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Numbers should be a way of helping us to understand the reality rather 

than simplifying it.  

 

The extractive industry is an essential part of human society reflecting our 

attitudes towards nature and each other.  

 

The future is still in the veil, it depends on our choices. We are holding the 

right of making choice at any circumstance.  
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Projections of future lithium production and implications for EU.  

Lei Wang 

Wang, L., 2021: Predicting lithium production in the future and its impact on the EU`s demands . Master thesis 

in Sustainable Development at Uppsala University, No. 2021/58 pp, 30 ECTS/hp   

Abstract:  

Lithium-ion batteries (LIBs) are critical for the adoption of electrical vehicles vital for the electrification of 

road traffic as part of our fossil-fuel phasing out plan. This increasing demand for energy storage has expanded 

lithium production ten folds over the last 10 years and led to a new debate on the availability of lithium resources 

as well as sustainable challenges in resource exporting countries.  Batteries manufacturing is not only 

constrained by the available resources but also limited by the production capacity. However, the global supply 

chain system is influenced by geopolitical issues, which are affected by the rising resources nationalism and 

worldwide populism. This study is aimed to improve understanding of the current lithium supply cha in system 

and generate explorative scenarios for lithium future production.  Understand the impact of lithium production 

on the EU`s energy transition scheme, and challenges and uncertainties within the supply chain system may 

arise in the light of sustainable development.  

Employ quantitative models (logistic function and gompertz functions) to conduct qualitative analysis on 

inherent assumptions in scenarios. The geographical concentration of lithium resources is a prominent obstacle 

for expanding the lithium yield in the future due to the marginal diminishing effect and concentration of 

environmental impact along with the extracting procedure. The supply and demand balance of lithium could 

engage tight scenarios in the next decades according to our models .  Future production would be limited by the 

yield capacity in Latin America which holds the most currently known lithium resources. Diversifying lithium 

sources and expanding hard-rock lithium production would be essential to tackle the surging demand. However, 

Latin America will dominate lithium production by 2050,  when the current known hard -rock lithium resources 

turn to deplete. Bolivia holds the largest lithium resources will determine the peak of global lithium production, 

but hard to see its` influence shortly.   

The EU accounts for one-fourth of world lithium consumption with a rather small contribution on the supply 

chain which also makes it extremely externally dependent. However, it could play an influential role in easing 

the burden of the global lithium supply chain by extracting lithium resources within its border. Furthermore, 

local lithium material suppliers can securitize the raw material supply chain of the EU and foster its developing 

battery and EV industry. From the global perspective, the EU can help with establishing a more responsible 

supply chain system by participating in the raw material supply chain. This thesis also analyzed how the EU 

can play a fundamental role in upgrading our global supply chain system and how the EU will get  benefits from 

it. 

Keywords: Sustainable Development, Lithium resources, Sustainable mining, Lithium future production, Raw 

materials for renewable, Gompertz models, Logistic models 

Lei Wang, Department of Earth Sciences, Uppsala University, Villavägen 16, SE- 752 36 Uppsala, Sweden 
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Wang, L., 2021: Predicting lithium production in the future and its impact on the EU`s demands. Master thesis 

in Sustainable Development at Uppsala University, No. 2021/58 pp, 30 ECTS/hp   

 

Summary:  The adoption of electrical vehicle is part of our effort to combat with climate change by reducing fossil fuel 

dependence within the framework of climate mitigation and UN Sustainability Goals. The expected increase in the 

adaptation of electrical vehicle will lead to significant demand of specific raw materials. Lithium is a critical 

material inevitable for the lithium-ion batteries (LIBs), the most promising portable energy storage technology 

at present. From one side, electrification is a pivotal tactic to reduce the fossil fuel consumption and limit the 

global temperature change under the 1.5°C, which requires enormous materials. At the other side, mining is 

the only way to get raw materials from the nature and create environmental issues, social issues, economic 

problems, and inequality in general. In this sense, the different challenges are emerging in the supply chain.  

Drawing on quantitative results, this study aims to seek a more comprehensive understanding on the evolving 

lithium supply chain system in the future and how it might impact the EU, and to explore challenges and 

uncertainties of the supply chain system in the light of sustainability. By employing the Gompertz and the 

Logistic function, possible projection on lithium production in the future can be generated based on historical 

lithium production data, and the subsequent qualitive discussions focus on analyzing influential factors that 

affect the supply chain and its sustainability. The discussion and analysis section includes geographically 

uneven distribution of lithium resources, geopolitical influences, and environmental challenges for the local 

areas. By analyzing the different actors and challenges of the supply chain, this thesis also draws attention to 

how to engineer a sustainable raw material supply chain and how the EU can play a fundamental role in this 

system and manage to satisfy its own raw material demand simultaneously. 

Keywords: Sustainable Development, Lithium resources, Sustainable Mining, Lithium future production ,Raw 

materials for renewable, Gompertz models, Logistical models 

Lei Wang, Department of Earth Sciences, Uppsala University, Villavägen 16, SE- 752 36 Uppsala, Sweden 
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1.     Introduction 

 Overview 

The impact of climate change has been recognized as an imperative challenge for humanity as well 

as for other species (IRENA, 2021). Reduction of anthropogenic carbon emissions will be a 

paramount issue in the following decades. The transportation sector accounts for half the global fossil 

fuel consumption, and the global adoption of low-carbon transport technologies in the transportation 

sector can thus plays an essential role in the green transition (IEA, 2020). Electric vehicles (EVs) 

Sale has broken the record in 2019 with continuous policy and market stimulus, thus drawing some 

concerns of natural resources challenges (Baars et al, 2021). Phasing out fossil fuel will increase the 

demand for raw materials consumption for sure, more unique materials and metals . For instance, a 

list of elements of the rare earth elements (REE) such as Neodymium and Lanthanum appear to be 

used extensively in the emerging technology.  Lithium-ion (Li-ion) batteries have a relatively high 

energy density, which is the cornerstone of the promising battery technologies currently in 

developments (Grosjean et al., 2012). Graphite, lithium, cobalt, nickel, and manganese are required 

by state-of-the-art EVs which will take up 90% of the expected demand for energy storage (Hund et 

al, 2020). Herrington, (2021) estimated the raw material demand for switching the UK`s internal 

combustion engine vehicles to electric vehicles, it would take 207,900 tones cobalt, 264,600  tones 

lithium carbonate (equal to 49,744 tones lithium about half of global lithium production in 2020),  

7,200 tones neodymium and dysprosium and 2,362,500 tones copper.  

Lithium consumption was still very small 30 years ago and the global total demand was less than 

10,000 tonnes compared to 19,780 tonnes in 2017. The surging demand for lithium leads to an 

ongoing debate of future lithium availability. Most of the research claimed that lithium resources are 

adequate for future demands (Weil and Ziemann, 2014; Vikström et al., 2013), but research focusing 

on supply and demand balance (Kushnir & Sandén, 2012; Mohr et al., 2012; Pehlken et al., 2017; 

Vikström et al., 2013) point out the concern on extraction limitation due to resources geographic 

concentration and geopolitical risk. The cobalt supply disruption in the late 1970s and the Rare Earth 

Elements problem of around 2011 reflected how the geopolitical issue disrupted the metal supply 

chain (Habib et a., 2016).  From the other end, low-carbon technologies are material intensive, thus 

any mineral supply disruption could impact the speed and scale of global deployment of certain 

technologies (Hund et al, 2020). Aside from the qualitative constraints on lithium resources, Martin 

et al (2017) also conducted market-based research and pointed out that market concentration of the 

world lithium market, other industry and commodities require lithium element, and geo-political risks 

in Latin America are the main factors influence the lithium market. Furthermore, some scholars such 

as (Habib et al., 2016; Agusdinata et al., 2018; Bustos-Gallardo et al., 2021) emphasized the 

challenges of sustainable lithium extraction in South Latin America is expected to be the main 

supplier of lithium in the future. Agusdinata et al (2018) presented the nexus of battery technology, 

social and environmental factors by system analysis showing their interconnections and how they are 

related to UN Sustainable Goals.  Goals such as SDG 7 (affordable and clean energy) is the most 

influential one and closely related to adaption of electric energy system, SDG 2 (zero hunger) and 

SDG 4 (quality education) are in line with well-being of indigenous people, thus trade-offs and 

mitigating impact are important for achieving goals that are beyond the top priority of each actor, 

such as minimizing environmental impact (Hund et al, 2020). 

The European Commission has included lithium into the list of critical raw materials (CRMs) with 

other 29 metals are critical for the sustainable development of the European Union and its member 

countries (European Commission, 2020). The study of Simon et al, (2015) pointed out that the lithium 

production in the EU is expected to be always lower than the demand, and the lithium reserves within 

the EU would effectively deplete out by 2030. Miedema and Moll, (2013) analyzed lithium supply 

and demand balance by system dynamic modelling claiming that the EU is facing a serious risk of 

lithium undersupply in the coming decades because of the fast growth of demand. Although the 
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circular economy could play a critical role in relieving the burden on the supply chain, many scholars 

(Kushnir and Sandén., 2012; June et al., 2020; Baars et al., 2021) expect that an efficient recovery 

system will not be established till 2050. Those factors are put the EU into a position of external raw 

materials dependence, which raises the possibility of a bottleneck for the ”Green Transition”, the 

economic stimulating schemes (Green Recovery) of several countries, and Climate Mitigation 

ambition to be carbon neutral by 2050.    

Some scholar concerned about the lithium supply in different perspectives, such as availability for 

the EU (Miedema and Moll, 2013), lithium mining and its environmental impact  (Flexer et al., 2018 

;Agusdinata et al., 2018), geopolitical risk within the raw material supply chain (Valero et al., 2018; 

Sanchez-Lopez, 2019), and how recycling can help us to address the lithium issue (Baars et al., 2021). 

 Aim of study 

This research draws on the Logistic curves and Gompertz curves to forecast the lithium production 

and generate different scenarios with the aggregated and disaggregated approaches. The 

disaggregated approach is to provide more detailed information depends on geopolitical and 

industrial perspective, allowing us to explore and elaborate the challenges and potential sustainable 

problems in the lithium supply chain.   

The research questions of this study are: 1. What is lithium production look like in global scale based 

on known lithium resources? 2. How two different types of lithium resources (brine/ hard rock) and 

production distribute? 3. What is the possible landscape of global Lithium supply and demand in the 

future, how the European Union could react to satisfy its own needs in a sustainable way.  The first 

two of research questions will be answered by quantitative models, the following discussion and 

analysis section focus on answering the third question.  

Furthermore, numbers should be a way of helping us to understand reality rather than simplifying it. 

For the sake of this concept, assumptions, limitations, and different scenarios will be discussed based 

on models. Utilizing contextual information for quantitative models is critical for understanding 

models and facilitating interdisciplinary practices. Finally, sustainable challenges and trade -offs are 

discussed with other influential factors such as current lithium reserve, recycling system, and 

limitations of this study. 
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2.     Methodology  

 

 Theoretical background 

Growth patterns are usually discussed in demography and biology with respect to physical limitations 

as finite resource and space limits, for instance, predicting the growth of population of rabbit in an 

area. Malthus (1798) pointed out that growth is limited by material and energy supply constraints 

and the capacity of the environment to absorb the pollutants of human activities. This thought also 

was successfully adopted by many scholars and scientists (Meadows et al, 1972; Vogt, 1948; Hubbert, 

1949; ). The Logistic model and Gompertz model are both based on the idea that all growth should 

be subject to natural laws (Tsoularis and Wallace, 2002; Höök et al., 2011).  Those natural inertia 

can thus be employed to explore forces and hindrances to growth since empirical growth data follow 

those natural laws allowing future predictions of final outcomes. Inertia in the modelling can be 

explained as the resiliency of a system against to statue changes. It can be reflected as consistency 

of a variety of sub-factors, such as related policies, infrastructure accessibility, social norms,   

The essence of such curve fitting modelling is the using empirical data to depict a pattern of growth 

for both descriptive and predictive purposes (Höök et al., 2011). Thus, the key factors affecting 

models are that need to be understood.  A number of studies such as Höök et al., (2011) and Wang 

and Feng, (2016) examined how key factors may affect modeling curves systematically. First,  

ultimately recoverable resources (URR) influence the curve-fitting models (Brandt, 2009). Second, 

the shape of curves needs to be adjustable to fit the underlying time series (Sorrell et al., 2010). 

Third, the number of production cycles is influenced by political, economic, and technological causes 

(Al-Fattah and Startzman, 1999; Nashawi et al., 2010).  Forth, the depletion ratio is also a  constrain 

for the production curves reaching an unrealistic high predictive scenario (Höök and Aleklett, 2010).  

Besides those aforementioned factors, this study also includes more considerations for adopting the 

two functions in minerals production forecasting. Although the curve-fitting model is used by several 

researchers for predictive and descriptive purposes, most of research studied energy sources and 

energy minerals such as coals (Vogt, 1948; Hubbert, 1949). The situation in mineral resources is 

more complex in general. From the economical geology perspective, the mineral resources usually 

can be boiled down by different types of minerals and deposit types which may require distinguished 

extracting and metallurgical technique. This would affect the economic factor as well which decides 

“the most economical ” resources to exploit. Nickel resources is an eloquent example which can fit 

into two different kinds of resource the sulfide nickel deposit type and the laterite deposit type. 

Discrepancies on economics, environmental burden, extracting technologies between two types had 

been elaborated by many researchers (Elias, 2002; Mudd, 2010). This feature is claimed in lithium 

production by many researchers (Kushnir and Sandén, 2012; Kavanagh et al., 2018; Vikström et al., 

2013).  This complexity requires more considerations of multi -cycle behaviours in mineral 

productions. An example can be seen in the gold production in the US and Australia were both  

countries experienced alluvial gold rush and late pervasive hard rock gold mining activities.  The 

reason of this is alluvial gold needs much smaller initial investment and lower benchmark for 

individual miners to participate. Therefore, bringing in disaggregated curve-fitting models to study 

mineral productions with considerations of deposit types and industrial processing is a way to get 

meaningful forecasting scenarios. Arndt et al (2017) also suggest that to confine production into 

specific deposit type for a commodity instead of using total production of commodity is the 

geologically accurate way to apply this hump-back modelling measurement, and better to be focus 

on a single country or geological province. However, the problem of  “overfitting”  is a concern while 

including more considerations (Höök et al, 2011). To keep the model in a certain level of complexity 

to avoid simplifying or overfitting is important to study minerals production. Adopting disaggregated 

models is useful in study minerals, although the assumptions and limitations should always be 

properly described.  



