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Flourishing sales of new electric vehicles have led to a considerable surge in demand for
the vital, upstream raw material, lithium (Li). As an essential energy metal and raw material
for the production of batteries, lithium has become indispensable to the electric vehicle
industry. It has been identified as a strategic, emerging industrial mineral in China. Based
on a literature review and qualitative analysis of the imbalance between the supply and
demand of lithium raw materials in China, this paper analyzes the current challenges of
China’s lithium supply chain, especially mining, pricing and recycling, that are obstructing
the realization of China’s carbon neutrality. On this basis, relevant policy suggestions are
proposed from three perspectives: strengthening lithium resource development and
reserve capacity, promoting international cooperation for lithium supply, and properly
regulating the circular economy of domestic lithium resources.

Keywords: lithium, supply and demand imbalance, new energy, electric vehicle industry, carbon neutrality, policy
implications

INTRODUCTION

As climate change has an increasingly negative impact on the living environment, it is urgent to
mitigate carbon dioxide emissions. As the main sources of carbon emissions, buildings, energy,
transportation and industry have become the main focus of China’s emission reduction efforts.
For example, many previous studies have investigated the low-carbon roadmap or carbon-
neutral pathway of the building sector (Li et al., 2022; Sun et al., 2022; Xiang et al., 2022). This
paper, however, focus on another sector with vast potential for carbon emission reduction:
transportation.

According to the International Energy Agency (IEA), global electric vehicle sales reached 6.6
million in 2021, more than double the 2020 level of three million. By the close of 2020, more than 20
countries/regions had either announced plans to ban the sale of conventional cars or mandated that
all newly sold vehicles must be zero-emissions. Many governments have further stimulated
consumer demand for electric vehicles through incentives such as subsidies. Moreover, many
large automobile manufacturers worldwide have announced plans to expand the scale of electric
vehicle production. Therefore, because lithium-ion technology is the most widely used path for
powering electric vehicles, the most critical resource, lithium (Li), has been listed as a strategic
resource in many countries, such as the United States and China.

Lithium has the strongest charge mobility among the metals and the highest electrical storage
density of known elements and, therefore, is an essential mineral for new electric technologies.
Lithium has the highest standard oxidation potential among all elements. It can be easily used in
various battery sizes and configurations for energy storage and, thus, is called the “energy metal for
the 21st century”.
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Lithium resources are primarily stored in hard rock and
brines. Mined materials are processed to capture lithium
compounds, including lithium carbonate, lithium hydroxide,
lithium halide, etc. Finally, the concentrated lithium products
are used in downstream industrial production in the form of
energy storage compounds. As a vital raw material for batteries,
lithium is indispensable in the new energy automobile industry.

According to the United States Geological Survey (USGS),
there are 89 million tons of identified lithium resources
worldwide. However, due to insufficient exploitation, the
available reserves are only 22 million tons, of which China
accounts for approximately 6.8% with 1.5 million tons. As
suggested by Wei et al. (2022), the current capacity for
supplying critical minerals in China cannot satisfy the
demand, especially under carbon neutrality-focused plans.

Although it is among the major suppliers of lithium, China’s
lithium resources are still highly dependent on foreign entities
due to insufficient national development of its exploitation
potential and the poor quality of its mineral resources, leaving
a large gap between supply and demand. This intensified import-
dependent situation is risky to the domestic market (Guo et al.,
2021). For example, the production of downstream lithium
batteries for electric automobiles is restricted by international
resource development, which restricts the development of
essential industries in China. Based on the available literature
and the current supply-demand situation, this policy brief
analyzes the current challenges facing China’s lithium resource
supply chain from the aspects of supply, distribution, and the
circular economy.

