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Production Concentration and Geopolitical Risks. Master thesis in Sustainable Development at Uppsala 

University, No. 2022/24, 56 pp, 30 ECTS/hp   

Abstract: The Paris Agreement aims to limit the global temperature to below 2°C above the pre-industrial level. 

In order to achieve this target, almost 200 countries committed to Nationally Determined Contributions to 

reduce their greenhouse gas emissions. Diverse strategies are applied to achieve the necessary emissions 

reductions. One such strategy is large-scale renewable energy deployment. Certain key minerals are needed to 

produce green technologies such as electric vehicles and wind turbines. This thesis is concerned with the 

minerals cobalt, lithium and rare earths which are key components of lithium-ion batteries and/or permanent 

magnets used in many green technology applications. The academic community is aware that these critical 

materials are largely found in fragile and undemocratic states. The question is how the energy transition may 

be impacted by the fragile state of critical mineral producing countries. Therefore, this thesis aimed to 

investigate the supply and geopolitical risks on the critical materials market in the short- and medium-term. An 

analysis of the markets and a projection of their future development were conducted through maximum 

depletion rate modelling, the calculation Herfindahl-Hirschman indexes and risk-weighting country index 

scores. The results showed that the mineral markets are projected to remain highly concentrated which points 

to a continued vulnerability to risks emanating from individual production countries. The study found that the 

kinds of risk categories impacting a market depend on the distribution of market shares among countries. As 

production constraints arise in individual countries, the risk portfolio of the market changes. The study also 

concluded that countries like China that invest in mining projects abroad can contribute to the risks of a mineral 

that they are not producing themselves.   

Keywords: Sustainable development, Critical minerals, Geopolitical risks, Cobalt, Rare earths, Lithium 
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the emission of greenhouse gases, countries aim, for example, to use renewable energy to a large(r) degree. To 

produce renewable energy and use green technologies, such as electric vehicles and wind turbines, minerals 

such as minerals cobalt, lithium and rare earths need to be mined. The countries where these minerals are mainly 

found and produced are often undemocratic and instable. The question is how the political, legal, social, and 

economic situations in production countries may affect the energy transition. The purpose of this thesis was 

therefore to look at the risks that these production countries pose to the lithium, rare earths, and cobalt market. 

The analysis of market developments was performed through modelling the maximum depletion rate, 

calculating the market concentration, and combining the market shares of a country with its risk. The results 

showed that the largest number of critical materials may be produced by only a few countries. The potential 

problems of these countries will be highly influential when it comes to the production and supply of these 

materials. As each country has different shortcomings and different market power, the production of each 

mineral is affected by different risks. The study also concluded that countries make the supply of a mineral 

riskier by investing in foreign mining projects. 
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1. Introduction 

Climate change is among humanity’s greatest challenges. The international community is committed 

to halting global warming in order to reduce climate change risks and impacts and therefore ratified 

the Paris Agreement in 2016. The Paris Agreement aims to keep the global average temperature below 

2°C (preferably 1.5°C) above pre-industrial levels (UNFCCC, 2015). In order to achieve these targets, 

greenhouse gas emissions, which drive climate change, need to peak soon and then drastically reduce 

(ECOSOC, 2019). Almost 200 countries committed to Nationally Determined Contributions (NDC), 

which outline specific national greenhouse gas emissions reduction targets in line with the Paris 

Agreement (UNFCCC, 2017). To meet reduction targets countries mainly resort to the following 

strategies: efficiency increases, recycle-capture-storage solutions, and large-scale renewable energy 

deployment (Chiu and Chang, 2009; Baruch-Mordo et al., 2019). This work focuses on renewable 

energy which acts as a substitute for fossil fuel energy in future energy scenarios (Chiu and Chang, 

2009).  

Renewable energy generation emits little to no CO2 which means that a large-scale renewables 

transition of the energy system can contribute considerably to emissions reductions. Various studies 

confirm the “positive relationship between renewable energy supply and CO2 emissions reduction 

after renewable sources are included in a portfolio for the energy system” (Wisniewski et al., 1995; 

Molt et al., 1996; Mirasgedis et al., 2002; Kaygusuz, 2003). The global energy system is expected to 

increasingly use non-carbon energy and some academics even predict a “post -carbon world” (Ackah 

and Graham, 2021). The International Energy Agency (IEA) expects new global power capacity until 

2026 to be almost 95% renewable energy (IEA, 2021). This increasing demand for renewable energy 

technologies will increase the demand for minerals and metals that are used to build, transport, and 

install these renewable energy systems. On the example of Germany, Viebahn et al. (2015) predict an 

increased demand for and potential supply risks of critical minerals as a result of the country’s targets 

of reducing emissions by 80-95% by 2050, especially through renewable energy deployment. Most 

global reserves of key minerals for renewable energies are found in corrupt, fragile states (Church and 

Crawford, 2020). This resource concentration in very few parts of the world might lead to an increased 

risk of conflict and geopolitical tensions. Academics such as Noussan et al. (2021) acknowledge the 

potential of resource availability to play an important role in geopolitics through issues such as the 

security of supply. Resources can be used to preserve or gain geopolitical roles ( ibid.). 

As geopolitical risks are among the primary causes of energy risks in terms of energy security (i.e., 

sufficient, continuous, affordable energy supply), this thesis topic is of importance to achieving a 

successful energy transition and sustainable development more broadly. Researchers such as Peters 

(2002), Casertano (2012), Francés et al. (2013) and Hache (2018) consider renewable energy as being 

related to lower geopolitical concerns because they see renewable energy as something predominantly 

produced domestically. This means lower risks of energy supply and prices being controlled or 

manipulated by other countries i.e., greater energy security (Verrastro et al., 2010; Casertano, 2012; 

Johansson, 2013). Renewable energies democratise the energy system and thereby have a positive 

effect on international energy relations (Sweijs et al., 2014; Burke and Stephens, 2018).  

However, other academics disagree. They expect renewable energy deployment to create new 

geopolitical tensions and security risks (Rothkopf, 2009; Laird, 2013; Sujatha, 2013; Westphal and 

Droege, 2015; O'Sullivan et al., 2017; Umbach, 2018). Findings by international organisations such 

as the International Renewable Energy Agency (IRENA) and other researchers in the academic 

community such as De Ridder (2013), Baldi et al. (2014), Pavel et al. (2017), Bazilian et al. (2020) 

and Church and Crawford (2020) predict geopolitical issues due to the geographically unequal 

distribution of resources. This is even though some studies argue that resources do not pose significant 

barriers to the energy transition. This thesis considers Davidsson et al.’s (2014) argument that there 

are indeed resource barriers if we want to increase the rate of renewable technologies and want to 

sustain renewable energy systems over longer periods of time.  
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The materials selected to limit the thesis scope are lithium, cobalt, and rare earths because they provide 

an interesting geographical spread in terms of resource occurrence. They are also key materials when 

it comes to the energy transition. Lithium and cobalt are the main components of lithium-ion batteries 

which are essential for electric vehicles and electricity grid storage (Church and Crawford, 2020). By 

2050 up to 75% of all vehicles globally may be electric which illustrates great future demand for 

batteries including these raw materials (Hache et al., 2018). Moreover, in the future with great 

renewable energy penetration, grid-scale battery storage will increase (Katz, 2020).  Cobalt and rare 

earths are essential components of permanent magnets which form parts of wind turbine generators 

and motors for electric vehicles (Alves Dias et al., 2020; Church and Crawford, 2020). Especially 

wind power, along with solar, is predicted to significantly increase its  global share of energy 

generation: Onshore capacity is predicted to increase three-fold and offshore capacity ten-fold by 2030 

(IEA, 2019; IRENA and DESA, 2019). 

1.1. Aim of this Study  

As is evident from the outlook on the energy transition, increased renewable technologies deployment 

will increase the demand for critical materials. This thesis looks at current and future material supply 

and its relations to current/future demand. The thesis aims to shed light on the geopolitical, political, 

and environmental risks associated with production countries and possible correlations between 

different risk factors. Ultimately, the risk in the consumer-producer relationship in the renewable 

energy industry and the possible fragility of the energy transition are considered. In order to achieve 

these aims, this thesis derives future supply projections based on historical depletion rates and the 

latest reserve and resource data. The projections are then used to perform a geopolitical risk analysis 

with the help of a wide range of geopolitical, political, and environmental indexes. This forward-

looking quantitative approach fills the gap in the literature as according to Overland et al. (2019) there 

have been few researchers who use data to analyse the geopolitical effects of increased renewable 

energy deployment. This method will answer the following overarching research question: How might 

green technologies and the energy transition be impacted by the dependency on fragile states for 

material supply and possible (geo)political tensions between producer and consumer states? 
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2. Background 

2.1. Concepts 

Before investigating the scholarly debate surrounding this thesis topic, it is necessary to clarify some 

of the concepts used throughout this thesis and in the literature. In literature, many concepts within 

the area of energy geopolitics are used interchangeably although they have important differences and 

distinct definitions.   

Firstly, the energy transition is most clearly defined by the US Department of Energy as the 

“progressive replacement of the main primary source of energy consumption”, in this thesis’s case the 

replacement of mainly fossil fuel sources with renewable energy sources (US Department of Energy, 

2001). According to IRENA and the UN Department of Economic and Social Affairs (DESA) (2019) 

the energy transition will have “major social, economic and political implications that go beyond 

energy sector [that will] redraw geopolitical map of 21st century”.  

In the second instance, there exists no consensus in the literature about the meaning of the term 

geopolitics. Vakulchuk et al. (2020) criticise that many academics use this concept but do not define 

it. This work uses the definition by Overland et al. (2019) who define geopolitics as the “ influence of 

geography on the power of states and international affairs”. It is a concept that emphasises the 

“strategic importance of natural resources, location and transportation routes” (ibid.). This definition 

is especially suited because it underlines the importance that resources play in inter -country 

relationships. To make this relationship clearer, another important concept is geopolitical supply risk 

which is the “risk of potential supply disruptions caused by a single or few countries controlling the 

market of a particular metal and the level of political stability in such countries” (Habib et al., 2016). 

Especially critical resources are a source of (geopolitical) tension, according to Church and Crawford, 

(2020). The materials that this work is concerned with are considered critical resources which are 

resources that are “significantly important for the functioning of a system, i.e., a technology, company, 

nation or whole world, and at the same time [are] subject to [a] high level of supply risk” (Habib et 

al., 2016). The criticality of a material can be subjective and depends on the energy  technology used 

and thus the overall aims of the country or organisation deciding on the status of the material (Kim et 

al., 2019; Overland et al., 2019). A material can be more or less critical depending on the “size of 

reserves, economic costs, geopolitics, environmental concerns regarding extraction, production and 

industrial organisation of the sector”, according to Hache (2018).    

There is also confusion about the difference between energy politics and energy security (ibid.). 

Energy security is an important concept for geopolitics because according to IRENA and DESA (2019) 

“energy security shapes international relations” both positively and negatively. Relations are affected 

by energy security concepts such as “greater energy security, lower costs and risks, freedom in energy 

choices, change in policy instruments and geopolitical weapons, reduction in fossil -conflicts, 

cybersecurity, conflict minerals and social problems”  (ibid.).  

2.2. Literature Review 

The literature surrounding the geopolitical implications of the energy transition takes two main angles 

of analysis. The first one is concerned with the diminution of fossil fuel utilisation (Hache, 2018; 

IRENA and DESA, 2019; Overland et al., 2019). A decline in demand is said to have macroeconomic 

effects that could alter national, regional and international balances (Hache, 2018). Tensions are 

created due to the weakening or failure of alliances built on fossil fuels such as the OPEC (IRENA 

and DESA, 2019). Moreover, the decline in fossil fuel demand is thought to have a significant effect 

on fossil fuel export. Fossil fuel infrastructure risks becoming stranded assets and revenue losses for 
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fossil fuel exporters are expected (ibid.). Regions that are particularly vulnerable because fossil 

revenues exceed 25% of their GDP include Russia and the Middle East (ibid.). Overland et al. (2019) 

state that when fossil fuel revenues dry up, a state becomes more unstable internally and more 

vulnerable internationally. At the same time as fossil fuel producers lose their advantage, fossil fuel 

importers lose their dependency (ibid.). 

The second main angle in geopolitical energy transition literature is the increased deployment of 

renewable energy technologies.  This thesis focuses exclusively on this topic. The research literature 

is concerned with multiple different themes which are impacts on and changes in international 

relations (benefits and downsides), minerals and metals, cybersecurity, peace potential, uncertainty 

and geopolitical winners and losers.   

Researchers have very different opinions on the effects that the energy transition will have on 

international relations. Some researchers, such as Peters (2002) think that increasing deployment of 

renewable energies will have positive impacts on states and their relations with each other. 

