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Energy storage technology as a key support technology for China’s new energy
development, the demand for critical metal minerals such as lithium, cobalt, and
nickel is growing rapidly. However, these minerals have high external dependence
and concentrated import sources, increasing the supply risk caused by geopolitics. It
is necessary to evaluate the supply risks of critical metal minerals caused by
geopolitics to provide a basis for the high-quality development of energy storage
technology in China. Based on geopolitical data of eight countries from 2012 to
2020, the evaluation indicators such as geopolitical stability, supply concentration,
bilateral institutional relationship, and country risk index were selected to analyze the
supply risk of three critical metal minerals, and TOPSIS was applied to construct an
evaluation model for the supply risk of critical metal minerals of lithium, cobalt, and
nickel in China. The results show that from 2012 to 2017, the security index of cobalt
and lithium resources is between .6 and .8, which is in a relatively safe state, while the
security index of nickel resources is .2–.4, which is in an unsafe state. From 2017 to
2020, lithium resources remain relatively safe, and the security index of nickel has
also risen to between .6 and .7, which is generally in a relatively safe state. However,
the security index of cobalt has dropped to .2, which is in an unsafe or extremely
unsafe state. Therefore, China needs to pay attention to the safe supply of cobalt
resources and formulate relevant strategies to support the large-scale development
of energy storage technology.
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Introduction

With the advancement of the global low-carbon energy transition, many countries have
increasingly realized that there is an important relationship between “critical metals” and “low-
carbon energy” (Wang et al., 2021). Critical metal minerals are mostly in the form of symbiotic
or associated minerals (Peiró et al., 2013), with the slow expansion of production capacity (Ali
et al., 2017), unbalanced geographical distribution, and high concentration, which are easy to
cause competition, conflict, or even war, and have great geopolitical risks. Suppliers of critical
metal minerals could gain geopolitical leverage by cutting supplies (Habib et al., 2016). In
particular, climate change has caused a new global energy governance pattern, and the supply
chain security of minerals needed for the low-carbon energy transition has become a strategic
issue (Wang et al., 2012; Wang et al., 2014; Chao et al., 2016; Wang et al., 2016). Under this
circumstance, the secure supply of critical metals will become a decisive factor affecting the
future development of new energy technologies (Wu et al., 2020).
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The efficient energy storage technology, which requires several
kinds of critical metals, is expected to well solve the problem caused by
photovoltaic power generation and wind power generation
characterized by strong intermittency and high volatility. Lithium-
ion batteries with low cost, high efficiency, and fast response time are
ahead of other energy storage technologies (Li et al., 2022). Future
energy storage technologies will focus on the development of lithium-
ion batteries. The upstream rawmaterials of the lithium battery supply
chain mainly include the mining, production, and refining of lithium,
cobalt, and nickel resources. With the expansion of the lithium battery
development scale, the demand for lithium, cobalt, and nickel also
increases (Eggert, 2011; Zhai et al., 2019).

The future development of energy storage technology will
continue to be limited by critical metal minerals. Previous studies
concerning the geopolitical supply risk of critical metal minerals still
need to be improved to cover energy storage technologies. The
geopolitical competition for these critical mineral resources is
fierce, and the supply risks caused by the geopolitical risks will also
increase (Wang, 2019). However, the existing geopolitical supply risk
assessment methods lack a full range of indicators, such as political,
economic, financial, trade, and others. For instance, Graedel et al.
(2012) proposed the geopolitical supply risk of critical minerals with
the worldwide governance indicator and the global supply
concentration indicator. Habib et al. (2016) selected the HHI
indicator to estimate the geopolitical supply risk of metals. There
are also some studies that summarize the strategic planning of critical
metal minerals in typical countries to provide reference for
formulating relevant policies (Mao et al., 2019; Zhang et al., 2019;
Yu and Yang, 2020). In addition, it is predicted that China’s demand
for lithium, cobalt, nickel, and other minerals will grow rapidly, which
is highly dependent on foreign countries. In 2020, China’s external
dependence on cobalt, nickel, and lithium resources was 97%, 92%,
and 72%, respectively (Cheng et al., 2022). Precisely, 80% of China’s
cobalt resources are from the Democratic Republic of the Congo, and
lithium is mainly from Australia. 82% and 9% of imported nickel
resources are from the Philippines and Indonesia as well (Wang,
2022). It is urgent need to create a comprehensive and multi-
perspective assessment of the geological risks of critical metal
minerals supplied to energy storage technology in China,
considering the increasingly complex international political and
economic situation.

The study aims to assess the geopolitical supply risk of three
critical metal minerals (lithium, cobalt, and nickel) used in energy
storage technologies, and a full spectrum with multiple indicator
perspectives is taken into account. Indeed, this paper will: 1) establish
a risk assessment method for the geopolitical supply risks of critical
minerals, including single factor analysis and comprehensive
assessment; 2) analyze the political, economic, and financial risks
in critical mineral source countries through the national governance
index and country risk index based on the single factor perspective; 3)
evaluate China’s trade risk with mineral source countries by the
supply concentration index and the institutional distance index also
based on the single factor perspective; 4) integrate the geopolitical
assessment model to comprehensively assess the supply risk of
lithium, cobalt, and nickel resources in China based on the
comprehensive perspective; 5) put forward several policy
suggestions based on the geopolitical supply risk of China’s
imported critical minerals, considering the tendency of
electrochemical energy storage technology in the future.

