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Yang, Y., 2021: Securing lithium supply for a cleaner energy consumption pathway: A systems thinking on 
supply disruptions. Master thesis in Sustainable Development at Uppsala University, No. 2021/17, 33 pp, 30 ECTS/hp   

Abstract:   

To mitigate climate change and realize the transition towards a cleaner consumption pattern, the development 
of EVs needs to be ensured as it is one of the major solutions to the fossil fuel-related problems human beings 
face today. Lithium, as a critical material to EV cells, is seen as a strategic resource in many countries. Given 
the fact that the global lithium distribution is quite uneven, securing lithium supply for the development of EVs 
is essential for the world to phase out fossil fuels consumption in the transport sector. The supply risks of 
lithium can be observed in many aspects, ranging from lithium production to geopolitics. In this paper, the 
author combines qualitative and quantitative analysis in order to overarchingly reflect the global supply 
disruptions of lithium. In the qualitative section, the concept of systems theory is applied, supported by the 
connection circle, the stock-flow model, and the panarchy model; in the quantitative section, the author uses 
the combination of Herfindahl-Hirschman Index (HHI) and Worldwide Governance Indicators (WGI) to 
measure the extent of supply disruptions in a certain year. The quantitative section serves as a good supplement 
to the qualitative analysis. The qualitative results indicate that lithium mining and processing plays the key role 
in the whole lithium supply chain. It can be affected by the factors in the larger global context such as global 
political environment and the demand for lithium, as well as the social, ecological and technical components in 
the smaller scale that provides a physical environment for lithium production. The quantitative results show 
that the global supply disruptions of lithium are significant in 2019, mainly due to the high level of supply 
concentration. The author suggests that the governments of major lithium producer countries might organize 
panel discussions regularly to ensure the stable and non-centric supply of lithium to the global market. The rich 
production countries may also offer technical support to the less developed lithium holders to help the latter 
overcome the difficulties brought by the increasing cost of mining.  
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Summary: The supply risks of lithium in a global context are determined by many factors. These include 
variables in political environment and the demand for lithium as well as the social, ecological and technical 
components for lithium mining and processing activities. Unexpected external shocks such as climate change 
and the development of hydrogen powered vehicles can also threaten the stability of lithium supply on a global 
scale. Though the timeline shows a stable and continuously increasing trend regarding lithium use and the R&D 
of lithium batteries, the actual supply disruptions of lithium can be significant based on the evidence from the 
calculations, which is mainly caused by the high supply concentration of lithium worldwide. Geopolitical 
conflict, as a major driver that can affect the situations of global lithium supply, has its unique characteristics 
in different regions of the world. This will ultimately result in supply disruptions in a larger context. Therefore, 
the governments of major lithium producer countries might organize panel discussions regularly to ensure the 
stable and non-centric supply of lithium to the global market. The rich production countries may also offer 
technical support to the less developed lithium producer nations to help the latter overcome the difficulties 
brought by the increasing cost of mining. The risks of global lithium supply can be effectively alleviated 
throughout the efforts established above. And when the supply disruptions of lithium are alleviated or 
effectively controlled, EV production can be stable and thrive on the market, ensuring a cleaner pathway of 
energy consumption.    

Keywords: Systems Analysis, Lithium, Supply Risks, HHI, WGI, Sustainable Development 

Yuru Yang, Department of Earth Sciences, Uppsala University, Villavägen 16, SE- 752 36 Uppsala, Sweden 
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1. Introduction 
As climate change has become a topic of great concern worldwide, rapid changes in the production 
and consumption patterns of industries and societies are urgently required. Apart from climate change, 
driven by air pollution and the need for energy security at the same time, the world is undergoing a 
fundamental transition towards a low carbon future (British Geological Survey, 2018). Among all the 
efforts, global energy transition is considered to be one of the leading actions ever since enhancing 
energy transition from fossil fuels to a cleaner pathway is a major solution to the current energy-
related issues (Wang et al., 2018), while the promotion of Electric Vehicles (EVs) is increasing due 
to the options it offers to reduce greenhouse emissions from personal transport (Riesz et al., 2016) and 
public transport. In fact, lithium is central for transitions away from fossil fuel-based economies as a 
key component in batteries for electric cars (Marchegiani et al., 2020).  Due to the features that differ 
EVs from traditional vehicles, the EVs will no longer require fossil fuels as the direct power source 
yet will need more rare earth metals such as lithium in the production stage. Considered as a type of 
critical metal for EV cells production, lithium is drawing greater attention mainly because of the 
significant role it can play for a decarbonization of the road transport sector. International Energy 
Agency (IEA) predicts that by 2025 there will be 40-70 million electric cars on the road (IEA, 2017). 
Lithium, although nonrenewable, is considered a cleaner and more efficient energy storage material 
to both extract and use than oil (Lunde Seefeldt, 2020). Lithium is also regarded as an excellent 
conductor for electricity and heat (Egbue & Long, 2012) and a critical material in the glass and ceramic 
industries. 

Global lithium reserves are relatively high but have been changed over the years due to the continuous 
exploitations. The estimations of global lithium reserves range from 16.7 Mt Li in minerals for a total 
of 43.6 Mt Li including the brines to 14 Mt Li in minerals for a total of 62 Mt Li identified resources 
(Dessemond et al., 2019). Lithium production is scattered in several different regions of the world, 
with abundant reserves in South America and Oceania. Globally, the most important Lithium 
production sites are in South America (Chile and Argentina) (T.C. Wanger, 2011). Since the 
distribution of lithium ores is quite uneven, there might be huge potential risks for disruption of the 
lithium supply chain, especially in the mining and chemicals processing components, caused by 
geopolitical conflicts, national political instability, and environmental degradation.  

According to Hao et al. (2017), there are 5 major steps in the chain of lithium industrial activities, 
namely: resource mining, chemical processing, manufacturing, product using, and waste management. 
Only the first two steps directly relate to the supply chain of lithium as a raw material. The supply 
disruptions of lithium as a raw material, e.g. resourcing mining and chemicals processing are the main 
focus of this study. From the manufacturing stage and onwards, it is more associated with lithium 
products and by-products. Because consuming energy can result in serious environmental issues 
(Wang & Yang, 2020), the environmental impacts caused by lithium production will affect the stability 
of lithium supply. And the raising recognition of the importance of the environment in the SDGs in 
terms of climate change and sustainable use of natural resources (Vasseur et al., 2017) also stresses 
the significance of the integration of economic, environmental and social aspects of resource mining 
activities. Other factors that lead to the supply disruptions of lithium in the mining and chemical 
production stages such as political stability and production costs will also be considered in the 
following sections using the System Dynamics (SD) method (Ogata, 2004; Karnopp & Margolis, 
1990). System Dynamics (SD) analysis is a widely used method in many fields, it has an advantage in 
solving problems with insufficient data and periodic changes (Shao & Jin, 2020). Therefore, in this 
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work, the author will adopt the concepts of system dynamics, and combine the ideas together with 
quantitative methods to present a holistic view of lithium supply disruptions on a global scale.  

1.1. Research questions 

This paper aims to examine the supply disruptions of lithium material in different regions of the world by 
selecting representative countries in each part of the world, and conduct further analysis from a systems 
perspective. The research target of this paper is to answer the following two questions:  

(1) What are the key factors affecting the lithium mining and chemicals production procedures of whole 
lithium supply chain?  

(2) What are the supply disruptions of lithium for the major supplier countries? 

1.2. The uniqueness of this research 

The uniqueness of this work will be embodied by the adoption of both qualitative research framework 
and quantitative research methods while presenting a comprehensive and clear answer of the research 
questions above. The qualitative section will be mainly reflected by a systems approach, using the 
connection circle model and the stock-flow model to demonstrate the interactions between different 
key factors, and followed by the panarchy model showing the development trajectory of lithium supply 
and the interactions across scales; the quantitative section will be conducted via a series of equations 
and calculations, supported by the data gathered from authoritative dataset such as the US Geological 
Survey (USGS) and the British Geological Survey (BGS). It is noted that the quantitative section will 
be served as a statistical supplement to a detailed analysis towards the key affecting factors that have 
been defined by the systems modelling in the qualitative part. As the resource mining and chemicals 
production (e.g. LCO, LMO, etc.) are the major processes towards the lithium supply chain, the status 
of lithium supply will be mainly demonstrated by these two sectors. Finally, discussions about the 
potential improvement and other affecting factors outside the system will be included, and key 
findings and future policy orientations will be presented in the conclusions.  

