
 

 

1 - Introduction and Context 

Lithium, often referred to as "white gold," is a crucial element in modern technology, powering 
the devices and systems that are integral to our daily lives. Its significance has grown 
exponentially with the rise of electric vehicles (EVs), energy storage solutions, and consumer 
electronics. Lithium-ion batteries, in particular, have become the preferred choice for these 
applications due to their high energy density, long life, and relatively low environmental impact 
compared to traditional energy sources. 

As the world undergoes a global transition towards green energy, the demand for lithium has 
surged. This shift is driven by the urgent need to reduce carbon emissions, combat climate 
change, and decrease reliance on fossil fuels. Governments and industries worldwide are 
investing heavily in renewable energy technologies, and lithium plays a pivotal role in enabling 
this transformation. Electric vehicles, powered by lithium-ion batteries, are central to reducing 
emissions in the transportation sector, while large-scale lithium-based energy storage systems 
stabilize power grids by storing excess renewable energy for later use. 

Consumer electronics, such as smartphones, laptops, and wearable devices, also rely on lithium 
to ensure compact, efficient, and long-lasting power. In this way, lithium is not only an enabler 
of clean energy but also a cornerstone of modern digital life. As demand for these technologies 
continues to grow, so too does the strategic importance of lithium, positioning it as a key 
resource in the global push towards a sustainable and technologically advanced future. 
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2 - The Processes for Lithium 

The extraction of lithium depends on the type of deposit: brine (salt flats or salar) or hard rock 
(spodumene ore). Each deposit type involves different processes to extract lithium. Here’s an 
overview of the main extraction processes: 

• Brine: Solar evaporation, Direct Lithium Extraction (DLE). 
• Hard Rock: Crushing, roasting, sulfuric acid leaching. 
• Clay: Acid leaching. 
• Recycling: Battery shredding and hydrometallurgy. 
• Geothermal: Lithium extraction from geothermal brines. 
• Seawater: Electrochemical extraction (in development). 

Each method has its own advantages and challenges depending on geographical location, 
environmental concerns, and cost considerations. 

3 - Lithium Extraction from Brine Deposits 

a. Solar Evaporation Process: This is the most common method for extracting lithium from 
brine, particularly in places like Chile, Argentina, and Bolivia (the Lithium Triangle). 

• How It Works: 

o Brine (salty groundwater with dissolved lithium) is pumped to the surface into 
large evaporation ponds. 

o The sun evaporates water over time, concentrating lithium salts (usually lithium 
carbonate). 

o The concentrated brine is then processed through chemical reactions to isolate 
lithium carbonate or lithium chloride. 

o The process can take months and is heavily dependent on climate conditions, 
requiring large, flat areas and significant water resources. 

• Challenges: 

o Water consumption in arid regions. 
o Long processing time. 
o Environmental concerns about ecosystem disruption and water usage. 

  



 

b. Direct Lithium Extraction (DLE): An emerging technology aimed at speeding up lithium 
extraction from brine without extensive evaporation ponds. 

• How It Works: 

o DLE uses specialized chemical processes or membranes to selectively extract 
lithium from brine solutions. 

o After extraction, lithium is converted into a useful form, such as lithium carbonate 
or lithium hydroxide. 

• Advantages: 

o Faster extraction times. 
o Reduced environmental impact (smaller land footprint, less water use). 

• Challenges: 

o Still under development, with relatively few commercial applications so far. 
o High upfront investment. 

4 - Lithium Extraction from Hard Rock (Spodumene Ore) 

a. Conventional Mining and Spodumene Processing: Australia leads this process, where 
lithium is mined from spodumene, a lithium-bearing mineral found in hard rock formations. 

• How It Works: 

o Ore is mined from the ground and crushed. 
o The crushed ore is subjected to a series of processes: 

 Flotation: to concentrate lithium minerals. 
 Pyrometallurgy (Roasting): The concentrate is roasted in a kiln at high 

temperatures (around 1000°C). 
 Sulfuric Acid Leaching: The roasted material is treated with sulfuric acid 

to extract lithium. 
o The resulting lithium sulfate solution is then purified and converted into lithium 

carbonate or lithium hydroxide. 

• Advantages: 

o More reliable and controlled than brine extraction. 
o Does not require extensive evaporation ponds or large water resources. 

• Challenges: 

o High energy consumption due to roasting. 
o Higher production costs than brine extraction. 



 

b. Pressure Leaching: A variation of the conventional process, pressure leaching uses a 
pressurized system to extract lithium more efficiently from the ore. 

• Advantages: 

o Can shorten processing time. 
o Improves lithium recovery rates. 

5 - Lithium Extraction from Clay Deposits 
 

• How It Works: 

o Lithium-bearing clay deposits (such as those found in Nevada, USA) are mined. 
o The clay is treated with sulfuric acid or other chemical solutions to dissolve the 

lithium. 
o Lithium is then extracted and processed into lithium carbonate or lithium 

hydroxide. 

• Advantages: 

o Potential for lithium extraction in new regions like the USA. 

• Challenges: 

o Not yet widely used commercially. 
o Still under development, with environmental concerns around acid leaching. 

6 - Recycling Lithium-Ion Batteries 

With the rise of electric vehicles and consumer electronics, recycling lithium from used batteries 
has gained significant importance. 

