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Abstract 

Current Business Models in Lithium Exploration 

Martha Anne Henderson 

 
The world is facing the challenge of transforming from fossil fuel dependant to a zero-emission econ-

omy. This results in multi-fold mineral requirements for technologies such as wind turbines, solar pan-

els, and electric vehicles; an exorbitant amount that cannot be fulfilled by recycling alone.  In Europe, 

this challenge is accelerated more by the current Russian conflict in Ukraine and the understanding that 

not only do we need to decarbonise the European economy, but also become independent from Russian 

energy and minerals.  This transition requires many raw materials and the faster the transition occurs; 

the more minerals are required to be mined for these important technologies.   

Before mining can occur, mineral deposits must be discovered during the process of exploration.  

The success rate of exploration is less than 1 mine from 1000 exploration projects and projects can take 

decades to convert from discovery to producing mine.  On top of this, we are currently searching for 

lower-grade deposits that are more difficult to find and technically complicated to extract.  All this at a 

time, when environmental legislation is becoming more strict, there’s a requirement for decarbonisation 

in the mining industry, and the social license to operate is more difficult to obtain.  This seemingly 

impossible task brings into question the efficiency of the business model of exploration companies to 

determine whether business model innovation can help achieve a more environmentally, socially, and 

economically sustainable industry.   

This study analyses companies working in lithium exploration, as lithium is a material that is re-

quired in significant amounts for the green energy transition. The number of companies operating in 

this sector has increased significantly in the past few years. Through qualitative content analysis using 

web content, a cross sectional study of 55 companies listed on the Toronto Stock Exchange was com-

pleted to identify themes relating to the business models of each company.  Eight overlapping innova-

tion categories were identified in 29 of the companies including Environment, Social, Economic, Cir-

cular, Collaborative, Lean, Technology and Value Chain innovation.  
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1 Introduction 

1.1 Background Information 

The world is currently undergoing the green energy transition, decarbonizing energy from fossil-based 

to renewable sources and traditional combustion vehicles engines being phased out and replaced by 

electric vehicles (EVs).  To supply this change in technology, many new raw materials are required for 

the manufacturing of fossil free energy sources and storage such as solar photovoltaic panels, wind 

turbines, geothermal energy, batteries, and hydrogen technology.   

An increase in demand for many materials, such as steel, copper, aluminum, nickel, zinc, dysprosium, 

neodymium, praseodymium, silicon, terbium, cobalt, graphite, manganese, silver, cadmium, gallium, 

iridium, lithium, platinum, tellurium, and uranium, are required for the manufacturing of the green tech-

nologies (Azevedo et al., 2022a).  Materials such as cobalt, neodymium and nickel will require more 

than double todays amounts by 2030, while lithium and tellurium will require >700% and >850%, re-

spectively in that timeframe (Azevedo et al., 2022a).   

According to a 2021 study by Material Economics, the climate transition will be the most influential 

single driver for the increased demand for most metals until 2050 and the level of ambition set for the 

climate transition will significantly affect the rate at which these metals are required, a faster transition 

to a net-zero society implying higher demand for metals (SveMin, 2021). 

Although recycled material is a possible source for some of these materials, recycling alone does not 

cover the needs of today and the future. Recycling is expected to cover less than 15-26% of the emerging 

metal demand up to 2050 (SveMin, 2021). New technological solutions, as well as a growing population 

require more metals and minerals than currently available today.  Also, some technologies require metals 

and minerals that have not yet mined before. For example, it is only in recent years that lithium has 

begun to be used on a larger scale for lithium-ion batteries, meaning that there is relatively very little 

recycled lithium currently available for use.  This means that to supply the global energy transition and 

green economy, many new deposits will need to be discovered, and mines commissioned within a rela-

tively short time scale to keep up with the pace of the energy transition. 

In 2011, the EU established its first list of “Critical Raw Materials” (CRMs) to denote raw materials 

that have a high importance to the EU’s economy and is at high-risk to their supply (European Commis-

sion, 2022).  The list is updated regularly, and four iterations have been published with a growing num-

ber of CRMs in each list.  The first list included 14 CRMs and now 30 CRMS are included on the most 

recent CRM list which was published in 2020 (European Commission, 2020).  Many other countries 

have similar lists such as the USA’s 50 critical minerals (USGS, 2022); Canada’s 31 critical minerals 

(Natural Resources Canada, 2021); Australia’s 26 critical minerals (Department of Industry, Science, 

Energy and Resources, 2022); South Korea’s 35 and Japan’s 31 critical minerals (Lee and Cha, 2020). 
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1.2 The Process of Mining 

Mining is the process of extracting valuable resources from the earth.  The process of mining can be 

divided into three main stages: 1. Exploration; 2. Production; and 3. Mine Closure. Exploration refers 

to finding ore deposit and the process of converting the discovery into a mine.  Production refers to the 

time that the mine is in production and ore is being extracted.  Mine closure refers to the period where 

no more ore is extracted, and the mine is closed.  Each of the three stages are elaborated on further in 

the sections below.  More emphasis is put on the exploration section of the mining process. This is 

because exploration occurs at the beginning of the value chain and many more exploration projects are 

investigated than are developed into production, meaning that a healthy pipeline of exploration projects 

must exist for a sustaining mining industry. 

1.2.1 Exploration  

Exploration is the process of exploring for, discovering and evaluating mineral deposits. It includes all 

prospecting and resource delineation activities before a mine is built. It is the first and arguably the most 

important step for all mining operations and the start of the long value chain of raw materials. Therefore, 

active exploration is necessary for a continued mining and mineral industry.   

