorbent in 50kg batches in a two-step process. 

● The process steps for lithium extraction were: silica management, lithium extraction, 
purification, concentration and lastly conversion into lithium carbonate and lithium 
hydroxide products.  

● A pilot plant for electrolysis was built and operated in 2011 through to 2013 to produce 
lithium hydroxide solution and lithium carbonate of beyond battery-grade. Simbol filed 
and obtained patents to produce lithium hydroxide and carbonate through chlor-alkali 
electrolysis, obtained in 2014 and 2015. 

● Simbol was also in the process of filing a patent for a conversion process followed by 
concentration to give lithium hydroxide monohydrate (LHM) or direct carbonation of 
lithium hydroxide using carbon dioxide to give lithium carbonate.6  

 

 
5 Stringfellow, Dobson (2021). Technology for the Recovery of Lithium from Geothermal Brines. Available at: 

https://www.mdpi.com/1996-1073/14/20/6805/pdf  
6 “Technologies for Extracting Valuable Metals and Compounds from Geothermal Fluids” (April 2014) 

https://www.mdpi.com/1996-1073/14/20/6805/pdf
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Our key takeaways from Simbol Material’s experience are as follows. 

● Simbol’s adsorbent-based DLE technology was proven and the overall process for DLE 
extraction was successful. 

● Simbol successfully demonstrated the use of electrolysis to convert lithium chloride into 
lithium hydroxide. 

● Stephen Harrison, Vulcan’s CTO, was formerly Simbol’s CTO. 

● Simbol collapsed mainly due to a failure to secure finance. We believe that stakeholders 
negotiating on behalf of the company failed to acknowledge that value was unlocked only 
after each milestone was achieved with the project being de-risked progressively.  

● We found evidence for Simbol’s technology successfully working for at least 9,000 hours 
at pilot level, managing a flow of five gallons of live geothermal brine per minute (0.3l/s), 
but the process was never scaled up further7. In our opinion, the fact that Simbol never 
produced at industrial scale is important to flag because it does not rule out potential 
difficulties that Vulcan could face when scaling up the technology. 

Other select DLE projects  

Standard Lithium: Lanxess joint venture, Arkansas, US 

Standard Lithium entered a joint venture (JV) with Lanxess in 2018 to produce lithium from 
brines used for bromine extraction in southern Arkansas. Standard Lithium would 
contribute its proprietary LiSTR DLE technology in exchange for a 40% stake in the project, 
while Lanxess would provide access to the brine and funding for the proof of concept. 

The LiSTIR DLE process involves an ionic-sieve adsorbent material mounted onto a stirred 
tank reactor that selectively pulls lithium from raw brines. Loading the sorbent forms a 
slurry that can be separated from barren brine using membrane filtration and counter-
current decantation; afterwards the slurry can be stripped with hydrochloric acid to 
regenerate the sorbent, separating it from the lithium chloride slurry.  

The JV has successfully completed a test plant able to produce 100tpa of LCE with proprietary 
DLE technology and continues to test a proprietary lithium carbonate crystallisation 
technology. With Lanxess as a key sponsor, we believe Standard Lithium should be the first 
of the new-generation DLE projects to achieve commercialisation following Livent in the 
1990s. The latest disclosure from the company stated that it should be producing 20.9ktpa of 
battery-grade lithium carbonate by 2023. 

We believe the industrial scalability of the LiSTR technology is the biggest challenge that 
Standard Lithium faces as it would need to scale its current demonstration plant by over 200 
times and be able to process c900l/s to hit its target of 20.9ktpa of LCE across its three project 
sites. 

From our conversations with experts, we understand that Standard Lithium’s LiSTR 
technology is based on ion exchange principles, which in principle we believe is an inferior 
technology to Vulcan’s adsorbent-based DLE process because ion exchange materials need 
to be regenerated. We also see merit in Vulcan’s attempt to directly produce lithium 
hydroxide, avoiding lithium carbonate as an intermediate step.  

In October 2021, Standard Lithium released a Positive Preliminary Economic Assessment for 
an additional 100%-owned lithium project in the region, the South-West Arkansas Lithium 
Project (previously the “Tetra Project”). The project aims to produce 20ktpa of lithium 
hydroxide using the LiSTR DLE technology plus electrochemical methods and would require 
an estimate USD870m capex investment. 

EnergySource Minerals: the Salton Sea, California, US 

EnergySource Minerals is planning to build a lithium-extraction facility at the Featherstone 
geothermal power plant in the Salton Sea, with construction starting in 2021 and operations 
beginning in 2023. EnergySource, an affiliate, is a private company that operates the plant 
and is minority owned by Mercury NZ, while the Featherstone plant is owned by Macquarie. 

 
7 Stringfellow, Dobson (2021). Technology for the Recovery of Lithium from Geothermal Brines. Available at: 

https://www.mdpi.com/1996-1073/14/20/6805/pdf 

https://www.mdpi.com/1996-1073/14/20/6805/pdf
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EnergySource Minerals is has reported successful completion of the pilot testing of its 
patented Integrated Lithium Adsorption Desorption (ILiAD) technology, which combines a 
lithium-selective sorbent with continuous bed processing.8 Pilot testing demonstrated 
monovalent (single-charged) and divalent (double-charged) impurity removal of over 99.5% 
and lithium recovery of over 90% for several kilograms of battery-grade lithium. 

Our conversations with experts revealed that EnergySource uses its own proprietary DLE 
technology but that it is paired with a proprietary mechanical process that improves 
efficiency. Originally, EnergySource wanted to work with Simbol to extract lithium from its 
brine but after Simbol collapsed management decided to develop its own process. 

Lithium chloride is sent to Veolia, which has equipment to convert it to battery-grade lithium 
carbonate. It is expected that the conversion process will occur on site after the commercial 
extraction facility at Featherstone is built.  

The company has guided to production of 16.5ktpa of LCE for the first plant and estimates it 
will cost USD350m to build it. 

The Salton Sea is a well-known geothermal resource and at least 345MW of geothermal 
power is already operational. In the future, the Salton Sea has potential for 100ktpa LCE if 
the other 10-plus geothermal plants in the area adopt DLE technology to produce lithium.  

Publicly available analysis of Salton Sea brine shows that it has a high concentration of 
lithium (212mg/l) versus Vulcan’s resource, but it also seems to have a higher concentration 
of impurities and metals that may complicate the DLE process.9 

Lilac Solutions: Lake Resources’ Kachi Project, Argentina 

Lilac Solutions is an early-stage DLE company based in Oakland, California. It undertook a 
Series A USD20m funding round led by Bill Gates-backed Breakthrough Energy Ventures.10 
A further USD150m raised in Series B financing has involved some strategic shareholders 
such as SK Materials, BMW and Sumitomo. 

In September 2021, Lilac Solutions announced it will become the DLE technological provider 
for the Lake Resources Kachi project. Before this announcement, there were press reports 
that Lilac is partnering with CTR to apply their technology in CTR’s geothermal project (see 
below) and also working with Warren Buffett’s Berkshire Hathaway Energy,11 which owns 
10 of the 11 geothermal plants in the Imperial Valley through CalEnergy Resources. 

Lilac will earn up to 25% interest in Lake Resources’ Kachi project if it successfully proves 
and implements its DLE technology for 10tpa of LCE and contributes USD50m funding 
towards it. The Kachi project is being undertaken in Catamarca Province in Argentina, and 
aims to exclusively use DLE technology rather than evaporation ponds. 

Lilac’s DLE technology is based on ion-exchange beads, through which brine is circulated. 

Eramet: Centenario project, Argentina 

Eramet’s Centenario project is another notable attempt to implement DLE on conventional 
Argentinian brine. It was relaunched in October 2021 by Eramet having been suspended in 
April 2020. 

The 24ktpa LCE project will be partially owned by Chinese partner Tsingshan with a 49.9% 
stake and will require USD400m capex. Construction is set to start in Q1 2022, 
commissioning scheduled for early 2024. The project will use in-house-developed DLE 
technology that was successfully tested with geothermal brines at a pilot plant at 
Rittershoffen geothermal power plant in the Upper Rhine Valley (France). 

 
8 Warren, Ian (2021), “Techno-Economic Analysis of Lithium Extraction from Geothermal Brines”, National Renewable 

Energy Laboratory 
9 Geothermal Data Repository, “Simbol Materials lithium extraction operating data from Elmore and Featherstone 

geothermal plants”, 2015 
10 Financial Times, 2020. “Bill Gates-backed fund leads $20m investment into lithium start-up”. Available at: 

https://www.ft.com/content/6b22027a-53ed-11ea-8841-482eed0038b1  
11  Los Angeles Times, 2020. “Lithium start-up backed by Bill Gates seeks a breakthrough at the Salton Sea”. Available 

at: https://www.latimes.com/environment/story/2020-03-16/lithium-startup-lilac-solutions-bill-gates-salton-sea  

https://www.ft.com/content/6b22027a-53ed-11ea-8841-482eed0038b1
https://www.latimes.com/environment/story/2020-03-16/lithium-startup-lilac-solutions-bill-gates-salton-sea
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Controlled Thermal Resources: Hell’s Kitchen project, Salton Sea, California, US 

Controlled Thermal Resources (CTR) is a private company that owns 100% of a project in the 
Salton Sea area in California. Similarly to Vulcan’s project, this project aims to extract lithium 
from hot brines after they have been used to produce geothermal energy. 

There are limited public details about how CTR’s DLE process is progressing except that it is 
in the midst of designing a brine pre-treatment process to be tested at pilot scale with 
funding support from the California Energy Commission. CTR has a PPA (power purchase 
agreement) in place that should support financing of the project. If successful, the technology 
would need to be scaled up to produce the targeted 20ktpa of LCE, with construction 
beginning in 2022 and operations beginning in 2023. CTR has ambitions of reaching 75ktpa 
by 2027. 

CTR does not have any access to geothermal brine and the CTR project would thus include 
the building of a new geothermal plant. 

E3 Metals: Alberta lithium project, Alberta, Canada 

E3 Metals holds rights to exploit the Leduc and Nisku underground reservoirs in Alberta, 
Canada. The project leverages geological work and data made by previous oil extraction 
projects in the Leduc area and aims to use DLE technology to extract lithium from brine. This 
brine does not have the benefit of significant heat that can be used to generate energy. The 
concentrations of lithium ions in the aquifer are also the lowest of all the current projects at 
just 86mg/l in the Leduc aquifer and up to 75mg/l in the Nisku aquifer. 

Lower lithium concentrations in the brine mean that the technology needs to be scaled up to 
cope with larger flow rates. E3 Metals claims its proprietary DLE technology, called Li-IX, has 
99% lithium extraction rates in short time periods. The technology consists of an ion 
exchange sorbent “resin in pulp”, running in counter-current. After this first step, an 
870mg/l Li+ concentration is achieved. Further concentration is achieved by reverse osmosis 
to 1,400mg/l.  

As per the conditions of its agreement with E3 Metals, Livent had committed to contribute 
USD5.5m to fund the development of the project and construction of the pilot plant for a 20% 
stake, but Livent announced it was exiting the partnership just a year later, citing “resource 
and capital allocation considerations”. E3 continues to work alongside the University of 
Alberta to refine and scale its DLE technology. 

Cornish Lithium: United Downs project, Cornwall, UK 

Cornish Lithium is a young UK-based private lithium company developing a project to pump 
geothermal lithium-rich brines beneath Cornwall. The project has been welcomed by the 
local authorities and has received seed funding by crowd funders, but it is still at an early 
stage. Recent studies have shown relatively good lithium ion concentrations of 220mg/l and 
there is a geothermal power station at United Downs which will be commissioned in 2022. 
Cornish Lithium is currently looking for a DLE technological partner. 

Besides this DLE project, Cornish Lithium is also projecting to develop a conventional hard-
rock mining project consisting on an open mica pit at Trelavour, Cornwall. Cornish Lithium 
is yet to issue a maiden resource statement or a feasibility study.  

EnBW: UnLimited project, Bruschal, Germany 

Energie Baden-Württemberg AG, the Baden-Württemberg utility company that operates the 
Bruschal geothermal plant in the Upper Rhine Valley, has launched a pilot project to produce 
lithium from geothermal brines in the valley with an undisclosed lithium extraction process 
developed by the Karlsruhe Institute of Technology that could have between 70% and 95% 
efficiency. 

The plant is the smallest in the region and we estimate its theoretical output could be 0.7ktpa 
LCE. The project has a budget of EUR3.4m provided by the German Federal Ministry for 
Economic Affairs and Energy. 
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The table below summarises the projects of Vulcan’s peers. Note that Standard Lithium, Lake 
Resources and E3 Metals are listed. 