Impact of geopolitical supply risk of
critical minerals on energy storage
technology

In recent years, countries worldwide have been paying more and
more attention to energy transformation and the deployment of new
energy industries. This process consumes a lot of metal resources and
is very dependent on critical metal minerals (Vidal et al., 2013). The
World Bank report shows that the production of minerals such as
lithium, cobalt, nickel, and graphite will increase by nearly 500% by
2050 to meet the growing demand for clean energy technologies
(World Bank, 2020). The International Energy Agency also points
out that the global energy system’s demand for critical minerals could
increase sixfold by 2040 (International Energy Agency, 2022). By 2050,
most of the growth in global energy demand will come from renewable
energy and clean energy technologies, which in turn will drive
exponential growth in global demand for critical minerals such as
lithium, cobalt, nickel and rare Earth elements.

The rapid growth in demand for critical mineral resources has
strengthened the deep-rooted concept of resource scarcity in the oil
and gas era, prompting countries to pay more attention to the security
of the cross-border supply of mineral resources. The geopolitical
disputes related to critical metal minerals have already emerged,
and their geopolitical impact will increase daily. Therefore, it is
necessary to pay attention to the geopolitical risk characteristics
and development trends of critical metal minerals and identify
geopolitical risk factors that may affect critical minerals.

Geographical distribution and geopolitical
risk characteristics of critical metal minerals

Critical mineral resources are geographically concentrated in a few
specific countries and regions. In 2022, global cobalt reserves are about
7.6 million tons, mainly concentrated in the Democratic Republic of
the Congo, Australia, and Cuba, which account for 71% of global
cobalt reserves. Global proven lithium reserves are about 22 million
tons, mainly concentrated in Chile, Australia, and Argentina, and 2/
3 of the lithium reserves are located in the “lithium triangle” of Latin
America; global proven nickel reserves are more than 95 million tons,
mainly concentrated in Indonesia, Australia and Brazil, which
together account for 61% of the total global reserves (USGS, 2022).

According to the “Global Risk Report” released by the World
Economic Forum, geopolitical risk has always been one of the five
significant risks affecting global development (World Economic
Forum, 2019). In addition, non-geographic factors have also caused
geopolitical changes, especially the rapid development of renewable
energy has led to new changes to the geopolitical pattern (Daniel and
Rick, 2016).

Influenced by the global resource supply and demand pattern, and
the evolution of the competition pattern, the global governance system
of strategic resources is in the process of continuous evolution.
Extreme geopolitical events led by states are constantly affecting
the supply chains of the global resource system. Geopolitics is an
important factor affecting the sustainable supply of critical minerals at
present (Hayes and Mccullough, 2018). Developed countries and
economies such as the United States, the European Union, and
Japan have promulgated lists of critical materials or critical
minerals (National Research Council, 2008; European Commission,
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2014; Wang et al., 2017), and the field has become an arena for the
world’s gaming.

The impacts of geopolitical risk of critical
minerals on energy storage

For China, the critical mineral geopolitical risks are characterized
as follows.

1) Some critical mineral resources are geographically concentrated in
several specific countries and regions, and are easily controlled by a
few countries (Henckens et al., 2016). Critical minerals markets are
vulnerable to geopolitical influence and might be at risk of supply
chain disruption. Taking lithium batteries as an example, if
lithium, cobalt, nickel, and other industries cannot extend
downstream, they will always face the problem of being too
large but not strong, and the added value of products is too low
(Xu, 2020), which increases the limitations of the development of
battery energy storage technology.

2) The rapid growth of critical minerals will accelerate the reshaping
of the geopolitical pattern of the world’s strategic mineral
resources. The International Renewable Energy Agency
(IRENA) and the International Energy Agency (IEA) pointed
out that suppliers of some critical mineral resources such as
lithium, cobalt, nickel, and rare Earth metals could gain new
geopolitical leverage by cutting off the supply of critical metals
(Internatioanl Energy Agency, 2018; IRENA, 2022). With the
advent of the era of electric vehicles and the smart grid, the
large-scale development of battery energy storage technology is
restricted by the shortage of critical mineral resources.

3) The competition between China and the United States in critical
minerals will be more intense in the future. The United States
Geological Survey analyzed the dependence of China and the
United States on non-energy minerals, and found that both
China and the United States rely heavily on imported minerals
as many as 11 kinds. In the future, the two countries will likely to
face fierce battles for resources in South America, Africa, and
elsewhere (Gulley et al., 2018).

4) The geopolitical risk of China’s critical mineral resources is still
relatively high, and its market stability is vulnerable to global
populism, trade protectionism, and resource nationalism.

Through the analysis of the global distribution and geopolitical
pattern of critical metal minerals, it is found that the stable supply of
exporting countries and the geopolitical strategy of each country will
become an important prerequisite for the supply of critical minerals.
Critical metal minerals will be a limiting factor for China’s renewable
energy development.

Methods and data

Indicator system

The degree of political and social stability in the world’s major
resource countries has a significant impact on resource supply
security, particularly in countries where resources are over-
concentrated in unstable political security situations. These

countries could affect the supply security of critical metal resources
by controlling the supply of resources in the resource market or
changing the rules of international trade in metal resources, thereby
causing supply constraints and price volatility.

