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Abstract 

Lithium, a critical mineral for modern technological advancements, is in high demand due to its role in 

the production of lithium-ion batteries, which power electric vehicles, portable electronics, and 

renewable energy storage solutions. This paper provides a comprehensive overview of lithium’s 

sources, including pegmatites, brine deposits, and sedimentary lithium minerals, while examining 

production, extraction methodologies, and challenges related to sustainability and environmental 

impact. Additionally, advancements in laser-induced breakdown spectroscopy (LIBS) for lithium 

mapping and quantification are discussed, alongside innovations aimed at optimizing resource 

recovery and recycling. Future demand forecasts emphasize the critical role of lithium in supporting 

the global shift toward low-carbon energy technologies, while highlighting risks and strategies for 

mitigating socio-ecological impacts, especially in regions with significant lithium reserves. The paper 

concludes by addressing the need for sustainable mining practices, improvements in extraction 

technology, and a more circular approach to lithium use. 
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INTRODUCTION 

The rising global interest in lithium can be attributed to the rapid growth in demand for electric 
vehicles and renewable energy solutions, both of which are key to reducing greenhouse gas emissions. 
The primary sources of lithium include hard-rock minerals like spodumene and petalite, predominantly 
mined in Australia and South America, and brine deposits extracted from salt flats in Chile and 
Argentina. These regions face the dual challenge of balancing environmental sustainability with 
economic benefits derived from lithium extraction. Traditional extraction methods for lithium are 
energy-intensive and environmentally taxing, leading to the exploration of new analytical technologies, 

such as LIBS, which can offer enhanced mineral 
mapping and elemental analysis in real-time. While 
lithium-ion battery technology currently accounts 
for over 80% of lithium consumption, innovations 
in recycling and recovery processes are essential to 
ensure the resource’s longevity. This manuscript 
aims to explore lithium’s availability, advanced 
extraction methods, and emerging challenges, while 
providing a strategic perspective on the 
environmental and economic aspects that 
underscore lithium's role as a keystone mineral in 
the transition to a sustainable energy future. 
 

Minerals of lithium  

Lithium-bearing minerals, like spodumene and 
petalite, are currently mostly extracted from 
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pegmatites in Australia, Zimbabwe, and Brazil; however, hectorite and jadarite, which are found in 
some sedimentary basins, are likely to be future sources of lithium. Rechargeable batteries for cell 
phones, laptops, digital cameras, and electric vehicles are the main applications for lithium. Lithium is 
also present in some non-rechargeable batteries used in toys, heart pacemakers, and clocks. Heat-
resistant glass and ceramics, lithium metal and lithium-ion batteries, flux additives for the production 
of iron, steel, and aluminum, and lithium grease lubricants are just a few of the many industrial 
applications for lithium and its compounds. Lithium can only be found in natural compounds due to its 
strong reactivity. By a wide margin, Chile has the world's largest lithium reserves. With reserves 
predicted to reach 6.2 million metric tons in 2023, Australia comes in second. Battery usage was the 
highest at 80%, with ceramics and glass coming in second at 7%, lubricating greases at 4%, continuous 
casting fluxes at 2%, and other uses at 7%. 

 

General Perspective  

Lithium has been in high demand over the past ten years due to its importance in the development of 

industrial products, particularly batteries for electronic devices and electric vehicles. In order to evaluate 

lithium as a vital resource, this article looks at its sources, production and extraction methods, 

applications, and recovery and recycling procedures. First, the material and energy needs are explained, 

as well as the anticipated reserves and lithium production from brine and pegmatites.  

 

The description of lithium's current uses, with a focus on its use in batteries, is followed by a 

description of the opportunities for recovery and recycling, as well as a forecast of future demand. 

According to the article's conclusion, by 2020, the demand for lithium for electric vehicles will rise 

from 30% to almost 60%. In the upcoming years, lithium from batteries needs to be collected and 

recycled to guarantee the metal's long-term sustainability. 