9 

Additionally, the depletion ratio of empirical data is used as an indicator for observing the production 

trend that affects the curve shape and the inflation point. Annual depletion ratio  is the current existing 

resources divided by annual production indicating how fast the resources has been mined in a year  

(Höök et al., 2011).  The logistic function and the gompertz function are used to describe the growth 

pattern, then they are able to capture the inertia and to extrapolate future production only if empirical 

data shows some tendency of growth. Lithium element is used for other products such as ceramics 

and glass, pharmaceutical products, air treatment, lubricating and so on, but only with a small demand 

comparing to the emerging demand for power storage. 

Some places(countries and regions) have increased their resources significantly yet engages with 

commercial production because time-lag between exploration and mining. However, the situation of 

a long-time low yields historical production and with large number of resources will be deemed as 

long period hinderance for production by function, thus those functions will get wrong growth pattern 

in those countries/regions. Hence, it is important to distinguish whether the low production 

forecasting curves are caused by the time-lag between exploration and mining.  

For Lithium resources, two main types of categories are brine and hard rock deposits who bear 

distinct characteristics, such as resources geographic distribution, extracting technology, and 

different environmental influences. Therefore, introducing disaggregated analysis on different 

deposits to exam their different patterns can lead to a better understanding of lithium production. 

Furthermore, boiling down resources and productions into regions and countries also provides more 

details for qualitative analysis on geopolitical issues, infrastructure availability and social -

economic influence (Höök et al, 2011). Moreover, introducing qualitative research is beneficial to 

deliver more reliable assumptions and enriches the detail of quantitative results.  

This same concept is mentioned by Wang and Feng, (2016), and used by Mohr et al (2010) to project 

Australian coal production in a long term, in which export capacity, climate change, overburden 

management, environmental and social impacts, and export market were included as influential 

factors analyzed qualitatively. In other words, the quantitative models provide a foundation or  base 

for qualitative discussion. Vice versa, the qualitative analysis gave models a tangible context for 

interpreting and comparing disaggregated and aggregative outcomes. Furthermore, maintaining high 

transparency makes this study more understandable and communicable for readers with different 

backgrounds, thus facilitating cross-disciplinary and transdisciplinary collaboration, and help to 

solve wicked problems of sustainability.  

 Data collection and preparation  

The lithium production data is the fundamental elements for the curve-fitting model, and it could 

have problem of lacking consistency, inaccuracy, interruption and delay due to the reporting system. 

“garbage in- garbage out” golden rule of modelling should be concerned (Höök et al, 2011).  

For this study, data collected from the United States Geological Survey (USGS) and British Geology 

Survey (BGS) who provide the most comprehensive recorder of historical production. However, 

those two agencies have different quality of data in specific periods. For example, the data during 

the first and the second world war, and during the Africa independent movement from 1957 to 1993 

caused disfunction of local reporting systems. In addition, the cold war (1947-1991) makes country 

to show concern regarding disclosure of their strategic resource inventory thus potentially clouding 

their information.  

The cross-comparison study from the two agencies is used to limit those intrinsic problems in the 

collected data. However, some uncertainties remain in the data, and they comprise limitations of this 

study with respect to data availability. Firstly, the US data are based on the assumption of BGS 

because USGS does not disclose the US domestic lithium production. Secondly, the data from China 

and Russia is calculated from disclosed mines yield capacity by USGS, because data of production 

is not available. However, other sources (Minmetals Security, 2021) indicate the Chinese lithium 

output capacity is around 22,000 tonnes/year, which proves the USGS`s assumption falls within a 



10 

reasonable range. Third, the data from 1920-1980 used in this study based on the BGS report, and 

the data from 1980-2020 is mainly based on USGS reports, because the USGS reports yield of brine 

and hard-rock type lithium production separately, which is required by this study. Furthermore, the 

data from USGS and BGS has a great agreement after 1990 improving data credibility. Some previous 

studies relating to lithium production also are used in the comparison study, for testing the reliability 

of data collection work. (Vikström et al., 2013; Flexer et al., 2018; BGR, 2020). 

The mineral resource is another influential factor in this study. The definition of reserve and resources 

can be varied depending on different consideration of economy and geology.  In practices, industry 

reporting codes are the most vital for estimating resource and reserve, such as Canada National 

Instrument 43-101 (NI 43-101), Committee for Mineral Reserves International Reporting Standards 

(Crisco), Australasian Joint Ore Reserves Committee (JORC) and so on (Arndt et al., 2017). They 

are generally based on the same concept such as assurance of geology feature of deposit, and economy 

feasibility (Rogner, 1997). Reserve in principle refer to resource with high economic feasibility and 

assurance, in other words, they are ready to be extracted. Whereas the resources are known mineral 

resources with some uncertainty in their geological characteristics and economy feasibility, hence 

they could be exploited only after detailed explorations and studies (Mohr et al., 2011). Those 

intrinsic concepts of reserve and resources lead to those numbers are highly connected to the 

commodity market, existing technology, and exploration investment.  Thus, even involving low-

grades resources is more critical whereas the resource refers materials which could be extracted 

currently or potentially feasible in the future (USGS, 1976).  Regard to this study, predicting the 

future lithium production, the resources data would be preferable, because modelling works usually 

are under long-term timeframes which reach to 50 years or even 100 years. The economic and 

technology considerations in reserve estimation are bound to current economic, technological, 

societal, and environmental situation.  

For the aggregated model, the currently existing estimated recoverable resources are based on the 

data from USGS. Two types of deposits, hard rock and brine are compiled individually since they 

have different characteristics. The ultimately recoverable resources (URR) is comprised with 

accumulative production and resources estimated by USGS thus according to the definition thereof . 

USGS provides the most comprehensive data of lithium resources with considerations of 

technological and economical availabilities, and which have been employed previous in similar 

research (Vikström et al., 2013; Höök et al, 2011; Pehlken et al., 2017). Furthermore, another issue 

is resources increase caused by investment in exploration activities in the recent years. Lithium 

demands is estimated to have an extremely radical increase, which is drawing more attention in the 

market and leads to increasing investment in exploration activities. Lithium resources in the USGS 

data have doubled in 2020 compared to 2015. Hard rock lithium resources in 2020 is five times larger 

than it in 2015, while brin resources doubled in the same period.  The lithium resources will be 

discussed in the following section.  

From economical geological perspective, production is demand driven and affected by profitability  

which decided by metallurgical characteristic, mining cost, capital investment, taxation and so on. 

Metallurgical characteristic deicides the refinement cost and even the end  use of products, for 

instance, the ceramics and glass industries require only lithium minerals such as spodumene 

(Kavanagh et al., 2018). The mining cost, capital investment and taxation are decided by social 

conditions relating to geographical location of resource, country and regional economy, political 

structure and stability, and regional culture.  For example, the reagents cost and royalty cost 

contribute to 60% of cost in brine lithium production, but they are only account around 10% in hard-

rock lithium production (S&P Global, 2019). This difference is because that brine and hard rock 

processing technics require different reagents for different purpose and varied in volume, and lithium 

brine is extracted in ‘lithium triangle’ whereas lithium minerals  are mostly mined in Australia. 

Extrapolating future production is based on historical production data as a result containing 

information mentioned previously, thus bringing in disaggregated modelling is a way to explore 

possible production scenarios. 

For the disaggregated model, the global production data is subdivided by regions and deposit types; 
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different regions, such as Africa, Europe, North America, South America, Asia, and Oceania are 

modeled individually and further investigated by different deposit types. Special cases such as Chile 

and Argentina are modeled separately for the sake of studying brine lithium resources in Latin 

America more specifically. Because Chile, Argentina, and Bolivia also known as the lithium triangle 

hold a large share of global brine lithium resources, but only Chile and Argentina are engaged in 

commercial production. Bolivia who holds considerable resources, production is facing huge 

uncertainty because the domestical unrests and conflicts.  

Qualitative analysis of  lithium production related risks and uncertainties is introduced into research 

for a better understanding of models. Disaggregated models are discussed from data quality, 

mathematic modeling procedure, lithium resources, and production distribution perspectives to 

illustrate the intrinsic shortage, limitation, assumptions, uncertainty of this study.  

 Fitting method 

The logistic and the gompertz functions are introduced to model the future production of lithium. 

The historical lithium production data are here utilized to generate models by using the least-

squares methods. The estimated ultimately recoverable resources (URR) and 5% depletion ratio are 

also used to better constrain the function to and avoid reaching unrealistic scenarios. However, in 

some cases to limit the depletion ratio under 5% is mathematically impossible.  

The mathematical functions of the Logistic (1) and Gompertz (2) are presented below.  

𝑄(𝑡) =
𝑈𝑅𝑅

1+ⅇ−𝑘(𝑡−𝑡0)
                                 (1) 

𝑄(𝑡) = 𝑈𝑅𝑅 × ⅇ(−ⅇ⋅𝑘(𝑡−𝑡0))                  (2) 

In these equations, Q(t) denotes the cumulative production at time t, URR is the estimated ultimate 

recoverable resources, k refers to the growth factor and T0 is the year of the predictive when 

production peaks. 

Hubbert (1949) hypothesized fossil production is possible to fit to a bell-shaped pattern with an 

exponential increase at a point of time, followed a radical depletion after the peak production Later, 

Hubbert offered a forecast (Fig. 1) for oil production for the US and predicted that the US oil 

production would peak between 1965 and 1970 (Hubbert, 1956). In principle, his forecast is proven 

correct, however, unconventional oil started to emerge making another cycle due to the technological 

progress and energy demand during the oil crisis (US Bureau of Mines, 2008). Thereafter, Hubert 

(1982) published his mathematical derivation which is used by a series of studies to forecast fossil 

fuel (Brecha, 2012; Carlson, 2007; Clark et al., 2011) and other nonrenewable natural resources such 

as phosphate (Walan,et al, 2014).  
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Fig. 1. Hubbert's 1962 prediction of US lower 48-state gas production, versus actual production through 2012. 

(Used with permission of Plazak, 2013)  

Later on , Mohr and Evans (2009) developed a dynamic model for coal forecasting, which fitted 

simple growth curves constrained by the same resources ( Patzek and Croft, 2010; Höök et al., 2010).  

Höök et al (2010) examined logistic function by comparing the forecasting curve with the historical 

production of Germany, the UK and Japan. All three countries` mathematical coal production curves 

fit with empirical production data. These examples reflect that production patterns could be described 

by mathematical curves in the free-market situation that lacks ‘artificial’ constraints.  

The gompertz function is a sigmoid curve,  widely used to describe many natural processes such as 

the growth of tumors (Larid et al, 1965). Waliszewski and Konarski (2003) point out characteristics 

of the gompertz containing the growth and natural constraints at the same time,  and normally more 

depends on the historical production data than ultimately recoverable resource (URR) comparing to 

the logistic model (Mohr et al, 2011). Thus, the gompertz model often provides a result much lower 

in yield and smaller depletion ratios while adopting the same parameters (Mohr et al, 2011; Walan et 

al., 2014). Therefore, the gompertz curve can indicate a scenario with consideration of other 

constraints in addition to finite resources and production capacity.  

The least-squares method is employed in the study to generate scenarios. The least-squares method 

is a widely used approach to find the best fit for a set of data by minimizing the sum of the residuals 

of points (Höök et al, 2011).  

  Quantitative and qualitative measurements 

First, disaggregated and aggregated models are created based on empirical data from USGS and BGS.  

Second, one alternative model is brought out for exploring possible future of production based on 

two assumptions, 1). The EU could increase lithium production as Australia; 2). Lithium production 

in Argentina could growth as Chile. Third, global future lithium consumption till 2030 is calculated 

based on two scenarios from IEA, (2018 & 2020) with main parameters listed in Table 2. The global 

lithium consumption over 2050 are based on previously published research (de Koning et al., 2018; 

Hache et al., 2019; Harvey, 2011; Sverdrup, 2016; Valero et al., 2018; Watari et al., 2018; Junne et 

al., 2020). Lithium consumption of the EU is modified from Simon et al, (2015).  

Afterwards, global lithium production and demand balance is analyzed followed by an analysis from 
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the EU perspective. The EU is facing two main challenges related to sustainable development which 

are unfortunately, contradict to each other. 1). The EU needs considerable amount of lithium to 

electrify its energy system for tackling climate change. 2). Massive lithium mining would create more 

social and environmental impact against other sustainable goals. How to resolve this question would 

be the essential part for our discussion and analysis section. Nevertheless, trade-off and compromise 

are the only way sustainable practices can be implemented but none of them is easy.  

 Limitations and uncertainties of the study and for future 
study 

Several limitations in this study would be worth noticing, which can influence outcomes of this study 

and should be aware by readers.  

 

2.5.1. Limitation of quantitative measurement. 

Historical data quality is subjected to the data collecting agent and their quality control, definition 

change over time, and integrity of data due to a long-time span of data involved. The estimated 

production data of China around 14 kt/year by USGS is based on assumption due to no available data. 

Another uncertain data is the production data of the US, due to avoid disclosing private property, no 

reliable data is available, thus the data of the US is from the estimation of BGS.  

URR is a determinant of curve fitting models and could be in a radical changing tendency (Wang & 

Feng, 2016). For example, the URR resources reported by USGS have doubled since 2016.  Due to 

the increasing spending on lithium exploration, it is possible to see new discoveries of hard rock 

lithium deposits or extending resources of existing deposits. Some projects under prospect and initial 

exploration stage are possible to increase the global lithium resources such as minerals deposits in 

Afghanistan and Ireland which are not in the current URR (Kavanagh et al., 2018). The change of 

URR is constant and could be slow, however the URR could look different in the long run because 

of investing in exploration for lithium in the future.  

Logistic and Gompertz models are based on the historical production pattern to predict the possible 

future production, then it is hard to deliver reliable forecasting since some countries such as Bolivia 

yet to engage with commercial productions but holding considerable resources. Hard rock lithium 

mining only exists in Australia thus the assumption embodied in the hard rock forecasting models is 

“All the hard rock lithium resources is predicted to be extracted in the similar situation of Australia 

resources.”  This assumption is over-optimistic since lithium deposits are located across the world 

thus extracting them facing different challenges mentioned before. Other relevant  issues would affect 

the forecast work such as geopolitical risk in Bolivia and other potential supplier countries. 

Furthermore, some countries have historical production and have extended their lithium resource yet 

engaged to a new cycle of production (or massive production), which also cannot deliver a realistic 

forecast such as North America, Africa, and the Europe.  