For the lithium, cobalt, and nickel imported by China, geopolitical
factors have a particularly prominent impact on their safe supply, so it
is necessary to conduct a risk assessment under geopolitical
conditions. The supply risk evaluation indicators caused by
geopolitical factors are the global governance indicators of mineral
resource countries, the country risk indicators of mineral resource
countries, supply concentration, and bilateral government
institutional distance. The index system of geopolitics’ influence on
the supply of critical minerals is shown in Table 1.

Research methods

Bilateral government institutional distance
Institutional distance is the degree of similarity or difference

between two countries regarding rules, norms, and perceptions.
There are a variety of indicators to measure institutional distance,
such as the Global Governance Indicators (WGI), the International
Country Risk Guide (ICR), the Fragile States Index (FSI), etc. WGI has
been widely used in some criticality assessments because of its rigor,
high comprehensiveness, and wide coverage (Liu and Zhou, 2018). For
example, the WGI index was used as a basis to estimate the country
risk in the research of assessing the long-term supply risks for mineral
raw materials (Rosenau-Tornow et al., 2009). The Yale team proposed
a supply risk assessment system for the rawmaterial that uses theWGI
index as a geopolitical factor (Graedel et al., 2012). Based on previous
research (Wang et al. 2018), considered theWGI index and HHI index
to evaluate the global supply risk of critical minerals for new energy
vehicles. The results showed that graphite has the greatest supply risk
and selenium has the lowest supply risk in terms of WGI-PV (Political
Stability, and Absence of Violence/Terrorism).

China’s import of critical metal minerals faces an increasingly
complex international environment. The influence of political and
social systems in exporting countries is prominent. There are African
countries with low levels of government governance and political
instability, and developed economies with high government
effectiveness and stable domestic political situation. The
institutional distance varies, and the risk of critical minerals supply
is also different.

According to previous research (Xu et al., 2017; Li et al., 2020), Eq.
1 is used to measure the institutional distance between China and
resource-importing countries from the six dimensions of the World
Bank’s global governance index WGI.

INSDjt � 1
6
∑6

K�1 Ikt − Ijkt( )2
VIK

(1)

where Ikt and Ijkt are the scores of China and country j on the kth
institutional dimension in year t, respectively. VIK is the variance of the
scores of all sample countries on the kth institutional dimension.

Global supply concentration (HHI)
The HHI, calculated as the sum of the squares of the production

shares of each producing country, is a widely used indicator of market
concentration. It ranges from a theoretical minimum of zero when
production is evenly distributed among an infinite number of
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countries, to a maximum of 10,000 when all production is
concentrated in one country. Combined with this market
concentration indicator, it is possible to analyze whether China has
multiple supplier countries to choose from or is limited to one or two
major suppliers (Gulley et al., 2018). The supply of mineral resources
concentrated in one or a few countries could greatly impact the supply
of mineral resources once the political situation or mining policies in
these countries change. The higher the concentration of critical
minerals, the greater the supply risk. In this study, The Herfindahl-
Hirschman Index (HHI) could be used to measure the global supply
concentration of lithium, cobalt, and nickel (see Eq. 2), and then assess
their geopolitical supply risks. For instance, Habib used the HHI index
to measure the geopolitical supply risk of 52 metals in the world, and
the results showed that the distribution of geological reserves led to the
geopolitical risk of critical metal resources (Habib et al., 2016).

HHI � ∑N

i�1 Si( ) (2)

where HHI is the Herfindahl Hirschman index; Si is the squared
number of shares of country i in the market; N represents the number
of countries.

Table 2 shows the three levels of market concentration HHI. The
higher the score, the higher the risk implied by the concentration of
mineral material supply.

TOPSIS method
The supply risk evaluation indicators caused by geopolitics involve a

wide range of fields, and the units and weights are not uniform. To avoid
the influence of subjective factors, the entropy weight method is used for
data processing. The TOPSIS method proposed by Hwang and Yoon
(1981) is used to measure the distance between different data and the
optimal value to evaluate the security degree of supply at different times.

The weighting matrix was firstly constructed by the entropy
weighting method. Then the TOSIS model was used to evaluate the
supply risk of lithium, cobalt, and nickel resources at different times.

1) Construction of evaluation index system matrix

X �
x11 / x1n
..
.

1 ..
.

xm1 / xmn

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ (3)

where x11, .... x1n represent the geopolitical data of the source countries
of critical metal mineral imports for a given year respectively; xm1, ....
xmn represent the geopolitical data of critical metal mineral import
source countries in year m respectively.

2) The indicators are uniformly normalized according to the
physical-social nature of the geopolitical data indicators.

xij � Kij −min Kij( )
max Kij( ) −min Kij( ) applies to positive indicators( ) (4)

xij � max Kij( ) − Kij

max Kij( ) −min Kij( ) applies to negative indicators( ) (5)

where i is the evaluation index (i = 1,2,3,...m). j is the index year (j =
1,2,3,...n); kij is the initial value of the evaluation index system;
max(kij) is the maximum value of index kij; min(kij) is the
minimum value of indicator kij; xij is the standardized value, and
the matrix Z is obtained by standardization.

3) The data are normalized (eliminating the magnitude), and
transformed into matrix Z.

Zij � Xij������∑n
i�1X

2
ij

√ (6)

Z �
z11 / z1n
..
.