2. Theoretical Framework 

The main purpose of this section is to provide theoretical support for conducting the following 
analysis. As the main method of this paper focuses on calculating the supply disruptions from a 
systems perspective, it is essential to construct a theoretical framework explaining what a system is 
and how it functions. In other words, this section is the foundation of the upcoming sections.    

2.1. General Systems Theory 

In order to explain the following concepts regarding systems science, we should firstly get to know 
about the history and development of general systems theory as it is the foundation for all modern 
systems analysis. According to Skyttner (2005), systems science aims to provide a general language 
with which to tie together various areas in interdisciplinary communication. Many scholars agreed 
that systems ideas can be traced back to the golden times of the Greek (Skyttner, 2005; Von 
Bertalanffy, 1972), while others considered that the philosophical roots of general systems theory can 
be dated back at least to the German philosopher Hegel (Kast & Rosenzweigand, 1972). Von 
Bertalanffy (1972) suggested that the holistic Aristotelian world view and his famous statement “The 
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whole is more than the sum of its parts” indicate a definition of a basic systems problem which is still 
valid even today.  

The “organismic biology” established by Von Bertalanffy in the 1920’s, later explained as “the system 
theory of organism”, is regarded as the foundation of general systems theory (Von Bertalanffy, 1972). 
In the 1930’s, Von Bertalanffy firstly formulated the notion of general systems theory, concluding 
that the General Systems Theory is a logico-mathematical method whose task is the formulation and 
derivation of those general principles which are applicable to “systems” in general (Von Bertalanffy, 
1972). Furthermore, Kohler attempted to generalize Gestalt Theory into general systems theory, while 
Lotka and Volterra adopted the basic ideas of “dynamical” system theory and generalized kinetics and 
dynamics, respectively (ibid.). General systems theory has three main realms defined by Von 
Bertalanffy (1972), namely, mathematical systems theory, systems technology, and systems 
philosophy. The above aspects are essential components for modern general systems study.     

A significant amount of components can be defined in general systems theory. For example, Robbins 
& Oliva (1972) reviewed 400 articles and summarized 93 terms that are related to general systems 
theory. Today, general systems theory has been supplemented to adapt to the new social-ecological 
environment. Accordingly, typical components of general systems theory are thereby concluded as 
follows: basic definitions, system thinking, system topologies, life cycles, system performance, 
conceptual design, current state evaluations, related sciences, solving methods, creative solutions, 
system synthesis, system analysis, optimization, solution assessment, virtual optimizing, system 
engineering, and evaluation of knowledge in economy and society (Sieniutycz, 2019 Chapter 1). Apart 
from above, one of the most important concepts in systems theory is “feedback”. A feedback shows 
the trajectory of how behaviors can reinforce or balance each other (Haraldsson, 2000), which is the 
basic for stock-flow modelling. It also indicates the reciprocal flow of influence, representing that 
every influence is both cause and effect (Senge, 2006, 2014; Haraldsson, 2000). Therefore, feedback 
is an essential part for general systems theory, which helps us to understand the interactions within a 
system. 

2.2. Understanding system dynamics 

Systems dynamics is a way of studying the dynamic behaviors of a complex system. It has been 
developed for the last 50 years and has its increasing impacts on science (Haraldsson, 2000). As the 
second step to systems thinking (which is a mental process), system dynamics deals with the 
mathematical representation of the mental models we have developed in mind (ibid.). System 
dynamics has been defined as one of the key solutions to address the complexity of the problems in a 
real-world context, it is often used to describe the increasing challenges that natural resources 
management faces today caused by environmental concerns which are embedded in highly complex 
systems with profound uncertainties (Schlüter et al., 2012). The so-called social‐ecological systems 
(SESs) are characterized by strong interlinkages between the social and the ecological systems and 
multiple interactions across spatial and temporal scales (Schlüter et al., 2012). Among all the systems 
analysis approaches, Gunderson and Holling (2002) devised a method that has been widely adopted 
to understand change in social-ecological systems. In the Gunderson and Holling’s method, four key 
stages are defined in the adaptive cycle to reflect changes over time. However, in order to present the 
transformation and evolutionary change of systems across scales, the panarchy model is an essential 
part. Thus, in this work, qualitative analysis will adopt the concepts of systems analysis to find out 
the key risk factors that may affect the situation of global lithium supply. 
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2.3. The adaptive cycle 

As Holling and Gunderson pointed out, the living systems of people and nature are complex and self-
organized, it emerges from a small set of critical controlling processes instead of a random large 
number of interacting factors (Holling 2000, 2001; Gunderson & Holling, 2001). Therefore, to better 
understand the supply systems of lithium globally and its disruptions, we need to adopt the ideas of 
system dynamics to further demonstrate the connections between each key factors. Holling (1986) 
came up with a metaphor of systems dynamics that contains four stages, namely, growth (r), 
equilibrium (K), collapse (Ω), and reorientation (α), which is later revised as exploitation (r), 
conservation (K), collapse (Ω), and reorganization (α) in Holling and Gunderson (2002). The graphic 
illustration is gathered from Holling and Gunderson (2002), see Fig. 1. below.  

 

Figure 1. The adaptive cycle representing the four system functions and the flow of events among them. 

Source: Holling and Gunderson (2002) 

From the figure above, we can notice that in the r-stage (exploitation), the system has already been set 
free from post-crisis and now is heading towards rapid growth and development; K-stage 
(conservation) is the control process of development; Ω-stage (release) refers to a systems capacity in 
the context of surviving in the extreme scenarios including extreme disturbance and disordered 
collapse; whereas α-stage (reorganization) is the start of the renewed trajectory for future development 
(Fath et al., 2015). It is also mentioned in Holling (2001) that from phase r to K (exploitation to 
conservation), it requires a longer period of time to slowly accumulate and transform resources, while 
from Ω to α (release to reorganization) needs shorter time for creation and innovation. Therefore, the 
above four stages can fully describe the development trajectory and its evolution of a certain social or 
natural system. Since the conditions of the supply disruptions of lithium is a result of many indicators 
(e.g. political stability, technology enhancement, and environmental degradation), the adaptive cycle 
will be an ideal choice to present the interlinkages of the system. 
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2.4. The three-dimensional adaptive cycle and the two traps 

According to Gunderson and Holling (2002), there are two types of trap that may occur during the 
process in a system, namely, poverty trap and rigidity trap. A poverty trap can be observed in the r-
phase (exploitation), it happens when a system fails to access to enough activation energy to reach a 
state where positive feedbacks can drive internal growth (Fath et al., 2015); a rigidity trap, however, 
occurs in the K-phase (conservation) where a system is so refined that there is little room for further 
innovation (Fath et al., 2015) and thus a system is unable to change when a change is needed. Both 
traps indicate system dysfunction, it means either the system is lack of energy when internal growth 
is required, or the system is too full and there is no space for further development. The traps are 
explained by Holling (2004) where rigidity trap appears slightly above K-stage and poverty traps 
occurs slightly below r-stage. The figure of the three-dimensional adaptive cycle is displayed in Fig.2. 
below.  

 

Figure 2. Three-dimensional adaptive cycle (including resilience) and the demonstration of the two traps. 

Source: Holling (2004). 