Lithium consumption is simplified in this study for the sake of simplification, other usages are 

underrepresented in this study. This is mostly due to the current research predicting the lithium future 

demand by penetration of EVs and PHEVs in the market, which account for 67% of lithium 

consumption. Besides, batteries are not only applied in the transporting sectors only 28% of lithium 

is used in electric vehicles in China in 2015 (Hao et al., 2017), and most batteries were used in 

consumer electric such as mobile phones (14%), laptops and tablet computers (12%), power bank 

(3%), and so on. Furthermore, the progress of technologies will push up the demand for power 

batteries, lots of them are foreseeable such as civil robots, drones, and other commercial smart 

devices. The future technology fusion reactors are estimated to use around 200 tonnes lithium for 1.5 

GW electric power plant in a year (Fasel and Tran, 2005). Therefore, the real picture of the 

consumption side is much more complex than it is in this study,  which can lead the supply & demand 

balance to a completely different picture. 
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2.5.2. Uncertainties and risks in the supply chain 

Due to the battery industry is a material intensive industry involving several metals such as cobalt, 

nickel, manganese, aluminum, copper, graphite except lithium. Every metal supply can influence the 

battery production and some of them will also be predicted to experience a radical expansion in recent 

decades due to the energy transition (Xu et al., 2020). Xu et al, (2020) pointed out Cobalt demand 

could outgrow current production capacity possibly before 2025. This also could be a constrain on 

battery supply thus being a bottle neck for lithium demands as well.  And it will be more complex 

while looking at green technology supply chain due to myriad raw materials involvement such as 

REE around 95% of which come from China and rising concerns about export restrictions (Rauer and 

Kaufmann, 2015). Those factors are critical for considering lithium demands however this study is 

mostly focusing on lithium production forecast.  

The Covid-19 pandemic profoundly impacts the human society at varied aspects, including the 

industry cluster. The mining industry is facing the low demand of commodities and disruption of 

production plan simultaneously (Kondratiev, 2020).  The obviously down-fall of production 

happened globally, Jain (2021) examined the raw material sector in India showing that all kinds of 

raw materials have experienced 50% to 70% decrease. Same situation happening in Chile`s copper 

mines, several world class copper mines are struggling in expand their productions due to the social 

unrest and Covid-19 (Sanderson, 2021). Despite the global vaccination plan is rolling out, the lower 

income countries received less vaccines, according to the New York Times, only 0.2% of doses have 

been administered in low-income countries and most of them are resources exporting countries. The 

functions used in this study are based on the production data which reflects the historical patterns, 

thus the Covid-19 as a phenomena changer in the production side creates a new pattern, pushing the 

prediction to scenarios with more constrains. How long and how severe of this impact is still unknown 

but surely needs to be considered while exploring the short-term forecasting.  

On the other hand, the emerging demand for lithium is driven by the increasing power storage. There 

are three deciding factors in the future demand: 1. Energy density of the lithium-ion battery; 2. Energy 

demand per electrical vehicle; 3. Market share of l ithium battery vehicles.  The First two factors 

relate to lithium-ion battery and its application. Several research areas such as novel LIB electrode 

materials, enabling anion redox chemistries (Li air, Li-sulfur and beyond), substitutes for traditional 

liquid electrolytes are aimed to reduce the cost while increasing the energy density and tackling 

material stress issues (Grey and Hall, 2020). Aside from lithium-ion battery technologies, some 

substituted batteries technologies are currently being developed such as hydrogen cell for vehicles 

and sodium battery which do not use lithium elements (Hosseini and Butler, 2020; Yang et al., 2021). 

The development of those technologies could lead to different future and replace some demands of 

lithium-ion batteries, thus also influencing the lithium demand.  
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3. Lithium background information  

Lithium is the lightest alkali metal and the third element on the periodic table, and it endorses the 

highest heat capacity of any solid element. It is able to accumulate chemical energy in an effective 

way due to its high electronegative (Hund at al., 2020) As a highly active alkali metal, Lithium does 

not appear as a pure metal in nature, whereas it concentrates in minerals, typically pegmatitic 

minerals also in brine salts (Kavanagh et al., 2018). Lithium is not an abundant element in the cosmos 

but concentrates in the earth`s continental crust while the crust is formed because of its generally 

‘incompatible’ to other elements (Rollinson, 1994; Grew, 2020). So far 124 mineral species lithium 

have been discovered till 2020, plus 4 another potential new species, 73% of them are silicates, 19% 

of the Li-bearing minerals, the rest 8% are carbonate, fluoride, and so on (Grew et al, 2019;  Grew, 

2020). According to Bowell et al (2020), three types of deposits host the main lithium resources: 

pegmatite deposits, volcanic clay deposits, and brine deposits . Of these deposits, pegmatite type 

deposits contain the highest concentration of lithium on average (Kesler et al., 2012).  

 

 Hard rock deposits  

The hard rock lithium deposits usually refer to pegmatite deposits and clay deposits. The granitic 

pegmatites and related metasomatic rocks of the lithium-cesium-tantalum (LCT) family are the most 

favorable pegmatite type for economic sources of lithium (Kesler et al., 2012). Although some 

lithium resources are also discovered in the family Nb-Y-F of  pegmatites.  Except lithium, other 

valuable elements such as Sn, Ta, Be, Rb, and Cs also occur in lithium rich pegmatites (Kavanagh et 

al., 2018). Although more than 100 species of Li-bearing minerals have been discovered, only a few 

of them are economically worthwhile to extract lithium where the economic resources are sufficiently 

enough, such as spodumene, petalite, and lepidolite (Meshram et al., 2014).  Spodumene (Fig. 2) has 

a maximum lithium content of 3.7%, and petalite contains 2.2% of lithium. Other Minerals such as 

lepidolite and amblygonite contain less lithium (see Table 1). The lithium clay deposits are 

genetically related to rhyolite volcanics with three different types of sub-type, hectorite deposits, ion-

clay deposits, and jadeite clay deposits (Evans, 2014; Benson et al., 2017). Major lithium minerals 

are listed in the Table 1. 

Table 1. Lithium minerals and characteristics  

Mineral 
name 

Formulas Li (%) Geographical occurrence 
Geological 
occurrence 

Amblygonite (Li,Na)Al,PO4,(F,OH) 4.69% Common in African ores Pegmatite 

Petalite Li,Al,SiO4 5.51% Common in African ores Pegmatite 

Spodumene Li,Al,Si2O6 3.73% 
Major ore of lithium occur 
worldwide. 

Pegmatite 

Eucryptite Li,Al,SiO4 5.51% Common in African ores Pegmatite 

Lepidolite K,Li2,Al,(Al,Si)3O10,(F,OH)2 4.18% 
Widespread in Low-grade 
ores especially Australia 

Pegmatite 

Hectorite Na0.3(Mg, Li)3(Si4O10)(F,OH)2,nH2O 1.70% North America, Morocco 
Volcanic 
tuff 

Jadarite LiNaSiB3O7(OH) 
0.23%-
0.7% 

In Serbia 
Pegmatite 

Source: (Kesler et al., 2012; Grew et al., 2019) 
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Hard rock deposits normally have higher grade and smaller resources compared to brine deposits, 

Bowell et al, (2020). Pegmatite lithium deposits account for more than 60% of global resources and 

occur in varied continents thus making them an important  global resource of lithium (Bowell et 

al.,2020).  Nowadays, the Greenbush LCT pegmatite mine in south-west of Australia is the largest 

lithium producer today, combining with other several pegmatite mines , such as Mt Carlin and Mt 

Marison in Australia is accounting for the largest share of current global lithium production.  

 

 Brine deposits  

Brine includes lakes, salars (Fig. 3), oilfield brine and geothermal brine principally with salinity 

(>3.5%) (Bowell et al., 2020). Brine deposits make up around 60% known lithium resources but 

concentrating geographically. Continental brines deposits are created by precipitation of lithium i ons, 

and membrane filtration through evaporation in endorheic basins where the terminal water course is 

a lake or swamp instead of outflow rivers (Kavanagh et al., 2018). Argentina, Bolivia and Chile, the 

“lithium triangle” in the Andean Mountain region takes up around 80% of global brine resources 

(Fig. 8). Apart from the “lithium triangle”, brine deposits also occur in several other countries 

including Canada, China, and the United States. The lithium /Magnesium ratio is an important 

attribute for  lithium brine deposit, preventing Li ion forming lithium carbonate, a lower Mg/Li ratio 

therefore gain economical preference (Vikström et al., 2013).     

Fig. 2. Spodumene sample from Greenbushs lithium mine in West Australia, Stoekli, K, 2015. Greenbush mine has 

been operated 30 years and upgraded to 134 kt/year of lithium concentrates (Li2O), nowadays is the largest hard 

rock lithium mining project. 
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Oilfield brines are mineral-rich brines containing high content of Lithium and exist 2 km below the 

surface (Bowell et al., 2020). Oilfield brines were discovered in several countries such as USA, 

Canada, Israel, Germany, however, due to the relatively high cost in extraction  are yet to be exploited 

(Gruber et al., 2011). Lithium-rich mineral geothermal water can be enriched by varied sources such 

as volcanic activity, weathering of silicates, and leaching from lake sediments (Kavanagh et al., 

2018).  Countries like Iceland, Japan, Indonesia, and New Zealand that have in a volcanic geological 

setting have also high potential to extract lithium from geothermal waters. Some other geothermal 

contain useful Li-sources were recently discovered in Cesana, Italy, and France (Garrett, 2004). 

Comparing to the main salar brinee, geothermal water and oilfield brine are found across the world. 

Due to the generally high costs of extraction, thus the commercial production of those resources is 

highly depended on the supply and demands in the future.  

 

 

Fig. 3. Salar de Atacama in the northern Chile. Photo provided by Valentine Troll. Salar de Atacama is part 

of Lithium Triangle, where providing around 20% to 50% global lithium primary source today. Mixing zone 

is a narrow slim place at side of Salt Lake where the underground brine engages with fresh underground water 

and mix, making a suitable environment for flora and fauna.  
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 Reserve and resources  

This study is based on the resources from USGS, because USGS provides the most available 

resources statistics. However, it does not mean the real volume of lithium resources can be extracted, 

but only provides currently known resources and subject to the reporting criteria. Some uncommon 

resources as forementioned oilfield and uneconomical geothermal brine are not included in their 

statistics. Apart from USGS, a lot of published research such as (Evans, 2008; Vikström et al., 2013; 

Mohr et al., 2012) examined the global lithium resources in detail. Due to the foreseeable emerging 

lithium demand, the lithium resources have increased to 90 Mt, twice as it is in 2016 (Fig. 4).  

Whereas the global reserves barely increased due to it closely related to economical consideration . 

For example, the investment on expanding reserve is much higher than increasing resources and 

subject to the market condition at moment, thus it is technically unreasonable to have reserve supports 

productions more than 15 to 20 years in general.   

In Fig. 6 (A) one can note a geographic concentration of lithium resources, Latin American makes up 

for around 60% of global lithium resources. Those resources are mostly brine and concentrated in 

three countries, Argentina, Bolivia, and Chile. This uneven distribution has been noticed by varied 

researched such as (Gruber et al., 2011; Vikström et al., 2013),  and 83% of global lithium resources 

can be found in six brine, two pegmatite and two sedimentary deposits (Gruber et al., 2011).  

Compering to the uneven distribution of brine lithium resources in Fig. 6 (B), hard rock resources is 

more diversified in term of geographical distribution, as Fig. 5 shown. Although considerable 

resources concentrated in 4 countries but comprised by variety of deposits. This diversity can 

contribute to the ramping up in global lithium output. Because production capacity of individual 

mining project is subject to some limitations such as declining effect of Net Present Value (NPV) 

and environmental constrains (Nieto and Bascetin, 2006; Agboola et al., 2020). To all the mining 

projects, cut-off grade, reserve, capital investment, discount ratio, production yield and mine life are 

essential factors related to NPV which is usually optimized as the most important elements, 

unfortunately those factors are not all conducive for NPV (Nieto and Bascetin, 2006).  For example, 

pushing up investment will generate lagger production and increase the cash flow in general, but the 

efficiency of investment will decrease along with the increasing of scale, and it will poison the NPV 

while exceeding a point. Therefore, although some places hold up considerable resources, it is not 

possible to expand their production capacity unlimitedly.  
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The global lithium reserve volume is much smaller than the resources and with less geographic 

diversity. Only 9 countries hold lithium reserve, and 8 of them are extracting lithium in recent years. 

Chile holds up 50% of Global lithium followed by Australia (26%), Argentina (10%), China  (8%) 

and Canada (3%). Brazil, Portugal, the United State and Zimbabwe comprise the rest 3%, around 

34% of them are hard rock lithium resources. Some ongoing projects could possibly increase the 

global reserve, such as Manono project in Congo,  Sonora project in Mexico and Keliber Project in 

Finland (Sterba et al., 2019; AVZ Minerals Limited, 2017). But it is still hard to see geographic 

diversification of lithium reserve in the near future.   
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 Lithium historical production  

This study collected historical lithium production data (Fig. 7) from British Geological Survey (BGS) 

and Unit State Geological Survey USGS, and others related research.  

Lithium production was below 10 kt/year before 1970, and no recorded brine lithium production 

before 1980, hard rock lithium contributed to a large portion of production till 2000 when Latin 

America expanded its capacity. Brine dominated lithium supply from 2000 to 2012 when hard rock 

mining activity started to grow. Before 2017, majority of lithium came from lithium brine deposits 

located in Latin America. After that, hard rock deposits expanded exponentially in Australia and took 

up more than 70% of the total lithium supply. Many reasons caused this dramatic shift, such as 

ramping up in mining capacity of existing mines, and new producers in the position of commercial 

production, and some mines processing their stockpiles which gave them the capacity to maximize 

their processing plant`s capacity. Australian lithium mine output capacity is around 21.3 kt/year Li 

is about half of the global production (Geoscience Australia, 2017). 

The main lithium producer countries in recent years are Australia, Argentina, Chile, which 

constitute more than 80% of the global lithium supply. The rest 20% of lithium comes from China, 

the US, Canada, Portugal, and Zimbabwe.  

Some uncertainties are inevitably in the historical production data such as the missing part from 1967 

to 1975, and the time-lag in the reporting system, and the data of China, the US and Russia are based 

on assumption from USGS and BGS. Most of them are not an obstacle to getting a right the overview 

of lithium production. The most problematic part for modelling work is the production from Australia 

in 2017 and 2018, when miners processed their stockpile and expanded mines` production capacity 

simultaneously. Thus, to avoid exaggerating the increasing yields, original data are replaced by 

interpolated values assuming there are linearly increased between 2016 and 2019.  

 

Fig. 7. Historical lithium production by regions, data based on USGS & BGS. 

 

 Lithium consumption  

Lithium consumption comprises various sectors but is dominated by battery manufacture (Fig. 8). 