 

New methods of generating and consuming energy and materials are frequently associated with new 

technologies. The use of materials that are frequently nonrenewable and scarce is required by products 

as technologies become more advanced. Metals are among the materials that could be used extensively 

in technologies such as motors, solar panels, wind turbines, rechargeable batteries for electric and hybrid 

cars, and permanent magnets for maglev trains. Even though such metals are only used in small 

amounts, demand for them has increased significantly, so it is necessary to take into account both their 

availability and potential for recovery. Some of these metals are geologically rare or occasionally not 

found in concentrations that can be easily recovered. Due to the fact that they are used in low 

concentrations or in alloys with other metals like iron, their recovery is also challenging and not 

economically viable. It is highly difficult to recycle and reuse neodymium (Nd), a rare earth metal used 

in neodymium-iron-boron (Nd-Fe-B) magnets in PC hard drives, since it forms very stable compounds 

with oxygen and other elements.  

 

As a result, almost all of the neodymium is lost and turned into waste. The demand for some metals 

has increased due to the quick development of new technologies, which is concerning because the 

technologies' useful lives may be shortened by their availability [1]. 

 

Lithium is an essential component of contemporary technology, and lithium minerals will be crucial 

in the fight against global warming. However, an increasing supply of raw materials is necessary to 

meet the demand for lithium-ion batteries. A surprising variety of mineral species, including pyroxenes, 

amphiboles, phyllosilicates, and phosphates, contain small amounts of lithium on Earth. The main 

mineral groups that are likely to become targets for future exploitation are examined in this article [2]. 

 

Risk 

It was found that lithium is a metal that is highly sought after for use in batteries for electric vehicles 

and other low-carbon energy technologies. Even though the results are tentative, if confirmed, the 

discovery would rank India among the top lithium producers, having a significant impact on the 

country's own EV deployment, environmental management, and energy independence. However, the 



 

International Journal of Minerals 

Volume 1, Issue 2 

 

 

© STM Journals 2024. All Rights Reserved 10  
 

potential reserves' proximity to the Pakistan-disputed, heavily militarized state of Jammu and Kashmir 

highlights the security risks associated with this valuable mineral wealth [3]. These difficulties highlight 

the urgent need to prepare for the potentially detrimental security effects of increased mining in India 

and elsewhere, including by enhancing mining governance, implementing new technologies, reducing 

the demand for lithium, and resolving conflicts. 

 

Map (LIBS Analysis) 

In this article, two different calibration techniques are used to quantify lithium and map out the 

mineral composition of crushed lithium ore using Laser-Induced Breakdown Spectroscopy (LIBS). This 

study made use of thirty crushed ore samples from a pegmatite lithium deposit. From these crushed 

ores, representative samples of the plentiful minerals were extracted, mixed with glue to create polished 

disks, and then left to cure. To identify the minerals, these disks were examined by an analyzer and an 

integrated mineral analyzer. The mineral library created on the polished portions was then used to create 

mineral mapping on the scanned surfaces after each of the thirty crushed ore samples was examined 

using the recommended analyzer.  

 

The first approach used the empirical mineral chemistry formula to infer lithium concentrations, 

whereas the second method used the crushed material to create a traditional calibration curve to estimate 

the lithium concentration in unidentified crushed materials. For example, the mining industry faces the 

issue of raising the success rate of discoveries while lowering costs when future mineral reserves 

originate from deeper, lower-grade deposits or from mining operations with more complex extraction 

and processing. To solve these problems and satisfy society's requirement for strategic and vital metals, 

new approaches and technologies are required.  

 

Due to the quick development of the transportation and renewable energy industries, there will be an 

increase in demand for lithium, a crucial and strategic metal. The production of lithium-ion batteries 

accounted for 71% of the world's total lithium consumption in 2020. As a result, lithium is a crucial 

metal, and the supply of this metal is a top concern for high-tech firms in Asia, Europe, and the US. 

Australia has become the world's top producer of lithium thanks to the growth of its mining sector for 

the exploration, extraction, and concentration of the metal from pegmatites deposits. This context 

suggests an incredibly quick and affordable automated method of instrumental analysis that will quicken 

the exploration and exploitation of lithium. Recent developments in laser-induced breakdown 

spectroscopy (LIBS) enable quantitative analysis of the elemental composition of rocks and ores as well 

as elemental and mineralogical imaging in the lab and in the field [4]. A laser is used to create plasma 

on a material's surface. This plasma interacts with the substance by ablating a little amount of it. The 

optical emissions that result from the plasma's de-excitation are then collected, and a spectrum is plotted. 