From Fig.1. and Fig.2., we can notice that connectedness and development potential are the two basic 
dimensions of adaptive cycle, while in Fig.2. resilience factor is added as another dimension to 
illustrate a system’s capability to recover from disturbances and disorders. This is because the capacity 
of ecological and social systems to cope with disturbances while at the same time maintaining the 
main functions, structures, identities and feedbacks is officially described as systems resilience 
(Walker et al., 2016; Burkhard et al., 2011). And this dimension is a critical part of a system. Different 
adaptive stages in a system represent different focuses at a certain period of time. Exploitation stage 
(r) is a beginning to expand and explore, it indicates the rapid growth of the system; conservation (K) 
is the result of previous development, it is a steady state; collapse (Ω) is the start of renewal and 
evolvement, it shows the release phase of the system; and reorganization (α) is the representation of a 
further developed and evolved system (Holling, 1986; Gunderson and Holling, 2002). Although the 
key system features, such as connectedness, flexibility and resilience change drastically with the four 
stages above (Jørgensen et al., 2007), the adaptive cycle still remains valuable and trustworthy in the 
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field of systems analysis (Burkhard et al., 2011; Bass, 1998). 

2.5. The revised adaptive cycle 

The adaptive cycle is widely adopted by academia when conducting systems analysis. However, many 
scholars argue that the Holling Adaptive Cycle has been over idealized, and some even consider the 
presentation of such an idealized system response is out of aesthetic reasons (Burkhard et al., 2011). 
Therefore, some modifications on the adaptive cycle model have been realized by the researchers 
(Sundstrom & Allen, 2019; Tittonell, 2020). One typical example of these modifications is described 
in Burkhard et al. (2011), where the basic orientor is rotated 45° to illustrate that the collapse phase 
(Ω) experiences a monotonic decrease in connectivity compared with other phases. The collapse walks 
through its K-phase height and lasts until the beginning of the reorganization (Fath et al., 2015). This 
rotation aims to emphasize the differences of the connectivity during the transformation from 
exploitation (r) to release (Ω). The new version of the adaptive cycle can be found in Fath et al. (2015), 
see Fig. 3. below. 

 

Figure 3. The rotated adaptive cycle. Source: Fath et al. (2015). 

As Fath et al. (2015) explained, the rotated 45° degree is to correct the incongruous pattern in the 
original Ω quadrat in which the abscissa values increased at the end of the collapse stage prior to the 
emergency from the reorganization phase (Fath et al., 2015). Besides, during the successional growth 
and development stages, i.e. from r to K, the upward trajectory is not monotonic on a small scale, 
though an upward trajectory can be observed in general (ibid.). Therefore, through the changes that 
have been mentioned above, a system that focuses more on the resilience dimension can be captured.  

Apart from the above, Burkhard et al. (2011) discovered that the longer a system remains in the 
conservation phase (K), the smaller are the external or the internal shocks are needed to end this phase 
and to initiate a new release phase. This indirectly reflects the importance of systems resilience, and 
shows that both external and internal disturbances can be eliminated if the system is stable enough. 
Burkhard et al. (2011) also figured out that the development potential of a system is decreasing 
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constantly while the number of a system’s connections is rising. More information can be concluded 
from Fig. 4. below. 

 

Figure 4. The adaptive cycle showing the number of connections (x-axis) and the respective indicators (y-

axis), and its reversed figure. Source: Burkhard et al. (2011). 

From the original adaptive cycle developed by Gunderson and Holling, to the revised version proposed 
by Burkhard, Fath and Müller, the adaptive cycle tool is being improved to better describe a social 
or/and ecological system. Today, this approach still plays a key part in the discussions of systems 
dynamics. Prior to conducting a quantitative analysis to calculate the accurate figure of the supply 
disruptions of lithium, holistic knowledge of the study object is an essential step to begin with. A 
systems perspective can be quite necessary to a complex real-world problem including several 
stakeholders such as politics, supply and demand, the industrial revolution of a certain sector, etc. 
Therefore, the systems concepts and ways of thinking that have been displayed above will be the 
fundamentals towards the systems analysis of this paper, facilitated by the quantitative analysis in the 
following sections concerning lithium supply disruptions.   

2.6. The panarchy 

The panarchy is used to describe the evolving nature of complex adaptive systems. It is the hierarchical 
structure in which systems of nature, humans, combined human-nature systems, and social-ecological 
systems are interlinked in never-ending adaptive cycles of growth, accumulation, restructuring, and 
renewal (Holling, 2001). The idea of panarchy combines the concept of time/space hierarchies with a 
concept of the adaptive cycles at different scales, and can help to identify the tipping points either for 
a positive change or where it is vulnerable (Holling, 2001). Normally speaking, the larger the scale is, 
the longer time it takes to transform into another stage. And the slower and larger levels set the 
conditions within which faster and smaller ones function (ibid.).  

There are potentially multiple interactions across scales, with two particularly important to the 
research of sustainability which are labeled as “revolt” and “remember” (Holling, 2001). The “revolt” 
connection can cause a critical change in one cycle to cascade up to a vulnerable stage in a larger and 
slower one, while the “remember” connection facilitates renewal by drawing on the potential that has 
been accumulated and stored in a larger, slower cycle (Holling, 2001). Detailed explanations can be 
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found in Gunderson, Holling & Peterson (2002), where they demonstrate that when a smaller and 
faster cycle navigates the release (Ω) phase, it can trigger the higher level (a cycle with intermediate 
size and speed) to move from the conservation (K) stage where the resilience is low and the system is 
vulnerable, to a release (Ω) phase through a cascade-up, and this is called the “revolt”; while 
Gunderson, Holling & Peterson (2002) also explained that when a lower level of cycle navigates its 
reorganization (α) phase, the opportunities for, or constraints against, the reorganization will be 
strongly influenced a higher level at a conservation (K) phase, using the accumulated resources and 
re-locating those resources to a lower level, and finally affect the directions of the exploitation (r) 
stage at the lower level of the adaptive cycle. This movement is named as the “remember”. A 
representation of the panarchy is shown in Fig. 5. 

 

Figure 5. A representation of the panarchy model. Source: Gunderson, Holling & Peterson (2002) 

3. Methods and data collection 

As supply chain disruptions arise from the vulnerability of material flows (Durach et al., 2017) and 

geopolitics, determining a comprehensive method that covers both production risks and geopolitical 

conflicts is essential. Performance indicators for supply resilience used by Singh et al. (2019) is a 

rather holistic method but also lack of necessary quantitative results, while original Material Flow 

Analysis (MFA) focuses too much on the mineral itself and geopolitics are often rarely discussed. In 

this study, both risks in lithium production and geopolitical disturbances that may affect lithium supply 

need to be equally analyzed, as this is a better option to reflect the potential supply disruptions occur 

in both internal production stages and from external political environment. Therefore, a method that 

measures the concentration of material supply, while including political factors will be an ideal choice.   
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3.1. Methods 

In accordance with the theoretical framework above, the qualitative method in this work will include 
the connection circle, the stock-flow model, and the panarchy model. However, to present the supply 
disruptions of lithium accurately and at a statistical level, a qualitative method alone will not be 
enough, further quantitative methods will be required as a good counterpart to make this work more 
holistic and statistically explainable. There are several ways to describe the statistical concentration 
and the supply disruption of an object, yet the Herfindahl-Hirschman Index (HHI) is highly recognized 
by academia (Hirshman, 1964; Rhoades, 1993). Thus, in this paper, the quantitative analytical section 
will combine Herfindahl-Hirschman Index (HHI) and Worldwide Governance Indicators (WGI) 
(World Bank, 2020; Sun et al., 2019) as the method. This is because HHI is widely used to assess the 
probability of supply disruption and supply concentration, while the WGI can be chosen to value 
supply disruptions caused by geopolitical disturbances (Cimprich et al, 2019) and it is consisting of 
six dimensions: voice & accountability, political stability & absence of violence, government 
effectiveness, regulatory quality, rule of law, and control of corruption (World Bank, 2020). HHI 
evaluates the level of concentration of worldwide production of raw materials, i.e. market 
competitiveness, while WGI represents the political and economic stability of the producing countries 
(Mancini et al., 2018). The implementation of the integration of the above two indices can be found 
in Sun et al. (2019). The probability of supply disruption and the influence of productivity distribution 
will be mainly conducted by a series of equations, which are established as follows: 

                                                     𝐻𝐻𝐼 = $ 𝑆!"!                                                         (1) 

Where Si is the supply share of lithium (Li) in country i (in percentage), and the probability of supply 
disruption is in line with supply concentration (the value of HHI).   