• How It Works: 

o Used batteries are collected and processed through mechanical shredding. 
o The shredded material undergoes hydrometallurgical or pyrometallurgical 

processes to recover lithium, cobalt, nickel, and other valuable metals. 
o Lithium is then purified and reused in the production of new batteries. 

• Advantages: 

o Reduces the need for new mining. 
o Helps manage waste from the rapidly increasing use of lithium-ion batteries. 

  



 

• Challenges: 

o Economically challenging with current technology. 
o Lithium recycling is less efficient compared to other battery metals (e.g., cobalt, 

nickel). 

7 - Geothermal Brine Extraction 

In this method, lithium is extracted from the hot, mineral-rich water that geothermal power plants 
produce. 

• How It Works: 

o Geothermal power plants bring brine (rich in lithium) to the surface as part of 
energy generation. 

o Lithium is extracted from this brine using filtration, ion-exchange, or sorption 
processes. 

• Advantages: 

o Simultaneous energy production and lithium extraction. 
o Reduces environmental footprint compared to conventional brine methods. 

• Challenges: 

o Technology is still being developed and tested for efficiency. 
o Limited to areas with geothermal activity. 

8 - Lithium Extraction Using Electrolysis (for Seawater) 

While lithium exists in trace amounts in seawater, extraction technologies are still in 
development. 

• How It Works: 

o Technologies such as electrochemical methods are used to isolate lithium ions 
from seawater. 

o The extracted lithium is then converted into useful compounds. 

• Challenges: 

o Extremely low concentration of lithium in seawater makes extraction expensive 
and technologically challenging. 

o Not commercially viable yet but could become important as lithium demand rises. 
  



 

9 - Environmental Impact and Sustainability 

While lithium is vital for the global transition to green energy, its extraction methods present 
significant environmental challenges. The primary methods used to extract lithium are from 
brine deposits, hard rock mining, and clay deposits, each with distinct impacts on ecosystems 
and natural resources. 

1. Brine Extraction: Brine extraction, most commonly practiced in regions like Chile, 
Argentina, and Bolivia, involves pumping underground lithium-rich saline water into large 
evaporation ponds. This process requires vast amounts of water and can lead to severe 
environmental consequences, especially in arid regions where water is already scarce. The 
extraction depletes freshwater sources, often leading to conflicts with local communities who 
rely on these water supplies for agriculture and daily living. Furthermore, the evaporation ponds 
take up large expanses of land, altering ecosystems and threatening local biodiversity. 

2. Hard Rock Mining: Hard rock mining, the extraction method used in places like Australia, 
involves digging lithium-containing minerals such as spodumene from the earth. This method 
has a much higher energy consumption compared to brine extraction, as it requires extensive 
drilling, blasting, and processing. Additionally, it leads to substantial land degradation, 
deforestation, and habitat destruction. The mining process also generates significant waste, 
including tailings, which can contain toxic chemicals harmful to both the environment and 
nearby communities. 

3. Clay Deposits: Clay-based lithium extraction, still in its early stages of commercial 
development, has shown potential for more sustainable practices, but concerns remain. While 
clay deposits offer a more localized source of lithium (such as in the United States), the process 
of separating lithium from clay is energy-intensive and could require the use of harmful 
chemicals, leading to environmental degradation. Water use, land disruption, and the release of 
pollutants into the surrounding areas are also potential risks. 

Water Use and Land Impact: Across all extraction methods, water use is a critical concern. In 
many lithium-rich regions, water is already a scarce resource, and the extraction processes can 
exacerbate water shortages. This not only affects local agriculture and livelihoods but also puts 
stress on fragile ecosystems. Land impact is another significant issue, with vast areas required for 
both brine evaporation ponds and open-pit mining operations. These activities lead to soil 
erosion, loss of arable land, and long-term degradation of landscapes. 

Sustainability and Recycling: While the environmental impact of lithium extraction is a 
growing concern, there is hope in the development of more sustainable practices and the 
improvement of lithium recycling technologies. Currently, recycling rates for lithium-ion 
batteries are relatively low due to the complexity of the recycling process, which involves 
separating lithium from other metals like cobalt, nickel, and manganese. However, as the 
demand for lithium continues to rise, so too does the urgency to develop efficient and cost-
effective recycling methods. 



 

Challenges to lithium recycling include the technical difficulty of extracting pure lithium from 
spent batteries and the economic viability of the process, as virgin lithium is often cheaper than 
recycled material. However, new technologies and processes are being developed to improve 
lithium recovery rates, reduce waste, and lower environmental impacts. For example, direct 
recycling techniques aim to recover and reuse entire battery components, while 
hydrometallurgical and pyrometallurgical methods can extract lithium more cleanly. 

By improving recycling efforts, the industry could reduce its reliance on new extraction, 
minimize the environmental footprint of lithium production, and create a more circular economy. 
Although recycling alone cannot fully offset the growing demand for lithium, it remains a key 
opportunity to enhance the sustainability of the supply chain. 

In conclusion, while lithium plays a crucial role in advancing green technologies, its extraction 
and processing come with significant environmental costs. Addressing these challenges through 
more sustainable mining practices, reducing water use, minimizing land disruption, and 
advancing recycling technologies will be critical to ensuring that lithium's role in the energy 
transition is truly sustainable. 