Decentralisation is one of the primary benefits. In comparison to fossil fuels, renewable energy is less 

geographically concentrated. Sources of renewable energy including the wind, the sun, and the tides 

can be found in almost every country (Casertano, 2012). This decentralisation means that countries 

are no longer dependent on fuel imports (“self-sufficiency”) and thus they cannot be controlled by 

supplier countries in terms of physical supply or price (ibid.). Energy supply will evolve from a 

geopolitical topic to a national topic. Increased national energy security does not mean that 

international relations will be unimportant, Verrastro et al. (2010) and Johansson (2013) argue. New 

dependencies between countries will emerge (ibid.). Krewitt et al. (2009), for example, mentions solar 

energy partnerships which could provide the global South with geopolitical benefits and improve its 

economic power.   

However, other researchers point out the downsides of the renewable energy transition. 

Decentralisation which was seen as a benefit is criticised by O’Sullivan et al. (2017). They consider 

the decentralisation potential as an opportunity for regional and local communities to ga in power in 

the energy system by means of micro-grid or off-grid production (ibid.). The decentralisation of the 

energy supply means more regional and local community power in the energy system. With renewable 

energies, communities will be able to decide over, manage and produce their own power supply. This 

means that the government loses the energy supply as a medium to pressure insurgent groups and as a 

satisfaction measure to keep the regime in power (“social contract”) (ibid.). These downsides occur 

primarily in states with low governance capacities (ibid.). New geopolitical risks are likely to develop, 

according to Rothkopf (2009); and Laird (2013) and Sujatha (2013) argue that renewables will take 

on the role of “driver” of geopolitical risks – a role which previously belonged to fossil fuels. This 

could mean for example conflict over cross-border energy supply. Despite decentralisation, it can be 

assumed that at least some states will continue to import energy, especially electricity, which gives 

exporting countries power (Vakulchuk et al., 2020). 

Researchers also predict geopolitical winners and losers whose geopolitical power will change 

significantly as a consequence of the energy transition (De Ridder, 2013; Sweijs et al., 2014; Mecklin, 

2016).  Despite the geographical dispersion of renewable energy sources, there is a need for financial 

and natural resources to build the infrastructure needed. The main losers of the transition are thus 

resource-poor and financially poor developing countries according to De Ridder (2013). Sweijs et al. 

(2014), however, do not generally consider the developing world as the losing one. With less demand 

for fossil fuels, countries that do not have the means for an energy transition will be more energy 

secure because competition for fossils will shrink. Energy availability is linked to economic activities 

which means that an increasing supply of fossil energy might improve their economic power which in 

the long term will translate into geopolitical power (ibid.). Moreover , exporting countries that 

previously could use their fossil resources as coercive instruments will see their geopolitical powers 

dwindling (ibid.). Previous fossil importers will gain more independence and thus make geopolitical 

gains (Overland et al., 2019).  
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Although there is no absolute consensus about which states will benefit or lose out, what can be agreed 

on, however, is that the international system and consequently geopolitics will change ( Ladislaw et 

al., 2014; Paltsev, 2016). According to Scholten and Bosman (2018), new characteristics along with 

remnants of the old fossil system will be reflected in the international system. New geopolitical power 

will emerge either because they have the renewable energy technical know-how (what Hache, 2018 

terms the “patent issue”), because they have significant mineral reserves or because they have the 

financial means to invest in renewable energy infrastructure (Criekemans, 2011; De Ridder, 2013). 

Moreover, new connections and alliances will be formed which Casertano (2012) terms the “internet 

of energy”. According to Hübner (2016), it is possible that these trade connections will be more 

regional (world regions) rather than global. Moreover, the natural conditions of a state will no longer 

constitute a competitive advantage (IRENA and DESA, 2019). Overall, the geopolitics of energy 

supply security will be “sidelined” (Paltsev, 2016). A possible reason is the characteristic of the energy 

transition with a shift from stocks to flows (IRENA and DESA, 2019).  

Another theme that researchers of energy geopolitics examine in relation to the energy transition is 

uncertainty (Umbach, 2018). The geopolitical implications of the energy transition are surrounded by 

great uncertainty not least because many aspects are still un(der)researched due to a lack of analytical 

frameworks (Hache, 2016; Vakulchuk et al., 2020). This includes technology and the functioning of 

the technology and energy market (O’Sullivan et al., 2017). The inherent complexity of the energy 

transition is partially responsible for this uncertainty (Hache, 2016). Many more factors than with 

fossil fuels need to be taken into account to make statements about geopolitics - these include 

technology access and patents, materials and storage (Paltsev, 2016).   

A recently appearing theme in energy geopolitical literature is cybersecurity (Criekemans, 2011; 

O'Sullivan et al., 2017; Umbach, 2018; Overland et al., 2019). Researchers predict a rise in cyberwars 

as energy provision becomes more digitalised (IRENA and DESA, 2019; Vakulchuk et al., 2020). 

However, researchers such as Overland et al. (2019) see cybersecurity as a general problem of internet -

connected infrastructure. There are, for example, also parts of fossil infrastructure that are digitalised 

and thus could fall victim to cyberattacks (ibid.).  

The aforementioned themes are related to the scholarly debate on the possible peace potential of the 

renewable energy transition. Some researchers state that conflict s might lessen in a more sustainable 

future (Peters, 2002; Kostyuk et al., 2012; Sweijs et al., 2014; Paltsev, 2016; Scholten and Bosman, 

2018). The geographical dispersion of renewable energy sources means that it will be harder to 

instrumentalise or manipulate them in geopolitical strategies (Månsson, 2015). The main characteristic 

of renewables, which is non-exhaustibility, contributes significantly to the peace potential of the 

renewable energy transition due to reduced resource scarcity conflicts. This  positive view on the 

impact of renewable energies, however, excludes critical materials from the equation. Some scholars, 

indeed argue that renewables lead to more conflicts (Rothkopf, 2009; Hache, 2018; Umbach, 2018). 

The way in which the green transition happens is important for the conflict-potential. Without 

significant changes in the energy structure i.e., just substituting for example gas pipelines for 

electricity lines, structural problems are not addressed and will continue to lead to conflicts 

(Escribano, 2019). Trade wars, aforementioned cyberattacks, and cross-border electricity flow 

conflicts are expected (Freeman, 2018). Several researchers argue that these new conflicts come to be 

because of critical materials (Rothkopf, 2009; De Ridder, 2013; Habib et al., 2016). 

Finally, the last theme in the literature on the geopolitics of the energy transition are critical minerals 

and metals. This is a variable that was already mentioned in other themes which shows that it is clearly 

crucial. 

2.2.1. Geopolitics and Critical Materials   

With increasing green technology deployment, the demand for and dependence on certain minerals is 

projected to increase (Rothkopf, 2009; Hurd et al., 2012; Exner et al., 2015). The degree of critical 
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material demand and dependence and their impacts on geopolitics will depend on the material 

availability. There exist two camps in the “scarcity debate”: those who consider reserves as sufficient 

for a world running on renewables, whom Kalantzakos (2020) calls Cornucopians (e.g. Månberger and 

Stenqvist, 2018), and “Malthusians”, who state that reserves will be insufficient. Grandell et al. 

(2016), for example, question the feasibility of the IPCC scenarios (5th assessment) as critical 

materials may be constrained. 

Researchers argue that the demand and dependence on material availability will be influenced by 

multiple factors including the recycling rate and technology used. There is a debate surrounding how 

large the influence of recycling can and will be on future resource needs and depletion. Church and 

Crawford (2020) argue that for the most part minerals currently have low rates of end-of-life resource 

collection and recycling. They state that even improvements in these rates will not prevent the 

depletion of minerals such as cobalt and lithium by 2060 (ibid.). Researchers such as Månberger and 

Johansson (2019), however, are optimistic that by the mid-2040s, recycling technology and processes 

will have improved to a sufficient degree to reduce the need for virgin material. This positive outlook 

for recycling, however, is linked to expectations that technology stocks will increase slower and that 

technologies will be less mineral intense (ibid.). Exporters of virgin minerals are expected to lose 

revenue and market power (ibid.). Overall, there needs to be more research undertaken to make it 

clearer which geopolitical impacts recycling and thus less import dependence might have.    

Another factor influencing the demand for minerals is technology (International Council of Mining 

and Metals, 2012). The choice of technology and the innovation in the technology sector (will) 

determine the quantity and kind of minerals needed as every technology requires different minerals in 

different amounts and new innovations might enable substitution. Consequently, there exists no 

consensus about the criticality of minerals and criticality needs to be defined with the context and 

goals in mind (Kim et al., 2019).  

The energy transition may have political and socio-economic impacts on countries at the national 

level. O’Sullivan considers that the rise in green technologies and consequent dependence on certain 

minerals may be negative for exporting countries (O’Sullivan et al., 2017). They expect a “new 

resource curse” in which rents from the mining and sale of the mineral will not lead to more economic 

growth or democracy (ibid.). Another bleak theory about the increasing mineral dependence for 

renewables is formulated by Hache et al. (2019). They expect a price rise for critical minerals which 

will in turn increase the price of the energy transition (ibid.). The price might indeed be too high for 

some countries and therefore the energy transition might advance slower which would be greatly 

inconvenient with looming climate change impacts (ibid.). A price rise in minerals is also projected 

by other researchers such as Church and Crawford (2020). Local populations would be affected by the 

consequent rise in commodity prices and social conflicts might ensue (ibid.). 

With an increase in demand and dependence on minerals, academics expect international competition 

for these resources and geopolitical implications (De Ridder, 2013). The international competition 

will heighten in a renewable energy future because of concerns over energy security. Energy security 

greatly influences international relations according to the IRENA and DESA (2019). Finally, the 

international competition for the same minerals is expected to create new geopolitical dependencies, 

risks, and vulnerabilities and thereby change the international system (Umbach, 2018) . Materials that 

are sources of tension are often called “conflict materials”. The European Commission (2020) defines 

them as materials that “finance armed groups, fuel forced labour and other human rights abuses, and 

support corruption and money laundering”. State legitimacy and state institutions may be 

compromised by resource conflicts (Church and Crawford, 2020). These implications  could lead to 

geopolitical instability (Baldi et al., 2014; Pavel et al., 2017; Bazilian et al., 2020). This being said, 

in order to assess geopolitical risks, more research needs to be conducted on critical materials (such 

as their roles, availability, and technologies) (Bazilian et al., 2020).  

Furthermore, the international competition for these raw materials will be heightened due to their 

geographical concentration as researchers such as Rothkopf (2009), Hurd et al. (2012) and Exner et 
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al. (2015) argue. Bottlenecks in supply can be expected (Habib et al., 2016). In an analysis of 18 

critical minerals, including lithium, rare earths and cobalt, Church and Crawford (2020;  Table 1) found 

that considerable reserves exist in states “perceived to be either corrupt or very corrupt in 2017”.  

Table 1. Mineral reserves in states with high fragility and high corruption (Church and Crawford, 2020).  

 

2.2.1.1. Cobalt 

Cobalt is a key resource used in electric vehicles and is thereby a crucial part of the energy transition 

(Kalantzakos, 2020). Like all critical materials, cobalt is geographically constrained to only a few 

global locations with the Democratic Republic of the Congo (DRC) having the largest reserves (3.6 

million tons) and also accounting for over 60% of global cobalt production (ibid.). The DRC is among 

the poorest African countries and is politically and economically unstable (Hache et al., 2018; 

Kalantzakos, 2020). The production of cobalt has significant social, environmental, and economic 

costs and many reports criticise unethical mining practices in the DRC (Kalantzakos, 2020). Some 

actors are therefore trying to put mechanisms in place to improve transparency in cobalt  mining 

processes (Church and Crawford, 2020).  

By 2050, cobalt production might rise by 500 percent due to the green technology transition (Hund et 

al., 2020). Intensified cobalt mining has the potential to significantly increase the GDP of the DRC as 

unlike some other countries producing renewables-relevant materials, the accompanying global 

decline in fossil fuel demand will not affect the DRC (Månberger and Johansson, 2019). However, 

economic reliance on just a few export goods makes the country’s economy vulnerable: Cobalt 

together with copper makes up 80% of Congo’s export revenue (Kalantzakos, 2020).  

Cobalt makes its producing countries, especially the DRC, vulnerable to (geo)political issues. Out of 

all critical materials, cobalt is the most likely to be a “conflict material”, Månberger and Johansson 

(2019) argue, because it does not need industrial separation and can therefore be easily looted by 

militant groups providing them with revenue and destabilizing the DRC economically and politically. 

Moreover, due to the criticality of cobalt, importing countries will try to gain influence over the DRC’s 
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cobalt production and exports. Kalantzakos (2020) already remarked on efforts on the part of China 

to gain leverage e.g., by forming a union of mining companies.  