Each chemical element emits light at a particular wavelength, and the concentration of the element has 

a direct correlation with the intensity of the emission. LIBS allow for the analysis of a wide variety of 

chemical elements. Lithium and other light elements, such as H, Be, B, C, O, and F, can only be 

measured simultaneously and quickly with LIBS. Conventional instrumental methods, including X-ray 

fluorescence spectrometry or scanning electron microscopy techniques, cannot test lithium directly in 

ores and minerals because of the extremely low fluorescence yield for lithium and the matrix's capacity 

to absorb the Li-K wavelength. SEM can be used to indirectly calculate the chemical composition of 

Li-bearing minerals, but Secondary Ion Mass Spectrometry (SIMS) is the only tool that can be used 

directly to map the microanalytical distribution of lithium. By fusing SiO2 at 1300 °C with the samples 

and reference standards, the descriptive issue showed that LIBS could be used to quantitatively measure 

lithium in Li-bearing minerals (spodumene and petalite) and other geological materials. The appropriate 

temporary laboratory setup or field portable instruments were then used. The range of uses for a number 

of LIBS laboratory instruments designed for chemical and mineralogical characterization is explained 

to readers. The cut-off grade for mineral resource estimates of lithium pegmatite deposits is usually 

determined at 0.4 to 0.6% Li2O (0.19-0.28% Li), but reported average ore grades range from 1% and 

up to 3% Li2O (0.46-1.4% Li). The calibration curves will be established using this range of lithium 
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concentrations. Typically, the goal of mineral processing is to create a spodumene mineral concentrate 

containing less than 6% Li2O (2.79% Li). LIBS can help mining companies become more competitive 

by minimizing operating costs by offering a real-time Li concentration analysis during mining 

operations. Our technique should make it possible to quickly distinguish between ore and waste rock as 

well as measure the amount of lithium in spodumene in comparison to other lithium-bearing minerals. 

Because each lithium mineral has different operating requirements, this improves the process plant's 

performance and leads to better recovery. The accumulation of thorough mineralogical knowledge 

should also make it easier to manage mining-related tailings for the environment and to restore mining 

sites in a way that is friendly to the environment. To the best of our knowledge, this is the first time that 

LIBS has been used to quantify the direct lithium concentration of crushed pegmatite ore. The feeds in 

ore processing plants may be tracked in real time according to this high throughput analysis study. 

 

Transparency and Reporting Standards in Lithium Exploration 
Because of the increasing need for rechargeable batteries, mining and exploration firms are now 

concentrating on industrial minerals like lithium and graphite. Public reports about lithium exploration 

targets, exploration results, and mineral resources must, like all other commodities, include the input of 
competent persons who have the necessary experience and who transparently present important 

information. To the best of our knowledge, this is the first time that LIBS has been used to quantify the 
direct lithium concentration of crushed pegmatite ore. The feeds in ore processing plants may be tracked 

in real time according to this high throughput analysis study.  
 

Industrial minerals like graphite and more recently lithium minerals have drawn the attention of 
publicly traded exploration and mining companies. This is primarily attributable to advancements in 

rechargeable battery technologies, which are being propelled by rising demand (real or anticipated) 
from the solar storage and emerging electric vehicle markets. As a result, there has been a race to secure 

tenure, disclose more substantial exploration targets and resources, and convince the market that one's 
project is superior to those of rivals [5]. Additionally, the competition for limited investment funds has 

sparked original exploration strategies and inventive ways to communicate the success of exploration. 
The JORC Code, also known as the Australasian Code for Reporting of Exploration Results, Mineral 

Resources, and Ore Reserves, and the listing laws of the Australian Securities Exchange provide criteria 
for publicly revealing the results of any publicly traded company's operations. Like all other 

commodities, public reports on lithium exploration targets, exploration findings, and mineral resources 

need to be contributed by appropriately qualified Competent Persons who provide crucial information 
in an understandable and impactful way. The nature of the products made from pegmatite lithium 

deposits, some of their key characteristics that call for specific disclosure in public reports, and other 
issues are all covered in this article. 