1 ..
.

zm1 / zmn

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ (7)

4) Entropy weighting method to calculate weights

The information entropy ei is calculated, see equation (Eq. 8).

ei � − 1
ln n

∑n

j�1zij × ln zij

If   zij � 0, then lim
fij→0

zij × ln zij � 0
(8)

The indicator weights wi is calculated, see equation (Eq. 9)

wi � 1 − ei
m −∑m

i�0ei
(9)

TABLE 1 Indicator system for evaluating the impact of geopolitics on the supply risk of critical metal minerals.

Components Impact Indicator

Geopolitical stability positive National Political Stability WGI

Supply concentration negative Resource concentration HHI

Bilateral Institutional Relations negative Bilateral Government Institutional Distance DI

Country Risk Index positive Country risk level ICR

TABLE 2 HHI classification.

Grade Low concentration Moderate concentration High concentration

HHI value <1,500 1,500 to 2500 >2500

Base score 0 100/3 200/3
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5) The construction of the TOPSIS model

For the objectivity of the evaluation results, a normalized analysis
matrix Q is created according to the index weights wi.

Q � ⌊yij⌋m × n � ⌊wi × zij⌋m × n (10)

6) Calculation of Euclidean distance between indicators

D � Z − Z min

Z max − Z( ) + Z − Z min( ) (11)

7) Comprehensive evaluation index calculation

Cj � D−
i

Di + D−
i

(12)

where D is the Euclidean distance; Cj is the composite evaluation
index, the Cj ∈ [0, 1].

8) Evaluation level

Referring to previous studies (Liu et al., 2018; Long and Yang,
2018; Sun et al., 2018; Qu et al., 2022)), the evaluation results were
divided into five safety levels: extremely unsafe, unsafe, basically safe,
relatively safe and safe. Since the supply risk comprehensive evaluation
index ranges from 0 to 1, the larger the index, the higher the degree of
security. The extremely unsafe state takes the value of 0–.2, the unsafe
takes the value of .2–.4, the basic safe takes the value of .4–.6, the
relative safe takes the value of .6–.8, and the safe state is .8-1.

Data

Production and storage of critical metal minerals
The data on production and storage of three critical minerals,

including lithium, cobalt, and nickel from 2012 to 2020 are provided
by the United States Geological Survey (USGS). According to the
report “MINERAL COMMODITY SUMMARIES 2022″published by
USGS (USGS, 2022), mineral lithium resources are in various stages of
development in Australia, Austria, Brazil, Canada, China, Democratic
Republic of the Congo (DRC), Czech Republic, Finland, Germany,
Mali, Namibia, Peru, Portugal, Serbia, Spain, the United States, and
Zimbabwe. The DRC remains the world’s main source of mined
cobalt, supplying more than 70% of the world’s cobalt minerals.
The global proven nickel reserves are about 94 million tons, mainly
concentrated in Indonesia, Australia, the Philippines, and Brazil, with
Indonesia and the Philippines currently accounting for 45% of global
nickel production.

The worldwide governance indicator
If the political situation of a country or region is unstable, it will

affect the stability of the mining production of the country. The
Worldwide Governance Indicators (WGI) produced by Kaufmann
and Kraay (Kaufmann et al., 2010) could be used to measure the
degree of political stability. Its well-designed planning and robust
continuity have attracted more and more attention from
researchers and practitioners (Zang, 2012). The Worldwide
Governance Indicators (WGI) project reports aggregate and
individual governance indicators for over 200 countries and

territories over the period 1996–2020 for six dimensions of
governance: Voice and Accountability (VA), Political Stability,
and Absence of Violence/Terrorism (PV), Government
Effectiveness (GE), Regulatory Quality (BQ), Rule of Law (RL),
Control of Corruption (CC). Each indicator adopts a percentile
scale (ranked from 0 to 100) to indicate the ranking level of the
country’s governance items. The higher the value, the higher the
ranking of the governance level (Wang et al., 2018). The weights of
the above six dimensions are .16, .25, .13, .14, .17, and .15,
respectively (Cao et al., 2022). The World Governance Index
calculates a score based on the weight of these six indicators,
with a higher score indicating a more politically stable country.
As a result, the WGI index enables cross-country and cross-time
comparisons of governance levels. In the following, VA, PV, GE,
BQ, RL, and CC are used to represent the six indicators.

International country risk ratings
The International Country Risk ratings (ICR) published by PRS

Group over 140 countries and regions, including political risk, economic
risk, and financial risk (PRS Group, 2017; Zhang, 2017). Political risk is
assessed by assessing government stability, socioeconomic conditions,
investment status, internal conflict, external conflict, corruption,
political-military, religious tensions, law and order, ethnic tensions,
and democratic accountability. Economic risk is assessed by assessing
GDP per capita, real annual GDP growth, annual inflation rate, budget
balance as a percentage of GDP, and current account balance as a
percentage of GDP. Financial risk is assessed by assessing external debt
as a percentage of GDP, external debt service as a percentage of exports
of goods and services, current account as a percentage of exports of
goods and services, net liquidity and exchange rate stability, and other
factors. The ICR database is not only the most widely used source of risk
data by universities around the world, but also used by the world’s
largest institutional investors, multilateral organizations, central banks,
and other institutions. All data could be found in the Supplementary
Table S1.