The electronic vehicle fleet penetration of the global market is the main driver for the rapid increase 

in lithium demands.  Batteries only accounted  for 27% of total lithium consumption in 2011, 

comparing to 65% in 2020 (USGS, 2011, 2021). This study is based on the two scenarios of 

international energy agency (IEA) Blue Maps, which includes a stated polices scenario (STEP) and 

a sustainable development scenario (SD).  The reason for adopting Blue Map scenarios into this study 

is because the SD scenario incorporates the climate goals of the Paris agreement . This agreement 

assumed EVs to make up 30% of the global vehicle market by 2030. Battery vehicles (BEVs) and 
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Plug-in hybrid electric vehicles (PHEVs) are predicted to reach 43 million and 83.6 million in the 

Stated polices scenario, and 179 million and 71 million in the Sustainable development scenari os.  

For the lithium demand for EVs by 2050, related research (Harvey, 2011; de Koning et al., 2018; 

Sverdrup, 2016; Valero et al., 2018; Watari et al., 2018; Hache et al., 2019; Junne et al., 2020) is 

included, and with an average scenario based on different projections. The lithium demands range 

from 230,000 tonnes to 1,630,000 tonnes depends on different assumptions of research, such as 

battery technologies, policy, different penetration of EVs, and PHEVs and BEVs market share over 

time.  

The most promising lithium-ion battery (LIB) classes are the lithium nickel manganese cobalt oxide 

(NMC) type and Lithium nickel cobalt aluminum (NCA) type (Xu et al., 2020). Some alternative 

battery technologies such as LFP (LiFePO4) batteries, Li-S/Air batterie exist.  Lithium demand 

largely depends on the size of vehicle and energies intensity of batteries and the total lithium 

consumption and will be influenced largely by the market penetration of BEVs and PHEVs (Ziemann 

et al., 2018). The average energy capacities of LIBs for vehicle are 35 kWh and 12 kWh for BEVs 

and PHEVs respectively. Factors adopted in this study are listed in Table 2.  

Lithium has been used for several sector aside from LIBs. The ceramics and glass industries hold 

around 19% of total lithium consumption and are thus a major consumer for lithium. Lithium minerals 

such as spodumene are required by those industries rather than lithium carbonate (Kavanagh et al., 

2018). Therefore, those shares of demands can be satisfied by lithium hard rock mining only.  Another 

sector is the pharmaceutical industry, which together with lubricating grease, air treatment, and 

casting effort take up 14% of global consumption collectively. In this study, the future demand of 

those sectors is considered constant using same amount 5546 tonnes as it in 2020.  

 

Fig. 8. Lithium consumption in different sectors. Data based on USGS (2021) 
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 Table 2 Crucial factors used in the study.   

  Recycling factors     

  • EV life span                           10 years   

  • Recycling ratio 2030  10%   

  • Recycling ratio 2050  75%   

  

• Linear increase of 
recycling ratio starts 
from 10% at 2030  

3.25% 

  
          

  Energy density per vehicle     

  • Average 217.83 kwh/t   

  • T. Junne et al., 2020 190.5 kwh/t   

  
• Kushnir & Sandén, 

2012 200 kwh/t   

  • Ziemann et al., 2018 263 kwh/t   
          

  Lithium used per vehicle     

  
Vehicle type 

KWH per 
Vehicle                   Li kg per vehicle   

  • BEV 35 7.62   

  • PHEV 12 4.92   

          

 

The EV life span is set 10 years same as common vehicles. Recycle ratio set as 10% and start from 

2030 with an incremental rate of 3.25% till 2050 reaching 75%.  The energy density per vehicle is 

calculated on average via similar research of Kushnir & Sandén, (2012), T. Junne et al, (2020), and 

Ziemann et al, (2018). The energy capacity of battery electric vehicle (BEV) and plug-in hybrid 

electric vehicle (PHEV) are based on the research of Ziemann et al, (2018).   

 Recycling  

Lithium recycling is not productive at the time of this study. Lithium recycle ratio is expected to 

increase in the future due to the technological progress, and the emergence of life-cycle design, and 

the gradually established circular economy system. Apart from potential economic and environmental 

beneficial, recycling also relieves the burden on primary resource demand thus reducing the 

vulnerability of the supply chain (Mohr et al., 2012).  However, research (Mohr et al., 2012; Wanger, 

2011; Ziemann et al., 2018; ) claim that the average lithium battery recycle ratio around 10% in 2020. 

Besides, recycling technologies and practices are related to economic profit thus the current 

technologies are focusing on the recovery of cobalt and nickel (Simon et al., 2015).   

Another issue worth mentioning is that batteries made by recycled lithium are only substitutes for 

some applications requiring lower energy density, due to the impurity of secondary lithium (Sonoc 

et al., 2015).  Thus, the contribution of recycling systems is uncertain and could be limited due to the 

secondary lithium only replace part of the demand of primary lithium resource (Ziemann et al., 2018). 

High demands for energy and chemical material which leads to economic concern and environmental 

footprint also can prevent the development of recycling system (Ziemann et al., 2018).  
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This study is therefore based on limited assumptions and the utilized parameters are listed in Table 

2, focusing on bringing out an overview of the supply and demand landscape. However, the recycling 

system establishment, purification technology and cost, and the related battery technologies are still 

uncertain. Those constrains will influence the lithium recycling and could even limit the contribution 

of the lithium lifecycle management system. Therefore, 75% of recycle ratio in 2050 is employed in 

the study to avoid overoptimizing the contribution of lithium recycling system.  
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4. Results 

 Overview of outcomes 

This study focuses on predicting future lithium production trajectories and the Logistic function 

proved suitable to reflect a free market situation, whereas the gompertz function is more suitable for  

describing situation with varied constraints, such as geopolitics issues, a small number of producers 

due to highly concentrated resources distribution, and environmental restraints (Mohr et al., 2011; 

Vikström et al., 2012; Walan et al., 2014). Therefore, it is reasonable to consider logistic function 

reflects a high production scenario in which lithium production capacity could be expanded 

exponentially, whereas gompertz function reflects a low production yield scenario refers situations 

with more disruptions and obstacles in supply chain (Walan et al., 2014). 

The aggregated and disaggregated predictive curves will be explained separately in this section.  The  

global lithium production is presented at first, followed by the disaggregated analysis where the 

global lithium production is broken down into different regions and deposit types.  Besides, one what- 

if scenario is created to explore the alternative possible production in the EU and Argentina which 

could possibly be influential actors in the future.  The primary issues such as differences in the annual 

output in the next decade, peak years, and maximum yields are highlighted and put into the context 

of demand forecasting based on international energy agency`s (IEA) Blue Maps scenarios and other 

relevant study for comparisons.  

Three crucial elements in the curve-fitting model are ultimate recoverable resources (URR), curve 

shape, and maximum depletion rate (Wang and Feng, 2016)  presented in Table 3. The global lithium 

production is boiled down by deposit types and different regions.  A total of 44 predictive curves 

were created for this study.  

The gompertz model in aggregated study indicated estimated globally collective maximum 

production yields is 423,257 tonnes/year in 2072. The logistic function suggested the peak yield is 

1,237,109 tonnes/year in 2101. In terms of depletion ratios, although some curves were calculated 

without 5% depletion ratio constrain, which is a reasonable ratio considering facts of economics, 

technology, environmental constrain.  (Höök et al., 2010, 2014 & Wang and Feng, 2016). The average 

of depletion ratio of all predictive curves is 3.39%.  

It is impossible to compare the maximum productions or depletion ratio in the projection due to those 

curves fulfill different missions and aimed at different study objects. However, they are all 

comparable and communicable in the time dimension. The T0 (peak year) ranges from 2038 to 2409, 

yet 41 peak years are located between 2040 to 2175, and the distribution shape of them is very similar 

to the normal distribution.  In the frequency analysis (Fig. 9), with a stand deviation of 34.89, peak 

years are mostly concentrated in the period from 2105 to 2140 during which 17 curves would reach 

their maximum production. 

All models suggest that the resources estimated by USGS can support lithium production in the next 

century, but the annual production of lithium has risk of falling short to meet the demand of the 

sustainable development scenario of the international energy agency (IEA). Furthermore, some 

uncertainties and risks are unveiled by scenario comparison part, which will be discussed in the later 

sections step by step.  
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Table 3. Key elements of prediction curves 

Deposit Type Categories Functions URR(tonnes) 
Peak 
year 

Max yields 
(tonnes) 

Max 
depletion 

Figure 

Both Brine 
and Hard rock 

Global production Logistic 90,120,000 2100 1,198,735 5.00% 
Fig. 10 

Both Brine 
and Hard rock 

Global production Gompertz 90,120,000 2108 563,702 1.30% 

  

Brine+Hard 
rock 

Global production by 
deposit type 

    2101 1,237,109  5.15% 
Fig. 12 

(B) 
Hard rock Global Production Logistic 26,340,000 2097 672,393 10.53% 

Brine Global Production Logistic 66,480,000 2101 946,044 1.82% 

  

Brine+Hard 
rock 

Total global 
production by 
deposit type 

    2072 423,257  0.61% 
Fig. 12 

(A) 
Hard rock Global production Gompertz 26,340,000 2064 313,248 3.11% 

Brine Global production Gompertz 66,480,000 2169 244,784 0.34% 
 

Both Brine 
and Hard rock 

Global production by 
regions 

    2113 1,005,022  3.38% 

Fig. 13. 

(B) 

Both Brine 
and Hard rock 

Latin America Logistic 53,950,000 2113 751,466 5.00% 

Both Brine 
and Hard rock 

Oceania Logistic 6,400,000 2038 255,823 16.37% 

Both Brine 
and Hard rock 

Africa Logistic 5,600,000 2317 7,294 0.15% 

Both Brine 
and Hard rock 

Asia Logistic 5,600,000 2113 49,092 2.73% 

Number of peak years 40 

Max peak year 2169 

Min peak year 2038 

Average  peak year 2107 

Sta.div 34.88806 
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Fig. 9  Frequency of peak year from 2035-2250. 
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Both Brine 
and Hard rock 

Europe Logistic 7,770,000 2123 98,728 3.99% 

Both Brine 
and Hard rock 

North America Logistic 10,800,000 2092 138,463 4.87% 

 

Both Brine 
and Hard rock 

Global production by 
regions 

    2142 446,297  0.61% 

Fig. 13. 

(A) 

Both Brine 
and Hard rock 

Latin America Gompertz 53,950,000 2134 279,043 0.91% 

Both Brine 
and Hard rock 

Oceania Gompertz 6,400,000 2046 98,947 4.02% 

Both Brine 
and Hard rock 

Africa Gompertz 5,600,000 2146 83,577 2.51% 

Both Brine 
and Hard rock 

Asia Gompertz 5,600,000 2131 26,088 0.81% 

Both Brine 
and Hard rock 

Europe Gompertz 7,770,000 2395 5,775 0.08% 

Both Brine 
and Hard rock 

North America Gompertz 10,800,000 2131 49,837 0.81% 

 

Hard rock 
Total hard rock 
production by 
regions 

Logistic   2043 243,551   

 Fig. 14. 

(A) 

Hard rock Latin America Logistic 3,170,000 2112 43,901 5.00% 

Hard rock Oceania Logistic 6,400,000 2042 224,239 14.19% 

Hard rock Africa Logistic 5,600,000 2167 35,441 1.02% 

Hard rock Asia Logistic 1,120,000 2113 854 2.65% 

Hard rock Europe Logistic 5,070,000 2123 98,728 3.99% 

Hard rock North America Logistic 2,900,000 2148 21,184 1.42% 
 

Hard rock 
Total hard rock 
production by 
regions 

Gompertz   2145 113,093   

Fig. 14.  

(B) 

Hard rock Latin America Gompertz 3,170,000 2134 16,383 0.91% 

Hard rock Oceania Gompertz 6,400,000 2046 98,947 4.02% 

Hard rock Africa Gompertz 5,600,000 2146 83,577 2.51% 

Hard rock Asia Gompertz 1,120,000 2131 454 0.81% 

Hard rock Europe Gompertz 7,770,000 2395 5,775 0.08% 

Hard rock North America Gompertz 2,900,000 2409 2,182 0.08% 

 

Brine 
Total Latin America 
brine production   
(Argentina+Chile) 

Logistic 50,780,000 2073 1,258,263 9.71% 
Fig. 14.  

(C) 
Brine Argentina Logistic 19,300,000 2121 282,107 5.00% 

Brine Chile Logistic 9,600,000 2058 220,156 9.35% 
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Brine China Logistic 4,080,000 2090 66,194 4.89% 
 

  

Brine 
Total Latin America 
brine production( 
Argentina+Chile) 

Gompertz 50,780,000 2136 276,458 0.90% 

Fig. 

14. (D) Brine Argentina Gompertz 19,300,000 2122 119,495 1.21% 

Brine Chile Gompertz 9,600,000 2084 73,114 1.78% 

Brine China Gompertz 4,080,000 2125 24,523 0.86% 

Note: 1.”Both bine and hard rock” refer to using the total lithium resources and historical production in despite the 
types; 2. “Brine + hard rock“ represent that modelling Brine and hard rock separately and compile them together; 3. 
Grey shades refer to the global lithium production models; 4. Blue shades refer to summation of disaggregated model 
in a region.   

 

 

 Global lithium production models 

In total, eight global lithium production models are created according to different category in this 

study.  

Regarding the aggregative analysis are shown in (Fig. 10), global lithium production in different 

functions forecasts bear some similar features in some periods. Firstly, the global lithium forecast of 

logistic and gompertz have very similar in terms of T0, they predict lithium production will reach 

peaks in 2100 and 2108 respectively. Besides, the two curves show similar trajectories from 2020 till 

2050 by reaching around 300 kt/year in 2050. The peak yield of the logistic curve is 1200 kt/year by 

2100, whereas the gompertz curve predicts a peak of 600 kt/year by 2108.  

 

Fig. 10. Global lithium production forecast. Global Lithium production curves are created by logistic and 

gompertz functions based on global lithium production data, therefore, reflecting an average scenario for 

global lithium production.  

The global lithium production scenario comparison in Fig. 11 suggests that some huge difference in 

lithium yield between logistic curves and gompertz curves. In terms of logistic curves comparison, 

the highest peak yield is 1,237,109 tonnes in 2101, comparing to the lowest is 1,000,000 tonnes in 

2113. The highest depletion ratio is 5.11%, comparing to 3.38% as the lowest depletion ratio.  Not 
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like huge variation in logistic curves, the gompertz curves suggest the global lithium production will 

reach a platform between 250kt/y to 500 kt/year for around 100 years.   

Apart from one scenario, all models suggest the global lithium production will be under 450 kt/year 

in 2050, implying some hinderance on production between 2050 and 2080. Disaggregated models 

provide more detailed information thus different assumptions, uncertainties and risks of supply chain 

will be analyzed in the following disaggregated analyzing section.   