 
10 - Breakdown of lithium production 
 

Country Annual Production (tons) Annual Production (tons) 

Australia 62,000 328,600 
Chile 40,000 212,000 
China 20,000 106,000 
Argentina 6,400 33,920 
Portugal 900 4,770 
Brazil 2,000 10,600 
Zimbabwe 1,200 6,360 
United States 1,000 5,300 
Other countries ~500 2,650 

Total 134,000 tons 
(of lithium content) 

710,200 tons 
(of LCE) 

 
 
 
 



 

11 - Lithium Carbonate Equivalent 

LCE stands for Lithium Carbonate Equivalent. It is a standardized measure used in the 
lithium industry to express quantities of various lithium compounds in terms of lithium carbonate 
(Li₂CO₃), which is the most commonly used form of lithium in battery production. 

Since lithium can be extracted and processed into different chemical compounds, such as lithium 
hydroxide, lithium chloride, or lithium carbonate, using LCE allows for a consistent way to 
compare these different products. The conversion factors for lithium compounds to LCE are as 
follows: 

• Lithium carbonate: 1 ton = 1 ton of LCE. 

• Lithium hydroxide: 1 ton = 0.880 tons of LCE (because lithium hydroxide has a higher 
lithium content). 

• Spodumene ore (lithium concentrate): Approximately 8 tons of ore = 1 ton of LCE, 
depending on the concentration of lithium in the ore. 

By using LCE, lithium producers, buyers, and analysts can compare different types of lithium 
compounds more easily. 

The calculation of Lithium Carbonate Equivalent (LCE) from lithium content is based on a 
conversion factor (5.3). Here’s how the calculation works step by step: 

Steps for Calculation: 

1. Lithium Content: The data provides the amount of lithium content in tons for each 
country. This is the raw amount of lithium extracted from mines or brine sources. 

2. Conversion Factor: 

o To convert lithium content to LCE, we use a conversion factor of 5.3. This is 
because 1 ton of lithium content is equivalent to 5.3 tons of lithium carbonate 
(Li₂CO₃). 

o This factor accounts for the chemical composition of lithium carbonate, where 
lithium makes up around 18.8% of the mass of Li₂CO₃. 

3. LCE Calculation: Multiply the lithium content (tons) by the conversion factor (5.3) to 
obtain the equivalent amount of lithium carbonate (LCE). 

Formula:  LCE (tons)= Lithium Content (tons) × 5.3 LCE (tons) 
 
This same calculation is applied to all other countries listed, using their respective lithium 
content. 



 

12 - Global lithium production and demand for 2023 
 

Category Annual Amount (tons of LCE) 
Global Lithium Production (2022) 710,000 

Lithium Demand for Electric Vehicles (2023) 450,000 – 625,000 

Lithium Demand for Grid-Scale Energy Storage (2023) 35,000 – 70,000 
Lithium Demand for Consumer Electronics (2023) 10,000 – 15,000 

Total Lithium Demand for Batteries (2023) 495,000 – 715,000 

This table reflects the relationship between global production and the demand across different 
sectors. 

13 - CAGR Projections for Lithium Demand Across Key Sectors (2023-2030) 
 
•  Electric Vehicles (EVs) CAGR: ~26-30% (2023-2030) 
•  Energy Storage Systems (ESS) CAGR: ~25-28% (2023-2030) 
•  Consumer Electronics CAGR: ~7-9% (2023-2030) 
•  Industrial Applications (Glass, Ceramics, etc.) CAGR: ~4-5% (2023-2030) 
•  Aerospace & Defense CAGR: ~3-5% (2023-2030) 
•  Other Applications (Pharmaceuticals, Polymers, etc.) CAGR: ~2-3% (2023-2030) 
  



 

 
14 - Lithium Reserves and Production Charts 2023 
 

 
 
 

  



 

15 - Industrial Growth Charts 2023-2030 
 

 
 

 
 

 
  

0

1000

2000

3000

4000

5000

2023 2024 2025 2026 2027 2028 2029 2030

Lithium Demand (ktons of LCE)
for Automotive Industry (EV)
CAGR: ~26-30% (2023-2030)

0

100

200

300

400

2023 2024 2025 2026 2027 2028 2029 2030

Lithium Demand (ktons of LCE)
for Grid-Scale Energy Storage
CAGR: ~25-28% (2023-2030)

0

5

10

15

20

25

30

2023 2024 2025 2026 2027 2028 2029 2030

Lithium Demand (ktons of LCE)
for Consumer Electronics
CAGR: ~7-9% (2023-2030)



 

16 - Economic and Political Considerations for these countries 

Bolivia: Bolivia holds the world’s largest lithium reserves, particularly in the Salar de Uyuni. 
However, political instability and shifting government policies, including moves toward 
nationalization of lithium resources, have complicated foreign investment. While Bolivia aims to 
increase production, economic and political tensions, along with infrastructure challenges, delay 
large-scale exploitation. 

Ukraine: Ukraine is relatively new to the global lithium market, but its reserves have drawn 
attention. Political instability caused by ongoing conflict with Russia complicates efforts to 
develop these reserves. Geopolitical tensions in the region hinder foreign investments and 
infrastructure development, slowing lithium extraction potential. 