Many common exploration methods are used to identify prospective targets, including remote sens-

ing, geological mapping, geochemical sampling, and geophysical surveying.  The successful use of a 

combination of these techniques leads to the identification of an anomalous area for sampling.  The 

target is then tested via drilling. Exploration can occur both in greenfield (previously undeveloped sites) 

and brownfield locations (in proximity to previously identified deposits).  Compared to later stages of 

mining, the environmental impact of exploration is very low. 

According to the Committee for Mineral Reserves International Reporting Standards (CRIRSCO), a 

discovery must systematically be converted from exploration results to mineral resources to mineral 

reserves.  This classification correlates to the increasing level of geological confidence and modifying 

factors (CRIRSCO, 2019). The modifying factors refer to mining, processing, metallurgical, economic, 

marketing, legal, environmental, infrastructure, social and government factors that can influence the 

feasibility of the extraction of the resource. Addressing these modifying factors requires testing and 

consultation across various specialists and stakeholders before the production stage can begin.  This 

includes all pre-mining stage form grassroots exploration to Preliminary Environmental Assessment to 

Pre-Feasibility and Feasibility studies.  All of this “exploration work” occurs before the project goes 

into production, meaning that the operating company has no income yet from production, requiring high 

amounts of capital from investors.  

Out of 500 to 1000 grassroots exploration projects, only about 1 project will succeed into a producing 

mine (Eggert, 2010).  Also, the time for a project to be converted from discovery to producing mine may 

take decades.  This lead time has increased in the past years due to increased environmental regulations, 
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permitting restrictions and social landscape (Schodde, 2014). On top of this, mineable deposits are lower 

grade and more difficult to find as they are deeper and less accessible.  All of this means that thousands 

of exploration projects are required in a record amount of time to supply the project pipeline for the 

materials required for the energy transition.  

1.2.2 Production 

Production is the process of mining deposits to extract valuable rocks, minerals and fluids.  The process 

of mining differs greatly according to the location and type of deposit.  Mining can occur both as under-

ground or open pit projects, depending on the ore grade and other modifying factors that can affect the 

feasibility of the project. In some cases, metals can also be extracted from fluids via wells that bring the 

solution to the surface, i.e. in the case of lithium extraction from brines.  Materials are then concentrated 

via different mineral processing techniques before leaving the mine site and being sold to processing 

plants and smelters.  The length of the mine life varies according to deposit type, size, grade and metal 

prices, however, can range from 5 to 70 years (Statista, 2012). 

Of all the mining stages, production has the highest environmental and social impact.  The impacts 

depend on the type of deposit and mineral processing route.  Environmental impact can come in the 

form of land disturbance, water and energy usage, waste and tailing management and air and water 

pollution.  Social impact can come in the form of economic development and employment for surround-

ing community members, with negative effects coming in the form of gender inequalities, health effects, 

child labour and violence, depending on the geopolitical and social landscape of operation (Nalule, 

2019).   

1.2.3 Mine Closure 

Mine closure is the process undertaken when the operational stage of a mine has ended.  This includes 

remediation and restoring the landscape of where production has occurred previously so that it can be-

come a natural part of the surrounding landscape.  This involves creating a long-term solution that does 

not harm the environment or invoke safety risks for nature, animals or people and is highly dependent 

on the area and mining method used.  Generally, governments have an environmental code that requires 

set plans and financing for the remediation stage of the mine to be submitted and held by the government 

before the construction of the mine begins.   

1.2.4 Key Players in the Industry 

The current exploration scheme works with different key players.  The main players in the industry can 

be summarized as “major” and “junior” mining companies, which is commonly used terminology in the 

industry.  However, there is debate and ambiguity surrounding the classification of a junior vs. major 

mining company.   



4 

 

1.2.4.1  Junior Miners 

Junior mining companies are small, early-stage companies that own and operate a project during explo-

ration.  In general, they have one of two aims: 1. to make discoveries and continue exploring the project 

until a major company becomes interested to buy the project and develop it into a mine or 2. develop a 

project themselves into a mine.  They generally only have a few ongoing projects at a time and don’t 

necessarily intend to be miners.   

In recent years, the junior mining company sector has grown has been the main source of new dis-

coveries since the early 2000s (Schodde, 2020).  As juniors work dominantly in the exploration stage of 

mining, they don’t have cashflow from the production.  Instead, they generally seek income from the 

issue of new shares.  They seek financing from the capital markets or private investment to fund explo-

ration programs.  Junior companies traditionally list on venture stock exchanges such as the Toronto 

Venture Stock Exchange (TSXV).   

Still, there is no clear definition of a junior mining company, although the term is very often used in 

the industry.  Most definitions of junior mining companies describe them as companies that primarily 

work in the exploration phase of mining (PDAC, 2022; Investopedia, 2019).  Some consider juniors as 

companies that are not yet in production (PDAC, 2022), while some financial analysts still consider 

companies junior if they recently decided to go into the development phase (Investopedia, 2019).  Other 

sources classify juniors by their market capitalization: for example, less than 250 million (Palisades 

Gold, 2019), or 1 to 5 million (Investopedia, 2019).   

As shown, there is much grey area in defining these players. For the sake of the study, juniors are 

considered mining companies that do not operate producing mines.  They operate projects from early 

exploration up until mine construction but are not yet in production. 