World Governance Indicators (WGI) is a reflection of national administration levels on risk. Inspired 
by Sun et al. (2019), who utilized the WGI value and later weighed it by the six dimensions via 
calculating the data of several different years. The author chooses and calculates the average values 
of each dimension from 2005 to 2019 (the latest 15 years statistically available) in the 7 selected 
nations in order to avoid the impact of extreme values and unusual events. These figures will be used 
as the variables in the following equation. To demonstrate WGI clearly, the WGI value is scaled to an 
interval of 0 ~ 10 via Eq (2). The equation of the scaled value of WGI is gathered from Sun et al. 
(2019) and shown below:  

                                    WGIscaled = -1.9841*WGI +5.0071                          (2) 

According to Sun et al. (2019), the probability of supply disruption can be represented by a new index 
HHI-WGI. This index can also demonstrate the influence of productivity distribution. 

                                    𝐻𝐻𝐼 −𝑊𝐺𝐼 = $ 𝑆!"! ∗ 𝑊𝐺𝐼!                                           (3) 

3.2. Data collection    

To present the global lithium supply disruptions statistically, necessary data regarding production and 
typical mineral grade need to be collected. This dataset alongside the upcoming quantitative analysis 
will explain the lithium supply system in a mathematical way, and is considered as a good supplement 
to the qualitative theoretical framework in Section 2. To obtain the most typical and relevant data, the 
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author chooses the top 7 lithium-rich countries covering all five continents as samples, namely, China 
(Asia), Portugal (Europe), Australia (Oceania), Chile, Argentina and Brazil (America), and Zimbabwe 
(Africa), using their lithium mine production figures in the year of 2019. The data sources of lithium 
mine production and lithium mine types are gathered from the US Geological Survey (USGS) Mineral 
Commodity Summaries (2020) and the USGS Minerals Yearbook for Lithium (2017).  

 

 

Figure 6. Top 7 lithium production countries in 2019. Data source: USGS (2020). 

Each chosen nation has its own major type of lithium mine according to USGS (2017). To convert all 
the different types of lithium mines into metric tons of Lithium Carbonate Equivalent (LCE), the 
author follows the concentration table established by the British Geological Survey (BGS). It is noted 
that, the above countries are the major 7 countries of lithium mine production in 2019. This is because 
only Australia, Argentina and Chile account for 91% of global lithium production (Ballinger et al., 
2019). Hence, from a global supply chain perspective, the production figures of lithium in those 
countries above can be used to represent the total lithium production worldwide in 2019. The major 
lithium mineral types and the converting parameters is shown in Table 1.  
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Table 1. Types of lithium mine in different countries and the converting parameters. 

Country1 Major Mineral 
name/ 

Deposit type2 

Chemical formula3 Typical grade of 
Li/Li2O (%)4 

Australia Spodumene LiAlSi2O6 3.7% Li 

Chile Subsurface brine N/A 0.04-0.15% Li 

China Subsurface brine N/A 0.04-0.15% Li 

Argentina Subsurface brine N/A 0.04-0.15% Li 

Zimbabwe Amblygonite 

Eucryptite 

(Li,Na)AlPO4(F,OH) 

LiAlSiO4 

3.4-4.7% Li 

2.1-5.5% Li 

Portugal lepidolite K2(Li, Al)5-6{Si6-
7Al2-1O20} 

1.4-3.6% Li 

Brazil Pegmatitic rock N/A 1.0-4% Li2O 

Note: 1and 2 are from USGS, 3 and 4 are from BGS; LCE is the author’s calculation based on the converting 
parameters established by BGS (Li*5.323, Li2O*2.473).    

From the table above, it is clear that lithium types vary from region to region. In Chile, China and 
Argentina, lithium is mainly gathered through subsurface brine, which contains a relatively small 
proportion of net Li, only ranging from approximately 0.04 to 0.15%. Zimbabwe has two dominant 
types of lithium mine, namely Amblygonite and Eucryptite, whereas Portugal has a relatively rich 
reserve of lepidolite. In Australia, the major deposit type is Spodumene. It is noted that, in the above 
3 countries, the concentration of lithium in lithium mines is much more abundant than that in Chile, 
China and Argentina. Brazil is a unique country in the list. This is because in Brazil, the main deposit 
type is pegmatitic rock. Therefore, we should take Li2O into consideration in the Brazilian case rather 
than Li.    

Table 2. Lithium mine production in the selected 7 countries in 2019 (in metric tons). 

Australia Chile China Argentina Zimbabwe Portugal Brazil 
42,000 18,000 7,500 6,400 1,600 1,200 300 

Source: USGS – Mineral Commodity Summaries 2020. 

In 2019, Australia is the top 1 country which produces 42,000 metric tons of lithium mine, followed 
by Chile, China and Argentina. Although Zimbabwe and Portugal are the 5th and 6th largest lithium 
mine producer in 2019, the production of lithium mine in these two countries are relatively low, merely 
accounting for 3.8% and 2.9% of Australia’s annual production in the same year. Brazil, on the other 
hand, shows a huge gap between the above 6 countries with regard to lithium mine production. The 
annual lithium production in this country is only 300 metric tons. Although there remains huge gaps 
of lithium mine production between those countries, we can observe that the top 7 countries of lithium 
production come from all five continents. Therefore, the global lithium mine distribution is rather 
uneven, despite lithium resources can be found in almost every continent. And the production yield 
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differs a lot from continent to continent.   

4. Results 

4.1. The timeline of lithium use and LiB development 

Establishing a timeline that reflects the development trajectory of lithium use and LiB is the very first 
step to accomplish the qualitative analysis. As the evolvement of a system is undoubtedly dynamic, 
the following timeline aims to show us a clear picture of lithium use and LiB development across the 
decades. This timeline is considered as a fundamental and essential process to the upcoming in-depth 
systems analysis.  

Lithium was firstly recognized as an element by the Swedish chemist Johan August Arfwedson in 
1817 when he was analyzing a sample of petalite (Heredia et al., 2020). In 1913, Gilbert N. Lewis and 
Frederick G. Keyes published a research on the secondary Li metal battery (LMB) and assessing the 
potential of lithium electrode (Lewis & Keyes, 1913; Li et al., 2018). And LMB is seen as the ancestor 
of the current rechargeable LIBs (Li et al., 2018). From 1955 to 1980 the production of lithium was 
steady and averaged ∼5 kt Li/y, and the principal producers were the USA and Zimbabwe (Mohr et 
al., 2012). During this period, R. G. Selim conducted experiment on lithium metal anode in propylene 
carbonate based electrolyte at NASA in 1965, with primary concerns about the low 
stripping/redeposition efficiency of ≈50–70% (Li et al., 2018). In the 1970s, the research and 
development of lithium rechargeable batteries began as Whittingham and Armand proposed a modern 
room temperature battery system that introduced the concept of intercalation of Li in a layered TiS2 
host structure (Whittingham & Huggins, 1973; Whittingham, 1976; Huggins, 1973; Chagnes & 
Swiatowska, 2015). In 1980, the appearance of the modern layered metal oxide was made by N. A. 
Godshall through his publication regarding the use of a high voltage metal oxide cathode material, 
namely LiCoO2 (LCO); In 1987, A. Yoshino and his fellows settled on coke-carbon, a type of soft 
carbon that demonstrated a reversible capacity of ≈200 mAh g−1 with excellent capacity retention and 
paired it with the LCO cathode discovered by Goodenough in a PC mixed with diethyl carbonate-
based electrolyte and patented what is now called as the LIB (Li et al., 2018). Later in 1991, the 1st 
commercialized lithium-ion battery (LiB) was invented by Sony Corporation (Chagnes & Swiatowska, 
2015). Since 2005, lithium-ion batteries (LiBs) became an essential component of portable electric 
and electronic devices and also started to play a key role in the development of fully EVs (ibid.). The 
use of lithium-ion batteries became widespread around 2007 and has been rapidly increasing over the 
years (Heredia et al., 2020). The lithium production reached 25 kt in 2008, with Australia, China, and 
Chile acting as the major producers (Mohr et al., 2012). The uses of lithium in the glass and ceramic 
sectors continued to grow in 2011; and the consumption of lithium from the EVs was also significant 
since the improvement of LiBs made electric motor vehicles more attractive and competitive 
(Maxwell, 2014). It is estimated that the demand for lithium is expected to triple by 2025 compared 
with the current level, and prices doubled from 2013 to 2017 (Lunde Seefeldt, 2020); whereas the 
global lithium consumption (LCE) is very likely to exceed 1.5 million tonnes per annum by 2037 
(Maxwell & Mora, 2020); and the annual consumption of lithium is anticipated to plateau at 1.7 Mt 
around 2100 (Mohr et al., 2012). In total, the consumption of lithium is projected to grow in the long 
term, and there will be an increasing demand for lithium from the EV sector as the LiB technology 
evolves and renews. The timeline of lithium and LiB development is presented as follows:  
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Figure 7. The timeline of lithium use and LiB development. 