Chile: Chile is a major player in lithium production, with well-established infrastructure and 
policies that have made it a reliable source for international markets. However, recent 
government efforts to increase state control over lithium production have sparked concerns 
among foreign investors, potentially hindering future growth. Environmental regulations also 
limit expansion in some areas, as communities raise concerns about water use and land 
degradation. 

Australia: Australia is one of the world's top lithium producers, primarily from hard rock 
mining. Its stable political environment, combined with well-developed infrastructure, makes it 
attractive to investors. However, shipping costs and distance from key markets, such as China 
and the US, pose challenges. Australia’s reliance on foreign processing—primarily in China—
creates potential supply chain vulnerabilities. 

Peru: Peru, with emerging lithium potential, faces challenges similar to those of other Latin 
American countries, including political instability, regulatory uncertainties, and environmental 
concerns. Ongoing debates around mining reforms and indigenous land rights influence future 
lithium production prospects. 

China: China controls a significant portion of the global lithium supply chain, particularly in 
lithium refining and battery manufacturing. It has invested heavily in domestic and international 
lithium projects. However, geopolitical tensions, particularly with the US and Europe, have led 
to fears of supply chain disruptions. China’s strategic control over lithium gives it considerable 
influence over global markets, but increasing pressure from trade disputes could affect global 
lithium flows. 

Argentina: Argentina is part of the Lithium Triangle and has seen significant foreign investment 
in its lithium projects. However, its volatile economic environment, coupled with inflation and 
regulatory hurdles, creates challenges for consistent lithium production. Shifts in government 
policy and local resistance to mining projects over environmental concerns also complicate long-
term planning. 

  



 

Mexico: Mexico has recently identified significant lithium deposits, which could position it as a 
key player. However, regulatory challenges and government intervention, including potential 
nationalization of lithium, may deter foreign investment. Mexico’s new energy policies under 
recent administrations have been more nationalistic, potentially limiting private sector 
involvement. 

Afghanistan: Afghanistan’s lithium reserves have garnered attention, but ongoing political 
instability, security concerns, and lack of infrastructure make development nearly impossible in 
the near term. The presence of the Taliban government further complicates efforts to engage in 
lithium extraction, as international sanctions and security risks deter foreign investments. 

United States: The US is ramping up efforts to develop domestic lithium resources as part of a 
broader push to secure critical mineral supply chains. However, environmental regulations, long 
permitting processes, and local opposition to mining projects pose significant hurdles. The US 
government is also offering incentives for lithium production and recycling as part of its strategy 
to reduce dependence on foreign imports, particularly from China. 

Russia: Russia has significant lithium reserves but has not been a major player in the global 
market. Geopolitical tensions, particularly with Western nations, could complicate efforts to 
develop its lithium resources. Sanctions related to its conflict with Ukraine may also restrict 
Russia’s ability to engage with international investors and markets. 

Zimbabwe: Zimbabwe holds substantial lithium reserves and has attracted foreign interest, 
particularly from Chinese companies. However, economic instability, political uncertainty, and 
poor infrastructure limit the potential for large-scale lithium production. Zimbabwe’s 
government has also imposed new regulations requiring lithium to be processed locally, which 
could further complicate foreign investment. 

India: India has emerging lithium exploration efforts but is still in the early stages of developing 
its reserves. As the country seeks to expand its electric vehicle industry, it will likely increase its 
focus on domestic lithium production and sourcing. However, India faces challenges related to 
geological exploration, extraction technology, and regulatory frameworks. 

Brazil: Brazil’s lithium reserves position it as an important player, particularly in the context of 
South America’s overall lithium market. However, regulatory changes, environmental concerns, 
and political shifts could either accelerate or slow down its growth in lithium production. Brazil's 
government has shown interest in supporting lithium mining to fuel its clean energy goals. 

Portugal: Portugal is Europe’s largest lithium producer, but its potential is largely untapped. 
Political and environmental opposition to new mining projects, driven by concerns over land use 
and water resources, have slowed progress. However, as Europe seeks to reduce its reliance on 
imports from other regions, Portugal’s lithium industry may see more support from government 
incentives and EU policies. 



 

Other: Other countries with smaller lithium reserves may also face similar geopolitical and 
economic challenges. As global demand increases, smaller producers could play a more 
significant role in diversifying supply chains and reducing reliance on key lithium-dominant 
regions like South America, China, and Australia. 

Conclusion: 

Political and economic factors have a profound influence on the lithium industry across these 
countries. Geopolitical tensions, regulatory frameworks, environmental concerns, and supply 
chain vulnerabilities all shape how lithium is produced, distributed, and utilized. As global 
demand for lithium continues to grow, governments must balance the need for efficient 
production with the imperative to address environmental and political challenges. 

 

17 - Market Outlook and Future Projections 

As the world accelerates toward a cleaner and more sustainable future, the demand for lithium, a 
critical component in electric vehicle (EV) batteries, renewable energy storage systems, and 
consumer electronics, is set to skyrocket. Several factors contribute to this exponential rise in 
demand, including government policies promoting decarbonization, increasing consumer 
demand for EVs, and advancements in energy storage technologies. Below is a closer look at the 
future outlook for lithium demand and potential challenges that could create bottlenecks in the 
global supply. 