Summary of select upcoming DLE projects 

 
Source: Vulcan Energy Resources, Controlled Thermal Resources, EnergySource, Standard Lithium, E3 Metals, Eramet, Lilac and Lake Resources. Note: 

Vulcan Energy capex for lithium only, for comparison purposes. Note: Showing Standard Lithium Lanxess JV project only 

 

  

Key peers Other selected DLE projects

Company

Vulcan Energy 

Resources

Standard Lithium  

(Lanxess JV)

EnergySouce 

Minerals

Lilac + Lake 

Resources

Eramet 

Centenario E3 Metals Corp

Controlled Thermal 

Resources

Project Zero Carbon Lithium Lanxess JV Salton Sea Kachi Centenario Clearwater Salton Sea 

Location Upper Rhine Valley Arkansas, USA California, USA Argentina Argentina Alberta, Canada California, USA

Document PFS PEA - PFS DFS PEA -

Brine type Geothermal Oilfield  brine Geothermal Salar Salar Oilfield  brine Geothermal

Resource (Mt LCE) 15.8 3.1 - 4.4 10.0 2.2 2.7

Lithium concentration (mg/L) 181 168 - 290 436 74.6 181

Production (ton/yr) 39,400 20,900 16,500 25,500 24,000 20,000 20,000

Product cost ($/ton) 3,217 4,319 4,000 4,178 3,500 3,656 -

CAPEX ($m) 1,287 437 350 544 400 602 -

Technology Adsorption Ion Exchange Adsorption Ion Exchange Adsorption Ion Exchange Ion Exchange

Lithium recovery 90% 90% 90% 80% up to 90% >90% -

Product LHM LCE LCE LCE LCE LHM LCE

Project ownership 100% 40%* 100% 75% 50% 100% 100%

Announced pruduction date 2024 2023 2023 2024 2024 2025 2024

Access to "live" pilot brine Yes Yes Yes No Yes Yes No

Additional geothermal revenue Yes No No No No No Yes



Vulcan Energy Resources Ltd (VUL AU, 6KO FR) 

Chemicals – Speciality Chemicals 
 

 

36 

Key investment point three: execution risk ahead 

Summary of risks  

We have discussed the geographic and technological merits of Vulcan’s projects in key 
investment points one and two. This section focuses on project execution risks. We think 
current valuation levels offer enough margin of safety to compensate for some margin of 
error on project execution.  

Vulcan will be making one of the largest investments in chemical assets in Europe over the 
next decade. The company is aiming to define the phase one of the project by June 2022 and 
then execute it within two years. Vulcan envisions that phase one of the Zero-Carbon 
Lithium Project will be finalised by the end of June 2024, meaning that fiscal year 2025 will 
be a fully productive year for Vulcan. Phase two is planned to be defined in a DFS later in the 
year and then run in parallel and be operational just 12 months later. 

This timeline is ambitious, and the scale and complexity of the project leave us moderately 
sceptical about whether the timeline can be adhered to. In terms of scale, the Zero-Carbon 
Lithium project’s budget makes it the second-largest in Europe, only surpassed by Rio 
Tinto’s Jadar project in Serbia, which has a less ambitious timeline (ie operational by 2026 
and reaching full-scale operations by 2029). The Zero-Carbon Lithium Project complexity is 
high because the project requires construction of five geothermal power plants, five DLE 
plants and a lithium hydroxide plant. These works are to be executed in parallel across six 
different sites. We also note that each of Vulcan’s five geothermal power stations are “triple-
sized”, meaning that they will process input from three different pairs of wells each. In total, 
Vulcan requires 28 wells for its operations. 

Of all the projects in Europe, Vulcan’s Zero-Carbon Lithium project is the only one to 
incorporate DLE technology. Most of the others comprise traditional hard-rock mining and 
on-site chemical conversion to battery-quality lithium products. DLE technology promises 
lower opex per ton of lithium hydroxide produced and much lower emissions, but DLE 
projects are rare, and the technology is immature and requires fine-tuning to reach its full 
potential. This is reflected in Vulcan’s capex and it is precisely this capital intensity that 
makes us expect more complex project execution versus peers. 

Vulcan promises best-in-class opex (EUR/ton LiOH)… …but it has the highest capital intensity (EURm/ktpa capacity) 

  

Source: Company data, Berenberg research.  

 

Source: Company data, Berenberg research. Note: Vulcan’s EUR53m/ktpa 

capacity includes geothermal EUR23m/ktpa and lithium EUR30m/ktpa capex .  

Financial risks: Delays and difficulties in Vulcan raising the money would imply delays to 
the project’s execution timeline. Also, Vulcan could run over budget during construction and 
require additional finance. 

Technical risks: Geothermal project construction and engineering delays could result from 
drilling difficulties or failure to reach the desired geological spot with the well. Actual flow 
rates of brine, geothermal brine temperature and seismicity risk can be modelled but are not 
confirmed until the wells are operational. 
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Separate technical issues could also arise from DLE or from the electrolyser that will produce 
the lithium hydroxide. As we explain above, these technologies need to be tested and may 
take a longer time than expected to scale up, or do so at higher operating costs than 
anticipated. A scaled-up and efficient DLE process is critical to the project success. However, 
Vulcan could opt to use the traditional lithium hydroxide conversion method if it has 
difficulties pursuing the electrolysis route. 

Regulatory risks: We have identified the following measures and permits that Vulcan should 
have in place ahead of starting construction of the project. 

● Impact assessment: An impact assessment is a pre-requisite for an exploitation licence 
and for local construction permits. It is a detailed document covering construction phase 
activity, as well as ongoing operations. It covers the potential impact to local species and 
the natural environment. Environmental approval may be challenged by local pressure 
groups. 

● Preliminary exploitation licence: The granting of a preliminary exploitation licence is 
subject to delivery of the full modelling of the geological strata, finalising the DFS for a 
detailed operational plan and a favourable environmental study. Currently, Vulcan only 
has exploration licences, which give it a preferential right to apply for exploitation 
licences. Our understanding is that the German authorities only allow operations to start 
under a preliminary exploitation licence, which is obtained after the drilling has started 
and the operation is ready to start producing. The authorities will only grant a full 
exploitation licence after the start of normal operations. 

● Construction permits: Local authorities must approve the power plant and the annex 
DLE plant being built on a specific plot of land. Our understanding is that this process 
can take six months after a specific plot is selected and requires a favourable impact 
assessment. The lithium hydroxide plant also needs a permit but it will be built within a 
dedicated chemical park near Frankfurt and permitting should not be difficult to obtain.  

● Industrial licences 

o Local authorities must also approve the power plant and the DLE plant for industrial 
activity. We understand this process can take an additional six months and involves 
an examination of the operations of the plants. 

o The lithium hydroxide plant also needs an operational permit but we expect this 
process to be a formality because it will be built at the Hoechst Chemical Park, near 
Frankfurt. This is a designated chemical park that already contains plants belonging 
to the likes of Nobian or Clariant and managed by Infraserv, a dedicated chemical 
park operator whose experience should help secure operational licences. 

Overall, we think the Vulcan project’s scale is complex in both its geothermal and lithium 
extraction angles. It is projecting to build 74MW of geothermal energy in a region where only 
three comparable power stations are operational in the Upper Rhine Valley region in 
Germany, each of them about one-third of the scale of the geothermal power stations that 
Vulcan is projecting. 

Regarding its DLE ambitions, Vulcan is the only project of its kind in Europe. While similar 
technology has been proven for years by Livent in Argentina, Vulcan is aiming to treat a 
different type of brine resource and do so at a continuous rate and for larger volumes, given 
its comparatively low concentration. 

That said, we believe in the technical feasibility of the Zero-Carbon Lithium Project. We think 
Vulcan has acted credibly so far and has taken the correct steps to achieve all the above. In 
particular, we think Vulcan has formed a team of 80 professionals with the right skill sets in 
geothermal and chemical engineering to be able to execute both parts of the project 
successfully. 
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Energy business in detail: assumptions and 
projections 

This section describes the assumptions used in our modelling of Vulcan’s geothermal power 
generation business.  

Vulcan aims to pump hot geothermal brine from under the ground to its powerplants, which 
will enable it to generate 74MW of electricity which it will sell at the feed-in tariff price. 
Vulcan will then circulate the cooled-down brine through its DLE process in order to produce 
lithium before re-injecting the brine back into the reservoir. 74MW is greater that the energy 
that will be required to operate the pumps or carry out the DLE and lithium hydroxide 
electrolysis process, meaning that Vulcan can thus claim to produce zero-carbon lithium. 

Vulcan will buy the electricity back from the network but at a reduced price for energy-
intensive industries, which includes a tax rebate. Vulcan will capture the price difference 
between the tariffs. 

The PFS does not analyse the possibility to provide district heating and we do not model this 
scenario. Vulcan has mentioned at later stages that such geothermal plants could also 
provide heating to local communities. 

The various conversations we have had with German geothermal experts have reassured us 
about the viability, timing and capex budget for the geothermal project. We understand that 
Vulcan owns a 3D geological model for the Taro licence (phase one) and will also build one 
for the Ortenau licence (phase two) in 2022. Vulcan may by then have already selected target 
areas of the reservoirs that it wants to reach with wells. Given the depth of the wells and the 
fact that they can be dug at an angle, there is a few kilometres’ radius from which drilling 
can be made to reach a desired underground spot. This expands the number of suitable land 
plots that Vulcan can choose to build on. 

Also, we understand that the ground to be drilled is “soft” and seismicity risk is limited, 
although we would not be surprised if local pressure groups were to dispute this. Since 
detailed modelling is done in advance, usually the desired spots are hit over 90% of the time. 
Depths below 2km would need to be dug, which is not a technical problem but could imply 
a price tag of EUR9m-12m and up to three months per well.  

Since a total of 14 pairs of wells are needed for the project; 14 wells for production and 
another 14 for re-injection, Vulcan would need to execute most of the drilling in parallel at 
several locations in order to avoid delays to the project. An additional 15 months are needed 
to build a power plant, but only two or three months would be needed on top to commission 
it. Once commissioned, we feel comfortable that the geothermal plant could enjoy uptimes 
at or above 90%, which means Vulcan’s plants will be up and running and selling power to 
the network 90% of the time. We think the plant’s design factor of 1.1x is industry standard 
and should provide operational margin of safety and contribute to high uptime. 

Despite the magnitude of the Vulcan’s project numbers in aggregate, the project has been 
deigned in bite-size modules. All consulted experts are comfortable with each of the 
module’s operational parameters. In particular, the flows that Vulcan is intending to pump 
(we estimate 100l/s) through each pair of wells seem feasible. Also, 17MW electric power 
output, the power that Vulcan intends to reach, seems adequate for an ORC (Organic Rankine 
Cycle) turbine.  

Vulcan has so far only obtained exploration licences. Preliminary exploitation licences are 
granted once drilling is complete and the operation is ready to start producing. We have been 
reassured by Vulcan that it is normal practice in projects such as these to obtain a preliminary 
licence first as the German authorities like industrial plants or geothermal facilities to 
operate safely for a while before they grant a permanent permit to operate. 
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Capex and timeline 

Geothermal capex is estimated at EUR226m for the phase one 8MW and 14MW plants and 
EUR438m for the three phase two 17MW plants. A significant part of the costs will arise from 
the drilling activities and the real estate acquisition. We believe a total average cost of EUR9m 
per MW is reasonable. It is clear that geothermal energy is not the most cost-efficient 
renewable energy source: we estimate that solar or wind power facilities can be built at capex 
of EUR1m/MW or less. Even adjusting for lower utilisation rates for these weather-
dependent sources of energy, geothermal energy still benchmarks as much more expensive 
to build. However, the geothermal part of the project still adds value to the project and it is 
needed to grant access to the lithium rich brines. 

Geothermal construction capex breakdown Geothermal capex breakdown (total: EUR664m) 

 
 

Geothermal Construction Capex breakdown 

Phase 1 (8+14MW)                 226  

Phase 2 (3x17MW)                  438  

Total Capex                 664  

Cost/MW (EURm)                     9  

Cost/Plant (EURm)                  133  
 

 
Source: Vulcan Energy Resources, Berenberg research Source: Vulcan Energy Resources 

Vulcan aims to start drilling immediately after the project is financed (ie in Q3 or Q4 2022). 
Construction should be complete by mid-2024. Our model assumes these timelines will be 
adhered to and that first revenues can be booked early in fiscal year 2025 (ie before 
September 2024). 

3D model illustrating the appearance of each of the five projected geothermal plants  

Source: Vulcan Energy Resources 

 

  

Geothermal power station (1-5), adjacent 
to the DLE plant (number 7). The 
production (bottom) and re-injection 
(top) wells are also shown (6) 
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Operating costs and projections for the geothermal project  

Geothermal opex is estimated at EUR0.066/kWh, leading to gross margins of over 70% when 
compared with the guaranteed EUR0.252/kWh feed-in tariff. For context, as at September 
2020, German retail and large industrial customers paid EUR0.286 and EUR0.120/kWh 
respectively. 

The biggest running cost relates to the amount of electricity needed to pump the thermal 
brine out of the reservoir and then back into the ground against natural resistance. In 
addition, continuous contact between the pumps and the high-temperature corrosive brine 
necessitates regular maintenance of the pumps. Personnel expenses, however, are expected 
to be low, as only up to three employees per site need to be present at the plant at any one 
time. 