Apart from the internal and geopolitical issues that might hamper global cobalt supply, cobalt is mainly 

produced as a by-product of nickel and copper (O’Sullivan et al., 2017; Hache et al., 2018). This ties 

cobalt production to market dynamics of these materials and can lead to cobalt supply shortages (ibid).  

2.2.1.2. Rare Earths 

The term “rare earths” describes a collection of 17 elements from the periodic table. They are critical 

for the green energy transition as they are used in permanent magnets which are essential for electric 

vehicle motors and wind turbine generators (Church and Crawford, 2020). Binnemans and Jones 

(2015) predict a future rise in rare earth magnets production which will increase global dependence 

on a few individual rare earth elements. Rare earths are a focus point of much literature, and some 

academics criticise the word “rare” because these elements are not actually geographically rare 

(Lovins, 2017; Overland et al., 2019). Despite their relative geographical dispersion, more than half 

of all reserves are to be found in Russia and China (O’Sullivan et al., 2017). Most of the rare earth 

processing is limited to China because of environmental toxicity and economic feasibility ( Hurst, 

2010; Wübbeke, 2013; O’Sullivan et al., 2017). On recent geopolitical examples, Kalantzakos (2020) 

highlights the economic importance and strategic significance of rare earths. He especially highlights 

the Chinese stronghold of world production (97%) and processing and consequent Chinese leverage 

power (ibid.). 

2.2.1.3. Lithium 

Hache (2018) states that lithium is an excellent example of the problems attached to the geopolitics of 

the energy transition due to the potential for electrification, the concentration of reserves and 

production within a limited number of countries, and oligopolistic market structures. Lithium is an 

important material in the production of batteries for electric vehicles and hybrids (Habib et al., 2016). 

Lithium is concentrated in the South American countries of Argentina, Bolivia, and Chile, the so -

called “lithium triangle” and can also be found in Australia and China (Kalantzakos, 2020). The 

lithium triangle does not only possess the largest reserves of lithium (55%) but is also a region of 

political and social unrest due to inequality and environmental issues – a threat to the lithium market 

(Hache et al., 2018; Hund et al., 2020). An uncertain variable in future lithium supply is Bolivian 

lithium production which is currently non-existent but could have large influence on the lithium 

market due to Bolivia possessing the largest reserves (Hache et al., 2018).  Vikström et al. (2013) and 

Habib et al. (2016) state that the lithium market is already highly concentrated which is not a good 

omen for the future concerning the important role of lithium. Interdependence between countries is 

politically problematic and will cause competition and confrontation (Vikström et al., 2013; 

Kalantzakos, 2020). Academics also highlight the efforts of China to secure access to lithium by 

investing in foreign mining industries such as Australia (Kalantzakos, 2020).   

Dependence and consequent political leverage of producing countries will remain relevant because of 

substitution difficulties, low recycling, and geographical concentration (Månberger and Johansson, 

2019). (ibid.). Moreover, the high demand for lithium might make offshore lithium resources attractive 

and spur “geopolitics of the oceans” (ibid.).  

The principal concern surrounding the geopolitical problems of lithium is its supply security. Kushnir 

and Sandén (2012), Olivetti et al. (2017), and Hache et al. (2018) expect geological supply risks to be 

low as lithium-reserves are sufficient and might well increase. Hache et al. (2018) acknowledge, 

however, that supply risks can occur due to economic, industrial, geopolitical, or environmental 

reasons (ibid.). In terms of industrial reasons, the major transformation of the transportation sector 

could lead to a “decline in the margin of lithium supply security” according to Hache et al. (2018).  

Moreover, the economic criticality of lithium due to the small number of players on the market is the 
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main concern for many researchers as they believe that mismatches between supply and demand could 

give producing countries leverage in the short and medium term (Kushnir and Sandén, 2012; Olivetti 

et al., 2017; O’Sullivan et al., 2017; Hache et al., 2018). 
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3. Methods 

3.1. Maximum Depletion Rate Model 

This thesis will use a depletion rate analysis to model critical material production until 2100 in relation 

to resources in a country. This is possible as the there exists a link between resource size and 

production flows in general, and between decline rates and depletion rates in particular (Höök, 2014; 

Höök et al. 2014; Wachtmeister, 2018). By using an established resource size and an assumed 

maximum depletion rate, the model can project prospective production trajectories and decline rates 

(Wachtmeister, 2018). The assumed maximum depletion rates are based on previous empirical 

research and are related to the estimated URR size to model annual production/decline rates (ibid.). 

The model is based on the assumption that the depletion rate d(t) is less than or equal to a certain 

fraction of a remaining resource base RRR(t).      

d(t) = 
𝑎𝑛𝑛𝑢𝑎𝑙𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝑞(𝑡)

𝑅𝑅𝑅(𝑡)
(1) 

The model’s projections work on the basis of the following assumptions: If last year’s depletion rate 

d(t-1) is lower than the maximum depletion rate dmax, this year’s production P(t) can increase by the 

assumed production/demand growth rate D.  

 

𝑑(t-1) < 𝑑𝑚𝑎𝑥, then𝑃(𝑡) = 𝑃(t-1) × (1 + 𝐷) (2) 

If last year’s depletion rate was higher or equal to the maximum depletion rate, however, this year’s 

production is governed by the maximum depletion rate. This will lead to an exponential decline in 

remaining recoverable resources RRR. 

𝑑(t-1) ≥ 𝑑𝑚𝑎𝑥, then 𝑃(𝑡) = 𝑑𝑚𝑎𝑥 × 𝑅𝑅𝑅(t-1) (3) 

The model enables us to project future production/supply by combining historical depletion rates with 

the latest reserve data. Reserve and production data to input into the model is taken from the BP 

Statistical Review of World Energy 2021 (BP, 2021). The model is based on reserve data as opposed 

to resource data due to the limited data availability. Resources are the entirety of a material that is 

geologically exploitable (Vikström et al., 2013). On the other hand, the term “reserves” describes the 

socioeconomic subset of resources, i.e. the quantity of material that can be currently exploited from a 

technical and socioeconomic standpoint (ibid.).  

The base for the model is the amount of ultimately recoverable resources (URR). URR describes the 

“sum of all historic and [assumed] future production”, according to Mohr and Evans (2013) or in order 

to model uncertain future production, URR can be assumed as:  

 

URR = Historical cumulative production + current remaining reserves (4) 

Ultimately recoverable resources (URR) represent the maximum limit to cumulative production – a 

quantity that can only be estimated in the present, and only known in hindsight, and is usually dynamic 

(Vikström et al., 2013). It needs to be considered that the quantity of reserves is not a static number 

and can change subject to factors such as demand, technology, and profitability (ibid.). This 

uncertainty is accounted for by using two different URR values and two demand growth percentages 

during the projecting (Table 2). As a conservative case (low estimate), a URR value is calculated 

summing the latest remaining reserves data with the cumulative production until the base -year of 1995 

(in most models). This way of calculating the URR yields a conservative estimate, hence another, 
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larger URR amount is used in the other scenario. In the second URR scenario the URR conservative 

case value is doubled. The high scenario value is a simple assumption and hence uncertain.  

Table 2. Table displaying the used reserves data from BP’s Statistical Review of World Energy (2021) and 

assumed URRs (Conservative Case and Double Reserve Case) for cobalt, lithium, and rare earths. 

 Reserve data at the end of 

2020, in kt (BP, 2021) 

Assumed URR in kt – 

Conservative Case  

Assumed URR in kt 

– Double Reserve 

Case 

Cobalt 

DRC 3,600 4,809 9,617 

Australia  1,400 1,512 3,024 

Cuba 500 604 1207 

World 6,902 9,095  18,189  

Rare Earths 

China 44,000 46,574 93,148 

US  1,500 1,604 3,208 

Russia 20,602 20,662 41,323 

India 6,900 6,915 13,831 

Australia 4,100 4,234 8,467 

World 124,142 127,246 254,491 

Lithium 

Chile  9,200 9,470 18,940 

Australia  4,700 5,000 10,000 

China 1,500 1,602 3,205 

Argentina 1,900 1,968 3,936 

World 18,955 19,794 39,587 
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To project future production, the model also needs data inputs in the form of the maximum depletion 

rate (dmax) and the demand/production growth (D). All these variables are uncertain and need to be 

estimated/assumed.  

For many resources, the maximum depletion rate is reached before the production decline phase begins 

(Höök et al., 2014). As production has not yet peaked for these materials globally however, the 

maximum depletion rate used in this analysis is an uncertain assumption informed by previous 

depletion rates for other resources. This model uses the respective maximum depletion rate for coal in 

the United States which lies at 3%, according to Höök and Aleklett (2010). As none of the critical 

materials examined in this report are exceeding the 3% depletion rate, this value is arguably a realistic 

assumption. This analysis will only use one maximum depletion rate value and therefore not undertake 

any scenario/sensitivity analysis with higher and lower rates to limit the number of scenarios.  

Finally, the demand/production growth rate which assumes the future production/demand growth 

trajectory, is informed by other scholars’ research. Both a high and low production/demand scenario 

is modelled in this thesis. The annual growth rates are either taken from research directly or the annual 

average growth rate is calculated from the beginning and end demand value over a period of time by 

using the following formula:  

Demand Growth Rate = (Final Value ÷ Initial Value)
1
𝑡 − 1 (5) 

For cobalt demand growth, the low (5%) and high values (8%) were taken from Fu et al.’s (2020) 

prediction of cobalt demand for battery use. The lithium annual demand growth is estimated to be 

between 5% and 10% by 2050 and this thesis continues to use this estimate for the entire modelled 

period (Speirs et al., 2014). Finally, Alonso et al. (2012) predict rare earth demand to grow according 

to multiple scenarios including by 5.9% and 8.6% annually. Nevertheless, it must be noted that in 

"reality" a variable growth rate over the course of the twenty-first century is more likely. It can be 

expected that in the beginning the growth rate is high before it slows down or plateaus later. The 

modelled production trajectories here should therefore not be regarded as trying to be accurate 

predictions but rather explorative trajectories that can be useful in identifying future supply constraints 

and country production concentrations.   

Our maximum depletion rate model is limited in so far as it does not adequately enable the exploration 

of long-term trajectories because reserve numbers are likely to change due to developments in 

technologies and geological information, among others.  

The maximum depletion rate model is used in this thesis because, by using historical data, it provides 

the much-needed empirical angle on the geopolitical effects analysis of increased renewable energy 

deployment. It is a useful tool to explore the medium-term trajectories of production and the resulting 

country production mix. Moreover, to the author’s knowledge, it is a novel approach as this model has 

so far only been used to model fossil fuel production and not in relation to materials necessary for 

renewable energy. As projections of future production are not only based on the quantity of remaining 

recoverable resources (RRR) but also on external causes such as wars, according to Mohr and Evans 

(2013), the maximum depletion rate model will be analysed in conjunction with geopolitical index 

data. This will give a fuller picture of the future of the critical materials market.   

 

3.2. Geopolitics  

Based on Gupta’s (2008) definition of geopolitical oil risk, geopolitical risk can be defined as the 

“exposure of an economy to physical supply distortions due to strategically motivated control of 

supply by exporting countries or breakdowns in political and economic systems”. In order to 
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understand the geopolitical risks and uncertainties associated with critical mineral production, this 

thesis investigates the market concentration as well as the risks associated with individual production 

countries. These two findings in combination will help to determine how significant the risks are and 

how uncertain a successful energy transition and a post-carbon world are. Adjusting the production 

market concentration in the form of the Herfindahl-Hirschman index for geopolitical instability and 

risks is a method already used in geopolitical risk calculations for the oil and metal  market. Gupta 

(2008) uses the Herfindahl-Hirschman index in combination with the International Country Risk 

Guide to describe the Geopolitical oil market concentration risk whereas Graedel et al. (2012) use the 

Worldwide Governance Indicators to describe the criticality of the metal market. By weigh ting the 

production share with these index scores, the “geopolitical supply risk is expressed as an inherent 

attribute of the world-wide commodity market” (Gemechu et al., 2016). This methodology helps to 

investigate geopolitical risk indicators which are dependence, diversification, and politica l risks of 

supplying countries (Gupta, 2008). 

In the first instance, the production market concentration is calculated by means of the Herfindahl-

Hirschman index (HHI) by considering the number of production countries and their size in the market 

(Rhoades, 1993). Market concentration is seen as an indicator of market competition and helps to 

make conclusions about the market structure (ibid.). To calculate an HHI, the production shares  in 

percent s of each producing country are squared, and the squares are then summed (Graedel et al., 

2012). The HHI ranges from 0 to 10,000, if using the market share value in percentages, and the lower 

the HHI the higher the market competition (Gupta, 2008; Graedel et al., 2012).  