1.2.4.2 Major Miners 

Major mining companies are larger companies that own and operate mines.  They often operate multiple 

mining projects simultaneously at different stages of development, and strategically plan their project 

pipeline to ensure they have a sufficient balance of reserves to be mined through time.  In general, they 

buy prospective properties from junior companies to develop into a mine.  They will also conduct ex-

ploration efforts to expand their resources; however, this is done generally within brownfield locations 

(locations in proximity to previously mined deposits). Examples of major mining companies include 

Glencore, BHP, Rio Tinto, Vale, Teck Resources, Newmont Goldcorp, Boliden etc.  Market capitaliza-

tion of these companies are generally in the tens of billions of US dollars (Ahmed, 2019). 

1.3 Challenges of the Mining Industry and Problem Formulation 

The mineral exploration and mining industry is facing a series of challenges, making it difficult to de-

velop new mines to provide raw materials for society, including the pressing challenge of securing 



5 

 

sufficient raw materials for the green energy transition. Now finding, building, and operating a mine 

continues to get technically more difficult and expensive (Bryant, 2015).  Also, the social license to 

operate (SLO) is becoming more difficult to obtain. This results in many projects being put on hold or 

having permits revoked due to public outcry.  An example of this is the prospective Jadar Lithium Mine 

in Serbia, owned by Rio Tinto.  Earlier this year, it had its mining licenses revoked due to local public 

opposition (De Launey, 2022).   

All this results in longer lead times from discovery to mine, ~15 years (Schodde, 2014; Wilburn and 

Karl, 2018; Enders and Saunders, 2011), and low return on investment for investors as exploration ac-

tivities are becoming more expensive with longer lead times.  Over the last 15+ years, the exploration 

industry has switched from creating value to destroying value.  From 2010 to 2019, the industry has 

generated only 49 cents of value per dollar spent in exploration (Schodde, 2020).   At a time where new 

materials are required faster than ever to ensure a responsible and effective energy transition, these 

challenges must be reconciled.  

1.3.1 The Study 

The mineral exploration industry is lacking in terms of all three pillars of sustainability (social, environ-

mental, and economic). A study on breakthrough business models warns that industries with traits such 

as top-down hierarchical structure; linear and sequential thinking; risk intolerance; process inflexibility; 

and controlling of its own assets; are at risk for business model innovation (Volans, 2016).  For this 

reason, the business model of exploration companies is studied in further detail. 

1.3.2 The Purpose 

The purpose of this study is to contribute to the knowledge regarding current business models used by 

the mineral exploration industry.  This is to determine how business model innovation could be used as 

a tool to create a more sustainable mineral exploration industry in terms of environmental, social, and 

economic sustainability.  

1.3.3 Research Questions 

For the purpose of the study, four specific research questions were addressed:   

1. What are the current business models being used in the mineral exploration industry?  

2. Does the business model of junior mining companies vary according to the commodity of inter-

est?  If so, how? 

3. How does the successful development of an exploration project relate to their business model? 

4. How is the economic success of a company related to their business model? 

To narrow down the study, the study was focused on exploration companies that explore specifically 

for lithium.  Lithium was chosen due to the significant role it plays in the energy transition as it is the 
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primary component of lithium-ion batteries.  It is only in recent years that lithium has begun to be used 

on a larger scale (SveMin, 2021), so companies operating in this field are generally younger and may 

employ different business models than more traditional commodities (gold and other precious metals). 

1.4 Lithium 

Lithium is the lightest of all metals.  It is used in air treatment, batteries, ceramics, glass, metallurgy, 

pharmaceuticals, and polymers (Bradley et al., 2017). In recent years, it has become an extremely valu-

able resource due to its importance in rechargeable lithium-ion batteries that are particularly important 

in efforts to reduce global warming and effects of climate change.  In 2015, less than 30% of lithium 

demand was for batteries.  The remaining lithium was used as a component of ceramics and glasses 

(35%) and in other industrial uses such as greases, metallurgical powders and polymers (35%; Azevedo 

et al., 2022b). By 2030, it is expected that batteries will account for 95% of the lithium usage, meaning 

that the total demand will grow annually by ~25% (Azevedo et al., 2022b).  It is expected that lithium 

need will exceed lithium supply by 2025 (WSJ, 2021) and that the global supply of lithium must grow 

by 700% to reach a 1.5-degree Celsius pathway, as agreed during the 2015 Paris Agreement (Azevedo 

et al., 2022a). Currently, lithium is listed as a critical mineral in the USA (USGS, 2022), European 

Union (European Commission, 2020), Canada (Natural Resources Canada, 2021), Australia (Depart-

ment of Industry, Science, Energy and Resources, 2022), South Korea and Japan (Lee & Cha, 2020).   

Due to its unique characteristics, there is little risk of lithium demand decreasing by 2030 as there 

are very few replacements for the metal.  The only potential alternative is sodium ion, however, when 

sodium ion batteries are fully ready to be used, they will only be able to address low-performing appli-

cations, due to their heavy weight (Azevedo et al., 2022b).  As it currently takes 4 to 7 years to build a 

lithium mine (WSJ, 2021), the lithium supply chain could show to be very fragile and sensitive to dis-

ruptions.  To meet the growing demand, there will need to be change in the supply chain and the way 

the companies do business.   

The lithium industry differs also from other commodities in terms of the active players.  For the time 

being, unlike other commodities, the industry lacks some of the majors that control the gold, silver, 

copper, nickel and iron markets.  There are, however, some companies that can be considered as “ma-

jors” in the industry, although they are generally smaller than the more notable majors.  Lithium majors 

could be considered: Jiangxi Ganfeng Lithium Co.; Albermarle; Tianqi Lithium, Sociedad Quimica y 

Minera de Chile (SQM) and Pilbara Minerals. 

