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This e-book is an abridged version of our popular webinar “Direct Lithium Extraction 2.0.”

For the full webinar, which provides more research and context, please visit our website here.
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ANALYST PROFILE

Abhirabh Basu, Senior Analyst

Abhirabh Basu is a senior analyst at Lux Research, based in Detroit,
where he has spent a decade advising on cutting-edge separation
technologies, critical minerals extraction, and the future role of water in
the energy transition and industrial decarbonization. With a deep
know-how of membrane technology, extraction and purification
processes, and materials innovation, he is a trusted adviser for
hundreds of innovation leaders across the chemicals, oil and gas,
manufacturing, and utilities sectors, spanning VC, R&D, and corporate
strategy functions.

Abhirabh’s journey started in India, where he trained as a chemical
engineer at Panjab University, with hands-on experience in heat and
mass transfer at Engineers India Limited and at Gannon Dunkerley Co.
& Ltd., where he helped design water treatment plants. He'd soon move
to the U.S. and pursue an MEng in environmental engineering from
New York University's Polytechnic School of Engineering, where he
specialized in biological wastewater treatment. As a policy fellow at
Green Building Worldwide in New York, Abhirabh contributed to
research on passive house and zero net energy buildings strategies.
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Direct Lithium
Extraction 2.0

Direct lithium extraction (DLE) can expand
global lithium supply, but no single extraction
technology guarantees a commercially

successful project.

PRODUCT DESIGN & INNOVATION

Design integrated flowsheets that
combine proven extraction
technologies with targeted

innovations in concentration,
purification, and refining.
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E

SUPPLY CHAIN & OPERATIONS

Build end-to-end capabilities
spanning pretreatment, extraction,
refining, water management,
reinjection, maintenance, and
battery-grade qualification.

©

BRAND

Position DLE commitments around
credible performance, transparent
resource use, and demonstrated
progress toward commercial
production.

et

GROWTH POTENTIAL

Capture growth by commercializing
advantaged brines today while
preparing for geothermal and

unconventional resources over time.
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EXECUTIVE SUMMARY

DLE enters the execution era

Key takeaway: The central question is no longer whether DLE
works, but which projects can operate economically across
volatile lithium markets.

DLE is not new. Commercial systems have operated since the
1990s, while Chinese producers have spent the past decade scaling
established approaches. What has changed is the commercial
environment. Resource owners, energy companies, water-
treatment specialists, equipment suppliers, and engineering firms
are entering the market.

Three factors will separate scalable projects from speculative ones:

Resources: Lithium concentration, impurities, and brine
chemistry establish the project’'s economic starting point.

Techno-economics: Capital intensity, opex, financing, and price
resilience matter more than extraction cost alone.

Execution: Reliable integration and consistent production of
battery-grade lithium ultimately determine bankability.

The winning projects will combine all three rather than depend on
one breakthrough technology.

RioTinto

arcadium 4
lithium

—

DLE Timeline &
Geography

2015-2020
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SUPPLY-AND-DEMAND DYNAMICS

Lithium demand is reopening the opportunity for brine resources

Key takeaway: Demand growth, supply-security policies, and
improving recovery are making brine resources strategically
important again.

Global lithium demand is expected to reach approximately 3 million
to 4 million tonne of lithium carbonate equivalent by 2035. Meeting
that demand will require substantial investment in mining, refining,
and processing capacity.

Hard-rock resources have dominated recent supply growth, but DLE
is improving the competitiveness of brines by:

Increasing lithium recovery

Shortening production timelines

Reducing land requirements

Potentially lowering water and energy use

Enabling production from previously uneconomic resources

DLE will expand lithium supply rather than replace hard-rock
mining. Lux Research estimates that it could deliver roughly one-
third of global lithium supply by 2035.

LCE

Global Lithium Production by Resource Type
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POLICY AND MARKET ACCESS

Onshoring is reshaping where lithium projects can scale

Key takeaway: Lithium supply is becoming more regional as
governments use incentives, ownership rules, and export controls
to protect strategic resources and domestic industries.

Policy is now a core driver of DLE investment. Governments are
intervening across the lithium value chain to strengthen domestic
supply, reduce dependence on foreign technology, and retain more
economic value at home.

The policy landscape is moving in several directions:

The U.S. Inflation Reduction Act supports domestic and allied
critical mineral supply chains.

The European Critical Raw Materials Act aims to improve regional
access to strategic materials.

Chile is increasing state involvement in lithium production
through partnerships with state-owned entities.

China is restricting exports of lithium processing and battery
technologies.

Zimbabwe is using export quotas and shipment conditions to
encourage local processing.