𝐻𝐻𝐼 = 𝑠1
2 + 𝑠2

2 + 𝑠3
2 + ⋯ + 𝑠𝑛

2 = ∑ 𝑠𝑖

𝑛

𝑖

(6) 

As a second step, each country's production share is risk weighted with a risk index. In a first step the 

index scores are standardised by transforming them to fit on a scale from 0 to 100, where the higher 

the score the worse the performance of a certain country in that category (Table 3, Appendix 2). The 

transformation is achieved by means of different calculations depending on the original scale used by 

the index (Appendix 1). In the second step the fractional contribution based on mining production and 

the transformed score is calculated with the help of the following formula:  

𝑅𝑖𝑠𝑘 𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑆ℎ𝑎𝑟𝑒 =
𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑑 𝑖𝑛𝑑𝑒𝑥 𝑠𝑐𝑜𝑟𝑒

100
× 𝑠 (7) 

Thereby the production share is risk weighted with the different indexes. The higher the risk-weighted 

scores, the larger the predicted risk of that particular country in a certain category.  

Multiple different indexes describing different risks are used to gain a broad overview of the different 

ways in which high market concentration and the reliance on certain producing countries might be 

problematic. In a globalised world the situation in one country such as fragility  or lack of democracy 

can have severe consequences for neighbouring states and even other states across the globe (Fund for 

Peace, 2022). These indexes are consequently important to assess the political risks originating from 

a producing country. The indexes can be put into categories: democracy indexes, fragility indexes, 

environmental indexes, and corruption indexes. Moreover, the usage of these different indexes enables 

to see correlations between the different factors e.g., a possible correlation between poor 

environmental standards and corruption. 

3.2.1. Individual Indexes 

The Corruption Perception Index by Transparency International is an indicator of the relative degree 

of public sector corruption in a country (Transparency International, 2021a). It is calculated from 

corruption perception data from three sources taken from 13 corruption assessments (ibid.). The 
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corruption manifestations that are covered include bribery, nepotism in the civil service and diversion 

of public funds (ibid.). The index is scored on a scale of 0 to 100 where corruption decreases with a 

higher score (Transparency International, 2021b). The index is transformed by subtracting the original 

score from 100.  

The Fragile States Index by the Fund for Peace analyses vulnerabilities that can lead to the risk of 

state fragility (Fund for Peace, 2022). “Millions of pieces of information” from reports, qualitative 

data sources, etc. are used to analyse a country’s state based on 12 indicators which can be summarised 

in the following groups: cohesion, economic, political, and social (ibid.). The Fragile States  Index 

exists on a scale of 0 to 120. The index score’s transformation needs the following formula:   

𝐹𝑟𝑎𝑔𝑖𝑙𝑒 𝑆𝑡𝑎𝑡𝑒 𝐼𝑛𝑑𝑒𝑥 𝑠𝑐𝑜𝑟𝑒

120
× 100 (7) 

The Democracy Index by the Economist Intelligence Unit  (EIU) is a comprehensive index due to its 

many sub-scores between which there is low correlation (Walker et al., 2015). These are the 

functioning of government, electoral process, political participation, political culture, and civil 

liberties (ibid.). The index is expected to describe the “essential components of democracy” (ibid.) 

The index scores stand for the democracy level in a country: full democracy (8–10), flawed democracy 

(6–7.9), hybrid regimes (4–5.9), and authoritarian regimes (0–3.9). The Democracy Index transformed 

scores are calculated by subtracting the original score from 10 and then multiplying the result by 10.  

The Quality of Democracy Index by the Universität Würzburg’s Democracy Matrix examines a 

country’s democracy from three dimensions, political equality, political freedom,  and political and 

legal control (Democracy Matrix, 2022). These dimensions are investigated in relation to five 

institutions: “procedures of decision, regulation of the intermediate sphere, public communication, 

guarantee of rights, [and] rules settlement and implementation (ibid.). The democracy levels are 

measured on a 0 – 1 scale and are divided into working democracies, deficient democracies, modern 

autocratic regimes, hard autocracies, and hybrid regimes (ibid.). The Quality of Democracy Index 

scores for each country are transformed by subtracting the original score from q and then multiplying 

the result by 100. 

Finally, the Environmental Performance Index by Yale University describes the “state of 

sustainability” of a country which entails its effort in handling its environmental challenges and 

reaching environmental policy targets (Yale Center for Environmental Law & Policy, 2022). The index 

calculates its score from 32 indicators in 11 categories (ibid.). The EPI is scored on a scale of 0 to 1 00 

where the score increases with higher sustainability. The Environmental Performance Index (EPI) is 

transformed by subtracting the original score from 100. 

Table 3. Comparison of the original scale and the transformed scale of the indexes.  

 Original Scale Transformed Scale 

Corruption 

Perception Index 

0 (most corrupt) to 100 (least 

corrupt) 

0 (least corrupt) to 100 (most corrupt) 

Fragile States Index 0 (least fragile) to 120 (most 

fragile) 

0 (least fragile) to 100 (most fragile) 

Democracy Index 0 (least democratic) to 10 (most 0 (most democratic) to 100 (least 
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democratic) democratic) 

Quality of 

Democracy 

0 (least democratic) to 1 (most 

democratic) 

0 (most democratic) to 100 (least 

democratic) 

Environmental 

Performance Index 

0 (worst environmental 

performance) to 100 (best 

environmental performance) 

0 (best environmental performance) to 

100 (worst environmental performance) 
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4. Results 

4.1. Projected Production 

The maximum depletion rate model projects production to peak on a global scale for each material, 

e.g., according to the low URR, low demand growth, cobalt will peak in 2027, lithium in 2051 and 

rare earths in 2060. National production for each material will also peak under the different URR and 

demand scenarios. The only production that does not peak within the selected timeframe is Russian 

rare earth production in the low demand scenarios. This means that for production to be higher than 

these findings, or to be sustained for longer, reserves must be increased above current levels.  

A projected production peak means that production cannot increase due to material supply problems. 

On a world-wide scale cobalt is projected to be the most critical material as seen in its early peak, 

followed by rare earths and finally lithium. Critical material demand is projected to be met in the 

short- to medium-term before reserves become insufficient to enable production in line with demand 

growth rates. As a general trend it can be observed that the conservative case URR scenarios peak 

earlier than the those with higher URR values. Moreover, within the two URR scenario categories, in 

the case of high demand growth production peaks slightly earlier than in low demand growth scenarios.  

By comparing the different scenarios, it can be observed that a change in the demand growth rate has 

a relatively small impact on the exploitation of the critical material reserves. Rather the amount of 

URR is evidently more important. Without exploration of new reserves and URR growth, supply 

constraints, i.e., the inability for production to increase, will arise after the peak year of the material 

production.  

4.1.1. Cobalt 

Worldwide cobalt production peaks in 2027 at 179kt in case of the URR conservative case estimate and a 

low demand growth rate (Figure 1). This means that reserves are projected to be insufficient to satisfy 

production needs from the late 2020s onwards.  

 

 

Figure 1. Worldwide cobalt production and reserves under the assumption of a production growth of 5% and 

a conservative case URR of 9095kt. 
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All cobalt production countries have different peak years in the different scenarios (Table 4). In each scenario, 

all countries have peak years differing by at least a decade from each other which means that countries’ cobalt 

reserves become insufficient in different decades.  

 

The cobalt production level reached before the reserves cannot satisfy production is higher for the high URR 

scenarios than for the low URR scenarios. Moreover, within the two URR categories higher levels of cobalt 

are produced in the high demand/production growth scenarios before the peak.  

 

Table 4. List of production peak years and peak cobalt RRR quantities in cobalt production countries. 

Peak years and peak reserves level of cobalt production 

 Low Demand 

Growth (5%), 

Conservative 

Case URR 

Low Demand Growth 

(5%), Double 

Reserve Case 

High Demand 

Growth (8%), 

Conservative Case 

URR 

High Demand 

Growth (8%), Double 

Reserve Case 

Year Prod/kt Year Prod/kt Year Prod/kt Year Prod/kt 

DRC 2018 109 2037 197 2018 109 2032 216 

Australia 2053 29 2067 57 2043 34 2052 67 

Cuba 2038 11 2052 22 2033 13 2042 26 

World 2027 180 2041 356 2025 188 2035 405 

 

The DRC is the country in which production is projected to peak the earliest. Under the assumption of the 

conservative case URR, production already peaked in 2018 at 109kt (historical peak) with a second, lower 

modelled peak in 2024 (5% demand growth) or 2023 (8% demand growth) before the decline. Assuming a 

higher URR, Congolese production is projected to peak in the 2030s. The DRC’s cobalt production also 

peaks at the highest production level out of all production countries. On the other side, the producing country 

peaking last is Australia. Australian cobalt production is projected to increase while Congolese production 

declines.   

 

The production/demand growth rate does affect the amount of RRR that is being depleted. However, the 

extent of this effect is relatively small, particularly for the lower URR scenario. It leads to a minimal increase 

in the annual production/depletion in kt i.e., faster exploitation. The predicted URR has a higher impact on 

the amount of cobalt that is extracted than the production/demand growth rate.  

 

4.1.2. Rare Earths  

Worldwide rare earth production peaks in 2060 at 2652kt in case of the URR conservative case estimate and 

a low demand growth rate of 5.9% (Figure 2). This means that rare earth reserves are projected to be sufficient 

in the short- and medium-term but insufficient to satisfy production needs from the 2060s onwards.  
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Figure 2. Worldwide rare earth production and reserves under the assumption of a production growth of 5.9% 

and a conservative case URR of 127,246kt. 

Rare earth production peaks in different years across the different countries and scenarios (Table 5). In each 

scenario, all countries have peak years differing by at least a decade from each other which means that 

countries’ rare earth reserves become insufficient in different decades.  

 

The rare earth production level reached before the reserves cannot satisfy production is higher for the high 

URR scenarios than for the low URR scenarios. Moreover, within the two URR categories higher levels of 

rare earths are produced in the high demand/production growth scenarios before the peak.  

 

Table 5. List of production peak years and peak rare earth RRR quantities in rare earth production countries.  

Peak years and peak reserves level of rare earth production 

 Low Demand 

Growth (5.9%), 

Conservative 

Case URR 

Low Demand Growth 

(5.9%), Double 

Reserve Case 

High Demand 

Growth (8.6%), 

Conservative Case 

URR 

High Demand 

Growth (8.6%), 

Double Reserve 

Case 

Year Prod/kt Year Prod/kt Year Prod/kt Year Prod/kt 

China 2053 928 2065 1847 2044 1014 2053 2131 

US  2022 43 2032 76 2022 45 2029 80 

Russia (>2100) / (>2100) / 2083 470 2091 910 

India 2087 140 2099 278 2068 157 2076 395 

Australia 2035 98 2046 184 2031 103 2039 199 

World 2060 2652 2072 5275 2049 2929 2057 5667 

 

 

0

50,000

100,000

150,000

0

500

1000

1500

2000

1
9

9
5

2
0

0
1

2
0

0
7

2
0

1
3

2
0

1
9

2
0

2
5

2
0

3
1

2
0

3
7

2
0

4
3

2
0

4
9

2
0

5
5

2
0

6
1

2
0

6
7

2
0

7
3

2
0

7
9

2
0

8
5

2
0

9
1

2
0

9
7 R

em
ai

n
in

g 
re

se
rv

es

P
ro

d
u

ct
io

n
 k

t/
ye

ar

Year

Worldwide Rare Earth Production and Reserves

China US Russia

India Australia Rest of World

remaining reserves



19 

The United States are the country in which production is projected to peak the earliest, followed by Australia. 

Production in China, the country with the highest market share, is projected to peak in the medium-term. 

Chinese rare earth production also peaks at the highest production level out of all production countries.  

In all scenarios, the country which production is peaking last is Russia. Under the two low demand growth 

rate scenarios, Russian production has not yet peaked in the modelled timeframe. Followed by this, India will 

peak second to last followed by China. The remaining rare earth producing countries combined, named “rest 

of the world” in our model, will contribute a significant amount to the rare earths produced in the long-term 

at amounts almost comparable to the main production countries combined. Rare earth production in the “rest 

of the world” is projected to increase while production in most major production countries declines.  

The production growth rate does affect the amount of rare earths that is being depleted. However, the extent 

of this effect is relatively small, particularly for the lower URR scenario. It leads to a minimal increase in the 

annual production/depletion in kt i.e., faster exploitation. The predicted URR has a higher impact on the 

amount of rare earths that is extracted than the production/demand growth rate.  

4.1.3. Lithium 

Worldwide lithium production peaks in 2051 at 392kt in case of the URR conservative case estimate and a 

low demand growth rate (Figure 3). This means that lithium reserves are projected to be insufficient to satisfy 

production needs from the mid-twenty-first century onwards.  