Three of four logistical models suggest the maximum yield of lithium will be around 1000 kt/y 

globally. In contrast, one logistic model and four gompertz models suggest the maximum global 

lithium production will be around 400 kt/year as shown in Fig. 11.  

In terms of the global disaggregated models, some variations appeared due to the breaking down the 

key elements data such as URR, geographic information, etc.  In Fig. 12, the global production is 

broken down in deposit types and geographical location. The disaggregated prediction (by deposit 

type) indicates an interesting situation that implies the global production will progress into a zenith 

platform of around 900 kt/year and will last around 50 years since 2050. Generally, the global 

collective annual productions generated by disaggregated models are lower than the global 

production estimation in the aggregative model. This is mostly due to each category reached the 

maximum outputs of their own at different time, which is then shifting the collective peak year. Hard 

rock lithium production is ultimately important to the lithium supply before 2060 by taking up to 

80% of global yields.   

Furthermore, models suggest that the global lithium production before 2060 could have several 

pathways due to varied assumptions. The global yield in five models (Fig. 11) reach a platform ranged 

from  250 kt/year to 400 kt/year and last a century.
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Fig. 11. Global lithium production scenarios by Gompertz and Logistic. 

Figure (A) shows projective trajectories based on different functions and disaggregation.  gompertz curves 

reflect a stable growth pattern with less radical changing and depletion  ratio. The global production would 

stay around 200 kt/year to 500 kt/year since 2050. Whereas logistic curves included more radical change s in 

the study period because it presumes a higher growth ratio.  However, three out of four logistic models agree 

on the peak production would reach around 1000 kt/year between 2080 to 2110.   

The Figure (B) and (C) show predictions from 2020 till 2060. In Figure (B), Disaggregated logistic curves 

have a good agreement on lithium reaching 350 kt/year in 2040, thereafter two curves show a decrease period 

till around 2080. Only one scenario (by deposit type) predicts lithium production in 2050 will exceed 500 

kt/year. Gompertz curves in Figure (C) have good agreement on production before 2040 indicating lithium 

production will be around 200 kt/year, half less than disaggregated logistic models but agreed with aggregated 

logistic model.  
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(C). Gompertz Global lithium production models.
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Fig. 12. World production forecast (by deposit type). 

Figure (A) and (B) shows different growth patterns of gompertz and logistic function. Both functions predict 

the hard-rock lithium resource would contribute around 80% of lithium material before 2055. 

In figure (A), gompertz curves predict global lithium production will reach a platform around 350 kt/year 

lasting at least 100 years since 2055. The growth ratio of brine is at a low level and reaches 200 kt/year in 

2135. The hard rock lithium production will peak at 300 kt/year in 2055. The global lithium production is 

much lower than the aggregative model suggests global lithium production will reach around 580 kt/year in 

2100, albeit it predicts a higher global yield before 2060.   

In figure (B), logistic curves predict inflation point for brine production is around 2050 -2055, and 2030-

2035 for hard-rock lithium production. Besides, hard-rock lithium production peaks at 600 kt/year in 2061, 

brine lithium production will reach 900 kt/year in 2102. The global lithium production will be stable at a 

certain level from the year 2055 to 2115 with an average yield of 900 kt/year.  
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Fig. 13. World production forecast (by region). 

Figure (A) and (B) are based on regional lithium production thus reflecting the lithium production situation 

including resource geographic distribution, geological uncertainty, regionally social, and geopolitical 

uncertainties for production and environmental constraints. Both results show Australia (Oceania) and Latin 

America will be the main sources of Lithium. Besides, global lithium production forecasts for these two 

disaggregated results are much lower than the aggregative predictions and disaggregated predictions in 

Fig.11.  This difference reflects some uncertainties in the production scenarios, for instance, Australia 

contributes around 80% of global lithium production will peak in around 2038 making the global hard rock 

lithium production is going to reach around 370 kt/year far lower than the peak production of 600 kt/year 

in 2058 in Fig. 12. This is because lithium deposits outside of Australia are not engaged to massive 

exploitation. Besides, Africa is predicted to have less than 10 kt/year lithium output till 2149 in the logistic 

curve (B), in contrast to reaching its peak of 80 kt/year in 2149 in the gompertz curve (A), which could refer 

to a situation with huge hindrance for lithium mining although it takes  up around 23% of global hard rock 

lithium resource. 

Those scenarios also are reflected a risk that lithium supply will fall to a lower range of 200 kt/year to 300 

kt/year around 2055, without lithium extraction from other places such as Europe, North America, and 

Africa. Thus, diversifying lithium production is critical for securing the lithium supply.   

The depletion ratios of Hard rock production and the Australia model are well greater t han a reasonable 5% 

and reach 16%. However, it can be justified by two reasons. Firstly, the exploitation of lithium is still in an 

immature stage compared to other commodities such as copper but in front of immense growth in demand. 

Secondly, 90% of mineral resources fall into the economic reserve category in Australia. Höök, (2010) 

examined the depletion rate behavior of oilfields, pointed out that, the scale can be a critical factor for 

getting high depletion rates. Although Australia takes up large shares of global resources, it still can be 

rather a small scale compared to the oilfield in general.  
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This scenario divides production into hard rock and brine lithium sources in each region/country 

thus making it is the mostly attached to the current lithium production condition.  

Figure (A) and (B) are hard rock type lithium production by region which brings out more details. 

Currently, the main source of lithium comes from Australia account for more than 90% of hard 

rock lithium production. This situation will last a long period, 50 years to 80 years in the gompertz 

and logistic respectively. In figure (A), the global hard rock lithium production will never exceed 

100 kt/year, even drops to 60 kt/year by 2100 due to no other suppliers. In figure (B), Australian 

lithium production will dominate hard rock lithium supply until 2040, influencing the global 

lithium supply chain before 2050. The maximum depletion ratio of Australia is 16% greater than 

the 5% empirical limitation, indicating this scenario is possibly over -optimistic. Since 90% of 

lithium mineral resource is in mineral reserve, a high depletion ratio is possible.  

Africa production is predicted at a very insignificant level before 2110, which implies uncertainties 

and obstacles in the African lithium supply chain. Other regions such as North America, Europe, 

Latin America, and Asia are predicted to increase their hard rock lithium production by 2085. One 

thing that should be noticed is that the global hard rock production is unable to match the projection 

in Fig. 11 if without lithium production from other potential suppliers.  

Figure (C) and (D) are brine lithium production models by country. The main reason for using 

country instead of the region is because only three countries producing lithium currently, thus the 

Latin American brine lithium production curve is similar to the global brine production curve, and 

utilizing country data can reflect more of the situation of the local production and to avoid 

unrealistic scenarios (e.g., Bolivia holds up a large number of global l ithium resources but with 

considerable uncertainty of geology, economy, geopolitics, and environment, thus an exponential 

growth is hard to see).  

The disaggregated models in Figures (C) and (D) suggest global brine lithium production will be 

a stable plate of 200 kt/year to 300 kt/year since 2055. However, the lithium production of 

Argentina has different predictions in the two models. The gompertz curve suggests Argentinean 

production will reach around 50 kt/year yield by 2060 and reach its peak in 2125 with around 120 

kt/year output. In contrast, the logistic curve predicts the production in Argentina will have slow 

growth before 2060, and with around 20 kt/year output by 2060, after that, it will step into an 

exponential growth stage till 2125 when the production reaches its peak of 280 kt/year. 

Furthermore, the disaggregated model has a great agreement with the global annual lithium 

production model (red dot line) before 2060, which implies that the influence of Bolivia production 

starts to emerge since 2060.  

Figure (E) and (F) are collective global lithium production based on geographically and 

typologically disaggregated results. Lithium yields in disaggregated models are much smaller than 

aggregative models because some countries without lithium production are not included in the 

model, such as Germany, Bolivia, and the United State. Therefore, those differences also unveil 

some possible disruption and uncertainty in the lithium supply chain.  

To sum up, first, hard rock production is critical for the short-term lithium supply, but it will have 

a low peak of 200 kt/year in 2040 thus depleting in a high ratio. Thus, how much hard-rock lithium 

resources in Europe, North America, Latin America, and Africa could be extracted will decide 

whether the lithium production can reach the global hard rock production model (brown dash line) 

or how much gap can be filled. Second, brine lithium will contribute more shares of global lithium 

supply since 2050, thus the lithium production from Bolivia and Argentina will determine whether 

the lithium production can reach the Brine annual production scenario (solid line) after 2050.  
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 Brine and Hard rock production forecasts 

Around 70% of raw material lithium will come from brine, making it is a critical lithium source. Yet, 

the picture would be so different if looking at the annual yield proportion prior to 2050. All models 

in this study suggest that lithium produced from hard rock mining would be the major source  for 

acquiring lithium until 2050, with a share from 50% to 80% of the global annual production. Hard 

rock lithium yields are estimated to their reach peak production between 2038 and 2097 with 

maximum yields from 113 kt/year to 550 k t/year.  

In the most optimistic scenarios in Fig. 13 peak year arrives around 2040. Hard rock lithium almost 

accounts for 90% of output before 2050. In this model Australia is an essential producer having an 

astonishing depletion ratio of 14% to 16% in all the models, bypassing the normal depletion ratio of 

5% according to Höök et al, (2010). After 2050, brine lithium starts taking more shares in the annual 

global production, due to the continuous increase in brine lithium capacity and the simultaneous  

depletion of hard rock lithium resources. This is similar with the global production model in Fig. 12 

which indicates hard rock lithium resources will be the main source for lithium raw material  before 

2050. Besides, how much lithium can be mined outside Australia is important for the global lithium 

production to reach the scenario in Fig. 13 (B). 

Brine productions are very similar in the logistic and gompertz curves before 2050. The models 

suggest the brine production will increase to around 220 kt/year by 2055. The brine lithium 

production forecasts in the logistic curves have large variations, as shown in Fig. 14 (D) in which 

three measures brought out distinguished prediction curves. The maximum productions varied from 

1,200 kt/year to 315 kt/year indicating significant uncertainty in the brine production in the 

future. The disaggregated model in Fig. 14 (D) also shows that global lithium production would reach 

a platform of around 200 kt/year between 2055 and 2100 if without production from Bolivia. In this 

scenario, Chile contributes more than half yield before around 2085 when Argentina`s production 

capacity starts to increase exponentially, and China also reaches its peak year  at that time.  

Bolivia holds up a significant amount resources yet to exploitation, putting a remarkable uncertainty 

in the long-term projection. Models suggest that the influence of Bolivia will start by 2050 as shown 

in Fig. 14 (F). However, the optimistic scenario in Fig. 12 only can be achieved with the output from 

Bolivia.  

 

 Lithium production in different regions 

The hoarded global productions（Fig. 13） are around 20% less than the aggregative projection 

regarding maximum yield in both logistic and gompeetz models.  Two production cycles exist in the 

disaggregated predictions in Fig. 13. The first small global peak arrives in around 2045 mostly 

depending on Australian output expansion, with the peak yields ranging from 230 kt/year to 340 kt 

/year. The second cycle peak of global production is around in 2113 in the logistic function with a 

930 kt/year maximum yield, comparing to  420 kt/year in 2145 in the gompertz models. 

Latin America dominates lithium production in overall, making up around 70% of brine lithium yield. 

North America is estimated to take up 10% of global yields steadily. Australia is estimated to be the 

most significant producer before 2050 by taking up to 80% of global yield in the coming decades. 

Chilean lithium production is the most important pilar for the global lithium supply in this century  

by providing more than half lithium resources till 2100 according to this model. Asia and the Europe 

hold very small amounts of production shares. Africa is predicted not to produce until 2100.  

The disaggregated models in Fig. 13 and Fig. 14 suggest that hard rock production could be an 

essential part for the global lithium primary source before 2050. After that, production in Latin 

America will pick up and dominate the production. As aforementioned that Bolivia yields are an 

essential factor for lithium production to reach the high production scenario. 
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 What-if scenario 

The what-if scenario is based on disaggregated models in Fig. 14 which reflects current production 

situation. This scenario is created by logistical function only since the aim is to explore the possible 

maximum production situation. In this scenario, two assumptions are brought in: first, the production 

of Europe can follow the growth pattern of Australian production; second, the production of 

Argentina is able to grow as Chilean production. By introducing this scenario, more detail 

information can be observed and enrich the discussion (e.g., the reason why gaps between different 

models).  

Lithium production of Europe can combine with Australia are because: first, around 20 % of world 

hard rock lithium resources located in the Europe similar with 27% in Australia. Second, the 

European countries are the most like condition in terms of legislation system, labor focus market, 

environmental regulations, financing market, quality of infrastructure and logistic support, 

comparing with other regions. For instance, lithium resources in African account for 22% of global 

hard rock resources but social unrest and poor infrastructure could hinder production, thus assuming 

it will take exponential growth in the near future is questionable. The UN (2021) assessed the 

COVID-19 impact in African food security is face sever condition and maintaining peace and security 

in Africa will be the paramount issue.  

The what-if scenario in Fig. 15 (A) suggests the Europe could be an influential lithium supplier if it 

with same environmental condition as Australia, by providing around 23 kt primary lithium material 

in 2040 and will reach peak production of 300 kt/year by 2055. Fig. 15 shows that, the production of 

Europe takes up one quarter of global lithium production between 2035 and 2065, thus without its 

supply the global lithium production will only stay at 400 kt/year during that time.  From the other 

hand, this model also suggests that the lithium production in Europe need to reach 2 kt/year in 10 

years which is 10 times larger than it is today. Nevertheless, this scenario is unrealistic to some 

extent, for example, the model it assumes a high ratio of depletion in the Europe which reach 11.9%  

as the maximum in this model. The reason for this high depletion rate is because it cannot be 

constrained in modelling. 

The lithium resources in Argentina locates in the “Lithium Triangle”  of Latin America where 

accounts for 60% of global lithium resource. Then, its condition could be considered  like Chilean 

production. Comparing to Bolivia, the prospect of lithium production is more promising because of 

less uncertainty of geopolitical uncertainty, thus could have a similar growth pattern of Chilean 

production.  

In the what-if scenario shown in Fig. 15 (B), Argentinean production start to growth by 2055 and 

will reach its peak of 400 kt/year at around 2080. This model suggests that Argentinean would not 

affect lithium production before 2050 whereas it will be a critical producer during 2075 to 2115 by 

providing up to half of global lithium resources. In terms of global lithium production in  Fig. 15 (C),  

model suggests that global lithium production is able to reach a stable level of 700 kt/year capacity 

from 2040 to 2095 comparing to scenario with 400 kt/year in Fig. 14 (F), which means the production 

of Europe and Argentina contributes around 300 kt/year lithium in average during that period.  
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Fig. 15. What-if scenario 
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The what-if scenario on one hand presents an alternative to the current situation, on the other hand, it manifests 

a possible future production pathway in case those countries/regions are about to expand the ir lithium 

production in the future for the emerging demand. Two assumptions are utilized in the modeling. The first one 

is the lithium production in Europe increased as same as Australian yield. The second is Argentinean 

production is the same as Chilean production. 