Chinese lithium company halts tech
exports as trade tensions build

By Ernest Scheyder and Lewis Jackson
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China’s battery technology export restrictions — cathode,
lithium, gallium

25 JULY 2025

Zimbabwe to introduce lithium export
quotas, sets conditions for resumption of
shipments

By Reuters
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MARKET VOLATILITY

Falling lithium prices are exposing speculative DLE projects

Key takeaway: DLE projects must generate competitive returns across
the lithium price cycle, not only during periods of elevated pricing.

Lithium carbonate prices have fallen sharply from approximately USD
80,000 per tonne in 2022 to approximately USD 8,000 to USD 10,000
per tonne by the end of 2025. This decline is fundamentally changing
how investors assess DLE opportunities. During high-price periods,
even projects with challenging resources, high capital requirements,
or unproven technologies can appear economically attractive. At
lower prices, those weaknesses become difficult to ignore.

Lithium carbonate price ($US'000/mt)

Executives should evaluate whether a project can:
Remain viable under conservative lithium price assumptions
Absorb construction delays and capital-cost overruns

Control operating, refining, and resource-management costs

Deliver acceptable returns without relying on sustained price 2022 2023 2024 2025

premiums
Source: S&P Global Platts

Volatility is separating commercially resilient projects from speculative
concepts. The strongest projects will combine advantaged resources,
disciplined capital deployment, and reliable execution.

o
© LUX RESEARCH, INC. | Allrightsreserved. | Lux Proprietary and Confidential



THE DLE SUCCESS PYRAMID

3 factors determine whether projects reach commercial scale

Key takeaway: Resource quality establishes the starting point,
economics determines resilience, and execution determines whether
lithium is consistently produced.

Lux Research evaluates DLE projects through three interconnected
factors:

Resources: Lithium concentration, impurity levels, brine chemistry,
and resource accessibility establish a project’'s fundamental
advantage. No extraction technology can completely compensate
for a poor resource.

Techno-economics: Opex alone is insufficient. Leaders must assess .
capital intensity, financing structures, annualized costs, payback, Techno-economics
and returns across multiple lithium price environments.

Execution: Projects must integrate extraction, pretreatment,
concentration, purification, and refining while reliably producing
battery-grade lithium at scale.

Resources

Weakness in any one area can undermine the entire project. A
technically impressive system applied to a challenging brine or
incorporated into a poorly integrated flowsheet may remain
uncompetitive.
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RESOURCE COMPETITIVENESS

Resource quality sets the economic starting point

Key takeaway: The right technology-resource match matters more than applying the newest extraction method to every brine.

 ———— —— i

Continental brines Geothermal brines Oil field brines Clay deposits

Salars are some of the Low-grade sources contain O&G wastewaters are some Lithium-bearing clays

highest-grade brines in the as little as 0.01% to 0.04% L. of the lowest-grade brines, contain 0.1% to 0.4% Li,

world — 0.04% to 0.15% L. containing <0.01% Li. significantly higher than
most brines.

Stage of development Stage of development Stage of development Stage of development

Commercial Development Early pilot Lab and early pilots in North
America

At low lithium prices, only the most competitive salar projects generate compelling returns. More unconventional resources
generally require sustained higher prices, policy support, strategic offtake, or corporate backing.
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ECONOMIC RESILIENCE

Low operating costs don’t automatically create the best project

Key takeaway: All-in economics, rather than opex alone, reveals
which DLE projects can withstand market volatility.

A project with attractive operating costs may still be
uncompetitive if it requires high up-front investment, complex
infrastructure, or expensive downstream refining.

Lux evaluates DLE competitiveness by combining opex with
annualized capital costs. This provides a more realistic view of the
cost per metric ton of lithium carbonate equivalent and enables
comparison across different project lives and financing structures.

At low lithium prices, only the most competitive salar projects
generate compelling returns. As prices rise toward long-term
incentive levels, more projects become viable, but unconventional
brines often remain at the higher end of the cost curve.

Executives should test
projects against

Low, base, and high lithium price

scenarios

Capital overruns and delayed ramp-up

Sorbent and reagent replacement
costs
Refining and qualification expenses

Financing and payback requirements
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RESOURCE COMPETITIVENESS: PAYBACK
DLE projects’ all-in costs*

Lithium spot price Jan. 2026

*
L Lithium spot price Jan. 2025
5 10,000 _Profitable only for the rost competitive projects ___ e EEE
()
C
C
[
>~ 5,000
D 1
%)
D)
0
c © 29 o0& o =& &2, © S B8mE GE o e D w & 9] o
0.0 °__ 3539 X3 2Tt Q2> © O = 8] Q> =3 ) @ o = © o9
0 9l o0 € 0 C O c c C o) c o0 EZ w©cC © - 38 < 2 @
ox ~ao®m °> 9= = Q9 ~ g °PCS 0w s 2 - S S S 0 <
°S Fo—= 4 J a5 _I Yol a 935 — o B X O © © 5
a © 5 [ At L 0 2 <T: 2 o £ 1
o0 O O c c 8 o @) a
@ S a¥
g [0
Salar brines m Oilfield brines m Geothermal brines