1.4.1 Lithium Ore 

Lithium is mined from two main types of deposit and can be simplified into: hard rock and brine depos-

its.  Hardrock lithium deposits are found mostly in intrusive pegmatitic dykes but can also include 
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lithium-enriched granites.  Pegmatite dykes are igneous rocks distinguished by their extremely coarse 

grain size and texture (Bradley et al., 2017).   

The most common lithium-bearing minerals is spodumene, but other minerals such as lepidolite, 

montrebasite and petalite can be found in pegmatite intrusions.  The main producers of pegmatitic lith-

ium are Australia, Brazil, China, Portugal, and Zimbabwe; however, hundreds of known deposits occur 

elsewhere in the world such as Canada, USA, Finland, Sweden, Democratic Republic of Congo, etc. 

(Bradley et al., 2017).  Pegmatitic lithium deposits have grades between 1.5-5% lithium content, de-

pending on the mineralogy (British Geological Survey, 2016; Bradley et al., 2017).   

A small set of clay deposits worldwide are enriched in lithium.  They are beginning to be explored, 

specifically in the lake sediments in the Western USA (Bradley et al., 2017).  Recently, a newly discov-

ered mineral of lithium, called Jadarite, was discovered in a sedimentary unit in Serbia in 2007 (British 

Geological Survey, 2016).  Jadarite occurs as hydrothermal alteration of volcanic ash in arid, closed 

basins (Bradley, 2017).  It grades up to 7.3 % Lithium (British Geological Survey, 2016).   

Significant lithium resources are also found in closed-basin brine deposits.  These deposits occur as 

an accumulation of saline groundwater that is enriched in dissolved lithium.  Producing brine lithium 

deposits are located mostly in Asia and South America in dry arid regions where evaporation exceeds 

precipitation (Bradley et al., 2017).  A recent operation has opened in the desert of Nevada, USA.  The 

producing deposits have an average concentration of 160 to 1,400 ppm of lithium.  Brine waters are 

pumped to the surface into evaporation ponds, where evaporation from solar energy occurs and concen-

trates the lithium naturally.  This is a time-consuming process which can take up to 2 years. 

Less conventional brine deposits are currently being explored due to increase technology improving 

the feasibility of the projects.  This includes geothermal and oil field sedimentary deposits.  They are 

deeper deposits that occur in non-equatorial regions, therefore can’t benefit from the natural solar en-

ergy.  These deposits are also less concentrate and contain up to 700 ppm of lithium (Bryant et al., 2017).  

To make these deposits economical, new technology is required, such as Direct Lithium Extraction 

(DLE). 

1.4.1.1 Exploring for Lithium 

Lithium exploration differs according to which type of lithium deposit being sought. For both brine and 

hard rock cases, it is very important to understanding of the tectonic setting that lithium deposits would 

form.  Prospecting, geological mapping and remote sensing are ways are useful ways to identify pro-

spective areas.  Geochemical sampling of rock, stream and soils will all complement this search to fur-

ther refine target areas.  Finally, drilling must occur to confirm the presence of lithium bearing ore or 

brines. 
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1.4.1.2 Lithium Processing 

The lithium processing route varies according to type of lithium deposit being mined. Currently both 

lithium hydroxide (LiOH) and lithium carbonate (Li2CO3) are used to produce electric vehicle batteries; 

however, LiOH is becoming the most desired feedstock for cathode material for high performance bat-

teries.  

1.4.1.2.1 Hardrock 

The spodumene concentrate leaving the hard rock mine is then roasted before sulfuric acid leaching of 

the concentrate.  It then undergoes causticization into its alkaline form and crystallization to achieve 

high purity. The environmental impacts of spodumene concentration processing depends largely on the 

region and energy source used for the mineral processing.  Currently, growth in LiOH conversion is 

occurring in China, where coal and other fossil fuels are used for the processing.  This makes spodumene 

conversion the heaviest CO2 emitter in the value chain (Grant, Deak and Pell, 2020). 

1.4.1.2.2 Brines 

Concentrated lithium chloride is the final product of the evaporation ponds from brine sources.  The 

material is then processed in to Li2CO3 via carbonation and then causticized and crystallized.  A second 

round of crystallization must occur for the product to reach battery grade lithium hydroxide. Energy for 

the crystallization stage is responsible for nearly half of the carbon footprint of this lithium processing 

route (Grant, Deak and Pell, 2020). 

Direct Lithium Extraction (DLE) is a new form of lithium extraction that reduces need for evapora-

tion ponds. In turn, this greatly reduces both the time and land footprint required for processing brine 

sourced lithium as well as boosting the lithium recovery (Azevedo et al., 2022b).  It also makes deposits 

in non-desert environments feasible.  One downside of the process, however, is the large quantities of 

natural gas and fossil fuels required to heat the brine for the DLE process (Grant, Deak and Pell, 2020). 

1.4.2 Recycled Lithium Sources 

The proportion of secondary lithium available for use is very low compared to the required amounts of 

lithium. It is only in recent years that lithium has begun to be used on a large scale for the manufacturing 

of lithium-ion batteries.   

There are currently 50 companies recycling lithium worldwide, both on small laboratory scale to full-

scale factories.  Most of the lithium recycling occurs in China, with South Korea, EU, Japan, Canada, 

and the USA following. By 2025, nearly 400,000 tonnes of lithium-ion batteries are expected to be 

recycled.  This is estimated at roughly 50% of the end-of-life batteries (Melin, 2019). 