Those two assumptions are selected according to six elements influencing production and modeling. At first, 

group actors into two groups as object and target. Objects refer to those candidates hold up lithium resources 

but without significant production currently (e.g., Europe, North America, and Africa), whereas targets mean 

those actors that have been recognized will have potentially exponential growth ( e.g., Australia and Chile). 

The objects should have a similar situation with their target in those six elements including resources amount, 

lithium deposit type, environmental condition, geographical location, political structure, infrastructure 

availability. Then create a model with logistical function by introducing combined historical lithium 

production data and URR of object and target. At the last, subduct target`s from the model to get the prediction 

curve of the object. 

The model suggests Europe would be a game-changer if its lithium resource can be extracted as Australia, by 

providing 100 kt lithium in 2030. The hard rock Lithium production in Europe will peak in 2043 with a yield 

of 260 kt/year. Thus, changing the whole landscape of the lithium supply chain before 2050. In respect to the 

Argentinean what-if scenario, the model predicts the brine lithium production takes exponential growth since 

2050 and will be one of the most crucial suppliers between 2060 and 2100 deciding whether the peak lithium 

of 1,000 kt/year can be reached. Totally, Europe and Argentina could provide 300 kt/year lith ium primary 

resources between 2050 to 2110 in this model.   
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 Lithium supply and demand 

4.6.1. overview 

The world annual lithium demand growth (Fig. 16) for electric vehicle is reported by international 

energy agency (IEA, 2020), indicating that to 2019, the demands for lithium metal was around 17 

kt/year. The real lithium consumption trajectory is much agreed with the forecast of the stated policy 

scenarios as shown in Fig. 17. During that time, the most significant increase come from China taking 

up almost half of annual increase. European Union and the US account for around 20% of demand 

respectively.  

 

Fig. 16. Historical global lithium consumption, data from IEA, 2020. 

The IEA Road map provides two scenarios of lithium global demand prediction till 2030 representing 

a high demand scenario and a low demand scenario. In the high demand Sustainable development 

scenario, 179 million full electric Vehicles (BEV) and 74 million plug-in hybrid Vehicles (PHEV) 

will be produced in 2030 in total since 2011. The annual demand for lithium is then around 360 

kt/year in 2030. In term of the low demand scenario, which is based on stated policy, the accumulative 

volume of BEV will reach to 43 million and PHEV will reach to 83.6 million in 2030, and the lithium 

annual demand is 140 kt/year in 2030. Due to the smaller increases of EVs and most of which are 

PHEV, the lithium demands in stated policy scenario is one third of  it in the sustainable development 

scenario in which more BEV contribute to large shares of electric vehicle market.   

The recycling ratio in 2030 is ubiquitously considered very low around 10% (Rydh and Svärd, 

2003, Mohr et al., 2012,  Wanger, 2011). Thus, for the sake of simplicity, the supply and demand 

balance by 2030 does not include a component of lithium recovery in modelling. 

The demand and supply comparisons by 2030 are shown in Fig. 17, in which the stated policy scenario 

is expected to be completely covered by most of the models. With respect to the sustainable 

development scenario forecast, annual demand surpasses the highest lithium supply prediction after 

2027. The lithium demand for EVs is predicted to reach 30 kt/year in 2030, thus putting a remarkable 

risk on supply chain.  Especially in 2030, the lithium demand is 100 kt more than the highest supply 

scenario and 150 kt more than the lowest scenario. Which means the lithium demand of sustainable 

development scenario of IEA cannot be fully meet according to our models.  
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Fig. 17. Lithium supply and demand till 2030, Demand scenarios based on data from (IEA, 2018 & 2020)  
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(B). Gompertz Global lithium production models.
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Several studies on forecasting the lithium demands in 2050 are shown in Fig. 18. most of which 

include a high lithium demand and a low lithium demand projection due to their different assumption 

on market, policy implication, battery technology, and energy technology implication. The average 

demand of those scenario is around 680 kt/year for the low demand case, and 1,100 kt/year for the 

high demand case.  

The supply forecasts located between 350 kt/year to 750 kt/year in 2050, except one scenario. In term 

of those low demand projections, the demands for lithium range from 200 kt/year to 1,200 kt/year 

per year. The average demand of scenarios is around 600 kt/year. The demands in sustainable 

development scenarios are ranged from 400 kt/year to 1,630 kt/year, with a 1,000 kt/year average 

demands. Most researchers (Kushnir and Sandén., 2012; Junne et al., 2020) agree on the lithium 

recovery ratio will reach 75%. As shown in Fig. 18 all lithium production forecasts imply the lithium 

supply (primary and secondary) in 2050 will surpass 400 kt/year and enough to cover or match more 

than half predictive demands.  

 

Fig. 18. Lithium demands and supply forecast in 2050, considering an incremental recovery rate to 75% of 

total lithium resource and 10 years life expectancy of EVs batteries . With one average scenario on the basis of 

different scenarios utilized. Data sources based on (de Koning et al., 2018; Hache et al., 2019; Harvey, 2011; 

Sverdrup, 2016; Valero et al., 2018; Watari et al., 2018; Junne et al., 2020)  

The highest supply forecast is around 100 kt/year which can match three of high demand cases and 

the average scenario. The highest forecast curve is logistical lithium production (by deposit type) in 

Fig. 12 (B) which reflects a situation of global hard rock lithium resources can be extracted following 

Australian lithium production growth pattern, and global brine lithium production will be same with 

Chilean lithium production. Furthermore, the growth of global hard lithium production will decide 

whether this scenario could be matched. The scenario of lithium production (deposit type and 

geography) is based on current existing lithium supplier`s yields, which reflect the current production 

condition implying that lithium supply would reach 0.75 Mt/year in 2050 if production of Australia 

and Chile in a stable situation  in Fig. 14 (B). In the contrast, global lithium supply will drop to around 

0.35 Mt/year if current production countries involved in constrain situation  in Fig. 14 (A). Two of 

aggregative models (Fig. 11) suggest the global lithium supply will be around 0.5 Mt/year does not 

catch up with half of low lithium demand projections.  
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4.6.2. The European perspective 

The lithium production in Europe is predicted very low before 2030 in this study (Fig. 19), mostly 

due to no significant mining activity in recent years. On the other end, the model from Simon et 

al.,(2015) indicates that the possible demand for lithium in EU is around 50 kt/year (Fig. 19), taking 

up half and one sixth of predicted global yield in the lowest and the highest scenario respectively.  

However, the EU is capable to supply its own lithium according to the what -if scenario in which the 

model is created based on assumption that the EU expand its lithium production since 2021 and 

follow the Australian trajectory. The model (Fig. 19) suggest that the EU could cover almost half of its 

lithium demand since 2025 and produce around 25 kt lithium in 2030 comparing it s demand of 50 kt in the 

while. From the other end, the model also indicates that the lithium production of Europe will require around 

15 years to reach its rapidly growth stage thus support its own demand and even export lithium. This model 

considered the hard rock resources in the Europe including Russian and Serb ian lithium resource, the 

geothermal brine lithium resources is not included due to no existing production of it.  

 

Fig. 19. EU lithium demand vs lithium supply in the EU & Global supply, Li demand forecast is based on 

(Simon et al., 2015). EU consumption data is from (IEA, 2018)   

The EU can be an influential supplier for the global lithium market if it expands production as soon 

as possible. Several models indicate that Australian production is expected to slow down for  

expansion around 2040 and peaked around 2050, thus the global lithium yield will stop growth and 

stay around 350 kt/year to 450 kt/year without extra suppliers (Fig. 13 and Fig. 17). To match the 

IEA`s sustainable development scenario of around 300 kt/year demand by 2030 and the high lithium 

demand projection by 2050, requires more suppliers who can expand their yield instantly and with 

considerable lithium resources. The what-if scenario (Fig. 15) demonstrates the capacity of the 

Europe who can fulfill this mission by providing around one third of global lithium between 2040 to 

2060. The Europe in what-if scenario will bring out 250 kt/year lithium supply in 2050. Then this 

scenario could reach out 1,000 kt/year yield by then and surpassing other scenarios in this study (Fig. 

18).  
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5. Discussion and analysis 

 A possible method to test the suitability of data.  

The mineral production is driven by the demand for a specific metal that can be used for an emerging 

technology with massive implication. The production will grow with increasing demand, and by using 

historical production the function generate a growth pattern for the production. On the other hand, 

the growth of production is subject to the constraint factors such as infrastructure quality, logistic 

chain, social and environmental constrains. Firstly, to capture the “growth pattern” in the historical 

data, the empirical production data must show tendency of growth. Secondly, the production data 

should be long enough to capture those long-term influential facilitations and hinderance for 

production. Thirdly,  growth pattern of empirical data should be studied carefully especially when 

data with long historical production. Because especially in the early stage, the URR will increase 

significantly due to the increase in exploration investment, and the time-lag between exploration and 

mining will have led the depletion ratio to a specific situation thus postponing the predicted inflation 

point to an unrealistic time. For instance, North America has long history of lithium production but 

not for the battery, and it has gone to the declining stage which could belong to the last cycle of 

lithium production. Despite the URR in North America is experiencing an increase in the recent year 

due to exploration investment and its promising future for lithium mining, models predict the lithium 

production will peak in the next century.  

Much of the predictive research usually happens at the starting point of new growth in which 

researchers must deal with this uncertainty of available data. Observing the depletion ratios of 

empirical data is an approach to spot those prediction curves` growth pattern (Fig. 20). Checking the 

depletion ratio can facilitate spotting empirical data which needs clarification on whether the studied 

target is in a special time before the new cycle production, thus making models more comprehensible. 

It is worth noticing that the increase of the reliability of model does not mean models can predict the 

future more precisely, whereas it can be a measure to assess suitability of available empirical data 

mathematically subject to research purposes.  
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 Hard rock lithium production  

Regarding hard rock lithium forecast, two features are prominent. The first one is that hard rock 

lithium production is an essential part of the global supply chain before 2050 in models. The second 

one is large uncertainty in the hard rock production forecast depending on several constraints such 

as infrastructure availability, political conflict, social acceptance, environmental impact, and trade-

offs made by governments and the public. Thus, it would be too optimistic to assume all place can 

follow the pace of Australia.  

In Fig. 14, the disaggregated results are much different from the aggregated model because of two 

reasons. Firstly, Australia is the major lithium producer in recent years where is preferable for the 

mining industry causing a high depletion ratio reached 16.37%, without significant producers in other 

regions. Secondly, newly discovered resources in other places take up around 75% of global resources 

yet to be mined. Hence, the model will be unable to tell which scenario would be more realistic. This 

case also reflects how the URR influences the forecasting outcome (Brandt, 2009; Walan et al., 2014). 

In this case, including more qualitative analysis would be incremental for choosing and re -

interpreting the most possible scenarios. 

The aggregative model (Fig. 12) assumes that world lithium production will ramp up exponentially. 

The maximum global hard rock production could reach around 700 kt/year if those resources are 

exploited without hindrance in an Australia-like situation with a small geopolitical obstacle, less 

infrastructure challenge, and with adequate skilled workforce and investment. The problem of this 

assumption is no large production currently exists outside Australia, then no such evidence when or 

whether those mineral deposits would engage in commercial productions. This difference between 

two models (aggregated and disaggregated model) in Fig. 14 (B) indicates that this uncertainty needs 

to be assured by the qualitative study. Besides, disaggregated models also show that Australia will 

be a crucial producer influencing the global lithium supply till 2050 then it will step into depletion if 

no new resources are found in Australia. New suppliers are needed to fill in the gaps between the 

aggregated curve and disaggregated curve in Fig. 14 (B). Otherwise, the global lithium output will 
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Fig. 20. depletion ratio of different regions. The prediction curves can be seen in  Fig. 13 World production 

forecast (by region) 

Figure (A) shows three regions/countries` depletion ratio shows increasing tendency implying growth patterns 

are included in the empirical data can be captured by functions and with very limited influence of historical 

production cycle. On the contrary, North America and European depletion ratio experience significant 

decrease and the depletion ratio fluctuated largely in the history in the Figure (B).   
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start falling slowly to 300kt/year by 2075 and fail to match most global lithium demand predictions 

in Fig. 18. 

Geographic distribution of hard rock lithium resources is presented in Fig. 5. Aside from Australia 

who signs up for 27% hard rock lithium resources, Africa (23%), Europe (20%) North America 

(12%), and Latin America (15%) also have considerable resources. Then to understand how much 

resources could be exploited in near future and what obstacles preventing them from being extracted  

is critical.  

From the what-if scenario in Fig. 14, European Union can be an important player to fill this gap, but 

with several obstacles, such as low public acceptance for the mining industry, long permission 

procedure, and only part of the resource has been identified as economically feasible reserves. The 

major hindrance to extracting lithium resources in the EU could be the social acceptance for mining 

industry. But countries having resources are Finland, Germany, Czechia, Portugal and Spain also 

with mining traditions. Finland and Spain were ranked 5 th and 36th respectively in attractiveness to 

mineral investment (Fraser, 2020). Under the current situation of emerging pressure of lithium 

demand in the next decades and the idea of shortening supply chain to reduce fossil fuel consumption 

and securitizing it, those resources are possibly open to extraction.  

Another potential supplier is Africa, more than half of the resources located in Congo and Zimbabwe 

cause a huge uncertainty, Ghana and Mali as mining active countries also hold up part of the resources 

(Kavanagh et al., 2018). In term of North America, Canada holds around 10% of global hard rock 

lithium Fig. 5 locating in the mining activity region (Government of Canada, 2017), which could be 

more permissive for mining. Quebec drawing on their advantages in infrastructure, skilled workforce, 

and knowledge presents its interest in incorporating its potential lithium production into the local 

production chain to add additional value (Ibarra-Gutiérrez et al., 2021). Sonora lithium deposit in 

Mexico holding around 10% of hard rock lithium resources, is very important for the near future 

supply yet to be mined. Sterba et al, (2019) comparing the finacial performance of several lithium 

projects indicating that the Sonora project is very competitive financially. Ganfeng Group, a China-

based battery producer has acquired 50% shares of this project in February 2021 (Webb, 2021). 

However, it sets of controversy on environmental issues, government corruption, and possible 

harassment by local drug cartels (Heubl, 2020). Furthermore, no current hard rock lithium production 

in North America, Africa and Latin America causes on uncertainties in the forecasting study. 