Electricity sale price versus opex (EUR/kWh) Geothermal opex breakdown (total: EUR0.066/kWh) 

 

 
 

Source: Vulcan Energy Resources, Berenberg research Source: Vulcan Energy Resources 

Maintenance capex is included as opex in the Vulcan PFS assumptions, accounting for 11% 
of opex, or approximately EUR4.2m pa. In light of our conversations with experts in the 
sector, we think this may be conservative, as regular pump renewal is typical in the industry. 
We estimate that 28 100l/s pumps made of corrosion-resistant steel could cost up to EUR2m 
each and may only last for five years, which would imply an annual outflow of EUR11m at 
run-rate. 

Based on the above, we have included a maintenance capex surcharge of 3% of sales in our 
projections.  

To project revenues, we assume uptime of 90%, in line with the expected lithium plant 
availability given in the PFS. Our conversation with experts suggests that geothermal plants 
should be able to exceed uptimes of 90% and offer close to or above 95%. 

Vulcan: geothermal power forecasts (EURm) 

Vulcan Energy - Geothermal Power forecasts       

EURm 2025E 2026E 2027E 2028E 2029E 2030E 

Sales 32.1 119.5 147.0 147.4 147.0 147.0 

Phase 1 32.1 43.7 43.7 43.8 43.7 43.7 

Phase 2   75.8 103.3 103.6 103.3 103.3 

Costs -9.3 -33.4 -38.5 -38.6 -38.5 -38.5 

Gross profit 22.8 86.1 108.5 108.8 108.5 108.5 

margin (%) 71.0% 72.1% 73.8% 73.8% 73.8% 73.8% 

              

Electricity sale price (EUR/kWh) 0.252 0.252 0.252 0.252 0.252 0.252 

       

Maintenance Capex 1.0 3.6 4.4 4.4 4.4 4.4 
 

Source: Berenberg research 

 

Even if Vulcan’s main rationale for owning and operating a series of geothermal power 
stations is access to lithium-rich brine and net positive green energy generation, the 
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economics of this business are good and we would expect a reasonable return on capex 
investment thanks to the support of the feed-in tariff. 

Vulcan claims that German geothermal businesses pay a reduced corporate tax of 24.99%. 

Geothermal “plan B”: district heating and M&A  

We believe Vulcan could either generate electricity or supply heating for the local district 
with its hot brines. Given strong demand for the latter, we speculate that choosing to supply 
heat to the local community rather than electricity could make Vulcan’s project even more 
attractive to regulators and local authorities, and potentially enable it to benefit from grants, 
concessions or expedition of permits. 

Another degree of flexibility could be obtained by acquiring one or more of the four existing 
deep geothermal energy plants that we have identified in the Upper Rhine Valley. We would 
not be surprised if Vulcan were to announce the acquisition of an operational plant. This 
could significantly reduce the construction timeline and de-risk the project. 

Vulcan stated in the context of its September capital raise that it plans to allocate cEUR100m 
for the acquisition of existing brownfield “energy and brine infrastructure”. 
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Lithium business in detail: assumptions and 
projections 

This section describes the assumptions used in our modelling of Vulcan’s lithium hydroxide 
business. Vulcan’s proposals for lithium extraction and for lithium hydroxide production 
both involve novel processes. DLE is a technique that has been deployed in few locations and 
needs each time to be tailored to adapt to specific brines’ chemical composition.  

Vulcan must demonstrate that is able to process flows of c300l/s at each of the DLE plants 
on a continuous basis and be able to extract no less than 90% of the lithium ions present in 
the brine using a minimum amount of reagents and preserving the long life of the adsorbent 
resin in order to meet its business plan. 

Vulcan’s decision to use electrolysis to generate lithium hydroxide directly from the brine is 
yet also untested. It has the theoretical advantage of avoiding lithium carbonate as a mid-
product for the production of lithium hydroxide. It also would produce hydrochloric acid as 
a by-product, one of the reagents needed by Vulcan to purify the brines ahead of DLE, so 
hydrochloric acid could either be sold or be used by Vulcan in the brine pre-treatment 
process. However, lithium chloride solutions obtained from the Chilean and Argentinian salt 
flats are typically converted to lithium carbonate, not lithium hydroxide, via reaction with 
sodium carbonate. This option would be available to Vulcan if the electrolysis process failed 
to scale.  

The reasons for the existence of an intermediate step rather than using electrolysis could 
include: a) the high costs of energy in Chile and remote areas of Argentina, and b) higher 
capex for electrolysis than for a standard lithium carbonate plant. Lithium carbonate is also 
required for the manufacturing of LFP (lithium iron phosphate) batteries and can be used 
for NMC (nickel-manganese-cobalt carbonate) 622 and higher-nickel NMC, meaning a 
premium price for lithium hydroxide over carbonate is not guaranteed. Finally, lithium 
carbonate is a more stable compound, less delicate and easier to transport over long 
distances. 

There are reasons to be cautious about how easy it is to overcome technological hurdles in 
electrolysis of brines. Electrolysis for chlor-alkali processes is well established, but there is 
very little difference between production and exit concentrations of sodium chloride. That 
may not be acceptable for lithium chloride, a much rarer salt. Vulcan still needs to test its 
ability to produce lithium hydroxide in-house and prove it can make it work at the promised 
scale and costs. Failure here would not be a deal-breaker as the traditional route from lithium 
chloride to lithium carbonate and then to lithium hydroxide could always be used, although 
we believe this would increase opex versus the attractive EUR2,640/t of LiOH that Vulcan is 
targeting. 

Capex and timeline 

Setting up all lithium capabilities will be expensive. DLE plant capex amounts to EUR761m 
across five plants, as per Vulcan’s PFS. Equipment for brine purification is the second-
biggest contributor after DLE equipment. The budget includes the indirect engineering and 
construction costs. We note that Vulcan has added a 20% contingency buffer in its PFS 
numbers. 
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Lithium extraction plants: capex breakdown (EURm) Lithium extraction plants: capex breakdown (total: EUR761m) 

Lithium Extraction Plants Capex breakdown 

Phase 1 (2 plants, 14.8ktpa)   291  

Phase 2 (3 plants, 24.6ktpa)   460  

Other  10  

Total Capex   761  

Cost/ktpa (EURm)   19  

Cost/Plant (EURm)   152  
 

 

Source: Vulcan Energy Resources, Berenberg research Source: Vulcan Energy Resources 

 
Once built, each of the DLE plants should look similar to the 3D renders below. Note that this 
corresponds with the building labelled “7” in the diagram on page 39 in the previous section 
(ie the DLE plant uses the same site as the geothermal power plant). 

3D rendering of one of the five projected DLE plants 

Source: Vulcan Energy Resources 
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3D rendering of content and equipment inside a DLE plant 

Source: Vulcan Energy Resources 

The capex across the two lithium plants, corresponding to phase one and phase two, totals 
EUR422m. Vulcan believes this amount can be reduced if the two plants are built together. 
Electrolysis and crystallisation equipment are the biggest contributors. Land and indirect 
engineering and construction costs are included under “other”. As already mentioned, 
Vulcan has added a 20% contingency buffer. 
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Lithium hydroxide plants: capex breakdown (EURm) Lithium hydroxide plants: capex breakdown (total: EUR422m) 

Lithium Hydroxide Plants Capex breakdown 

Phase 1 (15ktpa)                   182  

Phase 2 (25ktpa)                  240  

Total Capex   
               

422  

Cost/ktpa (EURm)                     11  

Cost/Plant (EURm)   211 
Note: Excluding Vulcan PFS estimate EUR 100m savings if phase 1 and 

phase 2 electrolysis plants are built together. 

 
 

 
Source: Vulcan Energy Resources, Berenberg research Source: Vulcan Energy Resources 

The lithium hydroxide plants will be based on the Hochst Chemical Park near Frankfurt and 
should look similar to the 3D renders below. 

3D rendering of projected lithium hydroxide plant 

Source: Vulcan Energy Resources 
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3D rendering detail of content and equipment inside a lithium hydroxide plant 

Source: Vulcan Energy Resources 

Assessing capex for the projects using a bottom-up approach is challenging because both 
the DLE and electrolysis processes are unconventional. However, Vulcan claims that 
generic industrial equipment can be used in many cases. For example, electrolyser 
equipment is well established for chlor-alkali processes and could be purchased from a 
catalogue and then modified slightly. Also, the DLE process would likely be built via the 
repetition of modules with generic components. 

Top-down costs can be benchmarked versus other lithium projects. We calculate total 
capex of EUR19m plus EUR11m for EUR30m/ktpa or USD37m/ktpa of LiOH produced. This 
in line with what we would expect from a greenfield lithium project in a western country. 

Gangfeng has claimed that its lithium hydroxide conversion plants in China could cost as 
little as USD6m/ktpa of LiOH capacity. We estimate that Albemarle’s Wave 2 conversion 
plants built in Chile and Australia cost USD15.5m/ktpa of capacity, albeit recent capacity 
increases have been announced at 40% improved capital intensity of cUSD10m per ktpa. 
Also, Tianqi managed to expand its Kwinana capacity at cUSD10m/ktpa, but this was after 
an initial stage-one project of cUSD25m/ktpa capacity. 

Vulcan’s total USD35m/ktpa of LiOH capacity strikes us as realistic. It reflects that the 
project requires innovative technology and construction expenses in a high-cost 
jurisdiction. Also, Vulcan does not have the experience or track record that Albemarle, 
Tianqi or Gangfeng have in developing battery-quality lithium chemical plants. 

Vulcan’s budget is also comparatively conservative versus both DLE and European lithium 
hydroxide projects. 
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Vulcan’s capex versus that of established players (USDm/ktpa of 

capacity), excluding geothermal capex 

Vulcan’s capex versus that of other lithium projects (USDm/ktpa 

of capacity), excluding geothermal capex 

  
Source: Ganfeng, Berenberg estimates Source: Berenberg estimates. Note: DLE projects in bright orange 

In conclusion, Vulcan’s capex estimate seems acceptably conservative to us and we think 
there is a larger downside risk in the form of execution delays. 

Operating costs and projections 

We expect Vulcan’s lithium business revenues to be driven by a contract price above market 
prices. We believe Vulcan will be able to price at a premium because of its unique 
sustainability credentials, but crucially because imports from China or elsewhere would 
need to pay the CBAM tax. Also, China currently applies a 16% surcharge to its lithium salts 
exports. 

Our forecast contract prices are above the prices used by Vulcan in its PFS. We assume that 
EUR15,000/ton LiOH is a sustainable long-term price.  

We do not think that the current high lithium hydroxide prices will affect Vulcan, as it will 
only start selling lithium by 2025. Long-term lithium hydroxide prices are not guaranteed 
either, in our view, and we present valuation sensitivities to long-term lithium prices in the 
valuation section. Uncertainty about long-term lithium hydroxide prices is high because by 
the end of the decade lithium demand will be significant and still growing at a fast rate, but 
also prices will be pushed down by new projects and by the economical use of low-grade 
lithium resources, as well as the introduction of low-cost technologies such as DLE. 

Lithium hydroxide forecast contract prices (EUR/ton) 

 
Source: Berenberg Research, Vulcan Energy Resources 

Vulcan’s lithium business costs are extremely attractive and promise to produce battery-
quality lithium hydroxide at just USD3,149/ton (EUR2,681/ton). This is expected to be one of 
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the cheapest production costs in the world by 2025. The impressive cost advantage is driven 
by the ability of Vulcan’s DLE technology to extract lithium from geothermal brine, 
effectively a free resource. Also, Vulcan’s brines will need a lower intensity of reagents and 
heat in order to be treated ahead of DLE. Finally, Vulcan aims to produce lithium hydroxide 
directly by using electrolysis rather than converting it from lithium carbonate in a separate 
chemical process – as opposed to using traditional hard-rock-to-hydroxide converters that 
need spodumene as a feed, roasting it at a high temperature and bleaching it with powerful 
chemicals. Traditional evaporation projects can produce lithium carbonate cheaply, but then 
need to convert it to lithium hydroxide in a second chemical process. 

Illustrative lithium 2025E production cost curve (USD/ton of LCE) 

 

Source: Bacanora Lithium, 2020. 

Vulcan’s opex breakdown is provided below. As discussed, feedstock (the geothermal brine) 
comes at no cost. Consumables include the cost of the adsorbent resin, which needs to be 
replaced periodically, and reagents such as lime or hydrochloric acid. Power is bought from 
the network at bulk prices and Vulcan has told us that it can benefit from tax rebates. While 
the DLE process is mostly automated and requires few personnel, the lithium hydroxide 
plant will employ teams of chemical experts to test and control for quality. 

DLE costs breakdown: opex per ton of LiOH (EUR1,659/ton) 
Lithium hydroxide production costs breakdown: opex per ton of 

LiOH (EUR1,022/ton) 

 

 
 

Source: Vulcan Energy Resources Source: Vulcan Energy Resources 
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Our model also adds maintenance capex of 3% of lithium revenues on top of Vulcan’s PFS 
assumptions for maintenance costs, already embedded in opex. 

Our lithium model for Vulcan assumes that phase one operations will start after September 
2024. We assume that operations will take up to three years to ramp up and achieve run-rate 
capacity, with the first fiscal year 2025 producing 5.4ktpa, ramping up from there until 
reaching nameplate capacity of 39.4ktpa during FY 2028. This is because we assume the 
process will continue to be refined over time and it will take time to improve effective lithium 
capture. 