Risk assessment of cobalt, lithium, and
nickel supply in China based on
geopolitics

Single-factor analysis of supply risk of cobalt,
lithium, and nickel

National governance index of critical mineral
suppliers

According to the Global Governance Indicator (WGI), the
national governance index of the three main source countries of
cobalt, lithium, and nickel is calculated (Figure 1).

As can be seen from Table 3 and Figure 2, the source country of
cobalt, the Democratic Republic of the Congo (DRC), has the
lowest national governance index and the highest supply risk. In
the process of importing cobalt resources in the future, China needs
to pay close attention to the degree of social stability in DRC and
pay comprehensive attention to the changes in six dimensions,
such as VA, PV, GE, RQ, RL, and CC, to formulate targeted
countermeasures. Lithium is mainly from Chile, Australia, and
Argentina. 80% of its production is in Chile. The governance index
in Australia and Chile is very high. Moreover, China also has a
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certain amount of lithium mineral reserves, so the supply risk of
lithium is relatively low. The majority of nickel comes from
Indonesia, the Philippines, and Brazil, and the governance index

indicates that the society is more stable. Because of the abundance
of nickel, the supply risk of nickel is also low.

Country risk index of critical mineral suppliers
Country risk indicator includes political risk, economic risk, and

financial risk. It combines specific country factors such as currency
risk, political leadership, military and religion in politics, and
corruption (Wang and Wu, 2008). It is a comprehensive reflection
of a country’s degree of political, social, and economic stability. The
country risk indices of critical metal mineral source countries were
calculated based on the national risk index database, and the results are
shown in Table 4 and Figure 3. Risk ratings range from a high of 100
(least risk) to a low of 0 (highest risk).

It is shown that the degree of risk is similar to that of the World
Governance Index. Compared to the World Governance Index, these
country risk indices have a small gap, ranging from 35-60 (Figure 4);
while the World Governance Index has a minimum of 10 and a
maximum of 96, with a large value gap. Since the country risk index
includes political risk, economic risk, and financial risk, its value can
more closely reflect the risk of these countries in the critical mineral
trade.

TABLE 3 National governance index of importing countries of lithium, cobalt, and nickel imports.

Supplier country 2012 2013 2014 2015 2016 2017 2018 2019 2020

Congo (DRC) 18.19 25.88 22.79 21.38 20.79 18.60 16.66 18.66 18.68

Indonesia 47.19 48.73 52.08 48.83 53.92 53.13 53.95 53.55 54.28

the Philippines 45.13 48.02 51.69 50.06 45.89 45.62 45.61 46.94 48.45

Brazil 62.05 58.35 60.17 56.05 55.27 52.41 51.25 50.83 51.99

Chile 87.09 86.77 86.51 85.05 84.83 84.77 84.23 81.16 81.29

Australia 98.44 98.53 98.29 97.36 98.26 97.09 97.85 96.96 97.03

Argentina 51.64 50.86 48.67 50.36 59.95 61.06 60.10 57.05 56.25

FIGURE 1
Change trend of cobalt (A), lithium (B), and nickel (C) resource supply risk index based on WGI.

FIGURE 2
Comprehensive trend of lithium, cobalt, and nickel resource supply
risk index based on WGI.
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FIGURE 3
Change trend of cobalt (A), lithium (B), and nickel (C) resource supply risk index based on ICR.

FIGURE 4
Comprehensive trend of lithium, cobalt, and nickel resource supply
risk index based on ICR.

FIGURE 5
Concentration index for critical metal minerals.

FIGURE 6
Bilateral institutional distance between China and critical mineral
source countries.

FIGURE 7
China’s imported lithium, cobalt, and nickel minerals supply risk
assessment.
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The concentration ratio of critical metal
minerals (HHI)

HHI describes the dynamic nature of metal geopolitical supply risk
based on mineral production data, and the results can provide a basis
for metal mineral supply risk assessment.

As can be seen from Table 5 and Figure 5, the global demand for
cobalt resources in 2012–2015 was relatively small, and its
concentrated supply index is within 2800.06. With the development
of low-carbon energy technology, there is an increasing demand for
cobalt resources, and the concentration index of cobalt also reached
4882.19 in 2020, indicating that the supply risk of cobalt resources
increased. The HHI value of lithium is as low as 2672.23 and as high as
4101.38, and the market concentration remains at the level I. From
2012 to 2020, the HHI value of nickel resources is mostly around
1,000, the market concentration is low (level III), and its supply risk is
also low.

Bilateral government institutional distance
Bilateral institutional differences increase the supply risk of China’s

imports of critical mineral resources. If the regime environment between

China and the mineral resource importing country is similar or the
difference is small, it is easier to integrate into the regime environment
of the host country, and it is easier to adapt to each other’s transaction rules,
and the transaction risk is also lower. If the difference (distance) between the
bilateral government systems is significant, the supply risk of critical
minerals imported by China will also increase.

From the average bilateral government regime distance, China
and DRC have the most significant institutional distance, and are
the largest in terms of PV, GE, BQ, RL, and CC, and their supply
risks are also the largest; China has the smallest distance from the
Indonesian regime system. It is the smallest in PV, GE, BQ, and RL,
but larger in CC. Overall, the supply risk is the smallest. China and
Argentina have slight differences in BQ, RL, and CC aspects, but
large differences in PV and GE. In general, the regime distance is in
the middle, and the supply risk is also medium. The difference
between China and Australia and Chile in each dimension is
positive, and the bilateral institutional distance is the largest.
The regime distance between China and the other two countries,
the Philippines and Brazil, is in the middle, and the risk is also
medium (Table 6 and Figure 6).