Previous studies on lithium have focused on three aspects.
First, the supply-demand situation of lithium resources has
been investigated (Tabelin et al., 2021). For example, debate
persists about whether the supply is adequate to meet demand
(Gruber et al, 2011). Second, the recycling of lithium
resources, including the effects of the recycling of lithium
resources on lithium supply and the environment, the
efficient methods for recycling, and so on, have been
studied (Oliveira et al., 2015; Tabelin et al., 2021). Finally,
researchers have explored the usage of lithium resources in
electric vehicles and some new technologies (Laadjal and
2021; Wang and Yu, 2021). However, a
systematic analysis of the current challenges in China’s
lithium supply chain, including mining, pricing and
recycling, as well as the proposition of related policy
suggestions, remain to be done. Our paper is intended to
fill this gap. Furthermore, based on China’s actual situation,
this paper clarifies the problems China faces in its lithium
resources reserves, which involve energy security and the
realization of China’s goal of carbon neutrality. Our policy
suggestions provide a useful reference for policymakers
around the world to improve the capacity to development
lithium resources. Introduction of this paper describes the
current demand for lithium resources. Introduction identifies
the challenges regarding lithium resources at all stages of
China’s the supply chain. Relevant policy recommendations
are proposed in Introduction. Finally, we conclude our paper
in Introduction.

Cardoso,

China’s Global Lithium Resource Capacity

PRESENT SITUATION OF LITHIUM
RESOURCE DEMAND IN CHINA

In recent years, booming production of electric vehicles has led to a
surge in demand for the primary upstream raw material, lithium.
According to SNE Research, a South Korean market research
institution, the total battery energy requirement for electric
vehicles (EVs) reached 53.5 GWh globally in the first 2 months of
2022, more than double the figure from the same period in 2021.
Among suppliers, Contemporary Amperex Technology Co., Ltd.
(CATL), and BYD shipments ranked first and third globally, with
market shares of 34.4 and 11.9%, respectively. Due to the sharp
increase in demand, China’s lithium resource enterprises have
increased their production to varying degrees. For example, the
industry leader Tianqi Lithium Corporation’s production of
lithium concentrates increased by 39% and sales volume increased
by 56% in the first 2 months of 2022 years-on-year. The rapid growth
in demand has correspondingly escalated the price of lithium
resources. According to the Shanghai Metals Market (SMM), the
price of lithium carbonate, which is the primary battery material, rose
from 53,000 yuan/ton in January 2021 to 525,000 yuan/ton on 1 April
2022, representing a year-on-year increase of 487.72%, including an
increase of 52.88% between January and the end of March 2022 (as
shown in Figure 1).

As many countries, such as China and the United States, shift
toward low-carbon and new energy technologies, the demand for
lithium will continue to increase (Tabelin et al., 2021). China has
committed to capping its peak carbon dioxide emissions by 2030
and reaching carbon neutralization before 2060 (UNFCC, 2015;
Xi, 2020). Substituting electric vehicles for traditional energy
vehicles is critical to achieving this plan.

According to the IEA, in 2021, global electric car sales reached
6.6 million, a year-on-year increase of 120% (as shown in
Figure 2). The IEA expects global new energy vehicle yearly
sales to reach 13 million in 2025 and 25.8 million by 2030,
maintaining an annual growth rate of approximately 30%. China
is the world’s largest consumer of new energy lithium resources.

According to Figure 2, the sales volume of electric vehicles was
3.4 million units in China in 2021, up 183.33% year-on-year,
accounting for 51.5% of the global electric vehicle market. China
also drove the consumption of lithium resources (calculated as
lithium carbonate) to 303,400 tons in 2021, up 61.7% year on
year. Statista predicts that the growth of battery demand for
electric vehicles will continue to be a strong driving force for
lithium consumption over the next 10 years. The global demand
for lithium carbonate will exceed two million tons in 2030, more
than twice the predicted demand in 2025. Sun et al. (2019) also
predict that the flow of lithium resources in 2050 will be 13-
20 times that in 2015. Beginning in 2022, lithium for electric
vehicles will account for the largest proportion of lithium usage.

CURRENT CHALLENGES IN LITHIUM
RESOURCES

The scarcity of lithium resources and the rapid growth of demand
lead to an imbalance between supply and demand in China. At
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FIGURE 1 | The price of lithium carbonate in China. Data Source: SMM.
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FIGURE 2| Global and Chinese EV sales, 2019-2021. Data Source: IEA.

present, China is confronted with three main challenges in
lithium resources: insufficient resource endowment and
exploitation, insufficient ability to participate in the
formulation of lithium resource prices, and realization of its
aspirations regarding the circular economy of lithium

resources. Therefore, China’s related industries are constrained
by foreign development and supply of lithium resources.