In Europe and North America, many batteries are exported to Asia. As a result, very low volumes 

are available to be recycled.  This in turn, makes the efficient recovery unprofitable as many facilities 

process small volumes in relation to their capacity. On top of this, no recycler in Europe produces battery 
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grade lithium, but instead a “black mass” that must be further processed for the use in batteries.  This 

means that the values of waste batteries in Europe are considerably low (Melin, 2019; Halleux, Maldo-

nado López and Gamon, 2022).  Although current production of recycled lithium is relatively low, there 

are plans being made to increase recycling of lithium and other battery materials.  New directives from 

the European Commissions are increasing efficiency targets of lithium-based batteries to 70% by 2030, 

including a 35% recovery target of lithium to be achieved by 2025 and 70% recovery by 2030 (Halleux, 

Maldonado López and Gamon, 2022).  Also, the new directive with require a minimum proportion of 

recycled content in each battery from 2027 onwards.  Mandatory minimum levels of recycled content 

would be set for 4% recycled lithium content for 2030 and 10% recycled lithium from 2035 onwards 

(Halleux, Maldonado López and Gamon, 2022). 

The industry is preparing for these requirements with companies such as Northvolt and Rock Tech 

Lithium actively planning to use recycled feedstock in their products by 2030 (Northvolt, 2022; Rock 

Tech Lithium, 2022). 
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2 Conceptual Framework  
The conceptual framework defines the important concepts that will be used to frame the study. In this 

section the sustainability, business model and innovation concepts are defined in general terms and spe-

cifically for the mining and metal industry for further use. 

2.1 Sustainability 

According to the United Nations, sustainability is defined as “meeting the needs of the present without 

compromising the ability of future generations to meet their own needs”.  This was defined in the 1987 

Brundtland Report, which developed the guiding principles for sustainable development, still used to-

day.  

The Triple Bottom Line concept has expanded the definition of sustainability to include the “3 Ps”: 

people, planet, and profit, referring to social, environmental, and economic sustainability (Elkington, 

1997; Conway, 2018).   

2.1.1 Sustainable Development Goals 

The United Nation Member States adopted the 2030 Agenda for Sustainable Development in 2015.  It 

includes 17 Sustainable Development Goals (SDGs) to achieve peace and prosperity for people and the 

planet both now and in the future (United Nations, 2015). 

The SDGs include both social and environmental topics and recognize that ending poverty and other 

inequalities go hand-in-hand with strategies that improve health, education, economic development, 

while combatting climate change and protecting life on land and underwater (United Nations, 2015).  

Since their launch, SDGs have been incorporated into national policy around the world.  As a result, in 

2017, over 62% of global firms were engaged in SDGs in their global reporting (Conway, 2018). 

According to UNDP (2016), the mining industry has potential to positively contribute to all 17 SDGs. 

Historically, mining has contributed to many of the challenges that the SDGs are addressing; however, 

in recent decades, the industry has made significant advances on minimizing and managing impacts by 

improving how companies manage both their social and environmental impacts (UNDP, 2016).   

2.1.2 Corporate Social Responsibility and Economic, Social Governance 

Corporate Social Responsibility (CSR) and Economic, Social, Governance (ESG) are other ways to 

describe sustainability in a corporate setting.  CSR refers to the environmental, social and governance 

responsibilities within a company (Conway, 2018).  For many stock exchanges, there are mandatory 

reporting requirements related to CSR, so information is generally found on company websites or within 

their annual reports.   
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ESG refers to the environmental and social aspects beyond the company, i.e., extending into the 

community where the company works.  It also considers the responsible governance of each company.  

ESG has been increasing in popularity recently and has become a buzzword to demonstrate a company’s 

emphasis on social and environmental considerations.  This is especially true in the mining industry and 

is being used by investors to determine the sustainability of companies. 

2.1.3 Sustainability in the Mining and Metal Industry 

Mined raw materials are finite resources that cannot be naturally regenerated during the lifespan of a 

human, making the application of sustainability principles to mining inherently challenging.    However, 

the Brundtland definition of “meeting the needs of the present without compromising the ability of future 

generations” is increasingly being incorporated into mine development and operations as demand for 

minerals continues to increase (Gorman and Dzombak, 2018).  With regards to environmental sustain-

ability, this can include reducing the water, energy and reagents used, minimizing land disturbances, 

greenhouse gas and pollution emissions, and mine waste (Gorman and Dzombak, 2018) and by imple-

menting circular business practices.   

Social sustainability should ensure the safety and wellbeing of people and communities, while oper-

ating within fair and ethical business practices (UL, 2022).  Many standards exist for reporting ESG 

standards in the mining industry such as the Initiative for Responsible Mining Assurance (IRMA), 

Global Reporting Initiative (GRI), World Economic Forum, World Gold Council, OECD Due Diligence 

Guidance for Responsible Supply Chains of Minerals from Conflict-Affected and High-Risk Areas, In-

itiative for Responsible Mining, International Council on Metals and Mining, Responsible Mining Foun-

dation.  Standards related directly to mineral exploration and projects not yet in development include 

UL ECOLOGO and the IRMA-Ready Standard (in progress). 

2.2 The Business Model 

A business model is a description of how a company creates, distributes, and captures value (Teece, 

2010; Osterwalder and Pigneur, 2010). The company creates value in the form of a product or service 

for customers; distributes the value by reaching the customer and captures value in the form of profit 

from the sales of the product/service.  

Teece (2010) refers to the business model as “conceptual” and embodies both the organizational and 

financial ‘architecture’ of a business.  A well-established framework of the business model is summa-

rized in Osterwalder and Pigneur’s interactive Business model Canvas (BMC).   

The BMC incorporates nine building blocks into the business model: 1. Customer segments; 2. Value 

proposition; 3. Channels; 4. Customer relationships; 5. Revenue streams; 6. Key resources; 7. Cost 

structure 8. Key Activities; and 9. Key partners.  The nine building blocks can be divided into 3 main 
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categories of customer desirability, feasibility, and viability.  A summary of the components of the BMC 

can be found in Table 1. 