From the timeline above, we can observe that there has been a continuously growing trend in lithium 
use; academia and the market have a great intertest in LiBs which makes this industry turn into a rather 
mature stage. Driven by the growth in the EV sector, the use of lithium and LiBs will continue to 
increase in the following decades.  

4.2. The description of lithium mining and processing 

Before defining the risk factors that may affect the lithium supply chain, it is necessary for us to have 
a basic impression on how the lithium mining and processing procedures work.  
 
The lithium resources can be primarily divided into 4 categories according to Meshram et al. (2014), 
namely, pegmatites (including Spodumene, Lepidolite, Zabuyelite, Petalite, Amblygonite, 
Eucryptite), sedimentary rocks, lithium salts in a brine solution, and secondary sources from recycling. 
In Chile, China, and Argentina, the major lithium resources come from brine, whereas the lithium raw 
materials in Australia, Zimbabwe, Portugal, and Brazil are mainly extracted from pegmatites (see 
Table. 1).  
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A general schematic representation for lithium extraction and processing from brines is shown in Fig. 
8. Brine is pumped from beneath the surface of the salt lake into a series of large open air shallow 
evaporation ponds; the lithium brine is concentrated by solar evaporation and wind to a concentration 
of approximately 6000 ppm lithium, followed by recovery process to produce lithium carbonate 
(Flexer et al., 2018). This technology of lithium extraction is generally known as evaporitic 
technology, from which we can see that solar evaporation and wind play important roles in the process.  
  

 
Figure 8. The mining and processing of lithium from brine. Source: Flexer et al. (2018) 

Extracting and processing lithium from pegmatites can be simpler, as all the procedures are highly 
mechanized, and there are no requirements for solar or wind. Karrech et al. (2020) summarized the 
technical parts, which are specifically crushing, screening/sizing, conditioning, floatation, thickening 
of lithium mines. Heredia et al. (2020) presented a general picture of the procedures: 1) hard-rock 
mining extraction; 2) the crushed ore is milled to produce a finer product; 3) other minerals, such as 
quartz, feldspar, micas are removed; 4) the above procedures resulting in the formation of a spodumene 
concentration; 5) the concentration is chemically processed to create lithium carbonate or lithium 
hydroxide; 6) the products are transported to basic raw material (commercialized lithium carbonate) 
plant. The procedures can be summarized in the Figure below.   

 
Figure 9. The mining and processing of lithium from pegmatites. 
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Lithium carbonate is a stable white powder, and it is seen as a key intermediary in the lithium market 
because it can be converted into specific industrial salts and chemicals, or processed into lithium metal 
(Flexer et al., 2018). To successfully convert the concentrated brine to lithium carbonate, sodium 
carbonate is a necessary element. However, due to the fact that sodium carbonate is a common 
chemical and easy to acquire (Reynolds et al., 2019), the supply risk of sodium carbonate is 
neglectable, and therefore the accessibility of sodium carbonate is not considered as a risk factor.   

4.3. The defined risk factors and the connection circle 

One principle variable that can affect solar evaporation is the solar irradiation, but since the annual 
solar irradiation is quite stable across the years, the author considers solar irradiation is not a risk 
factor in lithium extraction and there is no need to add it into the connection circle (Fig. 10.). Apart 
from this, as lithium is a type of non-renewable resource, the cost of mining is likely to increase as 
time goes by. This can be explained by the law of diminishing returns, where the costs of lithium 
mining will only increase as the extraction becomes more difficult. Besides, as environmental 
degradation caused by lithium extraction increases, the associated environmental cost will increase as 
well. Thus, the increasing cost of mining is also included in the connection circle. Lithium extraction 
will undoubtedly cause adverse environmental impacts. For example, in a lithium brine extraction site, 
PVC barriers for the evaporation basins may leak chemical substances such as softeners into the 
environment and causal adverse impacts to the local ecosystem (Wanger, 2011); for lithium ore mining 
and processing, environmental impacts such as land use change and waste products are major concerns 
(Bridge, 2004; Wanger, 2011). Therefore, environmental impacts caused by lithium extraction and 
processing is considered to be a risk factor as well.  
 
National restrictions on lithium export can be another risk factor. This might occur if a country plans 
to keep more lithium reserves as a type of strategic raw material. For example, the “lithium triangle” 
countries (Argentina, Bolivia, Chile) hold up to 75 percent of the world’s known lithium reserves, yet 
Bolivia only exports 0.043 percent of South American lithium carbonate (Lunde Seefeldt, 2020) even 
if it processes the largest lithium deposit (the Uyuni salt flat) in the world (Sanchez‐Lopez, 2019). 
This happens because Bolivia has chosen resource nationalism and public-private partnerships with 
foreign corporations to avoid exploitative extractive models that have been so prevalent in developing 
countries (Hancock et al., 2018). Therefore, national restrictions on lithium export is an important part 
that may reduce the global lithium supply.  
 
Geopolitical conflicts is another risk factor to consider. In general, geopolitical conflicts refer to a 
measure of political tensions in the economy as they serve as an important factor in pricing asset 
markets (Bouoiyour et al., 2019), a huge imbalance between the supply and demand of a type of 
strategic resource could occur if supply channels are disrupted or if demand falls due to economic 
shutdowns arising from geopolitical unrest (Olanipekun & Alola, 2020). As a strategic resource which 
plays an important role in our daily life, lithium is not an exception, and therefore geopolitical conflicts 
will be considered as a risk factor when analyzing the conditions of lithium supply.  
 
Similarly, risks to consider in lithium pegmatites mining and processing are also the increasing cost 
of mining, environmental impacts, national restrictions on export, and geopolitical conflicts. Though 
the origins of lithium, and the mining and processing technologies are different, the risks occur in 
process can be generalized. The connecting circle describing the potential risks that may affect the 
stability of lithium supply is shown as follows:  
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Figure 10. The connection circle of global lithium supply and its risks.  

As it is shown in the above figure, environmental impacts have a reinforcing effect on the increasing 
cost of mining, this is because as the environmental impacts caused by lithium mining and processing 
accumulate the environmental cost will inevitably increase as well. The increasing cost of mining has 
a balancing effect on lithium mining and processing, this is because the longer time the mine/brine 
has been exploited, the more cost it has to produce a certain amount of product, and therefore the 
increasing cost of mining will slow the rate of mining and then eventually stop the mining and 
processing. Geopolitics can affect both lithium mining and processing as well as global lithium supply, 
this is because when encountering geopolitical conflicts, a country may not provide that much of 
lithium on the global market and also decrease the lithium production on site. National restrictions on 
export will balance lithium mining and processing since the restrictions are considered as an approach 
to control the lithium supply, the stricter it is, the less lithium carbonate the country produces. Lithium 
mining and processing has the reinforcing effects on both environmental impacts and the amount of 
commercialized lithium carbonate on the market, this is because, on the one hand, the more lithium 
has been exploited, the worse the environment can be; on the other hand, the more the extraction 
activities are, the more lithium carbonate will be available on the global market. 
 