 
Hydrological Excavation 

The development of electromobility has increased interest in and demand for lithium worldwide. The 
Andean salt flats of Chile are in danger due to the expansion of lithium mining. Lithium is extracted 

from mineralized groundwaters, also known as brines, in these distinctive ecosystems. This article 
examines how brines are viewed legally and what that means for evaluating the socio-ecological effects 

of lithium mining projects. Suggestive consulted academic work at the interface of hydro-social and 
critical legal geography for our analysis. The methodology of the study is based on interviews, a review 

of court cases, legal papers, administrative complaints, and environmental impact studies of the three 
authorized lithium mining operations in the country. Thereby demonstrated the legal flaw at the heart 

of mining companies' and government agencies' interpretation of brines as mining resources. 
Descriptive provided documentation of how this interpretation is applied and challenged in the 

environmental impact studies of three mining projects as well as other situations. The same legal gap 
might result in different interpretations and, consequently, regulatory proposals and talk about their 

implications for evaluating the socio-ecological effects of mining projects. Two of them are the idea 

that brines are a form of water and the idea that brines are hybrid minerals and waters that were put 
forth in a recent report that was ordered by state agencies. The latter aligns with the opinions of several 
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indigenous groups and scholars. The descriptive context came to a close with considerations of how our 

analysis might affect lithium mining in Chile and elsewhere [9]. 

 

Over the past 10 years, there has been a growing demand for lithium, especially in the context of the 

energy revolution, among major economies and battery and electric car manufacturers globally.  

 

Only Australia currently produces more lithium than Chile, which also has the largest commercially 

viable lithium reserves. In contrast to Australia, where pegmatite rock is the main source of lithium, 

Chile produces lithium by extracting and evaporating mineralized groundwaters, or brines, from the 

aquifers of the Andean salt flats. Brines are drawn from salty aquifers by means of extraction wells and 

then directed to a network of evaporation ponds, where lithium salts in the water are concentrated 

through solar evaporation for nine to fourteen months. The number of brines needed to generate one ton 

of lithium varies depending on the concentration of dissolved lithium minerals and the efficiency of the 

process. Freshwater is also abstracted as part of this process and used in smaller amounts as an input 

for industrial tasks like removing mineral salts. In Chile, only the Atacama Salt Flat is currently used 

for lithium extraction. Additionally, a number of projects that are presently in the early phases of 

prospecting or development are focused on 28 salt flats and salty lagoons throughout the country. 

Flamingos and other birds in the conservation category as well as benthonic microorganisms essential 

to the tropic chains are found in the fragile ecosystems known as salt flats. Aquifers with different 

salinities are hydrodynamically connected in these environments, supporting networks of lagoons, 

meadows, and peatlands, some of which have been designated as national parks, reserves, or Ramsar 

sites. The salt flats are referred to as integrated salt flat-wetland ecosystems in this context. The ancestral 

lands of indigenous communities include many salt flats. 

 

Additionally, the salt flats have been crucial in supporting indigenous groups' traditional transhumant 

grazing and farming methods. The historical development, the social consequences, the injustices and 

inequities associated with the use of energy and water, and the repercussions of lithium mining on the 

Chilean salt flats are all examined in an expanding body of literature. 

 

[6] According to some of these works, mining operations lead to environmental degradation through 

reduced vegetation cover, declines in the population of endemic fauna like flamingos, increased local 

climate temperature, and drier conditions. They also examine the difficulties faced by local 

communities, who, while receiving significant direct or indirect economic benefits from mining 

companies, must also contend with drastically altered environmental conditions and increasingly 

unpredictable water and climate conditions. Scholars have also examined the rhetorical, institutional, 

and material processes—such as examples of green extractivism—that facilitate lithium-brine mining 

and its continued growth. The expansion of lithium extraction, according to several experts, is based on 

the recognition that mineralized groundwaters are minerals, or better yet, mining resources [10, 11]. 

 

CONCLUSION 

As lithium continues to drive advancements in battery technology and renewable energy, ensuring 

the resource’s sustainability has become increasingly crucial. The growing reliance on lithium for 

electric vehicles and other low-carbon technologies necessitates not only efficient extraction methods 

but also significant advancements in recycling and recovery to mitigate environmental impacts and 

reduce dependence on primary sources. Emerging technologies, such as LIBS, offer promising avenues 

for precise mineral identification and in-situ lithium quantification, thus enhancing extraction 

efficiency. The study underscores the need for international collaboration on responsible mining 

practices, policies supporting circularity in lithium use, and innovative research to address 

environmental and socio-political challenges in lithium-rich regions. A comprehensive, sustainable 

approach to lithium resource management will be essential in securing its availability for future 

generations and supporting the global shift toward a resilient, low-carbon economy. 
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