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Satish Rao, Clareo, USA, develops 
a strategy playbook for battery 

metal miners and manufacturers.

This year will be a reset year for EV sales,1 according 
to J.D. Power. The growth rate for electric vehicles 
(EVs), an important market for battery and energy 

storage systems, is expected to slow in 2025 and 2026 due 
to policy uncertainty, cuts to EV tax credits in the US, 
frustration with public charging infrastructure, and 
affordability concerns with high prices seen as a barrier to 
wider adoption. On top of that, the energy landscape is 
changing and facing headwinds from trade disputes, 
resource nationalism, and macroeconomic uncertainty. 
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However, the longer term EV sales outlook remains 
favourable. EVs represent only one market segment within 
battery storage, with other mobile and stationary storage 
applications also expected to continue to drive demand 
growth. Indeed, the IEA has recently said that the battery 
industry has entered a new phase,2 with annual demand 
surpassing 1 TWh in 2024, and a possible tripling of 
production capacity over the next five years. Rapid price 
declines have contributed to this growth, with the average 
price of a battery pack for a battery electric car dropping 
below US$100/kWh. 

The most significant change is taking place within battery 
storage technology and chemistry. Cheaper battery minerals 
and alternative battery chemistry are key contributors, with 
lithium prices dropping more than 85% from their peak in 
2022, and Chinese manufacturers prioritising 
lithium-iron-phosphate (LFP) batteries, which have been 

30% cheaper than lithium-nickel-cobalt-manganese-oxide 
(NMC) batteries.

With this situation in mind, battery metals miners and 
manufacturers need a greater awareness of the battery 
storage value chain, to position themselves competitively, 
and avoid losing out on the US$671 billion global EV market.

The dilemma for battery 
manufacturers and 
mining companies
Chinese manufacturers have a dominant share of the 
battery market, with over 80% of lithium-ion battery 
production,3 and design innovation in cheaper LFP 
technology and improved energy density through 
cell-to-pack and cell-to-body configurations,4 which is 
helping grow LFP share from 40% of EV batteries to 
nearly 60%. This represents a turnaround for 

Table 1. Battery materials used in multiple technologies and end use applications

Battery metals and 
minerals

Battery input material Battery chemistry Primary role End use applications

Cobalt Cobalt oxide (Co₃O₄)

Cobalt sulfate (CoSO₄)

LCO, NMC

NMC

Stabilises cathode 
structure

Cathode precursor

High-performance EVs, 
electronics

EVs, grid storage

Nickel Nickel sulfate (NiSO₄) NMC, NCA Enhances energy density Long-range EVs, drones

Graphite Natural/synthetic graphite Li-ion (all types) Anode material EVs, ESS, portable devices

Manganese Manganese dioxide (MnO₂)

HPMSM (MnSO₄·H₂O)

Manganese carbonate 
(MnCO₃)

Sodium manganese oxide 
(Na₀.₄₄MnO₂)

Layered P2-Na₀.₇MnO₂.₀₅ 
(Ti/F-doped)

LMO

LMNO, NMC

LMO (precursor)

Sodium-ion (tunnel-type)

Sodium-ion (layered)

Cathode material (spinel 
structure)

Cathode precursor

Cathode synthesis

Cathode material (Mn³+/
Mn⁴+ redox)

High-capacity cathode 
(Mn³+/Mn⁴+ redox)

Power tools, medical 
devices

EVs, ESS

Lithium-ion batteries, ESS

Grid storage, renewable 
integration

EVs, high-energy storage

Copper Copper foil All battery types Current collectors EVs, ESS, electronics

Aluminium Aluminium foil NCA, structural 
components

Cathode substrate, 
casing

EVs, ESS

Lead Lead oxide (PbO₂) Lead-acid Cathode material Automotive starter, backup 
ESS

Vanadium Vanadium electrolyte 
(VOSO₄)

Vanadium redox flow Electrolyte solution Large-scale ESS

Sodium Sodium carbonate (Na₂CO₃)

Sodium perchlorate 
(NaClO₄)

Sodium 
hexafluorophosphate 
(NaPF₆)

Sodium iron phosphate

Sodium-ion (general)

Aqueous/non-aqueous 
electrolytes

Non-aqueous electrolytes

Sodium-ion

Precursor for cathode 
synthesis

Electrolyte salt

Electrolyte salt

Cathode material

Low-cost ESS, stationary 
storage

Grid storage, EVs

High-voltage sodium-ion 
batteries

Low-cost ESS, stationary 
storage

Sulfur Sulfide electrolytes (LSPS) Sulfide solid-state Solid electrolyte (high Li+ 
mobility)

EVs (e.g., Toyota 
prototypes)

Polymers PEO + Li salts Polymer solid-state Flexible electrolyte Wearables, IoT devices
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LFP technology, initially viewed as unsuitable for EV 
batteries due to lower energy density, and consequently, 
lower range. For stationary storage, LFP offers even more 
advantages over NMC technology due to its cost and 
longevity, and energy density is typically not an issue. 
Chinese manufacturers, such as BYD and CATL, have scaled 
production and yields significantly due to their cumulated 
years of expertise and continuous innovation.5 Western 
companies have struggled to match Chinese manufacturers, 
as evidenced by the bankruptcy of Northvolt,6 a European 
manufacturer, who struggled with scale, low yields, pricing 
pressure from Chinese manufacturers, and volatile 
lithium costs.