Based on the connection circle above, the author draws the related stock-flow model, see Fig. 11. 
below. The stock-flow model shows the interactions of the lithium production and demand system 
vividly. The inflow of this diagram is lithium production, which represents the mining and processing 
of lithium. A balancing loop can be observed at this stage: lithium production leads to the adverse 
environmental impacts, and the environmental problems caused by mining activities can thereafter 
contributes to the increasing cost of mining as the environmental costs go up, finally the increasing 
cost of mining will balance lithium production through the law of diminishing returns. The above 
interactions ultimately result in a balancing loop appearing in the lithium production phase. The stock 
of the diagram is the supply of lithium products, in this case, it specifically indicates to lithium 
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carbonate which is a critical raw material to LiBs and the EV sector. The supply of lithium products 
is interfered by external shocks to the system such as geopolitical conflicts and national restrictions 
on export. These two factors are unpredictable and can be changed according to the political 
environment. Thus, both of them are defined as “shocks to the system”. The outflow of this system is 
demand for lithium from global market, the demand is from several different sectors such as glass, 
LiBs and the EVs.    

 
Figure 11. The stock-flow model reflecting risks and interactions in the lithium supply system. 

4.4. The cross-scale interactions in the panarchy 

The author uses the panarchy model, to consider the potential for interactions across scales that might 
affect the supply of lithium and its development across the years. The focal system is the mining and 
processing of lithium; the lower scale is the components of the social, ecological and technical 
components of lithium mining and processing systems that load the mining and processing activities; 
the upper level of the panarchy includes system components such as the domestic and global political 
environment and the demand from industry that regulate the development of mining and processing 
operations. Change in the focal system is based on the timeline above which shows that lithium use 
and development has a continuously growing trend and is likely to maintain this prosperity in the long-
run.  

As the purpose of this work is to find out the supply risks of lithium products, lithium mining and 
processing and the factors affecting mining and processing will be mainly discussed in the focal 
system. Apart from the displayed risk factors in the connection circle model, i.e. national restrictions 
and the increasing cost of mining, other internal and external drivers such as climate change can also 
affect the mining and processing activities of lithium industry and have the potential to cause supply 
disruptions. 

4.4.1. The upper scale and the focal system 

Geopolitics and national restrictions on export in the upper scale have a potential balancing effect on 

Lithium production 

Supply of lithium 
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Demand for lithium  

The increasing cost of mining 

Environmental impacts 

Geopolitical conflicts 

National restrictions on export 

+ 

+ 

- 



18 

the focal system ever since the political instabilities from either domestic or international side will 
increase the vulnerability of the lithium mining and processing system. Seen from the timeline, there 
is a trend reflecting the continuously growing production of lithium products and the demand from the 
industry. Lithium production has increased from a small and steady amount between 1955 and 1980, 
to 25 kt annually in 2008, and is expected to grow in the coming decades. The maturation of the LiB 
industry and the development of the EV sector are the key drivers from the upper scale that have an 
effect on the focal scale. This innovation that took place in the upper scale accelerates the development 
of the focal system. From the beginning of the R&D of lithium rechargeable batteries in 1980, to Sony 
invented the 1st commercialized LiB in 1991, the use of LiBs finally became widespread around 2007 
and has been rapidly increasing since then. This huge demand from the battery industry drives the 
production of lithium by asking for more supply from the lithium mining and processing sector. The 
development of the EV industry also creates huge demand for lithium, associated with LiBs, the EV 
industry has been prosperous since 2011 and is still an uprising industry that attracts many investors. 
Ensuring lithium supply from the mining and processing activities will definitely help the EV sector 
pursue its ambitions.  

4.4.2. The lower scale and the focal system 

The lower scale represents the social, ecological and technical components of lithium mining and 
processing systems that lithium production takes place. As it shown in Fig. 8. and Fig. 9., lithium 
mining and processing has a huge requirement of water supply, therefore water availability will affect 
lithium production. Besides, the working conditions for labor can also make impacts on the focal 
system above, because a bad working condition will result in labor loss and thereafter leads to the 
supply risks. Adverse environmental impacts, as described in the stock-flow model, can also affect 
lithium supply. This is because if the environmental impacts exceed the environment capacity, the 
lower system will collapse, and the function of the focal system will be undermined largely since it 
will lose the physical foundations where all mining and processing activities are carries on. 

Apart from the cross-scale interactions, the increasing cost of mining occurs in the focal system itself 
can also cause supply disruptions. Determined by the law of diminishing returns, some of the lithium 
producers with less resilience may exit the market which can lead to short-term supply risks. The 
cross-scale interactions are shown in Fig. 12.  

4.4.3. External drivers and the focal system 

External drivers, on the other hand, can affect system stability unpredictably. Factors such as sudden 
geopolitical conflicts, climate change, and the development of hydrogen cars, are considered to be 
external drivers to the focal system. Because they are hard to be predicted and sometimes difficult to 
control, and will bring disturbances to the system and affect the mining and processing activities of 
lithium production.  
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Figure 12. The interaction cross scales in a panarchy. Note: the original panarchy figure is gathered from 

Gunderson, Holling & Peterson (2002). 

4.5. From systemic risks to statistical findings 

As the above results are mainly the analysis of systemic risks, it is more general and comprehensive. 
If we plan to define the extent of supply disruptions at a certain year, statistical analysis is necessary. 
Therefore, in the following sections, the author will present the supply disruptions of lithium by 
figures and relevant calculations. In the equations the author uses below, factors such as political 
stability, government effectiveness, regulatory quality, and control of corruption from the WGI are 
consistent with the factors in the connection circle such as national restrictions on export and 
geopolitics. The HHI is used to measure supply concentration. As the cost of mining is increasing, 
some of the major suppliers with disadvantaged economic status might encounter financial challenges 
when it comes to continuously mining, and this will increase the extent of supply concentration since 
countries with more advanced technologies and more resilient economic status will tackle the cost 
challenges rather easily and occupy more market shares of global lithium supply. In the end, the global 
lithium supply concentration will be deepened. Thus, both WGI and HHI are good supplements to 
explain the connection circle reflecting the global supply disruptions since the combination of these 
two indicators can measure the extent of supply disruptions through the factors of national restrictions, 
geopolitics, and the cost of mining. 

4.6. The standardized lithium production in 2019   

The standardized lithium production of each selected nation in 2019 (metric tons lithium carbonate 
equivalent) is calculated based on Table 1 and 2. The results are shown in Table 3. It is worth 
mentioning that the supply share Si will be calculated according to the table below. 
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Table 3. Lithium production of each selected nation in 2019 in metric tons lithium carbonate equivalent (LCE).   

     Australia Chile China Argentina Zimbabwe Portugal Brazil 
Metric tons 
LCE 

  
8271.94 

 
143.72 

  
59.88 

  
51.10 

 
 434.36 

  
229.95 

  
29.68 

 

It is noted that, the Li/ Li2O concentration parameter is gathered from Table 1. and the maximum 
values of the concentration figures are taken for calculation. In Zimbabwe, the typical mine types are 
Amblygonite and Eucryptite, therefore the annual production of lithium mine in Zimbabwe (see Table 
2) in 2019 is divided into two equal shares (800 metric tons each) and is multiplied by the respective 
Li concentration figures. It should be noted that, to present the lithium production in metric tons LCE 
of Brazil, the author takes the concentration figure of Li2O. This is because unlike in other nations, 
the major type of lithium mine in Brazil is Pegmatitic rock, which mainly contains Li2O instead of Li. 
From Table 3, we can notice that the lithium concentration varies from place to place. Indeed, huge 
variation can be observed between the selected nations. In Australia, the figure is large, 8271.94 metric 
tons lithium LCE can be extracted from the lithium mine. Followed by Zimbabwe, Portugal, and Chile, 
several hundred of lithium in metric tons LCE can be gathered from the respective types of lithium 
mines. In contrast, the lithium production figures of China, Argentina, and Brazil are relatively small, 
all of them are less than 100 metric tons LCE. This is because the net lithium amount is highly affected 
by Li/Li2O concentration in different mine types, from Table 1 we can notice the major lithium mineral 
type in China and Argentina is lithium brine and the concentration of lithium is quite low. Besides, as 
Australia leads the production of lithium in 2019, it is natural that lithium amount figure in metric 
tons LCE of Australia is much higher than that in any other selected countries. This indicates a higher 
supply concentration.  