*Benchmarking DLE projects by comparing all-in costs is defined as operating cost + annualized capital cost, using an NPV10 framework to normalize differences in project life
and capital intensity. This approach reflects the true economic cost per metric ton of LCE and enables comparison of a project’s viability and returns based on lithium spot price.
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TECHNOLOGY SELECTION

Proven systems lead today; hybrid flowsheets shape the future

Key takeaway: Technology choice influences execution risk, but
integrated flowsheets create greater value than isolated extraction
improvements.

Adsorbent-based systems remain the commercial benchmark. Their
maturity, standardized flowsheets, and operating history make them
more bankable than newer alternatives.

Other technologies offer targeted advantages:

lon-exchange resins: Strong selectivity and longer cycle life but
greater sensitivity to brine chemistry

Solvent extraction: Potentially valuable for dilute or impurity-rich
brines but challenged by degradation and solvent losses

Membranes: Increasingly useful for pretreatment, impurity removal,
and concentration

Biomining: A long-term opportunity with significant recovery and
operating challenges

The most promising near-term direction is the hybrid flowsheet. Projects
are combining adsorption, membranes, electrochemical concentration,

and partial evaporation to reduce downstream processing requirements.
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THE NEXT COMPETITIVE BATTLEGROUND

Integrating extraction and refining can unlock cost reductions

Key takeaway: DLE innovation is shifting downstream as developers
target the full cost of producing battery-grade lithium.

Next-Generation DLE
Technology Cost

Historically, technology development focused on selectively removing
lithium from brine. But extraction represents only one part of the 7,000

production process. Concentration, chemical conversion, purification, E)J 6,000
water treatment, and refining can account for a significant share of total 3
project costs. - =000
The next wave of innovation is targeting: § 4,000
QO
Higher lithium loading and longer sorbent life g 3000
Lower reagent consumption 2000 .
d P S oo Reducing costs by
Reduced solvent degradation ,
9 20% to 40%
More efficient water management o
) ) ) Adsorbent lon Membranes Solvents
Electrochemical concentration and conversion (Sunresin) exchange (Electralith
. . .. (Lilac - EDR%)
Combined extraction and refining steps Solutions)
These innovations could lower project costs by approximately 20%—-40%, Water/ i
but most remain at pilot or early commercial stages. Long-term durability, = Water/waste management & Maintenance
replacement frequency, maintenance requirements, and continuous m Labor ® Energy
operating performance remain uncertain. m Replacement m Reagent
>
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OUTLOOK

There is no silver bullet for scaling DLE

Key takeaway: Near-term winners will improve proven systems, build integrated capabilities, and expand into harder
resources only as economics mature.

DLE is reaching an inflection point, but execution, rather than a single technological breakthrough, is driving the shift.

Commercial success will come from combining the right resource, resilient economics, proven technologies, and disciplined
execution.

Chemicals and materials Energy and resource owners Engineering firms, OEMs, and

companies should: should: integrators should:

« Commercialize proven * Prioritize advantaged * Build complete systems
adsorbents and ion-exchange resources and proven rather than supplying isolated
systems flowsheets equipment

* Improve durability, selectivity,  Use DLE to optimize existing * Integrate extraction, refining,
loading, and cycle life assets water treatment, and zero-

« Move beyond material sales « Delay high-risk oil-field brines liquid-discharge capabilities
toward services, partnerships, until economics and  Develop modular platforms
and project participation with technologies improve that can be replicated across
revenue-sharing models regions

o
© LUX RESEARCH, INC. | Allrightsreserved. | Lux Proprietary and Confidential 15



About Lux .

Lux Research fuels innovators to not only imagine what's The “Lux Take" is trusted by innovation leaders around the
possible in the future but also operationalize innovation world, many of whom seek our advice directly before placing a
success in the near term. We deliver research and advisory bet on a startup or partner — our clients rely on Lux insights to
services to inspire, illuminate, and ignite innovative thinking Make decisions that generate fantastic business outcomes. We
that reshapes and grows businesses. Using quality data pride ourselves on taking a rigorous, scientific approach to
derived from primary research, fact-based analysis, and avoid the hype and generate unique perspectives and insights
opinions that challenge traditional thinking, our experts focus that innovation leaders can't live without.

on finding truly disruptive innovations that are also realistic
and make good business sense.

READ VISIT EMAIL CONNECT

http://www.luxresearchinc.com/blog/ www.luxresearchinc.com guestions@luxresearchinc.com LuxResearch
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