Table 1 Summary of the components of the Business Model Canvas (Osterwalder and Pigneur, 2010) 

 

According to Treece (2010): “Business models are necessary features of market economies where 

there is consumer choice, transaction costs, and heterogeneity amongst consumers and producers, and 

competition.”  Many experts even agree that the business model is even more important to a company’s 

success than the technological innovation (Kavadias, Ladas and Loch, 2016; Chesbrough, 2010; Teece, 

2010).  According to Chesbrough (2010), “a mediocre technology pursued within a great business model 

may be more valuable that a great technology exploited via a mediocre business model”.   

2.2.1 Business Model vs. Business Strategy 

An important distinction must be made between the business model and business strategy.  The business 

model is more generic than the business strategy and can be described as a system which shows how all 

the pieces fit together (Magretta, 2002; Teece, 2010).  The business strategy focuses on the company’s 

competitive advantage and how it is different from its competitors.  A business model can be replicated 

by other companies, where a business strategy is more granular and specific to the company and in some 

cases can be protected by a patent (Teece, 2010). 

2.2.2 Business Model Innovation 

Innovation is defined as a new idea or method (Cambridge University Press, 2022); hence business 

model innovation refers to changing or altering the business model.  The Business and Sustainable De-

velopment Commission has warned that population growth is creating a new economic order, which 

may soon render many existing business models obsolete (Volans, 2016). The report also recommends 

that companies should let go of the “old ways” of doing things by discarding parts of their business that 
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harm the wider economic, social, and environmental systems (Volans, 2016).  The business models have 

been a topic of innovation in recent years as society has recognized the need to move away from the 

traditional linear, profit-focused way of doing business and have been identified as a key bottleneck in 

the transition to sustainability (Bidmon and Knab, 2018).  

2.2.3 Circular Economy and Circular Business Models 

The concept of the Circular Economy has also become widely recognized as the traditional linear system 

of “take-make-dispose” is being challenged.   According to the Ellen MacArthur Foundation, a non-

profit organisation that promotes the idea of the circular economy, “The circular economy is a systems 

solution framework that tackles global challenges like climate change, biodiversity loss, waste and pol-

lution”. The concept is based on three main principles: 1. Eliminate waste and pollution; 2. Circulate 

products and materials and 3. Regenerate nature (Ellen MacArthur Foundation, 2022). Rather than 

simply “greening the supply chain, circular business models fundamentally change the way of doing 

business by going beyond the prevalent sustainability approaches that focus on efficiency and produc-

tivity.   

Lacy and Rutqvist (2015) describe five main circular business models that were identified by study-

ing a large sample of companies.  They include 1. Circular Supply Chain; 2. Recovery and Recycling; 

3. Product Life Extension; 4. Sharing Platform; and 5. Product as a Service.  The concept of circular 

economy can be considered at three different levels: macro (national and international); micro (compa-

nies and consumers) and meso (regional; Pavloudakis, Roumpos and Spanidis, 2022).  A successful 

example of business model innovation is the prevalence of the sharing economy and sharing services. 

By reducing the need for individuals to own their individual items, the sharing economy encourages the 

efficient use of resources, social bonding, non-monetized relationships, and the power of communities 

(Ciulli & Kolk, 2019). 

2.2.4 Business models in the metal and mining sector 

Overall, there is an absence of attention given to the business model in the mining and metal industry.  

This is shown by the lack of research and studies identified in the literature related to the topic.  Overall, 

there were very few articles related to the business model of mining companies, and nearly no articles 

found directly related to business models in mineral exploration.  There were, however, other articles 

found that focused on the “business strategy” of mining and exploration companies, especially relating 

to direct social aspects, including social risk, social license to operate and creating shared value between 

industry and communities.   

The literature acknowledges that the current business model of the industry is not fit for purpose and 

should be revisited (Dunbar et al., 2020; Fritz and Lara-Rodríguez, 2022; Enders and Saunders, 2011). 

This is due to the combination of the increased demand and urgency of raw materials needed, and the 
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current social landscape that raises questions about the viability of conventional business models in 

mining.    

The Business and Sustainable Development Commission’s 2016 report highlights which types of 

business models are at risk.  The analysis gives a list of characteristics that could indicate that the busi-

ness model and business is at risk.  These characteristics include organizations that are top-down/hier-

archical in its organization; driven by financial outcomes; linear, sequential thinking; innovation pri-

marily from within; strategic planning largely an extrapolation from the past; risk intolerance; process 

inflexibility; large number of employees; controls own assets; and strongly invested in the status quo 

(Volans, 2016).  Many would agree that typical mining companies have most, if not all these character-

istics and are therefore at risk to fail. 

This need for new business models in the mining industry is also echoed by the response of academic 

institutions investing in research focussing specifically on the business model innovation in the industry, 

with multiple institutes launching industry-specific research groups (Monash University, 2022; UBC, 

2022).  For the first time in 2021, “New Business Models” were listed on EY’s annual report regarding 

business risks and opportunities for the mining and metals industry. This addition to their list came at a 

time where the sector was seeing many new disrupters such as the acceleration of decarbonization and 

the energy transition, more accountability around ESG factors, and supply chain disruptions due to the 

Covid-19 pandemic (Mitchell, 2021).  The report indicated that traditional models may expose miners 

to more disruption risk and recommended six models to help the mining and metals industry capture 

value within a more volatile environment.   

None of the mentioned research or recommendation has covered exploration companies specifically.  