4.7. Global supply share of lithium in each selected country in 
2019 

The supply share of lithium material can be represented by the production figure of lithium in each 
country. And the supply share of lithium in each nation is standardized through metric tons LCE, 
which means the amount of lithium production in each country is converted from representative mine 
sources into metric tons lithium carbonate equivalent (LCE). This makes the demonstration of lithium 
supply more clearly and easy to follow. The author calculated the supply share of lithium (Si) based 
on Table 3 above. The results are shown in Table 4. below. It should be noted that, according to USGS 
(2020), the 7 selected nations (Australia, Chile, China, Argentina, Zimbabwe, Portugal, and Brazil) 
remain the major lithium production countries from 2014 – 2019 and stands for more than 90% of the 
global lithium supply. Therefore, the sum of lithium production of these countries can be statistically 
used to represent the annual lithium production globally in 2019. Hence, Table 4. is displayed 
accordingly.  

Table 4. Supply share of lithium in the selected countries in 2019. 

       Australia Chile China Argentina Zimbabwe Portugal Brazil 
Supply share Si 
(in percentage) 

  
89.7 

  
1.6 

  
0.6 

  
0.6 

 
 4.7 

  
2.5 

  
0.3 
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From the table above, we can notice that Australia dominates the supply share of net lithium in 2019 
with nearly 90% of global lithium production coming from this nation, while other countries contribute 
relatively little to the supply share of lithium, only representing a sum of approximately 10% of global 
lithium production in 2019. As Australia dominates the supply of lithium to a large extent, there are 
significant risks of lithium supply disruptions led by this highly concentrated supply situation. 
However, we should always bear in mind that these countries above are the top seven major producers 
of lithium in 2019. Thus, even some countries seem to hold a small share of lithium, the absolute value 
of lithium be significant. The calculated supply share of lithium Si (based on metric tons LCE) is a 
key parameter of the supply disruptions (reflected by HHI-WGI). The results and calculations are 
shown in the following section. 

4.8. The potential for supply disruptions of lithium 

The scaled WGI in each country is calculated based on equation (2). It should be noted that, to avoid 
the impacts of extreme events such as regional/global geopolitical conflicts may bring in a certain 
year, the author selected the latest 15 years WGI figures in the 7 nations (from 2005 to 2019) to 
calculate the scaled WGI value in each nation. The converting equation to an interval of 1~10 is 
adopted from Sun et al. (2019), see Eq. (2) in Section 3.1. The results are displayed in Table 5.  

Table 5. The scaled WGI in each country.     

  Australia Chile  China Argentina Zimbabwe Portugal Brazil 
WGIscaled 1.87  2.78  5.99 5.43 7.78 2.97 5.12 

 

From the table above, we can notice that the scaled WGI in each nation varies, and the discrepancies 
of the scaled WGI among the nations can in some cases be significant. The largest difference occurs 
between Australia (1.87) and Zimbabwe (7.78), while the values of the scaled WGI in China, 
Argentina, and Brazil are quite close, all appearing around 5 to 6. One interesting observation might 
be that the scaled WGI in Chile is almost the same as it in Portugal, a recognized developed country. 
Thus, there might be a conclusion indicating that the value of WGI is attached to the development 
status of a country, but also highly relevant to the political system. 

As the supply disruptions/risks are mainly demonstrated by HHI-WGI in this work, the author selected 
the figures in 2019 to analyze the disruptions statistically and make it time-effective as well. Based 
on the statistics above, the author calculates the global supply risk of lithium at the mining and 
processing stages in 2019, which is 15208. According to Sun et al. (2019), the figure of global lithium 
supply disruptions was estimated above 5000, and this has already indicated high risks of supply 
disruptions globally. The calculated supply disruptions figure in this work is 3 times higher than the 
reference standard established by Sun et al. (2019). And the larger HHI-WGI value is, the higher 
potentials it offers to result in some major supply disruptions. Therefore, the supply disruptions of 
lithium are considered to be high on a global scale in 2019 according to the statistical findings.   

5. Discussion 

In the above analysis, the author used HHI-WGI to calculate the supply disruptions of lithium and 
found out that the supply concentration of lithium is pretty high, which means higher risks of lithium 
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supply disruptions, indicating that the global lithium supply is controlled by the leading producers. 
Geopolitics on a regional scale is a top concern and is considered in both qualitative and quantitative 
analyses in the above sections. This is due to factors such as political stability and government 
effectiveness from the WGI are consistent with the risk factors such as national restrictions on export 
and geopolitics. The HHI-WGI itself measures the extent of supply disruptions, and takes geopolitical 
issues as a key variable. Global geopolitics are consisting of several different regional ones. Therefore, 
in this section, the author will firstly explain how geopolitical statuses affect the supply of lithium on 
a regional scale, and how this result eventually causes supply disruptions in the global context.  

Africa 

The African candidate in this work is Zimbabwe, a southern African country with abundant mineral 
resources. As one of the top 7 lithium producers in 2019, and the only country in Africa that produces 
lithium economically on a relatively large scale, Zimbabwe is inevitably involved in the geopolitical 
debates in this region. Affected by the impacts of the BRICS (Brazil, Russia, India, China, and South 
Africa) countries and the international relations with the western world, Zimbabwe established the 
“look east” policy making China accounted for more than 28 per cent of the country’s exports and 
eliminating the adverse impacts caused by the ongoing tension between Zimbabwe and some western 
powers at the same time (Carmody, 2017). Recently, Zimbabwe went through a severe regime 
challenge from a liberation movement to democratic government. Although it seems to be a domestic 
event, it is indeed highly associated with international powers, as some of the opponents were attacked 
as imperialists, Western agents and anti‐Zimbabwean in the 2000s, while an opposition political 
party formed in 1999 and rooted in the trade union movement (Hammett, 2011). From the above 
evidence, we can notice that the geopolitical status in Africa is relative stable due to the international 
cooperation in both public affairs and trade. However, even under the rather stable geopolitical 
conditions on the regional scale, the geopolitics that specifically related to Zimbabwe is still complex. 
Having experienced a “Democratic Movement”, Zimbabwe’s economy and politics will require a 
longer time to fully recover and transform, meanwhile, the tension between Zimbabwe and western 
world still exists. Thus, the geopolitical status seems not to be friendly enough when it comes to 
Zimbabwe, and this may affect the supply and production of lithium as it is one of the major natural 
resources in this nation. In a word, the supply disruptions of lithium can increase in African region 
and eventually make impacts on the entire lithium supply chain on a global scale if the geopolitical 
disturbances with Zimbabwe fail to be addressed effectively.  

Asia-Pacific 

Both China and Australia are key players in the Asia-Pacific region. The cooperation and conflicts 
between these two countries can make impacts on the geopolitical status in this region, while the 
sophisticated geopolitics in the Asia-Pacific region can in turn affect the international trade between 
the two countries and with other nations. The final version of the Comprehensive and Progressive 
Agreement for Trans-Pacific Partnership (CPTPP) was signed in 2018, aiming at reducing tariffs 
among the CPTPP countries which represents around 13% of the global economy and an estimated 10 
trillion dollars’ worth of GDP (Ajami, 2018). As one of the members in the CPTPP, Australia can 
benefit from the trades within the partner countries and the a relatively harmonious competition 
environment within this region. This will partly secure the lithium supply from Australia at regional 
level, and the risks of global lithium trade can be alleviated as well. Although not being a member 
country in CPTTP, China has its world-recognized economic capacity and the continuously growing 
international voice. As one of the members of the Regional Comprehensive Economic Partnership 
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(RCEP), China contributes to achieve the common goal of multi-lateralizing the regional trade system 
by combining more countries into a single agreement and negotiating tariffs reduction (Wilson, 2014). 
Therefore, the supply risks of lithium in China may be merely disturbed at a regional scale. And it is 
noted Australia is also part of the RCEP, which indicates the cooperation between China and Australia 
is highly likely to be promoted. However, the geopolitics in Asia-Pacific region is never sorely a 
regional topic due to the significant strategic importance of this region. The US-China geopolitical 
rivalry will be a key signal in informing regional governments’ decisions within both TTP and RCEP 
countries (Wilson, 2014), and this rivalry is likely to lead to the emergence of a “geography of 
conflict” in East Asia because of the overlapping zones of strategic interests (Schreer, 2019). If this 
trend goes further, the supply of lithium will be inevitably affected. 