Lithium Demand Projections 

The global lithium market is expected to grow significantly over the coming decade, driven 
largely by the following sectors: 

1. Electric Vehicles (EVs) 

o The EV market is the primary driver of lithium demand, accounting for over 70% 
of global lithium consumption. Global EV sales are expected to grow at a CAGR 
(Compound Annual Growth Rate) of 17% from 2023 to 2030, according to 
industry reports. By 2030, some estimates suggest that there could be 200 million 
electric vehicles on the road, compared to just 10 million in 2020. 

o To meet this growing demand, lithium production will need to increase at a 
CAGR of 19% over the next decade. For instance, the International Energy 
Agency (IEA) projects that global lithium demand for EVs alone could reach 2.7 
million metric tons (MT) by 2030, compared to 500,000 MT in 2020. 

 

 



 

2. Renewable Energy Storage 

o As nations expand renewable energy sources like wind and solar, the need for 
efficient energy storage systems is also rising. Lithium-ion batteries are widely 
used in grid storage to balance energy production and consumption, particularly in 
regions with intermittent renewable energy sources. 

o Demand for lithium in energy storage systems is expected to grow at a CAGR of 
23% between 2023 and 2030, driven by global investments in renewable energy 
infrastructure. By 2030, lithium demand for grid storage is projected to reach 
500,000 MT, up from around 50,000 MT in 2020. 

3. Consumer Electronics 

o While the consumer electronics sector is a more mature market compared to EVs, 
it still represents a significant portion of lithium demand. The proliferation of 
smartphones, laptops, and other devices continues to push the need for lithium-ion 
batteries. As devices become more compact and require higher energy densities, 
the demand for high-grade lithium will remain strong. 

o Growth in this sector is expected to continue at a CAGR of 6-7%, but the overall 
contribution to lithium demand may decrease slightly as the EV and energy 
storage sectors take a larger share. 

Bottlenecks in Lithium Supply 

Despite the optimistic demand projections, several potential bottlenecks could impact the global 
lithium supply, arising from geopolitical, environmental, and technological challenges. These 
bottlenecks could disrupt the supply chain and create upward pressure on prices, affecting the 
speed at which industries can scale up production. 

1. Geopolitical Tensions 

o As discussed earlier, the concentration of lithium reserves in politically sensitive 
regions such as Bolivia, Ukraine, and Afghanistan introduces significant 
geopolitical risks. Nationalization efforts in South America, ongoing conflicts, or 
restrictive trade policies could limit global access to these reserves. 

o Moreover, China's dominance in lithium refining and battery production 
introduces another layer of complexity. Any geopolitical tensions, particularly 
with Western countries, could result in trade restrictions, tariffs, or even 
embargoes, leading to severe disruptions in the global supply chain. The race to 
secure lithium resources is already fueling geopolitical rivalries between major 
economies, including the US, China, and the European Union. 

 

 



 

2. Environmental Challenges 

o As mentioned in previous sections, lithium extraction, especially from brine and 
hard rock mining, poses significant environmental challenges. Water scarcity, 
especially in arid regions like Chile and Argentina, has already led to local 
opposition to mining projects. If stricter environmental regulations are introduced, 
particularly in lithium-rich regions, production could slow down significantly. 

o Additionally, concerns about habitat destruction, soil degradation, and pollution 
from tailings could lead to more stringent environmental impact assessments and 
regulations, further delaying project development and limiting new supply. 

3. Technological Bottlenecks 

o Lithium refining capacity remains concentrated in a few key countries, 
particularly China. A shortage of refining infrastructure in other regions could 
create bottlenecks, as the demand for battery-grade lithium grows faster than the 
ability to refine it. Investments in refining capacity outside of China, such as in 
Australia and North America, are needed to alleviate this risk, but these projects 
take time to develop. 

o Additionally, while advancements in lithium extraction from clay and recycling 
technologies offer promise, they are not yet widely commercialized. If 
technological breakthroughs in these areas are delayed, the supply gap could 
widen, exacerbating bottlenecks and pushing up prices. 

Future Opportunities 

While bottlenecks in supply are a significant concern, there are several promising opportunities 
to address these challenges: 

1. Technological Innovations in Extraction 

o New extraction technologies, such as direct lithium extraction (DLE), could 
reduce water use and environmental impact while speeding up the extraction 
process. DLE has shown potential in pilot projects, particularly for brine-based 
lithium extraction, and could play a crucial role in making lithium mining more 
sustainable and efficient. 

2. Increased Investment in Recycling 

o As the demand for lithium grows, recycling lithium from spent batteries offers a 
major opportunity to reduce dependency on new raw materials. Innovations in 
recycling technology are essential for achieving this, with the potential to recover 
lithium, cobalt, nickel, and other valuable materials from used batteries. The 
recycling market is expected to grow at a CAGR of 25% over the next decade, as 
companies scale up operations to meet the growing demand for secondary lithium 
sources. 



 

3. Diversifying Supply Chains 

o Many countries, particularly in North America and Europe, are investing in 
domestic lithium extraction and refining to reduce dependence on China and other 
key players. The US, for example, is offering subsidies, tax incentives, and 
research grants to boost lithium production and refining capacity. The European 
Union is also supporting lithium projects through its Critical Raw Materials 
Initiative, aimed at ensuring a secure and sustainable supply for its industries. 