Previous and current research focuses on the mining industry, meaning mining projects that already 

produce minerals. Although strongly interrelated industries, companies involved in the exploration in-

dustry operate differently because of their revenue structure, they have virtually no source of revenue 

until the mine is in production.   

The business model of a junior mining company is summarized with respect to Osterwalder and 

Pigneur’s business model canvas in  Table 2.  Two types of junior mining companies could be differen-

tiated according to their customer:  

1. Junior mining companies that aim to develop a property until a major company is interested to 

buy and develop it into a mine. Here, the customer would be considered major mining companies 

and the shareholders. 

2. Junior mining companies that have the ambition to develop the project to the mining stage them-

selves. In this case, the customer may be future users of the commodity such as original equip-

ment manufacturers (OEMs), as well as shareholders in the company.  

In both case, junior mining companies create value by increasing the value of their property of inter-

est.  This is done by making discoveries and improving the confidence of the prospect or deposit.  In 

international standards, this is deemed the conversion of Exploration Results to Mineral Resources and 
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Mineral Reserves by considering modifying factors (CRIRSCO, 2019). Value is captured by the junior 

company by either selling shares to investors, selling the project to a major company, or ultimately 

selling its product when the mine is in production or sooner via offtake agreements. This process can 

take decades, after tens of millions of dollars have been invested into the project(s).   The business model 

of a junior company varies from a major mining company as majors have a regular source of income 

from the sale of the commodity.  Also, they have different customers as they are selling the product 

directly. 

Table 2 A summary of business models of junior and senior mining companies using the Business Model Can-

vas 

2.3 Re-creation of the Business Model 

Three sources summarize recommendations and key pattern from successful business model innovation: 

1. Transformative Business Models (Kavadias, Ladas and Loch, 2016). 
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3. Models to help mining and metal companies operate within a more volatile environment (Mitch-

ell, 2021) 

3.1. Shared value model 

3.2. Circular business model 

3.3. Vertical integration 

3.4. Horizontal integration 

3.5. Joint ventures 

3.6. Offtake agreements 

Some themes are repeated throughout the different sources such as: circularity (1.2, 2.4, 3.2), integration 

(2.3, 3.3, 3.4), collaborative (1.3, 1.5, 2.1, 3.1, 3.5), lean (1.6, 2.2); usage-based pricing (1.4, 3.6). 

2.4 Summary of Conceptual Framework 

Business model innovation should be used to promote economic, environmental, and social sustainabil-

ity in the mining and mineral exploration sector.  A schematic diagram is show in  Figure 1 that relates 

the introduced concepts of sustainability and business model innovation to the mining industry.  The 

diagram shows how business model innovation can be used as the vehicle to make the industry more 

sustainable.  

 

Figure 1 Concepts of business model innovation to the mining industry to promote sustainability.  
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3 Methods 

3.1 Research Design 

A cross-sectional research design was chosen to investigate and compare many companies as cases. The 

goal using this research design is to assess the current state of the industry by observing data from all 

cases at a single point in time.  Through cross-sectional research, patterns of association and relation-

ships between different lithium exploration companies are determined giving special attention to their 

business model and their emphasis on innovation and sustainability.  Due to the manner of this research 

design, it results in associations of the data, meaning categorizing companies according to their similar-

ities and differences, however, the internal validity relating to the causal mechanisms and reasoning 

cannot be made, but only speculated. 

This research method was chosen as there is a general lack of knowledge presented in the literature 

regarding the business model of junior mining companies.  This design allows for a broad industry 

analysis of many junior companies to summarize and understand the current state of the industry and 

the active business models being used. 

3.2 Research Method 

To conduct the cross-sectional research study, a qualitative content analysis of mixed secondary data 

was chosen as a research method.  The content analysis is conducted using inductive reasoning, meaning 

that the author developed conclusions from collected data “by weaving together new information into 

theories” (Bengtsson, 2016).   

This method was chosen due to the abundance of secondary data that is publicly available from 

companies in the mineral exploration industry. Public companies are required to file publicly available 

documentation relating to their business, board activities, and the financial state of the company. In the 

interest to promote the company and sell shares to investors, companies maintain their website with 

updates and regularly release press releases for public consumption. Overall, there is a plethora of text 

data available for the content analysis. Also, strict international reporting standard guidelines exist for 

reporting mineral reserves and resources to protect investors so therefore many standardized reports are 

available to the public.  For the study, they were used as supplementary data.   

Since the research was designed as an overview study of the industry, covering many companies as 

cases, a content analysis examining text data seemed like the most appropriate research method due to 

the transparency, accessibility, empirical nature of the research method and generally low resource re-

quirements. This allowed the author to take advantage of the already published secondary data available 

and to process the data efficiently during the limited timeframe of the thesis research.  Due to the large 
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sample size of the study (n=55), primary data collection would be too labour intensive for the sake of 

this study. However, the results of the cross-sectional research could lead to future longitudinal studies 

that could focus more on primary data to identify the drivers of the resulting groupings. 

3.2.1 Content Analysis 

Content analysis is a frequently applied social science research method that can be conducted both quan-

titatively and qualitatively (Bryman, 2012).  It was designed to identify and document the views, atti-

tudes, and interests of individuals, organizations, and diverse cultural groups of varying sizes (Krippen-

dorff, 2003). Content analysis is suitable for a variety of data types including primary (newly collected) 

or secondary (already existing).  Secondary data includes texts originating from a range of sources, 

including websites, documents, newspaper articles, recorded interviews, and social media text (Raum 

and Rawlings-Sanaei, 2022).  The method can be used with minimal requirements and skills and is a 

useful and cost-effective social science research method (Raum and Rawlings-Sanaei, 2022).   