TABLE 4 Country Risk Index (ICR) for critical mineral supply countries.

Supplier country 2012 2013 2014 2015 2016 2017 2018 2019 2020

Congo (DRC) 37.48 35.67 35.80 37.83 37.70 34.10 36.75 38.01 37.39

Chile 57.08 57.70 57.41 56.58 55.55 55.45 57.02 56.68 52.09

Australia 59.39 60.33 60.16 59.26 60.34 59.91 59.91 60.84 59.29

Argentina 51.55 49.25 47.35 49.11 48.63 51.08 48.22 47.48 47.48

Indonesia 47.36 47.05 47.10 46.04 46.69 48.06 49.08 49.80 47.61

the Philippines 51.28 52.25 51.41 51.42 53.09 51.47 50.55 51.55 52.54

Brazil 53.15 52.27 50.61 47.57 47.36 49.81 50.15 52.05 49.10

TABLE 5 Concentration index (HHI) for critical minerals.

Critical mineral 2012 2013 2014 2015 2016 2017 2018 2019 2020

Co 2679.53 2770.89 2806.69 2758.79 3096.19 3855.64 4238.77 5191.63 4882.19

Li 2996.57 2744.91 2857.29 3294.63 2672.23 3952.30 4101.38 3692.60 3309.24

Ni 1,082.34 1,132.62 1,041.78 1,169.10 1,101.30 1,016.91 1,201.88 1,589.56 1,654.40

TABLE 6 Bilateral institutional distance between China and the source countries of lithium, cobalt, and nickel imports.

Supplier country 2012 2013 2014 2015 2016 2017 2018 2019 2020

Congo (DRC) 3.43 3.34 3.31 3.35 3.36 3.48 3.46 3.45 3.47

Indonesia .39 .51 .36 .72 .37 .43 .27 .32 .45

the Philippines .52 .43 .14 .30 .67 1.19 .98 .98 .96

Brazil 2.49 1.23 1.63 .78 .74 1.26 2.19 1.32 2.30

Chile 3.04 3.00 2.85 2.80 2.84 2.99 2.83 2.50 2.10

Australia 3.49 3.50 3.37 3.30 3.36 3.41 3.38 3.36 3.23

Argentina 1.95 2.00 1.76 1.50 1.33 .74 .83 1.14 1.99
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In conclusion, the regime distance between China and the source
countries of critical minerals imports in each dimension of the Global
Country Governance Index shows that political stability, government
efficiency, regulatory quality, legal rules, and corruption control, etc.
directly affect the degree of supply risk of critical minerals. The more
unstable the host country’s politics, the higher the supply risk.

To reduce supply risks, China needs to carefully study the
characteristics and differences of importing source countries in
terms of PV, GE, BQ, RL, and CC, and take timely
countermeasures to integrate into the host country’s regime
environment at minimal cost and minimize the trading risks.

Comprehensive assessment of lithium,
cobalt, and nickel supply risks based on the
TOPSIS model

Evaluation index weight
The index weight is measured according to the entropy weight

method, and the results are shown in Table 7. To further prove the
rationality of the index, this study compared and analyzed the
evaluation index systems of other experts. Ma et al. (2019)

constructed an evaluation index system for China’s nickel
resource supply security in five dimensions: resource stock,
resource supply and demand, resource development,
international production and sales, and international market
prices. The results show that the share of nickel reserves in the
world’s total reserves has a weight of 16.5% in the security index
system, and the concentration of producing countries has a weight
of 5.6%. Considering the share of reserves in the total world
reserves and the production concentration have a similar
meaning, the weight of supply concentration is 22.1%. The
critical mineral concentration weight is 26% in this study, which
is basically reasonable. Taking the supply risk of critical metals in
clean energy technology as the research object, Huang et al., 2020
established a supply risk assessment system from four aspects:
supply reduction risk, demand increase risk, geopolitical risk, and
social supervision risk. The results show that the geopolitical
supply risk of lithium is medium, and the geopolitical supply
risk of cobalt is high, which is consistent with the evaluation
results of our study. Chen (2021) established a multi-level
comprehensive evaluation model of supply chain risk including
natural risk, geopolitical risk and investment environment risk, and
concluded that geopolitical risk has an important impact on both

TABLE 7 Weights of indicators for lithium, cobalt, and nickel resources in China.

Indicator system Indicator meaning Weights

Geopolitical stability Political stability of resource importing countries (WGI) .23

Supply concentration Concentration of mineral resources (HHI) .26

Bilateral institutional relations Bilateral government institutional distance (DI) .21

Country risk index The degree of country risk in resource-importing countries (ICR) .30

TABLE 8 The results of the comprehensive evaluation of the supply risk of cobalt, lithium, and nickel resources in China.