 

 
 

Figure 3. Worldwide lithium production and reserves under the assumption of a production growth of 5% and  

a conservative case URR of 19,794kt.  

Lithium production peaks in different years in different countries which means that countries’ lithium 

reserves become insufficient in different years (Table 6). The production peak years for China and Australia 

are very similar, only differing by 1-2 years in the corresponding scenarios. Meanwhile Chilean and 

Argentinian production seems to be following a similar pattern with peak years differing 4-8 years between 

countries. Chinese lithium production is the first to peak and decline in all scenarios. 

 

The peak lithium production level is higher for the high URR scenarios than for the low URR scenarios. 

Moreover, within the two URR categories higher levels of lithium are produced in the high 

demand/production growth scenarios before the peak.  
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Table 6. List of production peak years and peak lithium RRR quantities in lithium production countries. 

Peak years and peak reserves level of lithium production 

 Low Demand 

Growth (5%), 

Conservative Case 

URR 

Low Demand 

Growth (5%), 

Double Reserve 

Case 

High Demand 

Growth (10%), 

Conservative Case 

URR 

High Demand 

Growth (10%), 

Double Reserve Case 

Year Prod/kt Year Prod/kt Year Prod/kt Year Prod/kt 

Chile  2065 185 2079 367 2045 223 2052 435 

Australia  2040 106 2053 200 2032 126 2039 245 

China 2038 34 2051 64 2031 40 2038 78 

Argentina 2057 38 2071 75 2041 46 2048 89 

World 2051 392 2065 775 2038 480 2045 935 

 

The lithium production of China, the major risk-emanating country, will peak the earliest. Under the 

assumption of the current URR case, production is projected to peak in the 2030s. Assuming a higher URR, 

Chinese production is projected to peak in the 2030s or 2050s. The same peak year, 2038, is projected for 

the conservative case in combination with a low demand growth and for a double reserve case in combination 

with a high demand growth rate. On the other side, the producing country peaking last is Chile. Chilean and 

Argentinian cobalt production is projected to increase while Australian and Chinese production already 

declines. Chilean lithium production also peaks at the highest production level out of all production countries. 

 

The production/demand growth rate does affect the amount of lithium that is being depleted. However, the 

extent of this effect is relatively small, particularly for the lower URR scenario. It leads to a minimal increase 

in the annual production/depletion in kt i.e., faster exploitation. The predicted URR has a higher impact on 

the amount of lithium that is extracted than the production/demand growth rate.  

4.2. Market Concentration 

The market concentration of the three critical materials was measured by calculat ing the Herfindahl-

Hirschman index (HHI). An index of above 2500 means that the market is highly concentrated. All 

three mineral markets are highly concentrated according to this thesis’s calculations.  

4.2.1. Cobalt 

The highest market concentration out of the three minerals was calculated for cobalt. In 2020 cobalt 

has an HHI of 4634 which is due to Democratic Republic of the Congo producing more than 67 percent 

of the world’s cobalt (Figure 4). The second largest production share has Russia with 5 percent, 

followed by Australia with 4 percent. The great production concentration in the hands of the DRC 

suggests that it has high market power.   
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Figure 4. Cobalt production shares in percent, 2020.  

In the short- and medium term, the cobalt market concentration is projected to decrease as the DRC 

loses market power and the individual market shares of the other production countries increases 

(Figure 5, Figure 6). Nevertheless, the cobalt market will remain highly concentrated as the DRC is 

projected to keep its status as the largest market power in the short- and medium-term. 

 

Figure 5. Projected cobalt production shares in 

percent, 2030. 

Figure 6. Projected cobalt production shares in 

percent, 2045. 

4.2.2. Rare Earths 

The rare earth market of 2020 is also highly concentrated as can be observed in the HHI of 3189. Rare 

earth production is highest in China constituting more than half of global rare earth mining (Figure 

7). The United States is the country producing the second largest amount of rare earths with a market 

share of 14 percent. Finally, a number of global countries combined produce 12 percent of the world’s 

rare earths. Due to the BP data condensing the production of many countries into one single value, the 

HHI of rare earths may be skewed to a higher value. The “rest of the world” value, if split into many 
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small values, could have reduced the market concentration value because the sum of many squared 

low values is lower than the sum of a few squared higher values. In reality only two countries have 

large rare earth market powers compared to three suggested by the data and HHI.  

 

Figure 7. Rare earth production shares in percent, 2020. 

In the short- and medium term, the rare earth market concentration is projected to increase as the 

Chinese market share increases (Figure 8, Figure 9). From the short- to the medium-term Australia 

will lose around half of its market share and the US will also lose most of its market power. China is 

projected to keep its status as the largest market power in the short- and medium-term. 

 

Figure 8. Projected rare earth production shares in 

percent, 2030. 
Figure 9. Projected rare earth production shares in 

percent, 2045. 

4.2.3. Lithium 

The HHI of rare earth production is similar to the HHI for lithium. In 2020, lithium has an HHI of 

3048 which also makes the lithium market highly concentrated. The largest lithium producer is 

Australia with 46 percent market share, followed by Chile (24 percent) and China (16 percent). 
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Figure 10. Lithium production shares in percent, 2020. 

In the short- and medium term, the lithium market concentration is projected to remain highly 

concentrated. China and Australia are losing some of their market share to Argentina and Chile in the 

medium-term (Figure 11, Figure 12). Australia is projected to keep its status as the largest market 

power in the short- and medium-term. 

 

Figure 11. Projected rare earth production shares in 

percent, 2030. 

Figure 12. Projected rare earth production shares in 

percent, 2045. 

The market for cobalt is the most concentrated according to the latest BP data. Both the lithium and 

the rare earth markets are less concentrated than the cobalt market. This is because, for the latter 

mineral, only one country is responsible for more than 67 percent of the world’s production. The 

largest single country market share is lower for lithium and rare earths at 47 and 52 percent 

respectively.  

Finally, the HHI-score highlights the geographical concentration of the production of critical 

materials. Only a few countries produce most of the world’s lithium, rare earths, and cobalt. The main 

producing nations for these raw materials are China, Australia, Argentina, Chile,  the DRC, and the 

United States.  
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4.3. Geopolitics  

The risk-weighted market diversification shows that risks originating from each producing country 

are distinctly different. As an overall trend, it can be seen that the countries with the highest production 

share also have the highest risk on the materials market. This is firstly because they have a high market 

share and thus their relative risk to the market is high. Moreover, many of the producing countries 

generally have rather high index scores. 

Combining the scores of all the countries and index categories, the overall market vulnerability of a 

mineral can be calculated. The market with the lowest scores and thus lowest geopolitical vulnerability 

is the lithium market (161). It is followed by rare earths (221). The highest geopolitical vulnerability 

is calculated for the cobalt market (337). Moreover, by looking at the highest individual country 

scores, the vulnerability of a market relative to an individual country can be determined. In that case, 

the single highest score appears on the cobalt market (DRC scoring 61). The rare earth market also 

has a high vulnerability due to a single country (China scoring 50). The lithium market has the lowest 

vulnerability to an individual country by a large margin with China scoring 15. It can be observed that 

China constitutes the largest geopolitical risk on the market of three critical materials. 

4.3.1. Cobalt  

Generally, the risks on the cobalt market, apart from the DRC, seem to be fairly evenly distributed. 

This may be due to the fact that many countries have a small but similar amount market share (between 

1.4 and 3.7%). 

Table 7. Matrix listing cobalt production countries and their corresponding risk-weighted scores according to 

the indexes used. The colour scheme follows a traffic light system.  The lowest possible score is 0 (dark green) 

which indicates no market risk in the investigated impact category. The highest possible score, indicating the 

highest market risk in a category, is 100 (dark red).  

Country 
Quality of 

Democracy 
Democracy 

Index 

Fragile 
States 
Index 

Corruption 
Perception 

Index 

Environmental 
Performance 

Index 

Australia 0.4 0.5 0.8 1.0 1.1 

Canada 0.4 0.3 0.5 0.6 0.7 

China  1.7 1.4 1.0 1.0 1.1 

Cuba 3.1 2.7 1.8 2.0 1.9 

DRC 44.6 57.9 60.8 55.2 42.8 

Madagascar 0.3 0.2 0.3 0.4 0.4 

Morocco 0.8 0.7 0.9 0.9 0.9 

New Caledonia (France) 0.1 0.1 0.1 0.2 0.1 

Papua New Guinea 1.1 0.9 1.5 1.6 1.5 

Philippines 1.9 1.2 2.4 2.3 2.2 

Russian Federation 3.6 3.3 3.0 3.4 2.4 

South Africa 0.4 0.4 0.8 0.8 0.8 

Zambia 1.8 1.4 2.3 2.2 2.2 

 

The cobalt producing country posing the greatest risk to the market is the Democratic Republic of the 

Congo. The greatest risk is due to its fragility (60.79) (Figure 13). The next largest risks are posed due 

to its level of democracy (EIU-identified risk: 57.88) and its perceived corruption (55.19). The quality 
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of democracy (44.62) and environmental performance risks (42.8) also rank high.     

 

Figure 13. Risk-Weighted Scores of the Democratic Republic of the Congo as a producing country of cobalt. 

All other cobalt producing countries' risks are weighted at below 4 in all categories. The country with 

the second highest risk-weighted score in all categories is Russia which has its highest risks in the 

realm of corruption (3.43) and democracy (3.62 for quality of democracy and 3.31 for democracy 

(EIU-identified risk). The countries with the next highest risk values differ depending  on the risk 

categories. Cuba has the third highest risk in both democracy index weighted scores whereas the 

Philippines (2.4) and Zambia (2.33) are close third and fourth for fragility risk, corruption risk 

(Philippines: 2.31; Zambia: 2.21) and environmental performance (Philippines: 2.16; Zambia: 2.15) 

on the cobalt market.   

4.3.2. Rare Earths  

The rare earth producing country with the largest risk-weighted score in all categories is China and 

the risk-weighted score due to democracy is highest (Table 8). The democracy weighted risks are at 

49.79 for quality of democracy and 40.74 for democracy (EIU-identified risk). The environmental 

performance of China leads to a risk of 32.79 on the market. The market risks due to fragility (30.3) 

and corruption (30.33) are nearly equally high.  

Table 8. Matrix listing rare earth producing countries and their corresponding risk-weighted scores according 

to the indexes used. The colour scheme follows a traffic light system. The lowest possible score is 0 (dark 

green) which indicates no market risk in the investigated impact category. The highest possible score, indicating 

the highest market risk in a category, is 100 (dark red).  

Country 

Quality of 

Democracy 

Democracy 

Index 

Fragile 

States Index 

Corruption 

Perception 

Index 

Environmental 

Performance 

Index 

China  49.8 40.7 30.0 30.3 32.8 

India 0.5 0.3 0.7 0.7 0.8 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

44.62

57.88
60.79

55.19

42.80

R
is

k-
w

ei
gh

te
d

 S
co

re

DRC



26 

Madagascar 1.8 1.3 2.0 2.3 2.2 

Russian 

Federation 0.7 0.7 0.6 0.7 0.5 

Thailand 0.5 0.3 0.4 0.4 0.4 

US 2.7 3.1 5.3 4.7 4.4 

The United States rank second in the overall rare earth market risk not least because they rank second 

in global rare earth production shares. The US pose the greatest risk to the rare earth market due to 

fragility (5.28) (Figure 14). Perceived corruption (4.69) and environmental performance (4.36) are 

also among risk factors for US rare earth production. Democracy is the least concerning factor out of 

all categories with 3.05 for democracy (EIU-identified risks) and quality of democracy at 2.68. 

 

Figure 14. Risk-Weighted Scores of China and the United States as production countries of rare earths.  

The only other country with a risk-weighted score above 1 is Madagascar whose highest risks originate 

from its perceived corruption (2.25) and environmental performance (2.21). The fragility-weighted 

risk score is calculated at 1.99 and Madagascar’s democracy risk is weigh ted to be 1.76 (quality of 

democracy) and 1.29 (democracy EIU-identified risk). 

4.3.3. Lithium 

Across producing countries environmental performance yields the highest risk-weighted scores, 

closely followed by corruption perception and fragility scores. Democracy as a risk contributes to the 

lowest risk-weighted scores across countries with China providing the main outstanding/high score.  

Table 9. Matrix listing rare earth producing countries and their corresponding risk-weighted scores according 

to the indexes used. The colour scheme follows a traffic light system. The lowest possible score is 0 (dark 

green) which indicates no market risk in the investigated impact category. The highest possible score, indicating 

the highest market risk in a category, is 100 (dark red).  
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Australia 4.5 5.1 8.4 10.7 11.6 

Brazil 0.9 0.7 1.4 1.4 1.1 

Chile 3.8 5.0 8.8 7.9 10.7 

China 15.4 12.6 9.3 9.4 10.2 

Portugal 0.1 0.2 0.2 0.4 0.3 

US 0.2 0.2 0.4 0.3 0.3 

Zimbabwe 0.9 1.0 1.2 1.1 0.9 

 

The country with the highest risk-weighted scores for lithium is China (Table 9, Figure 15). The risks 

emanating from its democracy levels are highest (15.42 for Quality of Democracy and 12.62 for 

democracy EIU-identified risk). Risks originating from China’s environmental performance were 

scored at 10.16. Finally, Chinese corruption and fragility on the lithium market reached 9.4 and 9.3 

respectively.  