4. Battery Technology Advancements 

o Research into alternative battery chemistries, such as solid-state batteries, sodium-
ion batteries, and lithium-sulfur batteries, could reduce overall lithium demand or 
make better use of existing supplies. These emerging technologies have the 
potential to offer higher energy densities and longer lifespans, which could lead to 
more efficient use of lithium or alternative materials. 

Conclusion: 

The future outlook for lithium demand is undeniably strong, with electric vehicles, renewable 
energy storage, and consumer electronics driving unprecedented growth. However, potential 
supply bottlenecks—arising from geopolitical tensions, environmental concerns, and 
technological limitations—could constrain the availability of lithium and push prices higher. To 
ensure a stable supply, governments, companies, and investors must focus on diversifying supply 
chains, improving extraction technologies, and enhancing recycling efforts. By addressing these 
challenges, the lithium market can continue to support the global transition toward a cleaner, 
more sustainable energy future. 

  



 

18 - Global Supply Chain and Key Players 

The global supply chain for lithium is complex and spans across multiple continents, with a few 
key countries dominating the production and refining of this critical resource. As demand for 
lithium continues to surge, driven by electric vehicles (EVs), renewable energy storage, and 
consumer electronics, major players are positioning themselves to secure resources and increase 
production capacity. Below is an in-depth look at the leading lithium-producing countries, key 
players in the market, and the strategies they are employing to maintain and expand their 
dominance. 

Leading Lithium-Producing Countries 

1. Australia 

o Production Role: Australia is currently the largest lithium-producing country, 
primarily through hard rock mining. It accounts for about 50% of the world's total 
lithium production, most of which is exported to China for refining. 

o Key Players: 

 Pilbara Minerals: A major Australian lithium producer, Pilbara operates 
one of the world’s largest hard rock lithium mines. The company is 
aggressively expanding production capacity to meet growing global 
demand. 

 Mineral Resources Limited (MRL): Another Australian leader, MRL is 
focusing on expanding its Wodgina Lithium Project in Western Australia, 
one of the largest known hard rock lithium deposits in the world. 

o Strategy: Australia’s strategy focuses on increasing production from its rich hard 
rock lithium reserves, with government incentives encouraging further 
investment. However, the country is seeking to move up the value chain by 
increasing domestic lithium refining capacity, reducing its reliance on China for 
processing. 

2. Chile: 

o Production Role: Chile holds some of the largest lithium reserves globally, 
mostly concentrated in the Salar de Atacama. It is the world’s second-largest 
producer of lithium, mainly extracting it from lithium brines. 

o Key Players: 

 SQM (Sociedad Química y Minera): One of the world’s largest lithium 
producers, SQM is a Chilean company that focuses on extracting lithium 



 

from brines. It has significant operations in the Salar de Atacama and is 
rapidly scaling up production. 

 Albemarle Corporation: An American chemical manufacturing company 
with large lithium operations in Chile, Albemarle also focuses on lithium 
extraction from brines and is working to increase its production capacity. 

o Strategy: Chile’s strategy involves leveraging its massive brine reserves to 
maintain its leading role in lithium production. However, environmental concerns, 
particularly related to water use in the Atacama Desert, are putting pressure on the 
industry. Chile’s government has recently been considering greater state control 
over lithium resources, which could complicate foreign investments. 

3. China: 

o Production Role: While China has its own domestic lithium production from 
hard rock and brine sources, its real strength lies in its dominance of the lithium 
refining and battery manufacturing industries. China controls over 60% of global 
lithium refining capacity and is the largest producer of lithium-ion batteries. 

o Key Players: 

 Tianqi Lithium: A Chinese company with both domestic lithium 
operations and international stakes, including a significant share in 
Australia’s Greenbushes mine, one of the largest hard rock lithium mines 
globally. 

 Ganfeng Lithium: One of China’s largest lithium companies, Ganfeng 
has operations across the entire supply chain, from extraction to battery 
production. The company is rapidly expanding its international footprint, 
securing lithium resources from Argentina, Mexico, and beyond. 

o Strategy: China’s strategy focuses on securing global lithium resources through 
direct investments and long-term contracts while maintaining its lead in refining 
and battery manufacturing. China’s government supports these efforts through 
strategic funding and favorable policies aimed at ensuring the country’s 
dominance in the electric vehicle market. 

4. Argentina: 

o Production Role: Argentina, part of the Lithium Triangle, is quickly ramping up 
its lithium production, primarily from lithium brines in the Salinas Grandes and 
Salar del Hombre Muerto regions. It is currently the world’s fourth-largest lithium 
producer. 

  



 

o Key Players: 

 Livent Corporation: An American company with significant lithium 
operations in Argentina, Livent is focused on producing high-quality 
lithium for battery manufacturing. 

 Orocobre: An Australian company operating in Argentina, Orocobre has 
lithium brine extraction projects in the Salar de Olaroz and is one of the 
largest producers in the country. 

o Strategy: Argentina is seeking to attract more foreign investment to scale up its 
lithium production. The government has provided incentives to lithium producers, 
but political and economic instability, coupled with local opposition to mining 
projects, could hinder future growth. 

5. United States: 

o Production Role: The US has been slower to develop its lithium resources but is 
making efforts to catch up. Currently, lithium production in the US is limited, 
with the only operational mine being the Silver Peak mine in Nevada, owned by 
Albemarle. 

o Key Players: 

 Albemarle Corporation: Besides its operations in Chile, Albemarle 
operates the only active lithium mine in the US and is investing in 
domestic production and refining capabilities. 