First, China’s identified lithium resources are insufficient.
Lithium resources are primarily embodied in natural mineral
reserves. The USGS reports that the globally identified lithium
resources are 89 million tons. Identified resources are defined as
“Resources for which location, grade, quality, and quantity are
known or estimated from specific geologic evidence”. Figure 3A
shows the global distribution of identified lithium resources,
chiefly distributed in South America and Australia, with the
top four countries being Bolivia, Argentina, Chile, Australia,
and China, accounting for 23.6, 21.3, 11, 8.2, and 5.7%,
respectively. In addition, the USGS also reported that global
lithium reserves in 2021 were approximately 22 million tons.
Relative to the identified lithium resources, the USGS defined
reserves as “that part of the reserve base that could be
economically extracted or produced at determination”. The
global distribution of lithium reserves is shown in Figure 3B.
Compared with the amount of identified lithium resources, the
available lithium reserves are minuscule, making the
identification of new lithium resources a top global priority.
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FIGURE 3 | Distribution of lithium resources. Data Source: UGSG.
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China’s lithium resources are characterized by a scattered
distribution and inferior quality. Lithium is mainly stored in
brines, lithium spodumene hard rock, and lepidolite. Brines in
China are mainly distributed in salt lakes in Qinghai and Tibet.
Lithium spodumene hard rock is mainly distributed in Sichuan,
and Jiangxi also has significant lepidolite resources. Seventy-five
percent of China’s lithium resources are stored in salt lakes in
Qinghai and Tibet. However, due to a low lithium-ion
concentration and relatively elevated levels of impurities, while
salt lakes are rich in lithium and magnesium it is challenging to
extract lithium from such brines. In addition, Sichuan Province is
also rich in lithium spodumene hard rock. However, most of the
spodumene mines are located in high-altitude areas with poor
vegetation coverage and severe soil and water loss. Moreover, due
to the influence of harsh natural conditions and inadequate mine
infrastructure in these areas, the development potential is low.
Therefore, the exploitation of lithium resources in China is
limited by natural conditions, cost, and technology. As a
result, the production capacity for exploiting lithium resources
has not yet been fully realized.

Second, because China is highly dependent on imported
lithium raw materials it is not able to participate in the
formulation of lithium resource prices. From the perspective
of the supply structure, the global development of lithium
resources is unbalanced and inadequate. The global output of
lithium mines is mainly concentrated in Australia, Chile, and
China, accounting for 55, 26, and 14%, respectively, in 2021.
Although Argentina and Bolivia have resource advantages, they
are limited by a challenging geographical environment,
development technology, etc., leaving only a small number of
available sources. With its remarkable output advantage,
Australia dominates the current supply of lithium mineral
resources globally. As China’s domestic supply of lithium
cannot meet the rapidly growing demand,
dependence on foreign lithium resources remains at a
prominent level, requiring the importation of 86.5% of China’s
current lithium demand (Song et al, 2019). Although the
statistics'are incomplete, nearly 90% of lithium imports in
2021 came from Australia. The key to improving China’s
domestic lithium security is to reduce the excessive
dependence on foreign resources. Although Chinese
enterprises such as Zijin Mining and Ganfeng Lithium have
begun to invest in lithium resource development projects in
many countries around the world, most of the projects are still
in early development, which cannot ease China’s high
dependence on foreign lithium resources in the short term.

Third, China’s lithium recycling economy has not yet formed a
complete chain. Recycling lithium resources is generally
considered an effective way to reduce the demand for primary
raw materials supply and to mitigate the potential risks of spent
lithium disposal (Sun et al., 2019; Guo, Zhang, and Tian, 2021).
Therefore, to achieve a balanced supply and demand for lithium
resources, the well-established recycling systems is necessary.
Gruber et al. (2011) suggested that if the recovery rate of

resources

'Part of the data comes from Chinese Customs Statistics.
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lithium were 90-100%, the recovered lithium could meet
50-63% of the cumulative demand for lithium for 2010 to
2,100 worldwide.