Vulcan: lithium business forecasts (EURm) 

Vulcan Energy - Lithium forecasts         

EURm 2025E 2026E 2027E 2028E 2029E 2030E 

Sales 86.8 302.5 482.7 571.3 591.0 591.0 
Phase 1 86.8 171.7 207.2 214.6 222.0 222.0 

Phase 2   130.8 275.5 356.7 369.0 369.0 

Costs -14.5 -55.9 -92.4 -105.6 -105.6 -105.6 
DLE -9.0 -34.6 -57.2 -65.4 -65.4 -65.4 

Electrolysis -5.5 -21.3 -35.2 -40.3 -40.3 -40.3 

Gross profit 72.3 246.5 390.3 465.7 485.4 485.4 
margin (%) 83.2% 81.5% 80.9% 81.5% 82.1% 82.1% 

              

LiOH price (EUR/kt) 16,000 14,500 14,000 14,500 15,000 15,000 

              

Maintenance Capex 2.6 9.1 14.5 17.1 17.7 17.7 
 

Source: Berenberg research 
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Project finance: potential dilution ahead 

The Zero-Carbon Lithium project requires EUR1.8bn of capex to be built. By that measure of 
total investment, this project is second only to Rio Tinto’s Jadar project in Serbia (EUR2.0bn).  
If we are right in assuming that about EUR1bn of Vulcan’s investment will be paid for with 
equity, Vulcan’s upcoming capital increase will be comparable to the recent capital increases 
to finance capacity-expansion programmes of established lithium players Albemarle and 
SQM, at USD1.5bn and USD1.1bn respectively. In this section, we describe the funding 
assumptions we have used in our model. 

Given that the project is well timed and in our view offers a good strategic fit with EU lithium 
goals, we speculate that the project could manage to attract significant funding from the 
European Investment Bank, which has stated that it will support projects relating to the 
supply of critical raw materials in the context of its new energy lending policy. Also, given 
the significant investment that this project will represent in the region, we would also expect 
the regional German banks to provide funding; part or most of it could potentially qualify as 
green bonds and would be easier and cheaper to place in the capital markets.  

A complete and favourable DFS, announcements of lithium hydroxide offtake agreements 
and the relatively lower-risk profile of the geothermal business would enhance the ability of 
Vulcan to raise a significant debt component to finance the project, in our view. We have 
assumed that 50% of the project’s capex will be financed with debt, which would still leave 
about 50% of the project needing to be equity financed. 

On 23 August 2021, Vulcan appointed BNP Paribas to assist as a financial advisor in the lead-
up to the DFS with the objective to help produce its Feasibility Study and with the structuring 
and execution of the financing of the project afterwards. 

Estimated Zero-Carbon Lithium project sources and uses of funds  

  
Source: Berenberg research  

We think that Vulcan will attempt to tap the equity capital markets for cEUR1bn following 
completion of the DFS, soon after June 2022. We have assumed that this equity could be 
raised from the market at a price of AUD13.50 per share (EUR8.03 per share). This is the same 
price achieved at the last price increase round and would represent a 14% discount over our 
12-month price target. 

Post-PFS, Vulcan successfully tapped the equity markets to raise AUD120m, enough to 
complete the development stage of the project. The funding was raised at price of AUD6.50 
per share, a discount of 17% to the trading price, and some relevant private investors were 
brought on board who could continue to support the project. 

In September 2021, Vulcan raised AUD200m from the equity markets at a price of AUD13.50 
per share or a discount of 15% to the trading price. The proceeds will be used by Vulcan to 
“accelerate exploration initiatives and expand Vulcan’s dual renewable energy and lithium 
development strategy”, meaning the potential acquisition of exploration equipment and of 
brownfield geothermal assets. 

  

Sources of funds EURm AUDm Rate %

Grants - - - -

Debt - EIB 200 312 3.0% 10%

Debt - Landesbanks 300 468 3.0% 15%

Preferred equity (partner) 500 781 6.5% 25%

Equity 992 1,550 - 50%

Cash on balance sheet 6 9 - 0%

Total Sources 1,998 3,120 100%

Uses of funds EURm AUDm %

Total Capex 1,838 2,870 92%

Phase 1 700 1,093

Phase 2 1,138 1,777

General purposes 160 250 8%

Total Uses 1,998 3,120 100%
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Valuation 

Proposed valuation and key assumptions 

We have calculated Vulcan’s forward price target by using a DCF model spread over 30 years. 
We have assumed terminal value after 30 years’ operation. Cash flows are discounted at an 
8% WACC. Assuming 50/50 equity/debt financing, this WACC implies a cost of equity of 
12.5% and a 5% average cost of debt, with a 29% marginal tax rate. 

The obtained enterprise value is multiplied by a 0.7x factor in order to provide some 
valuation headroom in case of project execution challenges. This implies a 30% haircut. This 
discount is, in our view, justified by the early stage of Vulcan’s project, and the financing, 
development and construction risks involved in its execution. We expect that the discount 
on NAV will progressively reduce as the project continues and de-risks, and as milestones 
are reached. 

Vulcan valuation summary 

Metric AUD EUR Commentary 

PV of forecast period 2,603 1,667 First cash flow FY 2023, last FY2054 

PV of terminal value 517.1 331.1 TV assumed after 30 years of operation 

Enterprise value 3,120 1,998   

+Net cash 8.6 5.5 As at FY2022E, pre money 

+Investments 25.0 16.0 Kuniko Shares 

Equity value 3,154 2,020   

# of shares 140.1 140.1 Pre-money, fully diluted 

Target share price 22.52 14.42   

Haircut factor 0.70x 0.70x Development and execution risk 

Target share price 15.75 10.10 TP Jun 2022 

Current price 10.98 7.09 As at 30 Jul. 2021 

Upside (downside) 43.5% 42.4%   
 

Source: Berenberg research 

 
 

Vulcan valuation breakdown (AUD per share) Vulcan valuation (AUD per share)  

 

 

Source: Berenberg estimates Source: Berenberg estimates 

Our calculated NAV deviates from the NAV calculated by Vulcan in its own PFS as we: 

● use an 8% WACC for the completed project, versus an 8% WACC for the lithium project 
and a 6% WACC for the geothermal project in the PFS; 

● use our own forecasts of lithium hydroxide contract prices, including a long-term price 
assumption of EUR15,000/t; 

● assume a three-year capacity ramp-up period; and 

● add a maintenance capex surcharge. 

  

7.35

13.63
1.53 22.52

(6.77)

15.75

Phase 1 Phase 2 Scale

synergies
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Haircut Target price

22.52

-30%
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43%

10.98

Calculated NAV Haircut Target price Upside Share price
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Vulcan valuation breakdown by business line (AUD per share) 

 

Source: Berenberg estimates 

On a relative basis, peers’ resources, capacity and latest PFS or DFS-reported post-tax NAV 
multiples can be compared. In Vulcan’s case, our price target implied NAV of EUR1,244m is 
0.55x the EUR2,250m NAV announced in its PFS. That compares with the 0.33x median PFS 
NAV multiple for the other listed European and DLE projects. 

Vulcan: relative valuation 

 
Source: Eikon, Berenberg research. Note: Standard lithium interest and Opex is weighted average of both Lanxess and Tetra projects. Note: Vulcan valued on 

outstanding shares. 

DLE frontrunner Standard Lithium is trading at 0.57x its PFS NAV, having adjusted for its 
40% ownership on the Lanxess project. Vulcan is targeting a later production date versus 
Standard Lithium, which is piggybacking on Lanxess’s Arkansas bromine plant, which is 
already fully operational. Standard Lithium also has a significant 100%-owned 30ktpa 
lithium hydroxide capacity project near the Lanxess site. While Vulcan has superior 
environmental credentials to Standard Lithium, we think Vulcan’s valuation requires a 
discount to Standard Lithium’s due to lower execution risk at Standard Lithium.  

However, we value that Vulcan’s Zero-Carbon Lithium project is larger than peers’. In our 
view, it also boasts superior environmental credentials that could be easily monetised 
because of growing trading barriers such as the CBAM or the EU batteries directive. We 
therefore think that Vulcan deserves to trade at a premium over the average rival lithium 
project.  

The average European integrated hard-rock lithium project is trading at 0.33x nominal PFS 
NAV on average, below our proposed multiple on Vulcan’s PFS NAV of 0.55x. We think this 
premium is justified because Vulcan’s Zero-Carbon Lithium project is superior to the existing 
European alternatives and is larger scale, although both geothermal and DLE technologies 
may be more complex and risky to execute than an equivalent-sized lithium hydroxide 
conversion plant fed from a hard-rock lithium mining project. 

19.64

2.87 22.52

(6.77)

15.75

Lithium

Business

Geothermal

Business

Calculated

NAV

Haircut Target

Price

Company and project Region Interest EV (EURm)

EV / Resource 

(EURm /

 Mt LCE)

EV / Output 

(EURm / ktpa 

LCE)

EV / NAV 

(reported)

Capex 

intensity 

(EURm / ktpa 

LCE)

Opex (EUR 

/ton LCE)

Vulcan at market Germany 100% 865 240 22.0 0.38x 47 2,640

Vulcan at Target Price Germany 100% 1,244 345 31.6 0.55x 47 2,640

DLE Peers

Standard Lithium AR, USA 75% 1,451 335 28.5 0.57x 22 2,853

Lake Resources (Kachi) Argentina 75% 782 774 30.7 0.57x 16 3,606

E3 Metals (Alberta Project) Canada 100% 112 16 5.6 0.16x 26 3,155

Pure Minerals (Clayton Valley) NV. USA 100% 51 23 4.9 0.22x 21 2,776

European hard-rock Peers

RockTech Lithium Germany / Canada 100% 277 1,677 11.5 n.m. 26 5,408

Cinovec (European Metals) Czech Rep. 49% 153 69 12.3 0.33x 16 4,208

Wolfsberg (European Lithium) Austria 100% 112 618 11.1 0.64x 33 7,712

Mina do Barroso (Savannah Resources) Portugal 100% 70 306 3.2 0.33x n.m. n.m.

Zinnwald Lithium Project Germany 100% 61 92 8.4 0.23x 22 n.m.

San Jose (Infinity Lithium) Spain 75% 42 61 3.7 0.10x 18 4,690

Average ex-Vulcan 397 12.0 0.35x 22 4,301

Median ex-Vulcan 199 9.7 0.33x 22 3,907

• Geothermal energy business would 

contribute c13% of total valuation. 

• Note: breakdown assumes geothermal 

energy business valued at 6.5% WACC. 

• Note: lithium business cash flows not 

adjusted for geothermal brine transfer 

prices. 
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In the chart below, we compare Vulcan’s valuation with that of Livent, the only operating 
DLE listed company. 

Vulcan: relative valuation versus Livent 

 
Source: Berenberg estimates, Eikon. Note: assuming Livent opex cUSD6,000/ton LCE. Note: Vulcan valued on 

outstanding shares 

In our view, the implied discount is justified by the companies’ different rates of 
development. Livent’s 2023E consensus EBITDA margin is just 30% compared with over 75% 
for Vulcan. This can partly be explained by Vulcan’s additional revenues from geothermal 
energy, its lower logistics costs and the fact that it does not need to heat-up brine ahead of 
applying DLE. We believe, however, that investors might push back on the idea that Vulcan 
might be able to sustain an EBITDA margin of above 75% in the long term.  

We believe that by 2028E, Livent will be generating sales equivalent to USD1.6bn thanks to 
an output of 93ktpa LCE, of which 60ktpa will come from Argentina’s DLE technology 
operations and with 33ktpa LCE coming from Livent’s Nemaska mine in Canada. Also by 
2028E, Vulcan should be producing 39.4ktpa, 100% of its installed capacity, and generating 
total revenues of AUD1.11bn, or USD0.83bn – roughly half that of Livent’s. 

Valuation sensitivities 

In our view, the below sensitivities represent likely scenarios and reflect our uncertainties 
about Vulcan’s greenfield project execution. Some of the adverse scenarios justify why we 
have applied a 0.7x haircut factor to our price target. 

Vulcan’s price target sensitivity to our WACC and haircut assumption (AUD/EUR per share) 

  WACC (%) 

Haircut Factor 6% 7% 8% 9% 10% 

0.50x 18.64 / 11.94 14.42 / 9.23 11.26 / 7.21 8.82 / 5.65 6.89 / 4.41 

0.60x 22.37 / 14.33 17.30 / 11.08 13.51 / 8.65 10.58 / 6.78 8.26 / 5.29 

0.70x 26.08 / 16.70 20.17 / 12.92 15.75 / 10.10 12.34 / 7.90 9.64 / 6.17 

0.80x 29.83 / 19.10 23.07 / 14.77 18.01 / 11.53 14.11 / 9.04 11.02 / 7.06 

0.90x 33.56 / 21.49 25.95 / 16.62 20.26 / 12.98 15.87 / 10.17 12.40 / 7.94 
 

Source: Berenberg research 

 

Vulcan’s valuation sensitivity to long-term lithium hydroxide price contracts 

  AUD  EUR 
 

LiOH Price USD/EUR Share Price EV (m) Share Price EV (m) Impact (%) 

15,288 / 13,000 13.55 1,864 8.68 1,194 -14% 

16,464 / 14,000 14.65 2,019 9.38 1,293 -7% 

17,640 / 15,000 15.75 2,174 10.10 1,392 0% 

18,816 / 16,000 16.87 2,329 10.80 1,492 7% 

19,992 / 17,000 17.97 2,484 11.51 1,591 14% 
 

Source: Berenberg research 

  

Company and project EV (EURm)
EV / Sales

(2028E)

Opex (EUR 

/ton LCE)

EBITDA 

margin (%)

Livent

Livent 4,561 3.38x
5,200

(first quartile)

30.4%

(2023e cons.)