Therefore, North America and Europe could be the most possible lithium suppliers due to their own 

huge demands form industry, large amount lithium resources within their border, geopolitical 

stability, high quality infrastructure, and accessibility to labor market, technology, and financial 

market.  

The last issue that needs to be noticed is that hard rock lithium resources have been experiencing a 

radical increase at a ratio of 44% since 2016 as a response to emerging lithium demand, which 

indicates the global hard rock lithium exploration is undergoing.  

For instance, Gourcerol et al (2019) assessed possible mineral lithium occurrences, Li related 

deposits and preferable geological background for lithium mineralization and pointed out 527 lithium 

occurrences, projects and deposits within the boundary of EU, which is five times more than the 

inventory data of  Mineral4EU-proMine (http://minerals4eu.brgm-rec.fr/). In China, interest in 

exploration for lithium is growing, some geological settings preferable for lithium related granite and 

pegmatite have been identified in Qaidam Basin, Sichuan Basin, Jianghan Basin and Jita i Basin 

(Wang et al., 2020). With increasing investment in exploration, the resources of hard rock lithium 

will keep growing which will provide more primary material in the future.  

 Brine lithium production 

Several features in the brine lithium production are: 1) slow growth in the next decades; 2) 

geographical concentration; 3) uncertainty in Bolivia; 4) Sustainable issues in production.  

http://minerals4eu.brgm-rec.fr/


 

45 

1), slow growth is expected in the brine lithium production due to geographical concentration.  

Different models in Fig. 12 and Fig. 14 all present the brine lithium production will reach around 200 

kt/year in 2050 despite that 75% percentage of global lithium supply is expected coming from brine 

lithium since 2050.  

2), Brine deposit only existed in 6 countries, concentred in several salar  lakes, whereas Hard rock 

type deposits are having a closed relationship with pegmatite which is more widely existing across 

the world (Grew, 2020), and many of them are already in mining active region due to pegmatite also 

closely related to other valuable commodities. The concentration of brine could be a remarkable 

constrain on expanding total output,  because several factors can prevent a mine from ramping up its 

output, such as availability of water, transportation, infrastructure demand, environmental  burden, 

labour lacking and declining effect of NPV (Nieto and Bascetin, 2006; Agusdinata et al., 2018).  

3), the main uncertainty is the political risk in Bolivia which captures around 35% of global brine 

resources. It is noticeable that lithium in Bolivia facing huge uncertainty but holding up a large 

amount resources could lead to the shift of URR thus change the landscape of disaggregated study.  

Models also indicates that Bolivia is expected to start producing lithium since 2065  (Fig. 14). It is 

possible that political risk in Bolivia would be manageable at that time.  Besides, the lithium resource 

in Uyuni is also controversial due to lack geological exploration work. For example, Gruber and 

Medina estimated 10 Mt Li resources based on report from Corporación Minera de Bolivia 

(COMIBOL) are far less than the official number 350 Mt from the Bolivian government which is 

based on the same report that Cruber and Medina used (Mohr et al., 2012). According to Gruber and 

Medina, their estimation is based on 164 samples from around 50 drill holes (Gruber et al., 2011), 

thus critical geological characteristics are oversimplified during the calculation.  

4), brine resources production will face not only supply chain issues but also sustainable issues in 

the production area. Vikström et al (2013) did research on brine lithium resources by deposit, 

indicating that the Salar de Atacama in Chile and Sala de Uyuni hold almost all the resources of their 

countries respectively, and account for more than half of global lithium resources. From a production 

perspective, around half of lithium raw material come from Salar de Atacama. This scale of 

production has given rise to controversy over environmental impact, water rights issues and 

sustainable issues. The water balance was noticed to be disrupted by anthropogenic extraction 

(Beatriz et al, 2021) and exacerbate the water balance deficit in the catchment of Atacama, also 

affecting the underground water table (M.A. Marazuelaet et al, 2019& Liu et al, 2019). Babidge, 

(2018) discussed the uncertainties of groundwater impact on local communities and conducted a 

survey to study water management in the light of sustainability, criticizing the Boliva state authority`s 

ignorance on water management in that area.  

Bolivia has been harassed by previous bust of mineral exploitation such as silver, gas , oi l, and tin, 

now facing the new boom of lithium development (Crabtree et al, 1987). Sanchez -Lopez, (2019) 

assessed the political, social, environmental, and economic challenge in Bolivia in the terms of 

lithium production and claimed three obstacle factors : 1) elite capture structure, 2) nationalistic 

narrative, 3) local stakeholders are in disempowered states. Furthermore , water stress is a ubiquitous 

problem for extracting Brine deposit, due to the Salar lake is created by continental arid climate 

which leads to an evaporating situation (Sanchez-Lopez, 2019; Babidge, 2018). And the uneven 

distribution of lithium along with other minerals relevant to renewable technologies such as cobalt 

and REEs could lead to a huge shift in global geopolitical and trick the new boom of resource curse 

(Scholten et al., 2020).  With those constraints, and potential challenges quantitative results need to 

be examined deliberately and comprehensively for avoiding unrealistic scenarios.  
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 Sustainability trade-offs from raw material perspective  

5.4.1. Sustainable raw material supply chain in concept  

Sustainable development is a contested concept (Giddings et al., 2002) due to the multiply 

shareholders, diverse perspectives, and time dimensions. Thus, every group, organization or 

government have their interpretation while embracing the brand of sustainable development 

(Giddings et al., 2002). Human on the planet unavoidably relies on the environment surrounding us 

meanwhile putting impact on it (Levins and Lewontin, 1994).  Our material needs such as heat, light, 

food, phones, laptops, and all commodities are made with mined materials and energy (Giddings et 

al., 2002). This concept is as important as the idea that we are impact ing  the environment. Material  

and energy flows are fundamental for our modern society, economy, and determining global and 

domestic political landscape to some extent. The sustainable development agenda incorporates issues 

related to material flows such as extracting, shipping, distribution, environmental impact, water 

consumption, human right, alleviating poverty and others. Sustainable Goals have sophisticated inter-

relationships. In this sense, it is inevitable and crucial to conduct trade-offs and approaches for 

addressing them. On the other hand, sustainable goals can also be mutually beneficial and supportive 

(Bowen et al, 2017).  

Resource exporting countries are facing serious challenges due to the growing demands of raw 

materials, irresponsible mining activities, and problematic governance. The extractive industry has 

been criticized for its adverse impacts on local society, environment, and economy, especially in 

resource-exporting countries (Lodhia, 2018). However, from the historical perspective, extractive 

activities are an essential part of our social activities and intertwined with the energy sector 

throughout human history (McLellan, 2017). All raw materials needed for energy system or energy 

system transition are mined somewhere, processed somewhere, and manufactured somewhere with 

certain environmental and social impacts. 

The extractive industry or activities reflect  human society`s attitude towards nature and each other 

in the essence. MacNeil, (2018) presented extractivism as an ideology driven by interests, to extract 

and deliver raw materials, resources, knowledge, experience, and culture. This extension in the 

concept connects the extractive industry with other activities such as tourism, wind farming and 

timber business, reflecting the relationship between the extractive industry and human societies. 

Galtung`s violence triangle is the basis of extractive violence  and extractivism. It includes three 

closely connected factors: structural, culture and direct violence showing the relationship of our 

ideology and worldview, social and institution structural, and consequential violence (Galtung, 

1990). Therefore, to be aware that our ideology and social system are hidden actors of generating 

extractive/direct violence as consequences is critical to address our problem. Barnett (2008) 

emphasized that uneven distribution of power and resources, and highly destructive socia l processes 

should be addressed for preventing extractive violence. The distribution of power and resources not 

only refers to the political power and natural resources (mineral resource, biological resource, and 

land) but also economics, knowledge, and information power.  

In the context of globalization, sustainability is not paramount to maintain and enhance the existing 

system but is about engineering new ones (Redclift, 2005). To realize the relationship between 

society and nature, and how to manage the process in a sustainable way, is fundamental for tackling 

global climate issues and establishing a sustainable society. Globalization and international trade 

connect different places and their sustainable challenges of different places by material flows. Thus, 

sustainable solutions can only be achieved with cooperation between actors of all scales, over time, 

and in diverse contexts (Stafford-Smith et al., 2017).  

To sum up, the sustainable raw material supply chain should fulfill three commitments. Firstly, it can 

ensure adequate raw materials for the climate change implementation global and prevent the market 

volitation. Secondly, it should maintain justice thereby avoiding extractive violence  and “resources 

curse” happen in resource affluent countries. Lastly, it should be communicable with other 

sustainable implementations/projects.  
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5.4.2. Lithium availability, accessibility, and sustainable challenges.  

From the global and industrial level, the extractive industry plays a substantial role in sustainability 

as a transformative activity influencing the economy, society and environment (Moran et al., 2014).  

Lithium is a crucial element for energy transition which is the main strategy to tackle the c limate 

change as well as a corner stone for the green recovery schemes implementing (IEA, 2020). As 

aforementioned lithium demand in the Sustainable Development Scenario from IEA incorporates the 

targets of the EV30 @ 30 aiming to reach a 30% market share for electric vehicles by 2030 (IEA, 

2020). To match this demand, lithium output should reach 350 kt/year by 2030, which is four times 

more than it was in 2020. According to this study, hard rock lithium mining is the most critical factor 

for lithium production in the coming decades. Aside from Australia, output from European Union, 

Mexico, North America, and China are also substantial for lithium supply in near future. Therefore, 

the government and public need to be aware of this challenge ahead of us, certain trade-offs need to 

be made in a short time.  

Sustainable challenges seem distinguished from a combination of geographical the perspective and 

the material supply chain perspective. One prominent issue is the water management in Latin America 

mentioned by several scholars, the local fragile ecosystem is diminishing because of lithium 

extracting and the water right of indigenous communities is overlooked by authorities  (Marazuelaet 

et al, 2019; Liu et al, 2019, Babidge, 2018).  Besides, production expansion would lead to 

environmental degradation and constrain on lithium production capacity (Houston et al., 2011; Flexer 

et al. 2018). Ambrose and Kendall, (2020) conducted research of life-cycle impact assessment of 

lithium from different types of deposits, indicating that hard-rock and brine lithium bear similar 

environmental footprint for producing 1 kg of Lithium carbonate Equivalent. Regarding the 

geographic concentration of brine lithium, it is critical to be cautioned of those impacts crowded and 

will accumulate over time. Furthermore, mining activities in the global south are involved in huge 

challenges such as irresponsible mining activity, unfair interest distribution environmental impact, 

corruption, the resource curse and so on (Lisa Sachs, 2015). Some developing counties such as 

Bolivia, D.R. Congo and Afghanistan hold a large amount of resource and are under the shadow of  

the “resources curse” (Kavanagh et al., 2018). The political issues such as interest conflicts between 

local communities and national government of Chile is also considered as an uncertainty in lithium 

supply (Flexer et al., 2018).  

For those large end-users such as the US, the EU and China who account for around 80% of lithium 

consumption are facing the challenge of securing the raw material supply for their energy transition. 

European Union holds around 9% of global lithium resources and 20% of hard rock lithium resources 

while accounting for around 1/4 of global lithium demands (Fig. 16), while having a very low 

acceptance of mining activities due to the environmental concern.  Grosjean et al. (2012) pointed out 

that the Europe is under the biggest challenge of polarized distribution of lithium resources. The 

models in this study (Fig. 14) also suggests that production barely can be seen in the next decade in 

the EU but with significant emerging demands. The competition in the global market on raw materials 

is foreseeable, and 86% of the processed materials and components for Li-ion batteries come from 

Asia represented by China , Japan and South Korea (European Commission. Directorate General for 

Internal Market, Industry, Entrepreneurship and SMEs., 2020).  

5.4.3. A consumer and supplier the EU`s role 

From the EU perspective, the EU will be a big consumer by taking up 25% of global lithium in the 

next ten years but only with limited potential production. This huge imbalance in lithium supply and 

demands, will lead the EU members into a situation between hard place and rocks (Fig. 19). The 

availability and accessibility to lithium in the EU are under immense pressure which could even 

undermine the implementation of the electrification scheme. In another word, the Eur opean Union 
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will be reliant on external lithium material sources to implement the green recovery plan. Aside from 

uncertainties in terms of having access to the raw material, the market mechanism would push the 

lithium price to a relatively high level. The three biggest economies which are China, North America 

and the EU come up with electrification schemes simultaneously pulling up the demand to an 

unprecedented level. The lithium index has surged from 40000 to 89000 from July 2020 after the 

pandemic shock (Trading Economics, 2021). In summary, the material external dependence of the 

EU will be an obstacle to its current climate change mitigation plan and does not help with alleviating 

the sustainable challenges in those resources exporting countries.  

Increasing the social acceptance for the mining industry in public is a reasonable option for solving 

the raw material problem of the energy transition and the Green Recovery Scheme. Kavanagh et al, 

(2018) also emphasized that hard rock mineralization of lithium in the EU offers the best potential to 

provide the EU with lithium in the future. The lithium resources in Europe are around 5 Mt, taking 

up around 20% of global resources (USGS, 2021). The European hard rock lithium production has 

the potential to reach 6,000 t/year by 2024 and reach 22,000 t/year by 2030 if the production capacity 

can grow as Australia in the what-if scenario  (shown in Fig. 19). That lithium output is able to cover 

half of the lithium consumption in the EU by 2030, thus reducing the EU`s lithium external dependence. 

Besides, Hard rock lithium yield is critical to achieving the highest global production scenario in Fig. 

17, in which the lithium supply roughly meets the annual lithium demand of the sustainable 

development scenario of IEA. European countries are favorable candidates  to fulfill the commitment 

in consideration of the geopolitical stability and infrastructure soundness. The what-if scenario also 

presents that the lithium production will increase to around 250 kt/year by around 2050 providing almost half 

of the global lithium supply and push the global lithium supply reach to 700 kt/year at then. On the other side, 

the logistic curve also presents that the EU need to keep this growth trend in 10 -15 years to expand 

exponentially and reach the peak of 250 kt/year by 2050.   

By reviewing current lithium mining projects in Europe, we will know how those outputs in the models can 

be materialized. The current biggest producer Mina do Barroso project in Portugal with 66,414 tonnes 

of lithium resources and 4,885 t/year yields is moving towards production albeit facing strong 

resistance from locals because of the potential environmental consequence (Savanahresources, 2021). 