 

Figure 15. Risk-Weighted Scores of Australia, Chile, and China as production countries of lithium. 

The second and third highest risk-weighted scores originate from Australia and Chile. For both 

countries the environmental performance constitutes the largest risk with 11.65 for Australia and 10.58 

for Chile. Fragility and corruption risk-weighted scores are the next highest with Australia’s 

corruption perception (10.67) being more important than its fragility (8.43). Chile’s fragility score 

(8.78) is higher than its corruption perception score (7.89). Democracy has the lowest risk -weighted 

score in Australia and Chile. The quality of democracy is scored at 4.45 for Australia and 3.82 for 

Chile while Australian democracy (EIU-identified risk) is scored at 5.1 and that of Chile at 4.97.   
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5. Discussion 

5.1. Market Concentration and Reserve Sufficiency 

Our analysis reveals that the market of critical minerals necessary for the green energy transition is highly 

concentrated as is evident in the high HHI scores. This is in line with other studies, for example Gaffuri et 

al. (2021) highlight the concentration of rare earth elements and Olivetti et al. (2017) show concerns about 

the concentration of lithium and cobalt production. Gupta (2008) considers market concentration as a risk, 

because of the high “risk associated loss” from an individual supply/producing country. A single country can 

greatly perturb the mineral market. As only a few countries produce most of the lithium, rare earths, and 

cobalt for the world market, importing countries are dependent. In such a situation where countries are in an 

asymmetric economic relationship, relative vulnerability is a problem (Chatterjee, 2012). This dependence 

can act as a power-tool (geopolitical strategy) with which a nation can shape international outcomes in a 

manner that benefits its national interests (ibid.). As a consequence, importing nations need to diversify their 

energy supply sources in order to improve the security of their energy supply (ibid.).  

This study analysed market concentration and risk index scores and found that critical material markets are 

concentrated by fragile production states. High index scores of production countries point to poor 

performance in governance indicators such as democracy and corruption. These findings support the 

argument by Church and Crawford (2020) that critical material reserves are geographically concentrated in 

fragile states.  

Under the assumption of an ever-increasing mineral demand, our analysis showed that these countries will 

not be able to satisfy demand as all modelled countries peak in their production of critical material resources 

over the modelled timespan (1995-2100). As the production/demand growth rates used in the model were 

considering an increasing deployment of green technologies, our model shows that supply problems in 

meeting the material demand for the energy transition are likely if reserves do not increase or demand does 

not decrease through recycling or substitution. Our model hence shows the “Malthusian” side of the scarcity 

debate i.e., that enough critical materials will not be available for a “green” world. It has to be considered, 

however, that our model does not consider likely and possible reserves growth (beyond our double reserve 

case) with increasing technological advancement over the course of the modelled timespan. The reserve 

growth would not only impact the ability to satisfy demand but also change the market concentration.  

Despite projected changes in the market concentration, the critical materials market will remain highly 

concentrated. The market concentration for cobalt will decrease slightly due to the DRC losing some of its 

market share. The rare earth market is projected to become more concentrated in the medium-term. The 

lithium market concentration is projected to remain similar to that of the present day. Due to the continued 

high market concentration in the short- and medium-term, the critical materials market will remain risk-

prone.  

5.2. Fragile States Risking the Energy Transition? 

As the material demand for the energy transition is met by fragile countries, the energy transition will be 

exposed to the risks that are inherent to these countries: corruption, instability, and lack of democracy. The 

vulnerability of the energy transition to these risks is further intensified because the fragile countries hold the 

largest market share on the highly concentrated market. These risks increase the likelihood of geopolitical 

tensions and disturbances to the market/supply of these materials.  Indeed, the governance capacity of a 

country is an indicator of geopolitical vulnerability (O’Sullivan et al., 2017). These market risks ultimately 

make the energy transition geopolitically vulnerable.  

According to the risk-weighted indexes in this thesis, the most unstable market is the cobalt market. 
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When comparing the risk-weighted scores by material, cobalt has the highest overall score and the 

highest country score in a category. This means that cobalt has a higher risk in all risk categories 

combined and thus has a greater general market risk. These findings are in accordance with the World 

Mining Data’s classification of the political stability of mineral production, using Worldwide 

Governance Indicators of the World Bank. 62.9% of all cobalt production in 2019 was classed as 

extremely unstable and a further 22.7% as unstable, making it the most politically unstable minerals 

market. The arguably second most vulnerable market is the rare earth market with 77.5% of production 

being either extremely unstable or unstable and the remaining 22.5% of production being fairly 

unstable. As was found by this thesis’s study, the lithium market is the least vulnerable with 81.3% 

classed as fairly stable and 18.7% unstable by the World Mining Data. Only 0.03% of lithium 

production was classed as extremely unstable. Hence this thesis’s findings are in line with those by 

the World Mining Data. This thesis thereby contributes to our general understanding of the extent of 

the geopolitical market vulnerability of critical materials for the energy transition.  

Each market in this study has a high market concentration and at least one country poses a geopolitica l 

risk to the market. Likewise, in the World Mining Data results, none of the mineral production was 

classed as completely stable. Hence, it is possible to draw a comparison with the oil market and the 

Organisation of Petroleum Exporting Countries (OPEC). According to findings by Gupta (2008) a 

high level of political instability is common in many oil-producing countries. 

Overall, it was found that all the modelled risk indicators will play some part in the future of the critical 

minerals market and hence the energy transition. Some risk categories have larger impacts on a market than 

others. Different geopolitical indicators contribute to the vulnerability of different markets because market 

leaders generally have their greatest “deficit” in a certain area. Hence, the green transition will be impacted 

by different geopolitical risks/problems depending on the critical material. 

5.2.1. Cobalt - Instability and Corruption in the DRC 

Cobalt production in the DRC, the market leader, is projected to peak in the short-term which means 

that Congolese cobalt supply-constraints will occur. Despite these production declines, the DRC is 

projected to keep its dominant position on the highly concentrated market due to having the highest 

remaining reserves and greatest absolute production potential. The dominance of the DRC will impact 

the energy transition dependent on cobalt production and supply in the short- and medium-term. 

Our results highlight that the cobalt market is marked by risks. The DRC is found to have the highest 

market share on the cobalt market and therefore the DRC’s risks have the greatest effect on the cobalt 

market and cobalt supply to importing countries. This is evident in the fact that the DRC had the 

greatest risk-weighted score in our analysis. The DRC is classed as a fragile state which means that it 

is a “distressed state that lacks the elements necessary to function effectively” (Osaghae, 2007). The 

fragility of a state makes it prone to collapse (ibid.). A fragile state therefore poses high geopolitical 

risks endangering security, wealth, and world peace, according to Osaghae (2007). Dix et al. (2012), 

however, also see high fragility as a chance for political change. It is thus possible that the high DRC 

risk score may be lower in the future, leading to greater security on the cobalt market.  

A large contributing factor to a country’s instability and characteristic of fragile states is corruption 

(Osaghae, 2007; Orre and Mathisen, 2008; Dix et al., 2012). It is therefore not surprising that 

corruption in the DRC is also risk-weighted as contributing large risks to the cobalt market. Corruption 

contributes to fragility because it stands in relation to politicians following their personal agendas 

(Aquino and Guay, 2013). As a result, bad governance, problems in policy implementation and weak 

institutions ensue and may even threaten the regimes legitimacy (Osaghae, 2007; Orre and Mathisen, 

2008; Aquino and Guay, 2013). In the short term, the regime can be propped up by corruption, Dix et 

al. (2012) argue. However, within the timeframe of this study, the high corruption is expected to 

impact negatively on the fragility of the DRC and endanger the cobalt market.    
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Corruption is defined as "the misuse of public resources by public officials, fo r private gains” (Titeca 

and Edmond, 2019). In sub-Saharan Africa, such as the DRC, corruption has an ambiguous position: 

generally illegal yet accepted (ibid.). Bhattacharyya and Hodler (2010) argue that natural resources 

can worsen corruption levels. This corruption-caused, negative relationship between good governance 

and mineral wealth is also observed by other scholars such as Bebbington et al. (2008). The decade -

long conflicts in the Congo are also largely attributed to mineral exploitation and associated corruption 

(Kodi, 2008). The monetary value of minerals and their importance to the  DRC is exemplified by the 

fact that Congolese economic growth is driven by mineral exploitation (worldbank.org, 2021). The 

intensity of this relation depends on the property of the resource (Pertermann et al., 2007). Cobalt, as 

a point source, will have a larger impact on corruption intensity (ibid.). It is therefore not surprising 

that countries with large reserves of critical materials necessary for the green transformation also pose 

a large corruption market risk. By applying the argument by Petermann et al. (2007) that only the 

poorest countries experience increased corruption due to non-fuel mineral exports, it can be argued 

that the cobalt risk-weighted score for the DRC is especially high due to its poverty because 73% of 

the population live below the international poverty line of $1.90 a day (worldbank.org. 2021). The 

GDP per capita has been rising in the DRC at an average annual rate of 7.45% between 2001 and 2020, 

yet still puts the DRC in the 9th lowest place for GDP per capita value globally (Knoema, 2020). 

According to Petermann et al. (2007) this suggests greater corruption levels because these occur when 

per capita income rises at the beginning of a developing country’s economic growth.  

The corruption level is not only dependent on resource wealth but also on the capacity of democratic 

bodies, Bhattacharyya and Hodler (2010) argue. The behaviour of political actors, officials, business 

owners, and citizens is determined by political institutions because they define the boundaries in which 

those can act (Cabrales and Hauk, 2011; Li, 2019).  

The DRC is considered to have bad institutions and vague legislation, according to  McFerson (2009) 

and Cabrales and Hauk (2011). This is also evident in the mining sector, where the state does not 

control the contents of the mining contracts and whether the terms of the contracts are met (Kodi, 

2008). As a result, the Congolese elites and their foreign partners reap financial gain (ibid.). The 

Congolese mining contracts are more beneficial to mining operators than to the economy of the DRC 

(ibid.). Corruption is also affecting the artisanal mining sector in which illegal taxes are collected by 

numerous actors at all stages of government (ibid.).  

Through corruption, revenue from resource exports is used to weaken political institutions, suppress 

political involvement and obtain influence to maintain the support for the ruling elite ( Bebbington et 

al., 2008; McFerson, 2009). This investment into suppressing regime threats is described by the rentier 

effect (Titeca and Edmond, 2019). In the DRC, corruption shows in the formation of patronage 

networks which undermine democratic institutions and strengthen the regime (Matti, 2010; Titeca and 

Edmon, 2019). Favours are granted in return for conformity, connecting people to the regime and 

making them dependent on its continuation (Titeca and Edmond, 2019).  

Our results found that Congolese cobalt production will peak earlier than in other countries. Despite this 

earlier production decline, the DRC will remain the greatest producer due to the greatest number of reserves. 

Nevertheless, its market share will decrease eventually which means that the DRC will lose some market 

power and influence. As a result, other cobalt producing countries, such as Australia, may gain market power. 

The risks to the cobalt market will decrease if democratic Australia, which has low risk index scores and 

lower risk-weighted scores, gains greater influence. Australia is the latest peaking of the three major 

producing countries and thus will see the greatest increase in market share. 

To summarise, our analysis found that the green transition based on cobalt will be impacted by high risks, 

especially those emanating from the DRC. However, with lower Congolese market shares, market risks may 

decrease and hence the fulfilment of the transition may become easier as the twenty-first century progresses.  

Finally, concerning the market concentration of cobalt, it is important to highlight the difference 

between raw material producing country and refining country (Gemechu et al., 2016). Whereas the 



31 

DRC is the main cobalt mining nation, China is the main refining country in the world (ibid). This 

shows that the supply of minerals for the energy transition is not only dependent on a stable supply by 

primary production countries but also by refined mineral production countries (ibid). This thesis, 

however, limits its analysis to mine production, not the concentration and  risk of refining. This 

provides room for future research considering the greater supply chain of critical materials.  

5.2.2. Rare Earths - China and Democracy 

Our model projects that in the short- and medium-term global reserves are sufficient to meet production needs 

and therefore global rare earth production could supply the green transition. Furthermore, our analysis found 

that the rare earth market is highly concentrated, and this trend is projected to intensify in the next few 

decades. We also found that the market is dominated by China which supports Kalantzakos’s (2020) points 

about significant Chinese market power. This production stronghold exists although China does not have the 

highest rare earth reserves in the world. Rather, China poses such large risks to the rare earth market due to 

its currently high production.  