Critical metal Indicator 2012 2013 2014 2015 2016 2017 2018 2019 2020

cobalt WGI .17 .18 .20 .14 .14 .14 .04 .05 .05

HHI .20 .21 .23 .16 .17 .16 .04 .05 .06

DI .16 .17 .18 .13 .14 .13 .04 .04 .05

ICR .23 .24 .26 .19 .19 .18 .05 .06 .07

Comprehensive evaluation index .78 .80 .87 .63 .65 .61 .17 .21 .24

lithium WGI .11 .10 .13 .16 .16 .18 .12 .16 .16

HHI .12 .12 .15 .18 .18 .21 .14 .18 .18

DI .10 .09 .12 .14 .15 .17 .11 .14 .14

ICR .14 .14 .17 .21 .21 .24 .16 .21 .20

Comprehensive evaluation index .48 .45 .58 .69 .71 .80 .53 .69 .68

nickel WGI .07 .05 .05 .07 .09 .15 .14 .16 .16

HHI .08 .06 .06 .08 .10 .17 .16 .18 .18

DI .06 .05 .05 .06 .08 .14 .13 .14 .14

ICR .09 .07 .07 .09 .12 .20 .19 .21 .21

Comprehensive evaluation index .29 .23 .23 .30 .40 .65 .63 .69 .69
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critical mineral supply base and supply channel risk, which is
consistent with the result that geopolitical risk has the highest
weight in the evaluation index system of our study.

Comprehensive assessment of supply risk of critical
metal minerals of lithium, cobalt, and nickel

The results of the comprehensive assessment of the supply risk of
China’s imported lithium, cobalt, and nickel resources are shown in
Table 8 and Figure 7.

From 2012 to 2017, the safety index of lithium was between .6 and
.8, which was a relatively safe state. In 2018, it dropped to .53, which
was basically safe. After then, it rose to .68, showing a relatively safe
situation. Among the many influencing factors, high supply
concentration, unstable bilateral institutional relations, and strong
market monopoly power play a negative role in the security of China’s
lithium resources. From 2012 to 2016, the safety index of nickel was
between .2 and .4, which was in an unsafe state. From 2017 to 2020, the
safety index of nickel was between .6 and .7, which was generally in a
relatively safe state.

As for cobalt resources, the safety index of cobalt was between
.6 and .8 from 2012 to 2017, which is a relatively safe state.
However, from 2018 to 2020, the safety index of cobalt dropped
to .2, which is an unsafe and extremely unsafe state. This might be
due to the rapid growth in demand for cobalt in the battery sector
after 2018, leading to a consequent increase in cobalt supply risk.
Global refined cobalt production in 2018 was 128,000 tons, a year-
on-year increase of 10%. China’s refined cobalt output was

83,000 tons, a year-on-year increase of 15%. Since 2018, the
demand for cobalt has been growing at a rate of more than
10%. It also can be seen from the national governance index of
the DRC, which was between 20 and 25 before 2018 and dropped to
below 16 after 2018, with an increase in social instability. The
cobalt production concentration index has also increased from less
than 35% to more than 50%. With the decrease in the national
governance index and the increase in the concentration of cobalt
production in DRC, the geopolitical risk of DRC has sharply
increased, and the supply risk of cobalt has increased
accordingly. Moreover, since 2018, the DRC government has
regarded cobalt as a strategic mineral resource, and the tariff
has increased from 2% to 10%, which has increased the supply
cost of cobalt and increased the supply risk of cobalt resources.
Therefore, China urgently needs to pay attention to the safe supply
of cobalt. It can ensure the safe supply of cobalt resources by
actively expanding the allocation of overseas cobalt resources other
than Congo (DRC) and increasing investment in deep-sea cobalt
mining to provide resource guarantee for China’s sustainable
economic and social development.

Robustness test
Shorten time window length

In November 2016, the State Council of the People’s Republic of
China approved the “National Mineral Resources Planning (2016-
2020)", which listed 24 kinds of minerals such as oil, natural gas, coal,
and rare Earth into the strategic mineral catalog as the key objects for
macro-regulation and supervision management. To avoid policy
interference, this paper excludes data after 2017 for robustness
testing. Table 9 shows that the degree of geopolitical supply risk
for the three critical minerals are consistent with the original results,
indicating that the study results remain robust after excluding policy
factors.

Assumptions of the weights given by AHP methods
Indicator weight coefficients are determined using the Analytic

Hierarchy Process (AHP). In the AHP, themain steps are as follows: 1)

TABLE 9 The results of the comprehensive evaluation of the supply risk of cobalt,
lithium, and nickel resources in China with a reduced time window.

Critical mineral 2012 2013 2014 2015 2016

Co .83 .79 .85 .60 .62

Li .51 .49 .57 .66 .70

Ni .28 .25 .31 .30 .46

TABLE 10 Indicator weights results.

Indicator Feature vector Weight (%) Maximum eigenvalue CI value

WGI .909 22.727

4.000 .000

HHI 1.091 27.273

DI .727 18.182

ICR 1.273 31.818

The eigenvectors are (.909,1.091,0.727,1.273), and the weights of four indicators are 23% (WGI), 27% (HHI), 18% (DI), 32% (ICR), respectively. In addition, the maximum eigenvector (4.000) is

derived by combining the eigenvectors. The CI, value (.000 < .1) is calculated by using the maximum eigenroot value [CI = (maximum eigenroot-n)/(n-1)], which means that the judgment matrix

satisfies the consistency test and the calculated weights are consistent.

TABLE 11 The results of the comprehensive evaluation of the supply risk of cobalt, lithium, and nickel resources in China with the AHP weights.

Critical mineral 2012 2013 2014 2015 2016 2017 2018 2019 2020

Co .78 .77 .70 .68 .64 .63 .29 .28 .34

Li .58 .52 .47 .60 .70 .77 .56 .57 .65

Ni .37 .35 .27 .43 .48 .68 .62 .60 .60
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Construction of the judgment matrix A. 2) Using the square root
method to find the eigenvectors. 3) Consistency verification. 4) AHP
weight determination.