Vulcan Energy

Vulcan at Target Price 1,244 1.73x 2,640 76%

Median ex-Vulcan -49%



Vulcan Energy Resources Ltd (VUL AU, 6KO FR) 

Chemicals – Speciality Chemicals 
 

 

54 

Vulcan’s valuation sensitivity to execution delays 

  
  AUD EUR 

 
# 

Quarters 
Delay 

Execution 
start date 

First 
revenue 

date 
Share Price EV (m) Share Price EV (m) Impact (%) 

             -   Oct-22 Jul-24 15.75 2,174 10.10 1,392 -  

              2  Apr-23 Jan-25 15.00 2,067 9.60 1,324 -5% 

              4  Oct-23 Jul-25 14.22 1,959 9.11 1,254 -10% 

              6  Apr-24 Jan-26 13.38 1,840 8.56 1,178 -15% 

              8  Oct-24 Jul-26 12.47 1,713 7.98 1,097 -21% 

             10  Apr-25 Jan-27 11.43 1,567 7.32 1,003 -28% 
 

Source: Berenberg research 

 

Vulcan’s valuation sensitivity to capex overrun 

   AUD EUR  

% Capex 
overrun 

Total 
investment 

(EURm) 
Share Price EV (m) Share Price EV (m) Impact (%) 

-10% 1,654 16.88 2,332 10.81 1,493 7% 

0% 1,838 15.75 2,174 10.10 1,392 0% 

10% 2,022 14.64 2,017 9.37 1,291 -7% 

20% 2,206 13.51 1,859 8.65 1,190 -14% 

30% 2,389 12.39 1,701 7.93 1,090 -21% 

40% 2,573 11.26 1,544 7.21 989 -29% 
 

Source: Berenberg research 

 

Vulcan’s valuation sensitivity to opex increases 

 
   AUD EUR  

% Opex 
increase 

Total Opex 
(USD/ton) 

Total Opex 
(EUR/ton) 

Share Price EV (m) Share Price EV (m) Impact (%) 

0% 3,153 2,681 15.75 2,174 10.10 1,392 - 

20% 3,783 3,217 15.00 2,067 9.60 1,324 -5% 

40% 4,414 3,753 14.23 1,960 9.11 1,255 -10% 

60% 5,045 4,290 13.47 1,853 8.62 1,187 -14% 

80% 5,675 4,826 12.70 1,746 8.14 1,118 -19% 

100% 6,306 5,362 11.94 1,639 7.65 1,050 -24% 
 

Source: Berenberg research 

 
Vulcan’s valuation sensitivity to poorer-than-expected performance 

 
   AUD EUR  

% 
Performance 

Lithium output 
 (ktpa LiOH) 

Energy 
output 
(MW) 

Share Price EV (m) Share Price EV (m) Impact (%) 

100% 39.4 74 15.75 2,174 10.10 1,392 0% 

95% 37.4 70 14.37 1,980 9.20 1,268 -9% 

90% 35.5 67 12.99 1,785 8.32 1,143 -18% 

85% 33.5 63 11.60 1,591 7.43 1,019 -27% 

80% 31.5 59 10.22 1,397 6.54 895 -36% 

75% 29.6 56 8.83 1,204 5.66 771 -45% 
 

Source: Berenberg research 
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Key risks, mitigants and blue-sky scenario 

We believe the 30% discount to NAV fairly reflects the key risks that Vulcan faces between 
expected completion of phase one construction work at end-June 2024 and the start of 
lithium production in fiscal year 2025. This timeline has been provided by Vulcan and our 
assumption when modelling Vulcan’s cash flows is that it is adhered to. 

We believe that there will be upside risk to our price target in the short term, as more 
investors familiarise themselves with the company’s equity story and the company delivers 
milestones and continues to build credibility on the technical feasibility of the project. We 
think newsflow on European electric vehicle penetration, green mobility and incentives to 
localise supply chains will increasingly contribute to generate positive momentum, given 
Vulcan’s excellent thematic positioning. 

Key risks and specific mitigants 

Definitive feasibility study 

Vulcan will need to show a confirmatory DFS on its phase one and phase two projects so that 
it can raise funds for the project on the back of the technical findings. The risks faced by 
Vulcan in this regard are as follows. 

● The technical feasibility of DLE at industrial scale is not proved in the demonstration 
plant. 

● The technical feasibility of lithium hydroxide synthesis by electrolysis is not proved in 
the electrolysis test plant. 

● Geological modelling proves inconclusive and no suitable real estate plots can be found 
to access viable drilling points. 

● There are delays or difficulties in the permitting process. 

● Advisors engaged for the DFS disagree significantly about the budget or timeline 
previously communicated. 

We note the following mitigants to the risks above. 

● The DLE concept has been tested by peers and by Vulcan specifically at a pilot plant that 
is already operational. 

● An electrolysis test plant is planned. In September 2021, lithium extracted in the DLE pilot 
plant was transformed into lithium hydroxide by electrolysis by a third-party contractor. 

● 3D modelling for the Taro licence and 2D modelling for the Ortenau licence have been 
completed and deemed satisfactory. The depth of the wells allows for flexibility in 
selecting real estate plots around the target area. 

● The PFS budget is very detailed and advisors Hatch and GLJ will continue to be involved 
in the preparation of the DFS. 

Project financing risks 

A second set of risks concern project finance. Vulcan’s is an ambitious project and the 
company is aiming to raise significant funding for it. 

● Less than 50% of the total required funding may be raised as debt by Vulcan. The lesser 
the amount of debt finance raised, the larger the amount of equity finance needed to fund 
the project, which could mean a higher-than-expected capital raise and potential dilution 
to shareholders versus our base case. 

● The share price may not support a capital increase at attractive prices, again diluting 
shareholders. 

The mitigants to the above are the following. 

● The European Commission has signalled its support for lithium projects in Europe 
through reviewed batteries regulation and by including lithium in the critical raw 
materials list. We expect groups like the European Investment Bank to provide credit 
funding at attractive rates. 
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● Other local banks could provide additional funding given the positive expected 
environmental, social and economic impact of the project in the Upper Rhine Valley 
region.  

● Cornerstone investors such as Hancock Prospecting are already present in Vulcan’s 
shareholding and could provide long-term capital. 

● A solid communication strategy has so far generated good share price momentum. 

Construction delay risks 

A third set of risks will apply after construction starts and could delay the completion date 
and hence the initial production date. 

● Unforeseen geological difficulties could delay the drilling process. 

● The construction process could fall behind schedule or run over budget. 

The mitigants to the above are as follows. 

● The DFS will include a timeline and budget validated by engineers. 

● Some of the industrial equipment to be used is standardised and readily available from 
catalogues, with limited modifications required. 

● There is a possibility to lever existing infrastructure by acquiring an existing geothermal 
plant and by building the lithium production plant in an established chemical area. 

Operational risks 

Finally, once operational, Vulcan could face the following risks: 

● an inability to ramp up capacity; 

● an inability to sell produce and preserve operating margins; 

● seismicity events or other operational risk events leading to a loss of operating licences. 

We believe these risks are mitigated by the following. 

● Our model assumes a ramp-up period over three years. This is consistent with the 
experience at other lithium conversion plants. 

● Vulcan has already signed offtake agreements with major companies LG Chem, Renault 
and Umicore. 

● Detailed 3D modelling ahead of drilling selects spots were flows can be high and 
sustainable overtime. 

● Vulcan’s zero-carbon lithium proposition has high strategic value and meaningful scale. 
We expect a degree of sponsorship from the local political authorities. 
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Blue-sky scenarios 

Vulcan is exposed to movements in lithium prices. Assuming long-term lithium hydroxide 
prices of EUR17,000/ton, we estimate the share price could have 14% upside over our price 
target – and, minimising our risk discount factor, up to 63% upside. 

Finally, we also acknowledge the huge potential of DLE technology to produce cheap and 
sustainable lithium. This expertise could be deployed in future projects led by Vulcan or with 
Vulcan becoming the partner of choice of project developers elsewhere. Since Vulcan is 
already accumulating expertise, intellectual property and patents in DLE processes, future 
projects would have lower risk and benefit from lower capital expenditure. 

In the table below we list the exploration licences currently owned by Vulcan. Over the next 
couple of years, Vulcan’s in-house geothermal team can start modelling and developing 
feasibility studies for the additional licences that Vulcan owns. Construction of new projects 
at new sites could be feasible after successful completion of phases one and two (Taro and 
Ortenau respectively). 

List of exploration licences owned by Vulcan 

 
Source: Vulcan Energy Resources, Berenberg 

 

 

Name Area (ha) Status

Expiry 

date Interest

Inferred Resouce 

Estimation Mt 

LCE Brine Grade

Taro (Phase I) 3,268 Granted Apr-22 100% 1.4 181

Ortenau (Phase II) 37,360 Granted Jun-23 100% 10.8 181

Mannheim 14,427
Extension 

ongoing
Sep-21 100% n.a. n.a.

Lampertheim 10,803 Granted Jul-24 100% n.a. n.a.

Ludwig 17,716 Application n.a. 100% n.a. n.a.

Heßbach 5,848 Application n.a. 100% n.a. n.a.

Rheinland-Pfalz MoU Area 1,900 Granted n.a. 80% n.a. n.a.
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Income statement (AUDm) 

Income statement (AUDm) 

 
Source: Berenberg research 

 
 
  

in AUDm 2020A 2021A 2022E 2023E 2024E 2025E 2026E 2027E 2028E 2029E 2030E

Note: Year end 30/06

Income statement

Net sales - - - - - 186 659 983 1,122 1,152 1,152

growth n.m. n.m. n.m. n.m. n.m. n.m. 255% 49% 14% 3% 0%

Cost of goods sold - - - - - (37) (139) (204) (225) (225) (225)

% of sales - n.m. n.m. n.m. n.m. 20% 21% 21% 20% 20% 20%

Gross profit - - - - - 148 519 779 897 927 927

margin n.m. n.m. n.m. n.m. n.m. 80% 79% 79% 80% 80% 80%

Other income 0 1 - - - - - - - - -

S, G & A expenses (3) (11) (25) (28) (30) (33) (37) (40) (41) (43) (44)

growth - 228% 127% 10% 10% 10% 10% 10% 3% 3% 3%

as % of sales - n.m. n.m. n.m. n.m. 18% 6% 4% 4% 4% 4%

Gross operating profit (EBITDA) (3) (11) (25) (28) (30) 115 483 739 856 885 883

margin n.m. n.m. n.m. n.m. n.m. 62% 73% 75% 76% 77% 77%

Depreciation and amortization expenses (0) (0) (0) (3) (10) (122) (152) (152) (152) (152) (152)

Operating profit (EBIT) (4) (11) (25) (31) (40) (7) 330 586 703 732 731

margin n.m. n.m. n.m. n.m. n.m. -4% 50% 60% 63% 64% 63%

Interest income 0 0 - - - - - - - - -

Interest expense - - - (74) (74) (74) (74) (74) (74) (74) (74)

Profit before taxes (EBT) (4) (11) (25) (105) (114) (81) 256 512 629 658 657

Income taxes - - - - - - - (125) (182) (191) (190)

effective tax rate - 0% 0% 0% 0% 0% 0% 24% 29% 29% 29%

Net income (4) (11) (25) (105) (114) (81) 256 387 447 467 466

margin n.m. n.m. n.m. n.m. n.m. -44% 39% 39% 40% 41% 40%

growth n.m. n.m. n.m. n.m. n.m. n.m. n.m. 51% 16% 5% 0%
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Income statement (EURm) 

Income statement (EURm) 

 
Source: Berenberg research 

 
 

   

in EURm 2020A 2021A 2022E 2023E 2024E 2025E 2026E 2027E 2028E 2029E 2030E

Note: Year end 30/06

Income statement

Net sales - - - - - 119 422 630 719 738 738

growth n.m. n.m. n.m. n.m. n.m. n.m. 255% 49% 14% 3% 0%

Cost of goods sold - - - - - (24) (89) (131) (144) (144) (144)

% of sales n.m. n.m. n.m. n.m. 20% 21% 21% 20% 20% 20%

Gross profit - - - - - 95 333 499 574 594 594

margin n.m. n.m. n.m. n.m. 80% 79% 79% 80% 80% 80%

Other income 0 0 - - - - - - - - -

S, G & A expenses (2) (7) (16) (18) (19) (21) (23) (26) (27) (27) (28)

growth 228% 127% 10% 10% 10% 10% 10% 3% 3% 3%

as % of sales n.m. n.m. n.m. n.m. 18% 6% 4% 4% 4% 4%

Gross operating profit (EBITDA) (2) (7) (16) (18) (19) 74 309 473 548 567 566

margin n.m. n.m. n.m. n.m. n.m. 62% 73% 75% 76% 77% 77%

Depreciation and amortization expenses (0) (0) (0) (2) (6) (78) (98) (98) (98) (98) (98)