The risk-weighted scores pointed to China’s democracy (or lack thereof) to be the greatest risk factor to the 

rare earth market. This is in line with the reality of the Chinese political system as the Chinese one-party state 

is classed as an autocracy. The Chinese governance form, the China Model, is described by Bell (2015) as a 

vertical democratic meritocracy with democracy at the local level and meritocracy at the top. There is 

disagreement about how democratic local governance really is: with uncertainty remaining about the power 

of local leaders and its use, according to Bell (2015). Autocracies are characterised by a strong connexion 

between the people and the ruling party (Tang, 2016). Hence intermediary stages such as administration and 

legal procedures are often skipped. These institutions lose their importance and power (ibid.). Without these 

strong institutions a collapse of the instable Chinese system is prevented by encouraging nationalism, Tang 

(2016) states. Other methods that help to keep the system from falling apart are for example repression, 

prosperity and fulfilling public demand (Dickson, 2021).   

Despite China’s authoritarian system and associated geopolitical risks on the minerals market, the possibility 

of a “creeping democratisation” in China may limit risks and make the market more secure in the future (Pei, 

1995). Scholars debate democratisation trends in China. Before Xi Jinping’s presidentship, Liu and Chen 

(2012) judged the probability of democratic outcomes as high. Proponents of the theory of “creeping 

democratisation” see a chance in the fact that maintaining an autocratic political system is difficult and 

expensive (Tang, 2016). China already lacks institutions that protect the political system from public “mood 

swings” (ibid.). Researchers such as Guthrie (2012) predict future political reform created by a deterioration 

of the “political and social control” of the Chinese system. Contributing factors and developments are the 

internet and access to information, the possibility of careers outside the state’s control, local democratic 

elections, Western economic values, and the liberalisation of the legislature (ibid.).  

Since Xi’s rise to power, however, some scholars note that the “creeping democratisation” may well be 

replaced by a “creeping dictatorship” (Anderlini, 2017). President Xi opposes Western democratic values 

and limits the previously mentioned factors beneficial to democratisation, such as information access (ibid.). 

Hence, China's political future is unclear and Chin (2018) notes that democracy is only one possibility. 

Ultimately, if democratisation comes to fruition will depend on the regime’s actions and if the new 

democratic institutions are ready to take over when the old system becomes unstable and ungovernable (Pei, 

1995). As Chinese regime survival depends on economic development, the necessity of attracting foreign 

investments might lead to a reversal of Xi's current course (ibid.). Either way, democratisation is a long-term 

process (Pei, 1995; Liu and Chen, 2012). Hence, if China became more democratic the improvement of 

international (trade) relations with China and a decrease in the Chinese geopolitical risk on the rare earth 

market would only be of relevance towards the end of our modelled period. The uncertainty of China’s 

political development points to the uncertainty of the future development of (geopolitical) risks to the energy 

transition.  

Over the course of the modelled period, our model shows that the market shares of individual countries are 

changing. The market share for China will be decreasing, as can be seen in a declining production curve 

while other country curves do not decline as quickly. Other countries such as Russia will be able to produce 
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more than China, in the long-term. According to the modelled scenarios, Russia could gain the largest market 

share. These findings are related to other academics’ findings acknowledging Russia’s potential in becoming 

an important counterbalancing force to Chinese domination (Golev et al., 2014; Wang et al., 2015; Daigle 

and DeCarlo, 2021). Daigle and DeCarlo (2021) ascribe great potential to the Russian Tomtorskoye deposit, 

the second largest single rare earth deposit. However, academic literature does not predict the extent of 

Russia’s increasing production and influence on the market. In our model, Russian production is projected 

to increase while rare earth production in other production countries declines in the long-term. It has to be 

noted, however, that these kinds of long-term projections are highly uncertain and Russia’s mining future 

may develop differently. Nevertheless, our projections of increasing Russian rare earth production are in 

accordance with recent Russian announcement of major investments in rare earth mining (ibid.). Since the 

Russian invasion of Ukraine in February 2022, however, Russian rare earth development projects have been 

slowed due to a weak Russian currency and problems with obtaining financing (Chen, 2022). This may lead 

to a delayed development of Russia’s rare earth mining sector and may shift Russia’s modelled production 

curve further into the future, making prediction about Russian rare earth supply even more uncertain.  

Our results showed small risk-weighted scores for Russia. However, currently the Russian market share is 

small and hence its risks are not weighted to be highly impactful on the rare earth market. It is possible, 

however, that a shift from China to Russia as the market dominating force will not be accompanied by a large 

improvement in the risk proneness of the rare earth market. Russia’s risk is weighted highest in the quality 

of democracy category. This is due to the fact that Russia is considered an autocracy by the academic 

community (Lewis, 2020). “Putinism” describes Russia’s form of “democratic authoritarianism” with an 

authoritarian political system and representation of the popular majority (ibid.). As “democracy” is also the 

category in which China scores highly, the two countries’ risks can be compared in case of a replacement of 

the market leader. Russia is classed as a moderate autocracy which is a “better” category than the Chinese 

hard autocracy. Due to Russia’s war in Ukraine, however, it can be assumed that democracy scores and other 

risk indicator scores are expected to increase in their 2022 evaluation. In the medium- and long-term, 

however, the development of Russia’s risk scores is uncertain and will depend on the political developments 

of the post-Putin era. As Russia is a personalist autocracy, some scholars such as Berls (2021) predict that 

“Putinism” will not live on after Putin's rule. For autocracies like Russia that are rich, well-educated, and 

ethnically homogenous countries, Frye (2022) predicts democratisation which would mean improved 

democracy and geopolitical risk scores. To conclude, if an increase in Russian market share and consequent 

decrease in Chinese influence will improve rare earth market risks will depend on Russia’s political future.   

Moreover, our analysis found that the combined reserve amounts spread around the world are almost 

comparable to those of China. This is in line with the argument by scholars such as Lovins (2017) and 

Overland et al. (2019) that rare earths are falsely named to be “rare”. Significant “rest of the world” reserve 

amounts mean that market risk may be reduced. If the market share were more evenly distributed among 

countries, individual geopolitical risks emanating from them would be less significant. In other words, if 

other countries used their potential and increased their production in the long-term, the market power would 

be less concentrated in China and Russia and Russian and Chinese risks to the market would be reduced. 

This could be a chance for a more certain rare earth supply and aid the green transition. 

5.2.3. Lithium - Latin American Chances and Difficulties  

Our model projects for the lithium market to remain highly concentrated. Moreover, our analysis found that 

the lithium market is the least concentrated of the critical materials markets and consequently risks are more 

evenly distributed between multiple countries in the case of lithium. The individual countries’ risks are also 

relatively small as many of the production countries score well in the indexes. This is echoed by researchers 

such as Helbig et al. (2018) and Ballinger et al. (2019) who argue that the countries are comparatively stable 

economically and politically making the lithium market less risky. Therefore, this thesis argues that the 

lithium supply will pose the lowest geopolitical risks to the green transformation. 

China has the third largest market power on the lithium market and the highest risk-weighted scores in the 

categories of democracy and fragility. China is the largest lithium consumer as researchers such as Hao et al. 
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(2017) stated. It could consequently be argued that Chinese risks stay within national boundaries to a large 

degree. As the Chinese lithium is mainly used for domestic production and may not enter the global market, 

Chinese governance risks do not directly impact other countries but indirectly through product exports such 

as of lithium-ion battery cells. Moreover, with the potential for Chinese democratisation, the stability of the 

lithium market could be further improved and increase the likelihood of a successful energy transition. 

Despite being the main lithium producer, Australia poses relatively low risks to the lithium market. Its most 

important risk categories are environmental protection and corruption. Indeed, the social and environmental 

sustainability of the Australian mining industry has been questioned, Prior et al. (2013) observe. The lithium 

extraction method used in Australia needs chemicals which can be harmful to the environment, Katwala 

(2018) argues. Moreover, the Australian mining sector shows some forms of corruption such as a lack of 

transparency in mining contract negotiations, poor regulations on political donations and former officials 

becoming mining lobbyists, according to a Transparency International report (Caripis, 2017). Thus, our 

findings of higher Australian risks in the corruption category match those of corruption experts. Nevertheless, 

our methodology to risk-weigh countries may overemphasise risks when a country is a major producing 

country but has a (relatively) low risk. The calculation may skew the risk-weighted scores to some degree. It 

is hence possible that the risk that Australia poses to the lithium market is lower than portrayed in our 

results. This relates to Prior et al.’s (2013) paper in which they consider Australia as the “best case” in terms 

of “sustainable governance of mineral resources”. Despite the challenges of environmental and social mining 

impacts, Australia is a stable country with governance abilities to meet these challenges and therefore will 

pose lower geopolitical risks to the international lithium market (ibid.) 

China has the third largest market share in lithium production, however, our model showed that in the 

medium-term Chinese production along with Australian production will decrease and thereby China will lose 

parts of its market power. It can hence be argued that in the medium-term global lithium production and 

market risk may shift to a large degree from China and Australia to other countries. There is a great likelihood 

that the production share of lithium-rich Latin American countries will further increase, especially as soon 

as Bolivia, the country with the largest single reserves, starts mining lithium and enters the market. Our 

analysis hence agrees with Hache et al.’s (2018) argument that Bolivia has the potential to greatly influence 

the market. Our model projects that the lithium triangle countries will significantly expand their market 

power. As a result of the rise in production shares, risk-weighted scores of the lithium triangle countries 

(Argentina, Chile, and Bolivia) are expected to increase. For the current market share that Argentina and 

Chile occupy, environmental protection is weighted highest, with corruption and fragility also being 

important. This is in line with findings by Hache et al. (2018) and Hund et al. (2020) who conclude that 

environmental issues and inequality are the greatest risks to societies in the lithium triangle. In the future, the 

lack or achievement of environmental protection policies is likely to play a larger role on the global lithium 

market, alongside fragility and corruption. Bolivia could not be modelled because there is currently no 

lithium production. Due to this the development of the lithium market is relatively uncertain. 

5.3. Resource Curse, Governance and Geopolitics 

Many of the countries with the largest global production share also score highly in the risk-weighted poor 

governance indicator categories. It can hence be argued that achieving a smooth green energy transition is 

complicated by the “resource curse” which describes a relationship between lacking democracy and resource 

richness. Resource richness often implies the dominance of one economic sector and thereby power 

concentration (Bebbington et al., 2008). This reduces opposition in policymaking and the structuring of 

institutions (ibid.). Moreover, if governments receive revenue from mining (rents), they are less dependent 

on citizens' tax revenues (ibid.). This governmental independence from citizens means that governments 

cannot be held accountable as much by citizens, the so-called “taxation effect” (Bebbington et al., 2008; 

Busse and Gröning, 2013). Rather, governments will pay closer attention to the needs of investing powers 

and corporations (ibid.). This thesis shows that although the resource curse theory is denied by some scholars, 

in our analysis it was showed that there must exist some relationship between material production and 

democracy considering the high democracy risk-weighted scores for certain countries (Busse and Gröning, 

2013). 
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Following the logic of the resource curse, resource-rich countries might be slowed in their pace towards 

democracy and might experience more corruption. This means that risks that can lead to geopolitical 

vulnerabilities such as lack of democracy and fragility are intensified. The critical materials market is 

dominated by resource-rich countries hence, the resource curse might hinder an effective and smooth energy 

transition.  

As some scholars argue that as part of the resource curse autocracies focus on increasing depletion, 

this thesis argues that if democratisation is slowed, resource depletion might intensify (Bulte and 

Damania, 2008). Under an intensified depletion, resources may not last until the end of the  twenty-

first century. As a result, the necessary materials for green technologies may not be available in the 

future. Furthermore, as countries suffering from the resource curse increase their reserve depletion, 

global production shares will shift. This change in market shares might lead to some countries losing 

market power and being replaced by others. This may have positive or negative consequences on the 

market risk depending on the fragility/democracy status of the replacement country. Generally, what 

a further intensified depletion due to democracy slowdown would exactly mean for the critical material 

markets is uncertain as our depletion model does not account for this. Our model does not account for 

the relationships that are described by the “resource curse”. Hence future research should be 

undertaken in that area.   

5.4. Foreign Investment – Exporting Risks? 

High risk countries are not only large players on the critical minerals markets as producers but also as 

investors in foreign production countries. Foreign investments in the mining sector might “export” 

geopolitical risks from one country to another. This means that geopolitical index scores are not only 

important for the country itself but also for possible investment relations with other countries. On the 

critical materials market, foreign investment is especially large in the case of China, which is not only 

a major reserve/producing country for rare earths but is also investing in critical materials overseas.   