The other possible future producer is the Keliber project in Finland, which has signed Engineering, 

Procurement and Construction Management (EPCM) agreement with Swedish contractor Sweco and 

aims to engage the first production in 2024. The project holds 49,839 tonnes of lithium in reserves 

and 35,610 tonnes in resources, with a potential average annual yield of 1,127 t/year 

(Savanahresources, 2021; ). Those two projects could provide around 6,000 tonnes of lithium 

collectively each year if they are in full tilt yet still unable to match the predicted demands in the 

coming decades of 17,000 t/year (Simon et al., 2015; Sterba et al., 2019).  Furthermore, several 

lithium projects also have reported JORC compliant (Australasian Code for Reporting of Exploration 

Results, Mineral Resources and Ore Reserves) Li metal reserves of 35,000 tonnes, and 27 potential 

projects with totally 4,000,000 tonnes Li metal in resources have been reported  (Gourcerol et al., 

2019). Except the hard rock mineral resources, geothermal brine lithium resource is founded in the EU too. 

The largest deposit in the EU is geothermal lithium project Vulcan with potential 15 kt/y lithium 

source output in 2024 and 40 kt/y since 2025 is under the permitting procedure, yet no certainty 

answer is reported (Vulcan Energy, 2021).  If this project on the right track, the EU can be possible 

self-reliant on lithium raw material in 2025 according to the forecast made by Simon et al, (2015).   

The European battery market could reach 3-14 billion Euro/year by 2025, to satisfy those demand 

Europe should expand its manufacturing and foster its own industry ecology by: 1) stimulating cost 

reduction in battery technology and from other synergies across the value chain; 2) ensuring long-

term engagement and commitment of stakeholders for a competitive and sustainable value chain 

(European Commission, 2018). Currently, 25 projects including two Giga-factories in Sweden and 

Czech Republic have been announced in the EU could be possibly provide 500 GWh production 

capacity for Europe in 2030 (European Commission, 2020)  

New mining investments in the EU can enhance the competitiveness of its lithium battery industry 

and its recycling system by supplying local lithium to those manufactures. Localizing lithium source 
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has several advantages for those manufactures: Firstly, local raw material can shorten the 

transportation which reduces the cost and carbon tax of products which will increase competitiveness 

of  local manufactures. Secondly, lithium mines in Europe will secure the supply chain and forester 

the emerging industry ecology in which every participant can reduce their cost and get extra benefits 

(skilled workforces, abundant capital, more options of supplier and customers and stable market 

environment). Lacking material supply security can deter the investment in the industry as well as 

prevent the establishment of industry ecology. Given the current condition of growth in demand and 

external dependence on raw material, supply chain pressure and security will be an issue for the 

battery industry in foreseeable future. Finally, raw materials from the EU will have better 

performance on sustainability and fit for the new regulatory framework for batteries  lunched by the 

EU commission(2020) 

Moreover, from geological perspective, the geology of Europe is preferable for lithium exploration, 

aside from current explored deposits several Li-rich deposits and occurrences are reported such as 

lithium-cesium-tantalum pegmatites found in France, Germany, Portugal, Finland, Sweden, Ukraine, 

Switzerland, and Chez Republic with limited information due to lacking exploration work (Gourcerol 

et al., 2019). Therefore, investment in geology and mineral exploration could increase the lithium 

resources in the EU thus supporting lithium production and battery industry, otherwise the lithium 

production will start to decrease since 2060 and deplete by 2080 according to the what -if scenario in 

Fig. 14. Aside from lithium, other critical minerals like rare earth elements (REEs),  Niobium, 

Cesium, yttrium also occurrence in those pegmatites and intrusion rocks, which are also play a crucial 

role in the electrification and digitalization thus supporting the industry ecology of the EU.  

 

5.4.4. Engineering a new system in the light of sustainability 

The global supply chain is inevitable for the EU`s battery industry, thus a systematic approach should 

be implemented to address problems in the raw material supply chain. The paramount issue is to 

increase the accountability of mining companies and raw material exporting countries. Hence, the 

green transition of the EU should incorporate sustainability into the extracting industry and the global 

supply chain.  

Global supply chain is inevitable, the management is the key to the global sustainability.  

The reason for establishing an international supply system is the random and uneven distribution of 

raw materials. Many industrial important minerals/deposits are not evenly distributed across the 

world and are not subject to any anthropogenic boundaries, which makes interna tional trade 

unavoidable. This will result in a delicate situation which needs to be carefully handled, while facing 

the new geopolitical shift with the energy transition. Many scholars discussed the possible power 

dynamic and possible consequences such as the new booming of resources curse, resources 

nationalism and market dominance (Bazilian et al., 2019; Paltsev, 2016; Scholten et al., 2020). 

Decision-makers need to consider how to corporate on a different scale and make this transition in a 

proper way for avoiding potential destructive consequences.  

Hirschman Herfindahl index (HHI) is widely accepted to describe the concentration, invented by 

Albert O. Hirschman in 1945 for the first time, and Orris C. Herfindahl who developed it in 1950 

(Hirschman, 1980).  Habib et al, (2016) examined the overconcentration risks of different minerals 

based on data from 1994 to 2013, pointing out several minerals expose to high concentration risks. 

For example, the major specialty metals are classified as high risks meta ls such as REEs, Sb, Be, Y, 

In, W which are critical for many cutting-edge technologies. The index of lithium increased from 

2200 to 3000 during those 10 years implying that the lithium would face middle risk with respect to 

production geo-distribution. Raw material major end-users have published their critical raw material 

reports. The European Commission. Directorate-General for Internal Market, Industry, 

Entrepreneurship and SMEs, (2020)  conducted comprehensive research on critical raw materials for 

emerging technologies in the EU, in which 48 relevant minerals are considered critical for Key 
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technologies including Battery, fuel cells, Motors, Wind farming, PVs, Robotics, Drones, 3D 

printing, information and communication technology (ICT), and eight of those minerals (light and 

heavy REEs, Magnesium, Niobium, Germanium, Phosphorus, Borates, Scandium) are exposing to 

rather high risks in supply chains.   

Habib et al, (2016) discussed several influential resources supply disruptions from the 1970s such as 

the cobalt crisis in the 1970s caused by the political instability of the Democratic Republic of Congo 

which has a high dependence on its natural resources exporting and is under severe harassment of 

“Resource Curse”. Aside from DRC, many other resource-abundant countries are facing threats of 

the resources curse. Economical overdependence on natural resource extraction will jeopardize other 

exporting industries, making the domestic economy subject to commodity prices volatile, hindering 

the technology innovation, increasing the rent-seeking activities, corruption, and even stirring up 

civil wars (Martin,2005). Hailu and Kipgen, (2017) invented the extractive dependence index (EDI) 

for describing how countries` economy depends on its natural resources sector.   Many developing 

countries such as Angola, Libya, Nigeria, Iraq were marked highly reliant on exporting their natural 

resources and ranked higher score EDI index than DRC. Without scrutiny in natural resources 

management, those countries would easily fall  prey to the resources curse. Meanwhile, instabilities 

in exporting countries will undermine the resilience of the global raw material supply chain thus 

threatening the implementation of the climate mitigation plan.  

Therefore, establishing a new system in the light of sustainability is necessary for the modern society 

and is imperative for multi-level stakeholders in the supply chain. According to Galtung`s idea, 

addressing extractive violence requires solutions to cultural violence and structural violence . To be 

aware the modern city life is indulging us and leads to the decoupling of nature and reality is 

important for helping us to aware of the existence of cultural violence (MacNeil, 2018). Besides, 

engineering a new system for redistribution of power and resources in the context of sustainability 

needs multi-stakeholder participation and international collaboration. 

International collaboration for sustainable supply chain 

However, generating a sound system is not an easy task, Szablowski and Campbell, (2019) discussed 

struggles in extractive governance from case studies, in which they examined the power dynamic 

between different actors such as local communities, different levels of government and mining 

companies, and many “best practices” would fall short somewhere due to varied reasons such as 

different institutional systems and stakeholders, continuity and change of power dynamic over time. 

International community play a critical role to mitigate those social unrest in the supply counties 

especially for those developing countries.  

Many authors (Lodhia et al, 2018; Moffat et al, 2018; De Sa, 2019) discussed how to regulate the 

mining industry and hold the power accountable from different perspectives, and bring us useful tools 

of international collaboration, transparency, industry standards, sustainable reporting system, shared 

infrastructure and so on. International organizations such as the UN, World Bank  and World 

Economic Forum are working on promoting international collaboration to address those issues and 

incorporate sustainable development into the extractive industry. For instance, the Columbia Center 

on Sustainable Investment (CCSI) (2016) published “Mapping Mining to the Sustainable 

Development” in which they listed the positive and negative impact of the mining industry on the 

UN sustainable development goals. At the UN conference after the Rio Declaration Public 

participation, access to information, environmental impact assessments and enhanced cooperation 

were considered critical factors for transforming the mining industry (De Sa, 2019).  

Some organizations such as Extractive international transparency initiative (EITI) fund by Norway 

Sverige foundation is working on improving the extractive industry by connecting different 

stakeholders together, eliminating information asymmetry in multiple groups, and putting everything 

in a balanced structure with high transparency. EITI helped its membership countries, local 

communities, and mining companies by improving inter-ministerial policy coordination, building 

trust with civil society, and designing revenue-sharing mechanisms (EITI, 2021). This strategy allows 



 

51 

multi-levels negotiation and balance happen, and facilitate the international cooperation, and improve 

the industry standards. 

Nevertheless, lithium supply chain problem cannot be addressed alone. It only can be tackled by 

upgrading our raw material supply system.  

 Recycle system and lithium reserve influence  

Establishing a successful lithium recycling system is critical to secure the lithium supply and reduce 

pressures on the supply chain (Hagelüken, 2014). Matinez et al (2009) also pointed out recycling is 

a credit for reducing overall environmental impact. The Lithium cumulative amount by 2050 in this 

study ranges from 6.4-12 million tonnes according to different models. Annual lithium supply will 

increase 50%-100% by 2050 with help from recycling system. Ziemann et al, (2018) also discussed 

impacts under the condition of several recovery ratios and systems, indicating that the cumulative 

amount of leftover secondary lithium by 2050 could reach 7.6-9 million tonnes. Those secondary 

sources would also reduce the demand for transporting and contribute to a considerable share of 

carbon footprints of commodities (Sgouridis et al., 2011). 

Another element that could influence the supply and demand balance is the current lithium reserve. 

Reserve is closely related to economic factors and requires significant investments of capital and 

time. Transfer Resources to reserves requires dozens of million dollars and several years. According 

to USGS, (2021) only 9 countries (Chile, Australia, Argentina, China, Brazil, Canada, Portugal, and 

Zimbabwe) have recorded reserves by 2021. Chile and Australia hold up around 76% of the global 

reserves. Therefore, some potential producers without reserves are impossible to make contributions 

on the lithium supply side in a short time. The production of Australia is pred icted to peak in 2037 

in both models (Fig. 13 and Fig. 14), which makes up most of the lithium raw material supply in the 

next decade. Without more available hard rock reverse, the lithium supply chain will be at server risk 

to meet the demand in 2050. 

5.5.1. Further study 

North America, Africa and the EU do not start a new cycle of production, become inherent uncertainty 

in the study. Since this issue is subject to data availability, it would be better to rectify this study in 

coming years when new growth patterns emerge.   
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6. Conclusion  

Through the analysis of this study, some information can be presented. Firstly, the lithium availability 

not only depends on the ultimately recoverable resources but also subject to the limitation of primary 

lithium material output. Despite the current known lithium resource is adequate for supporting 

extracting more than 100 years, according to the models, however lithium production has a risk to 

meet the radical growing demands. Six out of eight models suggest the global lithium production will 

reach a platform around 400 kt/year since 2050 and last more than 50 years, which reflects some 

hinderance in the lithium supply chain. Those limitations are due to several reasons: 1. The 

geographic concentration of brine lithium resource, which could lead to concentration of production, 

environmental and social impact, also the monopoly will raise the concern of geopolitical risk and 

resources nationalism which are spreading globally. 2.  Hard rock lithium resources are much more 

diversified in the terms of geography but currently mainly be mined in Australia. Other regions such 

as the EU and Africa could face different challenges to create a significant volume of outputs in a 

short time. 3. Lack of reserve of hard rock lithium deposits accurately reflects those hinderances, 

only 8% hard rock lithium reserves exist outside of Australia. Thus, the production activities can be 

held off since the transition from resources to reserve require a considerable investment of time and 

capital, and subject to the influence of markets and political, social, environmental infrastructural 

allowance of countries. Secondly, the hard rock lithium production would be pivotal for catching up 

with the demand trend before 2030. The disaggregated models show that the brine production would 

experience a mild growth after 2055 and before then, around 70 to 80% of primary lithium materials 

will be extracted from hard rock lithium deposits. This could be possible to achieve only if hard rock 

lithium mines will be built up across the world.  

The demand and supply balance are a quite tricky question. Nevertheless, based on the prediction 

from IEA, this study shows the quantitative results that the lithium consumption by 2030 in the 

sustainable development scenario (300kt/year) will surpass our highest supply forecast (200kt/year), 

thus showing out the risk of lacking primary support for this scenario.  To match the lithium 

consumption of sustainable development scenario, hard rock mines need to expand in a rather rapid 

pace. The supply and demand have opportunities to be balanced by 2050 on the condition that hard 

rock lithium can be sat up in the EU, Africa and North America, and the brine resource in Argentina 

and Bolivia can be extracted in a stable condition.  

A systematic approach is important for addressing the sustainable challenge in the lithium supply 

chain and trade-offs should be taken into place. Different stakeholders and participants need to 

involve in solving those problems at different scale. For mitigating the risk of lithium shortage in the 

near term, the EU is a major market of EVs which also holds a portion of lithium resources, with 

around 9% of global lithium resources and 20% of hard rock lithium resources, but only contributing 

insignificantly to lithium production. The EU needs to increase its social acceptance of the mining 

industry, reducing the legal permitting procedure period and establishing frameworks for sound 

nature resources management,  which can reduce the lithium external dependency for its energy 

transition and climate mitigation plan. The what-if scenario manifest the hard rock lithium production 

in the EU can reach around 20 kt/year by 2030 compensating half of its lithium demand thus 

securitizing its raw material supply chain for the growing battery industry in the EU.  

For the Africa and Latin America resources exporting countries, to avoid resources curse and manage 

the impact of geopolitical changes are the paramount issue. The energy transition should be in line 

with regulating the mining industry and upgrading the global supply chain to engineer a new system 

based on the concept of public participation, information transparency, environmental impact 

assessments and enhanced cooperation. International organizations and the supervising system 

should monitor mining business and relevant governance in exporting countries to assure sustainable 

mining practice. Recognition of the interconnection of those sustainable challenges is crucial for 

addressing the climate issue and raw material supply chain challenges.  
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