Chinese producers also integrate across the entire value 
chain,7 from mining to mineral processing, refining 
manufacturing equipment, precursor, and components, to 
final production of batteries. There is fierce competition in 
battery manufacturing in China, with the IEA estimating 
nearly 100 producers, with the race on for market share at 
the expense of profit margins. This is supported by 
favourable government policy looking to shape the market 
through subsidies, such as provincial land provided for free 
for companies to build manufacturing plants.5

Trade disputes introduce further complexity, with the 
current US administration seeking to impose tariffs totalling 
82% on Chinese imports, while China is hitting back with 
export controls on key rare earth minerals. 

The pace of battery storage technology options is also 
accelerating, with many different chemistries being 
developed, driven by the need for more efficient, 
cost-effective, and sustainable energy storage solutions. 
Depending on the energy storage application, there are a 
significant number of technologies ranging from 
lithium-ion, with its own set of associated Li-ion 
chemistries, to solid state, sodium-ion, and lithium-sulfur, 
to name a few.

The evolving battery chemistry landscape and shifting 
market and government forces create a dilemma for battery 
mineral mining, processing, and refining companies and 
manufacturers. What should their technology priorities and 
optimal investment strategies be to capture growth? For 
example, the rise of LFP chemistry for Li-ion will reduce the 
demand for cobalt and nickel in some applications, while 
adoption of sodium-ion batteries could impact lithium. 
Mining and processing companies will have to understand 
the implications of such market and technological shifts to 
the minerals produced and their processing and refining 
outputs, which are the input materials needed by 
battery manufacturers. 

Table 1 presents a summary which highlights a few of the 
battery metals and minerals; it is not intended to be 
comprehensive, and was developed using Perplexity AI by 
prompting with the structure and important areas for 
inclusion, followed by review and refinement. A battery 
metal producer will need to understand end use 
applications and battery chemistries to identify how to best 
seize growth opportunities, and battery manufacturers will 
need to develop a future facing portfolio while creating 
security and flexibility of the supply of critical 
input materials.

Battery manufacturers and mining, processing, and 
refining companies will face strategic choices in terms of 
where to invest resources, which battery chemistry 
to pursue, and how to win. Competition, cost, and pricing 
pressures will be relentless, as will be the pace of 
technological innovation in battery chemistry, along with 
market volatility in the current environment stemming from 
trade disputes, government shaping, and market 
manipulation from the desire for control over these 
strategic minerals.

A strategy playbook for 
battery metals and minerals 
producers and manufacturers
The tools and approaches used during times of market 
uncertainty and rapid technological change can be applied 
to the battery metals and manufacturing sectors. 
Clareo outlines a strategy playbook for companies to 
navigate these challenges. The playbook highlights the key 
aspects of strategy that must be considered and customised 
to apply to a company’s context that may differ due to its 
position in the value chain (battery manufacturer vs. mining 
and processing, and single vs. multiple commodity focus).

Innovate to drive down cost of responsible 
extraction and processing
Invest in technology and business innovation to drive to 
lowest cost for responsible extraction and processing, 
rather than seeking price support. Responsible extraction 
and processing adheres to the highest environmental 
standards. This is critical to achieving competitiveness and 
responding to market shaping and manipulation strategies 
that may be deployed in some regions. Achieving a 
sustainable low-cost position is especially important for a 
single commodity focused company, as they lack portfolio 
diversification – all their operations/mines need to invest in 
innovation to achieve profitability. 

Technology innovation examples include 
Amprius’ anodes that utilise silicon instead of graphite to 
increase energy density and reduce costs,taking advantage 
of silicon’s abundance.8 Tesla’s integrated Gigafactory 
achieves scale by consolidating production steps, and the 
concept is now utilised by other manufacturers.

Similarly, innovations in lithium processing technologies 
are helping drive down costs, while also improving 
environmental sustainability. Direct lithium extraction (DLE) 
offers lower total cost of ownership, even with higher initial 
CAPEX compared to conventional solar evaporation, but 
comes with lower OPEX, and offers enormous environmental 
benefits of water conservation and a smaller footprint. 