The geopolitical supply risk results of cobalt, lithium, and nickel
evaluated based on the entropy weight method and the AHP, method
are consistent, indicating that the results with different weights are
robust and reliable (Tables 10, 11).

Discussion and conclusion

With the acceleration of global renewable energy
development, some radicalization and politicization tendencies
have emerged, driving the adjustment of the world energy political
pattern, and accelerating the evolution of energy security
concepts, strategies, and international energy security
framework (Zhao, 2022). Under this circumstance, the
geopolitical risks of the safe supply of lithium, cobalt, and
nickel resources required by China’s energy storage technology
have also increased, and there is an urgent need to evaluate the
geopolitical risks of their supply. Based on the relevant
geopolitical data of 8 major source countries of critical metal
minerals from 2012 to 2020, the study selects the degree of
geopolitical stability, supply concentration, bilateral
institutional relationship, and country risk index through
supply risk analysis and geopolitical risk factor identification,
and constructs a supply risk evaluation model for lithium, cobalt,
and nickel using the TOPSIS model. The conclusions and
suggestions are as follows.

1) To achieve the goal of “carbon neutralization and carbon peak”,
China is vigorously developing renewable energy. With the
increase of wind and solar power generation projects, the
importance and urgency of energy storage are becoming more
and more obvious, and battery energy storage technology will
usher in a huge development opportunity. However, battery energy
storage is limited by the supply of critical metal minerals. In
addition, critical minerals are more susceptible to geopolitical
influence and have a higher risk of supply chain disruption.
The future rapid growth of the demand for critical minerals will
accelerate the reshaping of the world’s strategic mineral resources
geopolitics

2) The country governance index and country risk index of import
source countries of lithium, cobalt, and nickel were calculated, and the
supply risk of three criticalmetal mineral resources was estimated. The
major producing countries of cobalt resources have high geopolitical
index changes and social unrest, and the supply risk is the greatest.
Chile and Argentina, suppliers of lithium resources, have increased
social instability and supply risks in recent years. Indonesia, the
Philippines, and Brazil, suppliers of nickel resources, showed an
increasing trend of governance index and low supply risk. The
degree of political stability, government efficiency and regulatory
quality, the rule of law, and corruption control in the importing
country directly affect the degree of risk of critical mineral supply. The
institutional distance between China and DRC is the largest, so the
supply risk of cobalt resources is also the largest.

3) Based on the TOPSIS model, the supply security index of critical
minerals such as lithium, cobalt, and nickel in 2012–2020 was
calculated. The main factors that cause fluctuations include the
degree of political stability and non-violence, political leadership,
military and religion in politics, the level of the rule of law,
government effectiveness, corruption control, etc. Followed by
economic risk and financial risk. Starting in 2018, the index of
cobalt dropped to .2, which is an unsafe and extremely unsafe state.
China’s demand for cobalt is more than 90% dependent on foreign
countries, and the main importing country is the Democratic
Republic of the Congo. The Democratic Republic of the Congo.
is one of the world’s least developed countries as determined by the
United Nations. The term of the new President of the Democratic
Republic of Congo is from 2019 to 2023, and the political risks are
high, including the dissatisfaction of long-term loyalists caused by
the imbalance of political rewards, the dissatisfaction of veteran
politicians caused by the imbalance of the old and the new, the
dissatisfaction of some provinces caused by the imbalance of
geographical distribution, and the social dissatisfaction caused
by the uneven distribution of economic resources. In addition,
the new mining law implemented by the Democratic Republic of
the Congo will further push up the cost of mining taxes and fees
that are already too high and have a negative impact on the
investment of foreign companies (Lu et al., 2018). Therefore,
China’s import of cobalt resources faces great geopolitical
supply risks.

We have several policy suggestions by combined results as follows:
For the government, China could strengthen resource diplomacy and
build a community with a shared future for global critical mineral
resources security. Additionally, China could also pay attention to the
substitution and recycling of critical mineral resources (Zhai et al.,
2021), that is, to reduce dependence by exploring alternative materials,
improving processing efficiency, and increasing recycling (Gulley
et al., 2018). For domestic enterprises, they could not only respond
to the “Belt and Road Initiative (BRI)” and acquire critical mineral
resources for new energy from abroad through international capacity
cooperation (Mao, 2022), but also cooperate with critical mineral
resource countries in exploration and development by providing
technologies, funds, and markets. For the three different critical
minerals, it is necessary to stabilize the cooperation in the DRC in
many aspects to ensure the supply of cobalt resources upstream. China
would promote the large-scale, intensive, and green development of
lithium resources, and orderly promote the construction of national
lithium resource bases. It is also urgent for China to increase the
prospecting of nickel resources and establish overseas nickel resource
development bases.

This study just analyzed the geopolitical risk of critical metal
mineral supplying countries, other risks such as the geopolitical risks
of transport channels should also be identified. In the future, based on
this study, the whole supply chain database including critical metal
mineral bases and transportation channels could be constructed to
dynamically identify supply chain risk factors, and a supply chain risk
prediction model could be established to minimize supply risks to
further develop and promote battery storage energy technology to
ensure the large-scale development of renewable energy in China.
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