Operating profit (EBIT) (2) (7) (16) (20) (26) (5) 212 375 450 469 468

margin n.m. n.m. n.m. n.m. n.m. -4% 50% 60% 63% 64% 63%

Interest income 0 0 - - - - - - - - -

Interest expense - - - (48) (48) (48) (48) (48) (48) (48) (48)

Profit before taxes (EBT) (2) (7) (16) (67) (73) (52) 164 328 403 421 421

Income taxes - - - - - - - (80) (117) (122) (122)

effective tax rate 0% 0% 0% 0% 0% 0% 24% 29% 29% 29%

Net income (2) (7) (16) (67) (73) (52) 164 248 286 299 299

margin n.m. n.m. n.m. n.m. n.m. -44% 39% 39% 40% 41% 40%

growth n.m. n.m. n.m. n.m. n.m. n.m. n.m. 51% 16% 5% 0%
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Balance sheet (AUDm) 

Balance sheet (AUDm) 

    
Source: Berenberg research 

 
 
   

in AUDm 2020A 2021A 2022E 2023E 2024E 2025E 2026E 2027E 2028E 2029E 2030E

Note: Year end 30/06

Balance Sheet

Assets

Cash and cash equivalents 6 115 9 2,359 764 66 422 909 1,465 2,048 2,632

Trade and other receivables 0 1 1 1 1 15 54 81 92 95 95

Inventories - - - - - 5 18 27 31 32 32

Total current assets 7 116 10 2,361 765 86 494 1,017 1,588 2,175 2,759

Total non-current assets 3 16 307 963 2,444 3,048 2,915 2,792 2,673 2,556 2,438

Total assets 9 132 317 3,323 3,209 3,133 3,409 3,809 4,262 4,730 5,196

Liabilities

Total current liabilities 0 2 2 2 2 8 27 41 46 48 48

ow Trade and other payables 0 2 2 2 2 8 27 40 46 47 47

Total non-current liabilities - 0 0 1,562 1,562 1,562 1,562 1,562 1,562 1,562 1,562

ow Long-term debt - - - 1,562 1,562 1,562 1,562 1,562 1,562 1,562 1,562

Total liabilities 0 3 3 1,564 1,564 1,570 1,589 1,603 1,608 1,610 1,610

Equity

Contributed equity 12 137 346 1,896 1,896 1,896 1,896 1,896 1,896 1,896 1,896

Reserves 2 8 8 8 8 8 8 8 8 8 8

Accumulated earnings (losses) (5) (15) (41) (145) (259) (341) (84) 302 749 1,216 1,683

Total equity 9 129 314 1,759 1,645 1,564 1,820 2,207 2,653 3,120 3,587

Total Liabilities and equity 9 132 317 3,323 3,209 3,133 3,409 3,809 4,262 4,730 5,196
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Balance sheet (EURm) 

Balance sheet (EURm) 

     
Source: Berenberg research 

 
 
 

   

in EURm 2020A 2021A 2022E 2023E 2024E 2025E 2026E 2027E 2028E 2029E 2030E

Note: Year end 30/06

Balance Sheet

Assets

Cash and cash equivalents 4 73 6 1,511 489 42 270 582 938 1,312 1,686

Trade and other receivables 0 1 1 1 1 10 35 52 59 61 61

Inventories - - - - - 3 12 17 20 20 20

Total current assets 4 74 6 1,512 490 55 316 651 1,017 1,393 1,767

Total non-current assets 2 10 196 616 1,565 1,952 1,867 1,788 1,712 1,637 1,561

Total assets 6 84 203 2,128 2,055 2,007 2,183 2,439 2,729 3,029 3,328

Liabilities

Total current liabilities 0 1 1 1 1 5 17 26 30 30 30

ow Trade and other payables 0 1 1 1 1 5 17 26 30 30 30

Total non-current liabilities - 0 0 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000

ow Long-term debt - - - 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000

Total liabilities 0 2 2 1,002 1,002 1,005 1,018 1,026 1,030 1,031 1,031

Equity

Contributed equity 8 87 222 1,214 1,214 1,214 1,214 1,214 1,214 1,214 1,214

Reserves 1 5 5 5 5 5 5 5 5 5 5

Accumulated earnings (losses) (3) (10) (26) (93) (166) (218) (54) 194 480 779 1,078

Total equity 6 83 201 1,126 1,053 1,001 1,165 1,413 1,699 1,998 2,297

Total Liabilities and equity 6 84 203 2,128 2,055 2,007 2,183 2,439 2,729 3,029 3,328
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Cash flow statement (AUDm) 

Cash flow statement (AUDm) 

 
Source: Berenberg research 

 
 
 

in AUDm 2020A 2021A 2022E 2023E 2024E 2025E 2026E 2027E 2028E 2029E 2030E

Note: Year end 30/06

Cash Flow Statement

Operating cash flows

EBITDA (3) (11) (25) (28) (30) 115 483 739 856 885 883

Add backs 2 7 14 - - - - - - - -

Income tax expense - - - - - - - (125) (182) (191) (190)

Increase (–)/decrease (+) in net working capital - - - - - (14) (32) (22) (10) (2) -

Payments to suppliers and employees (1) (3) - - - - - - - - -

Interest received 0 0 - - - - - - - - -

Interest Paid - 1 - (74) (74) (74) (74) (74) (74) (74) (74)

Other income 0 (0) - - - - - - - - -

Net cash used in operating activities (1) (3) (11) (102) (104) 27 376 517 590 618 619

Investing cash flows

Investment Capex (1) (7) (291) (659) (1,491) (720) - - - - -

Maintenance Capex - - - - - (6) (20) (30) (34) (35) (35)

Capex total (1) (7) (291) (659) (1,491) (725) (20) (30) (34) (35) (35)

Net cash acquired from acquisition of subsidiary 0 - - - - - - - - - -

Loans to other entities - - - - - - - - - - -

Net cash used in investing activities (1) (7) (291) (659) (1,491) (725) (20) (30) (34) (35) (35)

Financing cash flows

Proceeds from issue of listed options - 4 - - - - - - - - -

Proceeds from issued shares 6 120 203 1,550 - - - - - - -

Share issue costs (0) (6) (7) - - - - - - - -

Debt issuance (repayment) - - - 1,562 - - - - - - -

Net cash from financing activities 6 118 196 3,111 - - - - - - -

Net increase/(decrease) in cash and cash equivalents3 108 (106) 2,351 (1,596) (698) 356 487 556 583 584

Cash and cash equivalents at the beginning of the year3 6 115 9 2,359 764 66 422 909 1,465 2,048

Effect of exchange rate fluctuations on cash held (0) 0 - - - - - - - - -

Cash and cash equivalents at the end of the year 6 115 9 2,359 764 66 422 909 1,465 2,048 2,632
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Cash flow statement (EURm) 

Cash flow statement (EURm) 

 
Source: Berenberg research 

 
 

in EURm 2020A 2021A 2022E 2023E 2024E 2025E 2026E 2027E 2028E 2029E 2030E

Note: Year end 30/06

Cash Flow Statement

Operating cash flows

EBITDA (2) (7) (16) (18) (19) 74 309 473 548 567 566

Add backs 1 4 9 - - - - - - - -

Income tax expense - - - - - - - (80) (117) (122) (122)

Increase (–)/decrease (+) in net working capital - - - - - (9) (21) (14) (6) (1) -

Payments to suppliers and employees (1) (2) - - - - - - - - -

Interest received 0 0 - - - - - - - - -

Interest Paid - 0 - (48) (48) (48) (48) (48) (48) (48) (48)

Other income 0 (0) - - - - - - - - -

Net cash used in operating activities (1) (2) (7) (65) (67) 18 241 331 378 395 396

Investing cash flows

Investment Capex (1) (5) (186) (422) (955) (461) - - - - -

Maintenance Capex - - - - - (4) (13) (19) (22) (22) (22)

Capex total (1) (5) (186) (422) (955) (465) (13) (19) (22) (22) (22)

Net cash acquired from acquisition of subsidiary 0 - - - - - - - - - -

Loans to other entities - - - - - - - - - - -

Net cash used in investing activities (1) (5) (186) (422) (955) (465) (13) (19) (22) (22) (22)

Financing cash flows

Proceeds from issue of listed options - 3 - - - - - - - - -

Proceeds from issued shares 4 77 130 992 - - - - - - -

Share issue costs (0) (4) (4) - - - - - - - -

Debt issuance (repayment) - - - 1,000 - - - - - - -

Net cash from financing activities 4 76 126 1,992 - - - - - - -

Net increase/(decrease) in cash and cash equivalents2 69 (68) 1,505 (1,022) (447) 228 312 356 373 374

Cash and cash equivalents at the beginning of the year2 4 73 6 1,511 489 42 270 582 938 1,312

Effect of exchange rate fluctuations on cash held (0) 0 - - - - - - - - -

Cash and cash equivalents at the end of the year 4 73 6 1,511 489 42 270 582 938 1,312 1,686



Vulcan Energy Resources Ltd (VUL AU, 6KO FR) 

Chemicals – Speciality Chemicals 
 

 

64 

Appendix 1: Other European lithium projects 

Other ongoing projects in Europe are based on traditional hard-rock mining, with a majority 
of them also planning to install conversion capacity to sell lithium carbonate or lithium 
hydroxide to the emerging European cathode industry. 

Rio Tinto (Jadar, Serbia) 

Rio Tinto has been exploring the site since 2004 and recently released a favourable 
preliminary feasibility study, with a definitive feasibility study expected by the end of 2021. 
Rio Tinto has announced it will invest EUR2.4bn to develop the site to produce both lithium 
and borates. The site has excellent-grade mineral (1.81% Li2O), and indicated reserves of 
0.7Mt of LCE. Rio Tinto’s project will include facilities to process the rock and produce 
lithium carbonate that can be transported to battery manufacturers in central Europe. Rio 
Tinto’s timeline indicates that 58ktpa of battery-grade lithium carbonate should be in the 
market by 2029. Construction should start in 2022 and first production is expected in 2026. 
Rio Tinto has earmarked USD2.4bn for the project. 

European Metals (Cinovec, Czech Republic) 

European Metals expect to release a favourable DFS by Q1 2022. European Metals controls 
49% of Cinovec, using an existing mine to extract lithium containing zinnwaldite (0.44% 
Li2O), which could be then converted to 25.3ktpa of battery-grade lithium hydroxide that can 
be used in batteries manufactured nearby in central Europe. CEZ, the largest utility in the 
country, holds the remaining 51% of this project. Cinovec is targeting this project to be selling 
lithium by 2024. 

Savannah Resources (Mina do Barroso, Portugal) 

Mina do Barroso is a traditional mining project that aims to mine Portuguese pegmatite (1.1% 
Li2O) and treat it to sell spodumene concentrate (6% Li2O), which could be shipped to 
Chinese converters. We expect to see some pushback from local authorities against the 
project given that other European projects also incorporate converter capacity to sell lithium 
carbonate or lithium hydroxide as a higher-value-add final product that can be used in 
European cathode manufacturing. 

Zinnwald Lithium (Zinnwald, Germany) 

Zinnwald’s project has 100% of the rights to an underground mine of zinnwaldite (0.76% 
Li2O) that had previously been used for the extraction of tin and wolfram. The original  
project aimed to produce lithium fluoride that could be used to manufacture electrolyte. Now 
it is being re-scoped to manufacture lithium hydroxide. According to the previous company’s 
disclosures, it originally planned to invest cEUR160m to produce c7.3ktpa of LCE with some 
potassium sulphate as a by-product by 2023. 

European Lithium (Wolfsberg, Austria) 

The European Lithium project in Austria aims to mine local pegmatite (0.71% Li2O) from an 
existing mine and convert it to 10.1ktpa of battery-grade lithium hydroxide to be sold to 
European manufacturers by the end of 2023. 

Keliber Oy (Keliber, Finland) 

Keliber’s project aims to mine surface and underground pegmatite (1.04% Li2O) and convert 
it to 11ktpa of battery-grade lithium carbonate in a plant in Kokkola, to be shipped to 
European manufacturers. Keliber aims to start construction in H2 2022 and the project 
should be commissioned by 2025.  

Infinity Lithium (San José de Valdeflores, Spain) 

Infinity Lithium has rights over 75% of the significant reserves in San José but current 
litigation is preventing the open pit mine from operating given that it is less than 2km away 
from the town of Cáceres. Before this, its positive preliminary feasibility study had flagged 
this project as one of the most valuable in Europe. Infinity Lithium aimed to produce 15ktpa 
of lithium hydroxide on site.  
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Rock Tech Lithium (Georgia Lake, Canada, and Brandenburg, Germany) 

Rock Tech has recently announced a 24ktpa lithium hydroxide plant in the town of Gruben, 
Brandenburg, Germany. The company has announced it will invest EUR470m in the asset. 
Rock Tech Lithium has disclosed its intention to build four additional lithium hydroxide 
converters by 2029. 