The service life of lithium-ion batteries is generally 5-8 years,
and the practical life is 4-6 years. When the battery capacity
drops to 80% of the rated capacity, it will not meet the needs of
electric vehicles and will be scrapped (Olivetti et al.,, 2017).
Approximately 200,000 tons of power batteries were retired in
China in 2020, according to data from the China Automotive
Technology Research Center (CATARC). As the rapid growth of
the electric vehicle market in recent years has significantly
increased the use of lithium batteries, China will face a rapidly
increasing battery retirement situation in the next few years and
become one of the largest markets for lithium-ion battery
recycling. The lithium concentration in waste batteries is 3-7%
of their weight, much higher than the lithium concentration in
natural ore (Barik et al., 2016). Sun et al. (2019) predicted that by
2050, the total amount of lithium in end-of-life products will
reach 45-121kt, which will represent half of the chemical
consumption. The comprehensive utilization and recycling of
waste power batteries plays an essential role in protecting the
ecological environment and ensuring the safety of resources.
However, the recycling economy of lithium resources has not
been properly guided in China.

The infrastructure for recycling spent lithium batteries is still in
the development stage, far from meeting the requirements of battery
recycling technology. The recycling of lithium batteries includes
collection and classification, discharge, disassembly, separation of
active substances, metallurgy, etc. and is a complicated process with
high costs and a low rate of recovery. In addition, with an increasing
number of batteries being scrapped, a certain chaos is emerging in
the battery recycling marketplace. Many recycling enterprises
lacking professional qualifications are already crowding out the
profitability of qualified enterprises. This situation has created
escalating problems in the battery recycling process due to the
unregulated participation of unqualified enterprises, which
reduces economic benefits, increases environmental pollution, and
creates potential safety hazards from unprofessional dismantling
practices.

The three main challenges confronted by China in the lithium
resources supply chain make it difficult for domestic supply to
meet demand, leading to high dependence on foreign supplies of
lithium raw materials and threatening the security of China’s
related industries. To solve this problem, we present the following
policy suggestions.

First, since the exploitation of lithium resources in China is
limited mainly by technology, it is essential to upgrade the
technical requirements and professionalize the technical
capacity of lithium resource recycling and development. China
still faces many technical challenges in developing lithium
resources from high-altitude ores and low-concentration
brines. For example, high-altitude areas are often accompanied
by a fragile ecological environment, increasing the difficulty of
realizing green development. Further, the currently poor recovery
rate of using low-concentration brine lithium resources must be
improved. Addressing these core issues will require a unified,
multi-department ~ response  including the  resources,
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environment, science and technology, industry, and other
departments to formulate achievable technology development
plans. Furthermore, the government should coordinate the use of
natural science funds, venture capital, and other diversified tools to
promote breakthroughs in required technologies as soon as possible to
allow the effective realization of adequate resource development.

In addition, China should strengthen cooperation with other
countries to increase the quality and quantity of global
lithium resource supplies. At present, although several
countries, such as Bolivia and Chile, have identified
abundant lithium resources, nationalization,
technology limitations, and other problems thwart the
development of adequate lithium resources, leaving the
global lithium resource supply far from meeting the
present and increasing global demand. China should
engage in building a community with a shared future
through cooperative development with the countries where
resources are located, using multiple channels to ensure
adequate progress toward global peak carbon dioxide
emissions and carbon neutrality.

Finally, the government should further perfect laws and regulations
to improve domestic capacity for lithium resource recycling. For
example, the government could create a qualified resource cycling
enterprise list and impose measures to require a high quality,
professional business environment for compliant enterprises to avoid
risks in safety and environmental protection. Simultaneously, according
to the endowment characteristics of each province and their various
advantages of energy, technology talent, capital, and market factors, the
provinces should be encouraged to form a strong, closed-loop, green
recycling industrial chain of lithium resources and to realize the “green”
in the process of industrial upgrading.

resource
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CONCLUSION

Carbon neutrality is an important goal for China in the
coming decades, and substituting electric vehicles for
traditional energy vehicles is critical to achieving this goal.
In recent years, as sales in new electric vehicles have
flourished, the upstream raw material, lithium, has been in
short supply relative to its demand in China. Furthermore,
China’s related industries are constrained by foreign
development and supply of lithium resources because of
China’s insufficient resource endowment and exploitation,
insufficient ability to participate in the formulation of
lithium resource prices, and immature circular economy of
lithium resources. Therefore, we propose that related policy-
making focus on the following issues: (i) upgrading the
technical requirements and professionalizing the technical
capacity of lithium resource recycling and development, (ii)
strengthening cooperation with other countries to increase
the quality and quantity of global lithium resource supplies,
and (iii) updating laws and regulations to improve domestic
capacity for lithium resource recycling.
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