 Lithium Americas Corp.: A Canadian company with large lithium 
projects in the US, particularly the Thacker Pass project in Nevada, which 
is poised to become a major lithium producer in the coming years. 

o Strategy: The US government has recognized the strategic importance of 
securing a domestic lithium supply chain and has implemented policies to 
encourage exploration and production. Tax incentives, grants, and subsidies are 
being provided to develop domestic lithium resources and processing 
infrastructure, reducing reliance on foreign imports, particularly from China. 

6. Other Notable Producers: 

o Ukraine: Ukraine’s lithium resources have garnered attention, but ongoing 
conflict and political instability make development difficult in the short term. 
However, post-conflict recovery efforts could see greater investment in its lithium 
sector. 



 

o Zimbabwe: Zimbabwe is emerging as a key player in Africa’s lithium market. 
Chinese companies have been investing heavily in Zimbabwe’s lithium resources, 
securing raw materials for battery production. 

o Portugal: Portugal is Europe’s largest lithium producer, though its reserves are 
still underdeveloped. With the European Union pushing for local lithium 
production to reduce dependency on external sources, Portugal could become a 
central player in Europe’s lithium supply chain in the future. 

19 - Key Strategies of Leading Players in the Lithium Market 

1. Vertical Integration 

o Many key players, such as Ganfeng Lithium and Albemarle, are pursuing 
vertical integration, ensuring control over the entire supply chain—from mining 
and extraction to refining and battery production. This allows these companies to 
better manage costs, improve supply chain security, and increase profitability. 

2. Securing International Resources 

o Countries and companies are racing to secure lithium resources through direct 
foreign investments and long-term contracts. For instance, Chinese companies 
such as Tianqi Lithium and Ganfeng have secured major stakes in lithium 
mining projects in Australia, Argentina, and Africa. Similarly, the US is investing 
in domestic production while also seeking partnerships with other lithium-rich 
countries. 

3. Increasing Refining Capacity 

o As the demand for battery-grade lithium grows, refining capacity is becoming a 
bottleneck. China is investing heavily in expanding its refining capabilities, while 
Australia and the US are also working to build new lithium refining plants to 
diversify the global supply chain and reduce dependency on Chinese refineries. 

4. Investment in Recycling 

o To reduce reliance on raw material extraction, key players are also investing in 
lithium recycling technologies. Tesla and Redwood Materials, for example, are 
making strides in battery recycling to recover lithium and other valuable materials 
from end-of-life batteries. As recycling technologies improve, it could 
significantly ease pressure on primary lithium resources. 

5. Sustainability Initiatives 

o Given the environmental concerns around lithium extraction, companies are 
exploring new technologies and practices to make the process more sustainable. 
SQM and Albemarle, for instance, are working on reducing water usage in their 



 

Chilean operations, while others are investing in Direct Lithium Extraction 
(DLE) technologies that could minimize the environmental impact of lithium 
mining. 

Conclusion 

The global lithium supply chain is dominated by a few key countries and companies, but the 
market is becoming increasingly competitive as new players emerge. Leading companies are 
focusing on vertical integration, securing global resources, expanding refining capacity, and 
investing in sustainable extraction technologies. The race to secure a stable and sustainable 
supply of lithium will continue to shape the geopolitical and economic landscape as nations and 
companies vie for control of this critical resource that powers the future of clean energy and 
electric mobility. 

20 - Challenges in Automotive Industry 

Growing concerns about the practicality of electric vehicles (EVs) are becoming more evident as 
issues like limited charging infrastructure, long charging times, and strain on the electrical grid 
come to the forefront. As you mentioned, companies like Toyota and BMW are making 
significant advancements in hydrogen fuel cell technology, which is being increasingly viewed 
as a viable alternative to battery-powered EVs. Let's explore the implications of this shift: 

• Charging Infrastructure: In many countries, there are simply not enough charging 
stations to meet the growing demand for EVs. This leads to range anxiety for consumers, 
especially in regions where EV adoption is still in its infancy. 

• Grid Capacity: The existing electrical grid in many parts of the world is not capable of 
supporting a massive influx of EVs. Upgrading the grid infrastructure would require 
significant investment and time, which many countries may not be able to afford in the 
short term. 

• Charging Time: Unlike refueling a gasoline-powered car, charging an EV can take 
hours, which is inconvenient for consumers who need fast turnarounds, especially on 
long trips. 

• Battery Degradation: Over time, EV batteries degrade, reducing their range and 
effectiveness. This not only impacts performance but also raises concerns about the 
environmental impact of disposing of large-scale lithium-ion batteries. 

  



 

2. The Rise of Hydrogen Fuel Cell Vehicles: 

• Hydrogen as a Viable Alternative: Toyota and BMW, among other automakers, are 
advancing hydrogen fuel cell technology. Hydrogen vehicles offer shorter refueling 
times—comparable to gasoline vehicles—and have a longer range compared to most 
EVs. This makes them more practical for long-distance travel and for consumers who 
need quick refueling options. 

• Infrastructure Development: Although hydrogen refueling stations are currently scarce, 
investments are being made in countries like Japan, South Korea, Germany, and the U.S. 
to build hydrogen refueling infrastructure. This shift in focus could lead to faster 
infrastructure development compared to the slow rollout of EV charging stations. 