Rock Tech owns 100% of the rights over an open pit pegmatite resource in Canada. Current 
plans by Rock Tech include starting mining by Q4 2023 in order to provide about 54% of the 
feedstock required by the company’s flagship conversion plant. 

Overview of select relevant lithium projects 

Company and 
project 

Description Region Interest 
Targeted output 

(LCE ktpa) 

Est. 
production 

year 
Status 

Vulcan Energy 
Geothermal brine DLE + 

geothermal energy 
Germany 100% 39.4 2025 DFS H1 2022E 

DLE Projects             

Standard Lithium 
Brine DLE and crystallisation 

into lithium carbonate 
AR, USA 75% 50.9 2023 Construction started 

EnergySource 
Minerals 

Geothermal brine DLE + 
geothermal energy 

CA, USA 100% 16.5 2023 n.a. 

Lake Resources 
(Kachi) 

Brine DLE Argentina 75% 25.5 2024 Pilot Plant 

Eramet (Centenario) Brine DLE Argentina 50% 24.0 2024 Re-started 2021 

Hells Kitchen (CT 
Resources) 

Geothermal brine DLE + 
geothermal energy 

CA, USA 100% 20.0 2024 n.a. 

E3 Metals (Alberta 
Project) 

Brine DLE Canada 100% 20.0 2025 PFS 

Pure Minerals 
(Clayton Valley) 

Brine DLE NV. USA 100% 10.3 n.a. 
Pilot plant construction in 

H2 2021 

Cornish Lithium 
Project 

Geothermal brine DLE + 
geothermal energy 

UK n.a. n.a. n.a. Scoping 

European Hard-Rock Projects           

Jadar (Rio Tinto) Hard-rock to lithium carbonate Serbia 100% 58.0 2026 DFS Q4 2021E 

Cinovec (European 
Metals) 

Hard-rock to lithium hydroxide Czech Rep. 49% 25.3 2024 DFS Q1 2022E 

RockTech Lithium Hard-rock to lithium hydroxide 
Germany / 

Canada 
100% 24.0 2024 PFS Q4 2021E 

Mina do Barroso 
(Savannah Res.) 

Hard-rock to spodumene 
concentrate 

Portugal 100% 22.1 2024 
DFS 2022E, pending 

Environmental 
Assessment 

Keliber Project Hard-rock to lithium hydroxide Finland 100% 11.0 2025 
Construction start H2 

2022 

Wolfsberg 
(European Lithium) 

Hard-rock to lithium hydroxide Austria 100% 10.1 2023 DFS Q1 2022E 

Zinnwald Lithium 
Project 

Hard-rock to lithium fluoride Germany 100% 7.3 2023 DFS re-scoping 

San Jose (Infinity 
Lithium) 

Hard-rock to lithium hydroxide Spain 75% 15.0 On hold Litigation 

Total       379     
 

Source: Company data, Berenberg research 

 
  



Vulcan Energy Resources Ltd (VUL AU, 6KO FR) 

Chemicals – Speciality Chemicals 
 

 

66 

Appendix 2: Comparison of Vulcan’s sustainability credentials versus 
peers 

Comparison of select relevant lithium projects’ sustainability credentials (full/black = worst; empty/white = best) 

Source: Berenberg estimates 

Vulcan’s aim of producing zero-carbon lithium is enabled by two innovations. First, DLE is 
a low-energy process for achieving a purified lithium-ion-rich solution. Second, electrolysis 
will be powered by the energy generated by the project’s geothermal capability, while the 
excess may be sold to the network. Other DLE projects without the benefit of geothermal 
power generation would need to use alternative sources of power and could not claim net 
negative energy use because pumping, DLE and electrolysis need energy to function.  

Most European hard-rock lithium projects include an integrated chemical conversion 
capacity. However, hard-rock spodumene conversion into lithium hydroxide is an energy-
intensive process and produces waste chemicals that need to be processed. Some projects 
benefit from rock grades that allow for “water leaching”, which avoids using highly 
aggressive agents such as sulphuric acid. 

Open pit mines are also controversial because of landscape damage. The San José project in 
Spain has been halted because of its proximity to the town of Cáceres (c100,000 habitants). 
The Cinovec, Zinnwald and Wolfsberg projects in the Czech Republic, Germany and Austria, 
respectively all use existing underground mines. 

  

Company and project
Mineral to LiOH

(energy)

Mining impact: 
Landscape and 

Water

Disposal of 
excess chemicals 

/ subproducts
Transport Notes

Vulcan Energy 1 2 2 1 Zero carbon claim given renewable energy generation

Standard Lithium (Lanxess JV) 2 2 2 2 -

Hells Kitchen (CT Resources) 1 2 2 1 Renewable energy generation

EnergySource Minerals

Alberta Project (E3 Metals) 2 2 2 2 -

Jadar (Rio Tinto) 3 3 3 2
Jadarite does not require calcination, but requires sulphuric acid 

leaching

Cinovec (European Metals) 3 3 4 1 Water leaching (i.e. no need for sulphuric acid)

Wolfsberg (European Lithium) 4 3 4 1 -

Zinnwald Lithium Project 3 3 4 1 Water leaching (i.e. no need for sulphuric acid)

Keliber Project 4 4 4 2 -

RockTech Lithium 4 4 3 4
Canadian intermediate product shipped for conversion in 

Germany

Mina do Barroso (Savannah Res.) 4 4 1 5 The spodumene would be shipped to China for conversion

San Jose (Infinity Lithium) 3 5 4 2 Proposed pit too close to Caceres city centre

Cornish Lithium Project 1 2 2 2
Potential for renewable energy generation, but also has hard-rock 

project
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Appendix 3: Vulcan’s board of directors 

Vulcan’s board of directors12 

Name Biography Photo 

Gavin Rezos 

Chair 

Gavin Rezos serves as chairman of the board. He currently holds positions as the chair at Resources 
& Energy Group and as principal of Viaticus Capital.  

Previously, he was non-executive director of Iluka Resources, Alexium International Group and 
Rowing Australia. 

In his career, Mr Rezos has gained extensive international investment banking experience as 
investment banking director of HSBC, and having worked in various senior multi-regional roles in 
investment banking, legal and compliance functions. 

Dr Francis Wedin 

CEO, MD and founder 

Dr Wedin founded the Vulcan Zero-Carbon Lithium project in 2018. He has been working as a lithium 
industry executive since 2014 and contributes management and executive experience in the 
resources sector on four continents. 

Prior to founding Vulcan, he held the position of executive director of the ASX-listed mining company 
Exore Resources Ltd. His track record includes three discoveries for JORC Lithium Resources on two 
continents, including Lynas Find, which is now part of Pilbara Minerals’ Pilgangoora project, in 
production. 

Dr Wedin holds a PhD and a BSc (Hons) in exploration geology and a MBA in renewable energy. 

Dr Heidi Grön 

Non-executive director 

Dr Grön is a chemical engineer by background with 20 years’ experience in the chemicals industry. 

Since 2007, Dr Grön has been a senior executive with Evonik, one of the largest speciality chemicals 
companies in the world, with a market capitalisation of EUR14bn and 32,000 employees. 

At Evonik, Dr Grön is currently responsible for global product, impact assessment and development 
of solutions for the chemicals strategy for sustainability, and management of Evonik’s major 
investment volumes. 

 

Ranya Alkadamani 

Non-executive director 

Ms Alkadamani is the founder of Impact Group International, a strategic communications and media 
relations agency focused on amplifying the work of clients that have a high positive social or 
environmental impact. 

She has extensive experience in working across media markets and for high-profile clients, including 
Andrew Forrest, one of Australia’s leading philanthropists, and Kevin Rudd, Australia’s former foreign 
minister and prime minister. 

Further, Ms Alkadamani was personally responsible for the global launches of the Walk Free Global 
Slavery Index, which reached more than 1bn people. 

Annie Liu 

Non-executive director 

Ms Liu is Tesla’s former head of battery and energy supply chain and contributes 20 years of 
experience with Tesla and Microsoft. 

During her time at Tesla, she was responsible for Tesla’s multi-billion-USD strategic partnerships and 
sourcing portfolios, which support Tesla’s Energy and Battery business units including Battery, 
Battery Raw Material, Energy Storage, Solar and Solar Glass. Her responsibilities further included raw 
materials sourcing efforts, such as lithium for battery cells. 

Josephine Bush 

Non-executive director 

Ms Bush is a member of the EY Power & Utilities board and brings a wealth of experience in ESG 
strategic advisory. 

Her track record includes being the lead of the EY Global Renewables and Sustainable Business Plan 
and spearheading of a series of major renewable market transactions. 

Notably, she successfully advised on the first environmental yieldco London Stock Exchange listing, 
Greencoat UK Wind plc. 

Ms Bush is a Chartered Tax Adviser and holds an MA in law from St Catharine’s College, Cambridge.  

   

Dr Horst Kreuter 

Co-founder, Exec Director 

Germany and board advisor 

Dr Kreuter co-founded the Vulcan Zero-Carbon Lithium project together with Dr Wedin and now 
serves as a board advisor and as the CEO of the Vulcan Energy’s German entity.  

Before he worked as CEO of Geothermal Group Germany GmbH and GeoThermal Engineering GmbH 
(GeoT) where he was responsible for the successful geothermal project development and permitting 
in Germany and worldwide.  

Dr Kreuter has a widespread political, investor and industry network in Germany and Europe. 

 

Source: Vulcan Energy Resources 

  

 
12 Company secretary and in-house legal counsel: Daniel Tydde. Note Dr Horst Kreuter acts as a board advisor. 
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Appendix 4: Vulcan shareholders and share count 

The table below shows Vulcan’s top shareholders in October 2021, after the completion of 
the September AUD203m capital increase.  

Vulcan’s top shareholders in October 2021 

Selected shareholders NOSH (m) % 

Mr Francis EB Wedin (Perth) 13.0 10.5% 

Hancock Prospecting (Gina Rinehart) (Perth) 8.4 6.7% 

Mr Gavin J Rezos (Perth) 6.1 4.9% 

Mr John L Hancock (Perth) 4.5 3.6% 

Vanguard Group (Philadelphia) 2.0 1.6% 

DWP Bank (Frankfurt) 1.9 1.5% 

Mr Anthony A Torresan (Perth) 1.6 1.3% 

Vanguard Investments Australia (Melbourne) 1.4 1.1% 

Private Clients of UBS AG Zurich (Zurich) 1.2 0.9% 

Private Clients of Commerzbank (Frankfurt) 1.2 0.9% 

Ellerston Capital (Sydney) 1.1 0.9% 

ING DiBa (Nuremberg) 1.1 0.9% 

Mr & Mrs Jeffrey A Wicks (Brisbane) 1.0 0.8% 

Jefferies International (London) 0.9 0.8% 

Private Clients of Interactive Brokers (Greenwich) 0.9 0.7% 

Mr & Mrs Barrie R Gilbertson (Brisbane) 0.8 0.6% 

Mr Peter H Gold (Sydney) 0.8 0.6% 

Consorsbank (Nuremberg) 0.7 0.6% 

Mr Antonio A Torresan (Perth) 0.7 0.6% 

Ms Justine D Michel (Brisbane) 0.7 0.6% 

Total top 20 49.8 40.2% 

Total issued shares 123.8 100.0% 
 

Source: Vulcan Energy Resources 

We note that Georgina Rinehart and John Hancock are related parties and together 
represent a 10.4% shareholding. Insiders Francis Wedin and Gavin Rezos together 
represent a 15.4% interest. 

The table below shows the fully diluted share count we use in our valuation. Dilutive 
elements include performance rights and performance shares generally intended to vest 
only if operational milestones are achieved. 

Vulcan’s fully diluted share count on 20 October 2021 (last reported) 

 NOSH (m) % 

Total issued shares 123.8 88.4% 

Total dilutive elements 16.3 11.6% 

Fully diluted shares 140.1 100.0% 
 

Source: Vulcan Energy Resources, Berenberg research 
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Appendix 5: Vulcan’s trading performance and key events 

Vulcan’s share price performance (last two years) 

 
Source: Eikon, Vulcan Energy Resources 

 

Select events 

 
Source: Eikon, Vulcan Energy Resources 

 

# Date Events

1 10/07/2019 Acquisition of Vulcan Energy Resources Ltd and rebranding 

2 21/02/2020 Positive scoping study

3 24/06/2020 AUD4.8m institutional and ESG investor equity placement for completion of PFS

4 15/01/2021 Positive PFS

5 04/02/2021 AUD120m equity raise at AUD6.50

6 22/04/2021 Planned spin-off and IPO of non-core, Scandinavian battery metals projects (Kuniko Ltd)

7 19/07/2021
Binding offtake term sheet with LG for 5ktpa of lithium hydroxide in first production year and 10ktpa 

subsequently

8 01/08/2021 Vulcan announces partnership with Renault for offtake of 6 to 17tkpa of lithium hydroxide

9 02/08/2021
Vulcan releases life cycle assessment, estimates negative 2.9t of CO2 emitted per ton of lithium hydroxide 

produced

10 16/09/2021 AUD203 equity raise at AUD13.50

11 18/10/2021 Binding offtake agreement with Umicore for between 28 and 42ktpa of lithium hydroxide

12 26/10/2021 Shortseller report and Vulcan response
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Appendix 6: Geothermal power stations in Germany 

Geothermal power stations in Germany 

 
Source: Geosys, Analysis of Geothermal Power Generation Systems, Part B.  2014 

  

Plant name Status

Geothermal 

process Uses

Therm. 