In total, unlike what happens in African region, the geopolitics in Asia-Pacific is rather stable. There 
are more opportunities to cooperate instead of creating conflicts. But since the geopolitics in Asia-
Pacific region relates to the two mega powers in the world – China and the U.S., the statuses might be 
more complicated than the current layout.  

South America 

In the list of the top 7 lithium production countries in 2019, South American region contributes three 
of them, which are Argentina, Brazil and Chile. It is evident that this region plays an unparalleled part 
in the global lithium supply discourses. Geopolitical ideas had managed to survive and thrive in South 
America, especially among the ABC (Argentina-Brazil-Chile) countries of the Southern Cone in last 
century, with lingering impact and further implications after that (Kacowicz, 2000). Led by Brazil, an 
increasing convergence with other South American states and old rivalries are being substituted for 
growing cooperation in areas such as economy, energy, and security, etc. (Rivarola Puntigliano, 2011). 
Yet some risks still remain under this tendency of cooperation. One typical concern is that the domestic 
instabilities or/and historic origin within some South American countries can affect regional peace to 
a large extent. For example, the Catholic Church has a long history in and profound impact on Chile, 
therefore it is hard to avoid religion due to its steep history with liberation theology and revolutionary 
movements in this country (Machado, 2018). This origin can further affect the geopolitics and social 
mobilizations with regards to natural resources use in Chile (ibid.). Historically, many South American 
countries including the ABC nations were ruled by the military especially from 1960s to 1970s. 
Therefore, it is argued that the nature and strength of regional geopolitical trends will depend to some 
degree on the role the military fulfils within the emergent democratic regimes of South America 
(Kacowicz, 2000). And this general geopolitical context will act on the supply chain of lithium in this 
region as well. 

From the above evidence, we can notice that the geopolitical status in the South America is more 
complex than that in African and Asia-Pacific regions. This is largely due to the impact the historic 
background brings to South America region. Engaging with religion and military regimes, the 
geopolitics in this region is no longer an easily interpreted affair, but rather a wicked problem 
consisting of economic, political disturbances and the rights for indigenous people. And the fact that 
South American regions own three major producers of lithium will only increase the potential risks 
towards the global lithium value chain. Possible conflicts during the future transformation from a 
military regime to a democratic one is still an uncertain factor for the regional peace and so as the 
lithium supply in South America region and to the globe in a larger context.   
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The European Union 

The European Union (EU) is an essential part of Europe region in general, and the lithium producer 
Portugal is one of the member countries. Scholars believe that the EU's international relations is 
crucial to the energy security of this region (Bosse & Schmidt-Felzmann, 2011). Positive news is that 
the geopolitical status in the EU is highly stable, largely because of the cooperation with other regions 
at various aspects. Besides, lithium is once again listed as one of the critical raw materials in the EU’s 
latest white paper regarding the resilience of critical raw materials in 2020, and the Commission 
decides to strengthen its work with Strategic Foresight Networks to develop robust evidence and 
scenario planning on raw materials supply (The European Commission, 2020). It is obvious that the 
EU values the supply security of critical raw materials including lithium strategically. Therefore, the 
EU is very likely to further develop its relationships with other nations in the world especially those 
who exports critical raw materials, in order to maintain the current peaceful geopolitical status, and 
finally secure the supply of the critical materials from all over the world. Portugal, as one of the 
lithium producers, can gain benefits from the stable political environment as well. Thus, the stable 
geopolitics in the EU will offer many opportunities for securing lithium supply in this region.   

In summary, it seems to be safe that the major lithium production countries distribute in several regions 
of the world. Yet if taking a near look, there are different geopolitical risks with respect to each region. 
After all, it is not geopolitics that affect the global lithium supply at core, but rather the high supply 
concentration which is dominated by the 7 nations discussed above. Until more lithium resource is 
discovered and commercially exploited in many other countries, this supply risk caused by high supply 
concentration will remain. 

Apart from geopolitical conflicts, the pressure that the development of hydrogen cars brings to the 
system is also worthwhile to be discussed. This is because vehicles that use hydrogen as fuel (Fuel 
Cell Electric Vehicles, i.e. FCEVs) is regarded as a powerful competitor when it comes to the market 
share of EVs. Hydrogen does not involve direct carbon emissions in its use, which makes it a promising 
clean fuel for transportation (Candelaresi et al., 2021). Hydrogen as a fuel is more abundant and much 
easily accessible than acquiring lithium for LiBs production. Although restricted by the current limited 
technology breakthroughs and the uneconomical feasibility of building large-scale hydrogen fueling 
stations (Lechtenböhmer & Fischedick, 2020), hydrogen cars might be a huge shock to the LiB cars 
and thereafter the lithium supply system once the above present issues are properly tackled in the 
future.  

To transform and rebuild energy industry in a resilient, equitable and sustainable way, while 
harnessing the innovations for the fourth industrial revolution is the main idea the World Economic 
Forum’s Great Reset initiative in the post-Covid era (Herrington 2021). Recycling lithium as a means 
of promoting a circular economy in the EV sector is a necessary step that needs to be continuously 
explored. With an optimal recycling rate, 30-40% of the US lithium use can be met by recycling after 
2035, yet the current recycled lithium only accounts for 1% of its demand, making lithium resource 
from secondary supply quite uncompetitive (Herrington 2021). Therefore, apart from accessing 
lithium from the direct mining and processing activities, putting more effort into the recycling 
technologies is also a way to lower the supply risks as more lithium will be available again on the 
market. 
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6. Conclusions 
In this work, the author examines the supply risks of lithium via the combination of qualitative and 
quantitative analysis. The qualitative analysis adopts the concepts of system theory, through using 
system analysis tools such as the stock-flow model and the panarchy model. The results show that, the 
situation of global lithium supply can be affected by many factors, from global political environment 
and the demand for lithium from industry, to social, ecological and technical components of lithium 
mining and processing systems. Besides, external drivers, such as unpredictable geopolitical conflicts, 
climate change, and the development of hydrogen cars can also threaten the stable supply of lithium. 
Overall, lithium is used in a wider context by several industries since the last few decades and the 
demand for lithium will continue to grow in the coming years with the development of LiBs and the 
EV sector as major contributors.  

To specifically reflect the above systemic risks of lithium supply, the author picked up statistical 
figures as a demonstration. The results indicate that in 2019, the supply concentration of lithium is 
high and mainly dominated by Australia. The risks of lithium supply disruptions means that the global 
lithium supply is controlled by the leading producers and this supply disruptions potential is valued 
by HHI-WGI which contains political stability indicators and supply shares as indicators. The supply 
disruption figure in 2019 is 15208 which is much higher than the reference standard (5000) established 
by Sun et al. (2019). Therefore there are higher potentials to result in some major supply disruptions. 

To avoid the situation gets any worse and to alleviate the supply risks, the author suggests that the 
governments of major lithium producer countries might organize panel discussions regularly to ensure 
the stable and non-centric supply of lithium to the global market. The rich production countries may 
also offer technical support to the less developed lithium producer nations to help the latter overcome 
the difficulties brought by the increasing cost of mining. Only cooperative choices can indeed maintain 
resilience of the system through putting efforts against the problems raised by external risk factors 
such as geopolitical conflicts and the development of hydrogen vehicles. When the supply disruptions 
of lithium are alleviated or effectively controlled, EV production can be stable and thrive on the market, 
ensuring a cleaner pathway of energy consumption.  

In total, systemic risks of lithium supply can be observed at any time point of the system. Occasionally, 
external drivers can also impose extra threats to the lithium production system. If one plans to measure 
the extent of the supply risks at a statistical level, analyzing the supply share and production figure of 
lithium in a certain year provides a reasonable solution and is seen as a good complement. Future 
studies may include other years to provide a dynamically changing curve of lithium supply disruptions.   
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