• Cleaner Emissions: Hydrogen fuel cells produce only water vapor as a byproduct, 
offering zero emissions at the point of use, similar to EVs. However, the key advantage 
lies in the scalability and the ability to produce hydrogen from renewable sources, such as 
wind and solar power, thus reducing reliance on the electric grid. 

3. Impact on the Battery Industry 

• Reduced Need for Large EV Batteries: Hydrogen fuel cells require far smaller batteries 
compared to EVs, as the fuel cell generates electricity through a chemical reaction. This 
could significantly reduce the demand for large lithium-ion batteries used in electric cars, 
leading to a lower environmental impact from battery mining and production. 

• Batteries Still Required: While fuel cells reduce the reliance on massive battery packs, 
smaller batteries are still needed to store energy generated by the fuel cell and support 
auxiliary systems in the vehicle. This means there will still be demand for battery 
production, albeit at a smaller scale. 

• Battery Recycling and Sustainability: The reduced dependence on large batteries would 
alleviate some of the environmental issues associated with lithium mining and battery 
disposal. However, continued development of efficient battery recycling processes 
remains important for sustainability. 

4. Advantages of Hydrogen Fuel Cells Over EVs 

• Shorter Refueling Time: Hydrogen fuel cells can be refueled in minutes, similar to 
gasoline vehicles, which eliminates the long waiting times associated with EV charging. 

• Less Strain on the Grid: Unlike EVs, which require substantial electricity for charging, 
hydrogen fuel cells can help reduce the load on power grids. Hydrogen can be produced 
off-peak or using renewable energy, making the energy transition smoother without 
overburdening existing grids. 



 

• Range: Hydrogen fuel cell vehicles (FCEVs) tend to have longer ranges than most 
current EVs, making them more practical for long-distance travel and reducing range 
anxiety for consumers. 

5. Potential Setbacks and Considerations 

• Hydrogen Infrastructure: The current lack of hydrogen refueling stations remains a 
major hurdle for widespread adoption. However, with companies like Toyota, BMW, and 
governments investing in building this infrastructure, the situation could change in the 
coming years. 

• Hydrogen Production: While hydrogen is abundant, producing it in a sustainable and 
economically viable way (especially green hydrogen from renewable energy) remains a 
challenge. Most hydrogen today is still produced using fossil fuels (gray hydrogen), 
which does not offer the full environmental benefits. 

• Cost of Fuel Cells: Although advancements are being made, hydrogen fuel cells are still 
more expensive to produce than EV batteries. Reducing production costs is critical for 
FCEVs to become affordable and competitive with both traditional gasoline-powered 
vehicles and EVs. 

6. The Future Outlook 

• Balancing Hydrogen and EVs: As Toyota, BMW, and other automakers advance 
hydrogen technology, the transportation market may see a shift toward hydrogen fuel 
cells, particularly for long-distance driving, commercial vehicles, and heavy-duty 
applications like trucks and buses. EVs may remain popular for city driving and regions 
with strong electric grids. 

• Global Transition to Hydrogen: Countries with a well-established renewable energy 
infrastructure, like Germany and Japan, may lead the transition to hydrogen-powered 
vehicles, creating a blueprint for other nations to follow. Hydrogen could become a key 
part of a diversified clean energy future. 

• Complementary Technologies: Instead of one technology replacing the other, hydrogen 
fuel cells and battery-powered EVs could coexist. For example, hydrogen might 
dominate in sectors where long range and fast refueling are critical, while EVs continue 
to serve shorter-distance urban transport needs. 

Conclusion: 
While EVs face challenges related to charging infrastructure and grid capacity, hydrogen fuel 
cell vehicles offer a promising alternative that could overcome many of these limitations. With 
automakers like Toyota and BMW leading the way, hydrogen vehicles may become a key player 
in the future of sustainable transportation. However, hydrogen infrastructure development and 
the production of green hydrogen will be critical to the success of this transition. The combined 
adoption of hydrogen and electric technologies may be the key to a cleaner, more sustainable 
future for transportation 



 

21 - Credit Statement 
 
This document was prepared with the assistance of an AI language model, which synthesized 
insights based on a wide range of publicly available data sources. The information presented 
includes details on lithium reserves, extraction technologies (such as brine and hard rock 
mining), recycling processes, and projections of global lithium demand across sectors like 
electric vehicles, energy storage, and consumer electronics. The AI model’s analysis is informed 
by industry trends, environmental impacts, and geopolitical challenges, though it does not have 
access to proprietary databases or real-time market intelligence. 

Key data points, such as global production figures, lithium carbonate equivalent (LCE) 
calculations, and future demand forecasts, were derived from general industry knowledge and 
market analyses. However, for precise figures and deeper insights, it is recommended to cross-
reference with authoritative sources such as the United States Geological Survey (USGS), the 
International Energy Agency (IEA), market reports from key players like SQM, Albemarle, 
Tianqi Lithium, and Orocobre, as well as specialized research from institutions focused on 
renewable energy and critical minerals. 

This report should be considered a synthesized overview and users are encouraged to validate 
specific data points through primary industry publications and governmental databases to ensure 
accuracy and up-to-date information 
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