Another example is Oak Ridge National Lab’s use of a 
relatively abundant mineral, aluminium hydroxide, as a 
sorbent to efficiently extract lithium in a single step from 
waste liquids leached from mining sites, oil fields, and 
used batteries.9

Develop ecosystem perspectives and 
future scenarios
Focus on end-use markets and applications, identifying key 
market and technology drivers instead of just current 
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customers and direct competitors. Critical market and 
technological uncertainties can be used to develop a range 
of plausible future scenarios, and identify implications on 
the sector and company. Shell uses scenarios to explore 
consequences of recent geopolitical events through its 
2025 Energy Security Scenarios.10 The energy sector 
utilises such approaches to anticipate potential future 
outcomes and make informed decisions, but the mining 
and mineral processing sector is yet to fully embrace 
this approach. 

By building future scenarios, battery mineral producers 
and manufacturers can benefit from modelling varying EV 
adoption rates and improve forecasting for materials, while 
understanding their supply constraints, material shortages, 
and geopolitical risk. 
The National Renewable Energy Laboratory (NREL) has 
developed a scenarios model for lithium called LIBRA,11 
with an interface to public users to enter their own set of 
assumptions regarding battery demand, lifetime, and 
chemistries to illustrate potential future scenarios.

Create technological optionality and a 
future-proof portfolio
Identify a future technology and product portfolio based on 
plausible future scenarios, complementing internal 
development of core technology with external partnerships 
and venture investments into new areas to build 
optionality. An example is Talon’s partnership with the 
Argonne National Laboratory to utilise waste iron 
compounds in its nickel sulfide ore, to produce nickel for 
nickel-based battery chemistries, as well as iron for 
LFP batteries.12

Flexibility and optionality in processing and 
manufacturing enables a company to respond quickly to 
market changes and seize new opportunities. This can be 
especially useful when cost and scale-based mass 
production are not an option or cannot be achieved. The 
Karlsruhe Institute of Technology (KIT) of Germany has set 
up a first of its kind, robotic, modular, and agile battery cell 
production system to enable production of customised 
battery cells in required quantities.13 In addition, strategic 
decision-making tools such as real options analysis can 
help determine allocation of resources to new 
technologies, adding or exiting technologies, and the 
timing of such decisions.

Collaborate across the ecosystem
Geopolitical forces have escalated the importance of 
critical minerals at national and global levels, with new 
policies being drawn to ensure access and supply to 
important minerals. Indigenous and local communities are 
key stakeholders who are increasingly seeking active roles 
in the establishment of new battery mineral ventures, and 
mining companies need to engage with them as a 
development partner. Battery metal miners and 
manufacturers should expand their partnering horizons to 
engage with governments and communities. There are 
some examples of this, such as SQM, who are close to 
finalising a partnership for the Chilean state owned mining 
company, Codelco, to enter the lithium market, and are in 

talks with Indigenous Atacama groups to create a model 
that will give the indigenous groups an unprecedented 
active role in the governance and decision making for the 
new company.13

There are also examples of collaboration between 
competitors, such as BYD and Toyota, for R&D for battery 
electric vehicles,14 and across the value chain such as 
Tesla and Panasonic’s long-standing, strategic partnership 
focused on battery technology, the development and 
supply of lithium-ion battery cells for Tesla’s electric 
vehicles, and the co-location of manufacturing at the 
Gigafactory in Nevada.

Conclusion
The above approaches provide a playbook for battery 
metal miners and manufacturers to expand their strategic 
horizon and position for growth during times of 
tremendous cost pressure, rapid technological change, and 
geopolitical uncertainty. While the long-term demand 
outlook remains strong, mining companies and 
manufacturers must innovate to drive down the cost of 
responsible sourcing and extraction.

Executives can begin to apply this playbook by 
answering a few simple questions:

	� Are you capturing the best growth opportunities for 
today and the future? Are you producing battery input 
materials and chemistries that maximise your growth 
potential based on their end use applications over 
multiple time horizons?

	� Are you able to compete with a differentiated offering 
or are you being pulled into a price race to the bottom? 
Have you looked at ways to include value additions, 
such as improved energy density and cost efficiency, 
through next generation anode and cathode designs 
and ethical sourcing of materials?

	� What are critical risks to your supply that may turn into 
future constraints? Have you looked at the localisation 
of supply and production to reduce supply chain risk 
and improve IP control?

	� Does your technology roadmap include innovations to 
drive costs down for responsible extraction, processing, 
and manufacturing? Have you considered technological 
innovation in processing to cut down waste, reduce 
water and energy, utilise cheaper substitutes, and 
technical and commercial collaborations with 
suppliers and customers with shared risk and 
reward mechanisms?

These questions are designed to force dialogue between 
battery mineral mining, processing, and manufacturing 
companies and end users. They will uncover challenges 
and opportunities that may need creative solutions. 
Ecosystem engagement and collaboration can help address 
challenges, and should extend to a broader set of 
stakeholders that includes governments and policy makers, 
local communities, investors, and technology and 
research providers. 
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