Power 

(MW)

Elec. 

Power 

(MW)

Temp. 

(°C)

Flow rate 

(l/s)

Depth 

(km)

Upper Rhine Valley

Insheim Operational Hydrothermal Power generation - 4.8 165 85 3.3

Landau in der Pfalz Operational Hydrothermal Power generation, District heating 5.0 3.6 160 70 3.3

Bruchsal Operational Hydrothermal Research, Power generation 5.5 0.6 120 24 2.5

North German Basin

Neustadt-Glewe Operational Hydrothermal District heating, Power generation 7.0 0.2 99 35 2.3

Neubrandenburg Operational Hydrothermal District heating 3.8 - 53 28 1.3

Waren / Müritz Operational Hydrothermal District heating 1.3 - 63 17 1.5

Neuruppin Operational Hydrothermal District heating 2.1 - 64 14 1.7

Groß Schönebeck Project EGS Research, Power generation n.a. n.a. 150 20 4.4

South German Basin

Unterhaching Operational Hydrothermal District heating, Power generation 38.0 3.4 123 150 3.4

Oberhaching Operational Hydrothermal District heating, Power generation 40.0 - 130 138 3.3

Dürrnhaar Operational Hydrothermal Power generation - 5.5 136 130 3.7

Kirchstockach Operational Hydrothermal Power generation - 5.5 135 130 3.8

Kirchweidach Operational Hydrothermal Power generation, District heating 5.0 6.6 128 130 3.5

Pullach Operational Hydrothermal District heating 15.0 - 107 105 3.4

Garching Operational Hydrothermal District heating 6.0 - 74 100 2.1

Poing Operational Hydrothermal District heating 7.0 - 76 100 3.0

Unterschleißheim Operational Hydrothermal District heating 28.4 - 79 100 2.0

Ismaning Operational Hydrothermal District heating 7.0 - 77 85 2.2

Unterföhring Operational Hydrothermal District heating 9.0 - 87 85 2.5

Simbach-Braunau Operational Hydrothermal District heating, Power generation 8.0 - 80 80 1.9

Aschheim Operational Hydrothermal District heating 9.0 - 85 75 2.6

München Riem Operational Hydrothermal District heating 10.0 - 93 75 2.7

Erding Operational Hydrothermal District heating 9.7 - 65 55 2.2

Straubing Operational Hydrothermal District heating 4.1 - 36 45 0.8

Traunreut Project Hydrothermal District heating, Power generation 12.0 4.0 118 130 5.1

Taufkirchen Project Hydrothermal District heating, Power generation 40.0 5.0 133 120 3.8

Sauerlach Project Hydrothermal Power generation, District heating 4.0 5.0 140 110 4.5

Geretsried Project Hydrothermal Power generation, District heating 40.0 5.3 145 100 5.2

München-Freiham Project Hydrothermal District heating, Power generation 20.0 - 90 100 2.7

Altdorf Project Hydrothermal District heating n.a. n.a. 65 88 0.6

Waldkraiburg Project Hydrothermal District heating 13.5 - 108 65 2.7

Mauerstetten Project EGS Power generation, District heating n.a. 5.0 130 n.a. 4.0
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Please note that the use of this research report is subject to the conditions and restrictions set forth in the “General investment-related 
disclosures” and the “Legal disclaimer” at the end of this document.  

For analyst certification and remarks regarding foreign investors and country-specific disclosures, please refer to the respective paragraph 
at the end of this document. 

Disclosures in respect of Article 20 of Regulation (EU) No. 596/2014 of the European Parliament and of the 

Council of 16 April 2014 on market abuse and the UK Market Abuse Regulation (market abuse regulation – 
MAR) 

Company Disclosures 
  Vulcan Energy Resources Ltd 3 

 
(1) Joh. Berenberg, Gossler & Co. KG (hereinafter referred to as “the Bank”) and/or its affiliate(s) was Lead Manager or Co-

Lead Manager over the previous 12 months of a public offering of this company. 
(2) The Bank acts as Designated Sponsor/Market Maker for this company. 
(3) Over the previous 12 months, the Bank and/or its affiliate(s) has effected an agreement with this company for investment 

banking services or received compensation or a promise to pay from this company for investment banking services. 
(4) The Bank and/or its affiliate(s) holds 5% or more of the share capital of this company. 
(5) The Bank holds a long position of more than 0.5% in shares of this company. 
(6) The Bank holds a short position of more than 0.5% in shares of this company. 
 
Positions held within investment funds managed by the Bank fall within disclosure (5) above and are calculated using the latest 
available data at the time of publication of this report. 
 
Production of the recommendation completed: 09.11.2021, 17:43 GMT 
 

Historical price target and rating changes for Vulcan Energy Resources Ltd in the last 12 months  
 
Date  Price target - AUD Rating First dissemination GMT Initiation of coverage 

    10 November 2021 
 

Historical price target and rating changes for Vulcan Energy Resources FR in the last 12 months  
 
Date  Price target - EUR Rating First dissemination GMT Initiation of coverage 

    10 November 2021 
 
 
Click here for a list of all recommendations on any financial instrument or issuer that were disseminated during the preceding 12-
month period. 

Berenberg Equity Research ratings distribution and in proportion to investment banking services, as of  
1 October 2021 
 
Buy 59.57 % 19.36 % 
Sell 3.92 % 0.00 % 
Hold 36.51 % 1.84 % 

  
 

Valuation basis/rating key 
The recommendations for companies analysed by Berenberg’s Equity Research department are made on an absolute basis for 
which the following three-step rating key is applicable: 

Buy:  Sustainable upside potential of more than 15% to the current share price within 12 months; 

Sell:  Sustainable downside potential of more than 15% to the current share price within 12 months; 

Hold:  Upside/downside potential regarding the current share price limited; no immediate catalyst visible. 

NB: During periods of high market, sector, or stock volatility, or in special situations, the recommendation system criteria may be 
breached temporarily. 
 

 

Competent supervisory authority 

Financial Conduct Authority, 12 Endeavour Square, London E20 1JN, United Kingdom; Bundesanstalt für 

Finanzdienstleistungsaufsicht (BaFin) - Federal Financial Supervisory Authority, Graurheindorfer Straße 108, 53117 Bonn and 

https://eqr.berenberg.de/showdoc/ial/1FD9742B648D42201FF82D0F8E980B95


Vulcan Energy Resources Ltd (VUL AU, 6KO FR) 

Chemicals – Speciality Chemicals 
 

 

72 

Marie-Curie-Str. 24-28, 60439 Frankfurt am Main, Germany. 

General investment-related disclosures 
Joh. Berenberg, Gossler & Co. KG (hereinafter referred to as “the Bank”) has made every effort to carefully research all information 
contained in this financial analysis. The information on which the financial analysis is based has been obtained from sources which 
we believe to be reliable such as, for example, Thomson Reuters, Bloomberg and the relevant specialised press as well as the company 
which is the subject of this financial analysis. 

Only that part of the research note is made available to the issuer (who is the subject of this analysis) which is necessary to properly 
reconcile with the facts. Should this result in considerable changes a reference is made in the research note. 

Opinions expressed in this financial analysis are our current opinions as of the issuing date indicated on this document. The 
companies covered by Berenberg are continuously followed by the analyst. Based on developments with the relevant company, the 
sector or the market which may have a material impact on the research views, research reports will be updated as it deems 
appropriate. 

The functional job title of the person/s responsible for the recommendations contained in this report is “Equity Research Analyst” 
unless otherwise stated on the cover. 

The following internet link provides further remarks on our financial analyses: 
https://www.berenberg.de/files/Investment Banking/Equity Research/Hinweise_zu_Finanzanalysen_ENG.pdf 

Legal disclaimer 
This document has been prepared by Joh. Berenberg, Gossler & Co. KG (hereinafter referred to as “the Bank”). This document does 
not claim completeness regarding all the information on the stocks, stock markets or developments referred to in it. 

On no account should the document be regarded as a substitute for the recipient procuring information for himself/herself or 
exercising his/her own judgements.  

The document has been produced for information purposes for institutional clients or market professionals. 

Private customers, into whose possession this document comes, should discuss possible investment decisions with their customer 
service officer as differing views and opinions may exist with regard to the stocks referred to in this document. 

This document is not a solicitation or an offer to buy or sell the mentioned stock. 

The document may include certain descriptions, statements, estimates, and conclusions underlining potential market and company 
development. These reflect assumptions, which may turn out to be incorrect. The Bank and/or its employees accept no liability 
whatsoever for any direct or consequential loss or damages of any kind arising out of the use of this document or any part of its 
content. 

The Bank and/or its employees may hold, buy or sell positions in any securities mentioned in this document, derivatives thereon or 
related financial products. The Bank and/or its employees may underwrite issues for any securities mentioned in this document, 
derivatives thereon or related financial products or seek to perform capital market or underwriting services. 

Analyst certification 
I, Andres Castanos-Mollor, hereby certify that all of the views expressed in this report accurately reflect my personal views about 
any and all of the subject securities or issuers discussed herein. 

In addition, I hereby certify that no part of my compensation was, is, or will be, directly or indirectly related to the specific 
recommendations or views expressed in this research report, nor is it tied to any specific investment banking transaction 
performed by the Bank or its affiliates. 

I, Sebastian Bray, CFA, hereby certify that all of the views expressed in this report accurately reflect my personal views about any 
and all of the subject securities or issuers discussed herein. 

In addition, I hereby certify that no part of my compensation was, is, or will be, directly or indirectly related to the specific 
recommendations or views expressed in this research report, nor is it tied to any specific investment banking transaction 
performed by the Bank or its affiliates. 

Remarks 
The preparation of this document is subject to regulation by German law, where prepared by analysts in Germany. Where prepared 
by analysts in the UK, preparation of this document is subject to UK law. The distribution of this document in other jurisdictions may 
be restricted by law, and persons into whose possession this document comes should inform themselves about, and observe, any 
such restrictions. This document is meant exclusively for institutional investors and market professionals, but not for private 
customers. It is not for distribution to or the use of private investors or private customers. 

https://www.berenberg.de/files/Investment%20Banking/Equity%20Research/Hinweise_zu_Finanzanalysen_ENG.pdf
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United States of America 
This document has been prepared exclusively by the Bank. Although Berenberg Capital Markets, LLC (“BCM”), an affiliate of the Bank 
and registered US broker-dealer, distributes this document to certain investors, BCM does not provide input into its contents, nor 
does this document constitute research of BCM. In addition, this document is meant exclusively for institutional investors and market 
professionals, but not for retail investors or private customers. It is not for distribution to or the use of retail investors or private 
customers. BCM accepts responsibility for this research document’s contents and institutional investors receiving this research and 
wishing to effect any transactions in any security discussed herein should do so through BCM and not the Bank. 

Please contact Berenberg Capital Markets, LLC (+1 646 949 9000) if you require additional information. 

Third-party research disclosures  
 

Company Disclosures 
  Vulcan Energy Resources Ltd no disclosures 

 
(1)   BCM or its affiliates owned 1% or more of the outstanding shares of any class of the subject company by the end of the prior 

month. 

(2)  The subject company is or was, during the 12-month period preceding the date of distribution of this report, a client of BCM 
or its affiliates.  BCM or its affiliates provided the subject company non-investment banking, securities-related services. 

(3) BCM or its affiliates received compensation from the subject company during the past 12 months for products or services other 
than investment banking services.    

(4) During the previous 12 months, BCM or its affiliates has managed or co-managed any public offering for the subject company. 

(5) BCM is making a market in the subject securities at the time of the report.   

(6) The subject company is or was, during the 12-month period preceding the date of distribution of this report, a client of BCM or its 
affiliates.  BCM or its affiliates provided the subject company investment banking, securities-related services. 

(7) BCM or its affiliates received compensation for investment banking services in the past 12 months, or expects to receive such 
compensation in the next 3 months.  

(8) There is another potential conflict of interest of the analyst(s), BCM, of which the analyst knows or has reason to know at the 
time of publication of this research report. 

(9) The research analyst or a member of the research analyst’s household serves as an officer, director, or advisory board member 
of the subject company 

(10) The research analyst or a member of the research analyst’s household has a financial interest in the equity or debt securities 
of the subject company (including options, rights, warrants, or futures). 

(11) The research analyst has received compensation from the subject company in the previous 12 months. 

* For disclosures regarding affiliates of Berenberg Capital Markets LLC please refer to the ‘Disclosures in respect of section 34b of the 
German Securities Trading Act (Wertpapierhandelsgesetz – WpHG)’ section above. 

Copyright 
The Bank reserves all the rights in this document. No part of the document or its content may be rewritten, copied, photocopied or 
duplicated in any form by any means or redistributed without the Bank’s prior written consent. 

© 2021 Joh. Berenberg, Gossler & Co. KG 
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