High Chinese index scores in areas such as democracy and environmental policies may also have 

negative effects on the material markets where China is not a major producing country. This is due to 

the fact that Chinese investors, encouraged by the Chinese government, invest heavily in foreign 

mining sectors in Africa, Australia and Latin America (Adisu et al., 2010). As an example, Chinese 

companies manage 70% of the Congolese mining sector (Ross and Strohecker, 2021). Moreover, China 

is the main trading partner for raw material supplying countries in Latin America (Nunez Salas, 2022). 

China has impacts on the production market risks beyond rare earths.   

Investment by Chinese companies does not coincide with installing democracies and promoting good 

governance as is the aim with some of the United States’ investments (Adisu et al., 2010). Indeed, 

Chinese investments curb progression towards political reforms and can keep “rogue governments” in 

power, according to Adisu et al. (2010). Relating this back to the resource curse, ownership 

concentration in the hands of foreign investors decreases political opposition (Bebbington et al., 2008). 

Moreover, joint-venture relationships are very influential when it comes to the structural running of 

the factories and mines (Guthrie, 2012). An investor can induce the adoption of certain practices and 

systems (ibid.). If these structures can be contributing to democracy by promoting rational -legal 

authority according to Guthrie (2012), the opposite may also be true and thereby hindering (or at least 

not aiding) democratisation.  

Furthermore, Chinese investment may also have negative impacts on the environmental index scores 

of producing countries such as the DRC. Chinese investor approaches to environmental protection in 

the DRC are uncertain as environmental-related assessments and reports are not published (Shinn, 

2016). Hence it is unclear if they were submitted and approved by relevant institutions and the 

Congolese government (ibid.). Moreover, responsibility for environmental plan execution is unc lear 

in this joint venture structure of Chinese investment (ibid.). This argument of Chinese investor’s 

environmental impacts is contested by Nunez Salas (2022) who considers globally accepted practices 
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and national laws and legislature as the main factors  leading to unsustainable actions rather than the 

nationality of the investor. On the example of Latin America Nunez Salas (2022) argues that Western 

investors would have the same environmental impacts. Rather , the current steering towards a tipping 

point in Latin American resource extraction is a result of Chinese and Latin Americans cooperatively 

making decisions (ibid.). Nunez Salas (2022) assigns reserve countries the main responsibility for the 

regulations of resource extraction. To consolidate the two arguments, Chinese business strategies and 

values are influential and can be determining in producing countries if these countries have weak 

mining regulations and governance.     

It remains to be seen if the reserves of other countries are kept under Chinese influence or whether host 

countries achieve to gain independence from (large) foreign investments. The Democratic Republic of the 

Congo had an “awakening” in early 2022 when Chinese owner “China Molybdenum” of one of the largest 

cobalt mines worldwide, was side-lined due to allegedly concealing reserves and owing large sums of 

royalties to the DRC (Lipton and Searcey, 2022). Moreover, the DRC is revising its Chinese “infrastructure-

for-minerals” deal (Ross and Strohecker, 2021). Chinese corruption and negligence of labour or 

environmental laws could break the Chinese supply chain advantage.   

To conclude, high risk index points in investor countries may endanger the green transition more than just 

through production: Investments might export risks from one country to another. This makes the market 

riskier and make the green transition more vulnerable. 

Our model only focuses on the reserve location, i.e. the producing country where the reserves are found. The 

case of China, however, is an example of the larger issues and factors that influence the risk a producing 

country has to the materials market. It also shows the interconnections between producing and investing 

countries, mining companies and international trade and mining regulations. Future research is necessary in 

these areas. 
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6. Conclusion 

The purpose of this thesis was to investigate the supply and geopolitical risks of the critical materials 

cobalt, rare earths, and lithium in the short- and medium-term. By using the maximum depletion rate 

model and risk-weighted country index scores – methods that previously had only been used to analyse 

fossil fuel and/or metal production and markets – this thesis compares and links developments in fossil 

fuel energy to those in renewable energy.  

This thesis was guided by the following research question: "How might green technologies and the 

energy transition be impacted by the dependency on fragile states for material supply and possible 

(geo)political tensions between producer and consumer states?". Achieving new, quantitative insights 

into the geopolitical risks related to an increased renewable energy deployment , the research question 

could be answered, concluding that: 

- The green transition is projected to be impacted by the risks that production countries pose in the 

short- and medium-term. Geopolitical supply risks are thus an important part of and a threat to 

the green transition. 

- Each mineral market is exposed to different risks depending on the main producing countries. 

Fragility, a lack of democracy and corruption are the main risks to the cobalt market. The quality 

of democracy followed by a lack of environmental protection is the main risk to lithium 

production countries and therefore the lithium market. Finally, the autocratic regime of the largest 

rare earth producer, China, is the largest risk to rare earth production and supply. These identified 

risks for each market are novel insights into mineral market developments and associated risks. 

- High HHI values reveal that the critical materials necessary for the green transition are traded on 

highly concentrated markets. These findings are in line with existing literature highlighting the 

geographical concentration of critical materials (Rothkopf, 2009; Hurd et al., 2012; Exner et al., 

2015; Church and Crawford, 2020). 

- The dependence on few suppliers makes green energy projects vulnerable to supply and trade 

disruptions and increases the impact of the risks associated with the big mineral producers.  

- In the case of the three studied minerals, fragile states have most of the large market shares, as is 

evident in the fact that the countries with the largest market shares, also score highly in the 

different indexes. Our findings are hence in line with previous research on mineral reserves in 

fragile states (e.g. Church and Crawford, 2020).  

Moreover, our modelling and analysis support the Malthusian side of the scarcity debate. This thesis 

showed that mineral production is projected to peak and supply problems occur at different times in 

different countries if reserves are not increased significantly. Global supply problems are projected 

for cobalt in the short-term and lithium and rare earths in the medium term. Cobalt is the most critical 

mineral, followed by rare earths and lithium. When individual countries reach supply problems it 

means that other countries increase their market share and the risks, these countries are emanating, 

are becoming more important and impactful. The thesis also suggests that due to the resource curse, 

risks and resource depletion may intensify leading to a riskier and more uncertain supply of critical 

materials for the energy transition. 

This study also revealed the importance of China in multiple critical minerals markets. Not only does 

China possess its own fair share of critical materials and is the market leader in rare earth production, 

but it is also heavily involved in investing in the foreign mining sectors, notably lithium. As investors 

bring their corporate ethics and values with them into investment projects, the future political, social, 

legal, and economic developments in China are of great importance to the energy transition overall.  

6.1. Recommendations for future work 

As this thesis only focused on the minerals’ mining countries and not the refining countries, the 

vulnerability of critical materials is only partially assessed, and the conclusions drawn from our 

research are limited. More research needs to be undertaken to analyse the geopolitical risks along the 
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entire supply chain. Moreover, our analysis should be repeated for other critical materials such as 

graphite, one of the main components of lithium-ion batteries, to gain an even better understanding of 

the risks that the energy transition may be exposed to. Furthermore, there exists the need to calculate 

risk-weighted scores for the projected production development. This will make the conclusions drawn 

about the future of the critical minerals market more significant.  Finally, it is debatable how well 

quantitative tools can quantify abstract concepts such as democracy risks. Further research should 

combine our quantitative methods with qualitative methods to capture the complexity inherent to 

human systems.     
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Appendix 

Appendix 1. Transformation of original index scores 

Corruption perception index 100 − 𝑛 

Fragile States Index 𝐹𝑟𝑎𝑔𝑖𝑙𝑒 𝑆𝑡𝑎𝑡𝑒 𝐼𝑛𝑑𝑒𝑥 𝑣𝑎𝑙𝑢𝑒

120
 × 100 

Democracy Index (10 − 𝑛) × 10 

Quality of Democracy Index (1 − 𝑛) × 100 

Environmental Performance Index 100 − 𝑛 
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Appendix 2. Original and Transformed Scores per country 

Appendix 2.1. Quality of Democracy 

Country Original Score Transformed Score 

Argentina 0.763 23.7 

Australia 0.904 9.6 

Brazil 0.599 40.1 

Canada 0.86 14 

Chile 0.84 16 

China  0.048 95.2 

Cuba 0.165 83.5 

DRC 0.337 66.3 

India 0.564 43.6 

Madagascar 0.415 58.5 

Morocco 0.474 52.6 

New Caledonia (France) 0.889 11.1 

Papua New Guinea 0.49 51 

Philippines 0.443 55.7 
Portugal 0.864 13.6 

Russian Federation 0.262 73.8 

South Africa 0.72 28 

Thailand 0.3 70 

US 0.811 18.9 

Zambia 0.456 54.4 

Zimbabwe 0.336 66.4 
 

 

 

Appendix 2.2. Democracy Index by the EIU 

 

Country Original Score Transformed Score 

Argentina 6.81 31.9 

Australia 8.9 11 

Brazil 6.86 31.4 

Canada 8.87 11.3 

Chile 7.92 20.8 

China  2.21 77.9 

Cuba 2.59 74.1 

DRC 1.4 86 

India 6.91 30.9 

Madagascar 5.7 43 

Morocco 5.04 49.6 

New Caledonia (France) 7.99 20.1 

Papua New Guinea 6.1 39 

Philippines 6.62 33.8 

Portugal 7.82 21.8 
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Russian Federation 3.24 67.6 

Russian Federation 3.24 67.6 

South Africa 7.05 29.5 

Thailand 6.04 39.6 

US 7.85 21.5 

Zambia 5.72 42.8 

Zimbabwe 2.92 70.8 

 

Appendix 2.3. Fragile States Index 

Country Original Score 
Transformed 
Score 

Argentina 50.1 41.75 

Australia 21.8 18.17 

Brazil 75.8 63.17 

Canada 21.7 18.08 

Chile 44.1 36.75 

China  68.9 57.42 

Cuba 59.5 49.58 

DRC 108.4 90.33 

India 77 64.17 

Madagascar 79.5 66.25 

Morocco 71.5 59.58 

New Caledonia (France) 32.5 27.08 

Papua New Guinea 80.9 67.42 

Philippines 82.4 68.67 

Portugal 26.8 22.33 

Russian Federation 73.6 61.33 

South Africa 70 58.33 

Thailand 70.9 59.08 

US 44.6 37.17 

Zambia 84.9 70.75 

Zimbabwe 99.1 82.58 

 

Appendix 2.4. Corruption Perception Index 

Country Original Score 
Transformed 
Score 

Argentina 42 58 

Australia 77 23 

Brazil 38 62 

Canada 77 23 

Chile 67 33 

China  42 58 

Cuba 47 53 

DRC 18 82 

India 40 60 
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Madagascar 25 75 

Morocco 40 60 

New Caledonia (France) 69 31 

Papua New Guinea 27 73 

Philippines 34 66 

Portugal 61 39 

Russian Federation 30 70 

South Africa 44 56 

Thailand 36 64 

US 67 33 

Zambia 33 67 

Zimbabwe 24 76 

 

Appendix 2.5. Environmental Performance Index 

Country Original Score 
Transformed 
Score 

Argentina 52.2 47.8 

Australia 74.9 25.1 

Brazil 51.2 48.8 

Canada 71 29 

Chile 55.3 44.7 

China  37.3 62.7 

Cuba 48.4 51.6 

DRC 36.4 63.6 

India 27.6 72.4 

Madagascar 26.5 73.5 

Morocco 42.3 57.7 

New Caledonia (France) 80 20 

Papua New Guinea 32.4 67.6 

Philippines 38.4 61.6 

Portugal 67 33 

Russian Federation 50.5 49.5 

South Africa 43.1 56.9 

Thailand 45.4 54.6 

US 69.3 30.7 

Zambia 34.7 65.3 

Zimbabwe 37 63 
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Appendix 3. Risk-Weighted Scores  

Appendix 3.1. Cobalt 
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Appendix 3.2. Rare Earths 

 

 

0.00
5.00

10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00

49.79

0.48 1.76 0.74 0.49 2.68

R
is

k-
W

ei
gt

h
ed

 S
co

re

Quality of Democracy 

0.00
5.00

10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00 40.74

0.34 1.29 0.68 0.28
3.05

R
is

k-
W

ei
gh

te
d

 S
co

re

Democracy



54 

 

 

 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00 30.03

0.71 1.99 0.61 0.41

5.28

R
is

k-
W

ei
gh

te
d

 S
co

re

Fragile States

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00
32.79

0.80 2.21
0.50 0.38

4.36

R
is

k-
W

ei
gh

te
d

 S
co

re

Environmental Performance

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00 30.33

0.66 2.25 0.70 0.45

4.69

R
is

k-
W

ei
gh

te
d

 S
co

re

Corruption Perception



55 

Appendix 3.3. Lithium 
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