The two main approaches are quantitative content analysis and qualitative content analysis.  Quanti-

tative content analysis employs statistical analyses, such as word counts, to be systematic, objective and 

transparent, whereas qualitative and interpretive content analyses draw on a narrative analysis method 

(Raum and Rawlings-Sanaei, 2022).  During quantitative content analysis, predefined categories are 

generally applied to the sources to determine word counts and respective statistics.  There is some initial 

categorization required for qualitative content analysis, however, there is more opportunity for refine-

ment (Bryman, 2012). 

3.2.2 Qualitative content analysis 

Qualitative content analysis is a strategy of searching for themes in data, and coding them accordingly 

(Bryman, 2012).  According to Altheide (1987), a general approach can be used to determine coding 

categories. Starting with the research questions, the researcher should become familiar with the context 

within which the documents are generated.  He then should become familiar with a small number of the 

documents to generate some categories to guide the collection of the data.  The categories can then be 

tested by collecting data for a few documents.  Using the collected data, the categories can be tweaked 

and redefined accordingly. 

3.3 Data 

The predominant data source for the study was secondary data.  Two main sources of secondary data 

were used to fulfil different objectives. The starting point for the study was a full list of the mining and 

metal companies listed on the Toronto Stock Exchange (TSX) and TSX Venture Exchange (TSXV). 

The TSX and TSXV are the most used stock exchanges for mining and metal companies in the world 
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and host ~43% of the world’s mining and metal companies (TSX, 2022a). The main TSX exchange 

hosts more established companies with higher market capitalization, while the TSXV is the smaller 

exchange that host majorly junior mining companies.  The database used for the study was downloaded 

from the TMX Group webpage, which is the host of both the TSX and TSXV exchanges. For the qual-

itative content analysis, individual company websites were used as the analysed texts.   

3.3.1 List of Mining and Metal Companies used in the study 

A database containing all companies listed on the TSX and TSXV in the mining and metal sector was 

downloaded from the TMX website on March 7, 2022.  The database included extensive information 

regarding each company, including financial information (market capitalization, share price), geo-

graphic information (location of headquarters, location of projects, other exchanges the company is 

listed) and commodities listed for each company.  It is updated regularly by the TMX Group from in-

formation gathered from each company.  The version of the spreadsheet was current to February 28, 

2022. 

This database was used as the basis to determine the sample size for the study as only companies 

listed on the TSX and TSXV were analysed in this study.  This was justified as the TSX and TSXV are 

the world leading stock exchanges for mining and metal companies and combined, they list roughly 

43% of the world’s public mining companies (TSX, 2022a).    

The TSX is the main exchange, which hosts 198 mining and metal companies at the time of this 

study.  This market is for established businesses and management teams with experience in public mar-

kets (TSX, 2022b).  Due to the high listing costs and more stringent listing requirements, these compa-

nies are generally high value companies. Mining and metal companies operating on this exchange are 

generally in-production or near-production operations.   

The TSXV focuses on venture capital funding for primarily early-stage companies seeking funds for 

growth. The typical financing range is between 2 and 20 million Canadian dollars (TSX, 2022b).  There-

fore, it is the leading exchange for junior companies due to its target equity market. Companies on this 

exchange typically own and operate exploration projects at varying degrees of maturity.  Companies 

range from early/grassroots exploration (pre-drilling) to advanced pre-production projects that have 

completed Preliminary Economic Assessments, Pre-Feasibility and Feasibility Studies.  At the time of 

the study, there were 968 companies listed on the TSXV exchange.  

3.3.2 Web Content 

Websites contain an abundance of information as they are used by companies to communicate with 

various organizational stakeholders, including investors, employees, suppliers, and the general public 

(Duriau, Reger and Pfarrer, 2007). It is therefore an extensive and rich data source that can be used for 

content analysis that has been relatively untapped by scholars (Duriau, Reger and Pfarrer, 2007). 
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Websites contain both qualitative and quantitative data regarding a company’s strategy, objectives, 

product, and market; and can contain hundreds to thousands of pages of text, statistical, graphic and 

audio data regarding information on many aspects of an organisation (Duriau, Reger and Pfarrer, 2007; 

Raum and Rawlings-Sanaei, 2022).  Also, sometimes difficult to obtain data, such as press releases and 

executive speeches are provided on the websites intended for investors and the public (Duriau, Reger 

and Pfarrer, 2007). 

For the context of the study, the entirety of a company’s web presence is considered the “website”.  

The website may contain several web pages.  The start page is referred to as the main page, while other 

webpages are referred to as subpages. 

For the study, data for the content analysis was collected from company websites. The websites for 

each company were found by using the Google Search engine using the full company name found in the 

TSX-TSXV database. The main page and subpages titled ‘about’, ‘who we are’, ‘what we do’ or equiv-

alent were used as the primary content for the content analysis.  

Other subpages such as ‘Projects’, ‘Company History’ or equivalents were used as supplemental data 

and to cross check information from the TSX-TSXV database such region of operation, type of deposit, 

commodity group, total number of projects, total number of Li projects and project stage.  If websites 

were lacking information, the Investor PowerPoint presentation was downloaded and consulted as it 

provided to-the-point information about the company.  The Investor PowerPoint was consistently in-

cluded on the Investor subpage. 

3.3.3 Supplementary Data 

Occasionally, when necessary, National Instrument 43-101 reports were consulted to determine the 

stage of the project.  These reports are standardized to international CRIRSCO reporting standards re-

lating to mineral reserves and resources.  NI 43-101 reports titled: Technical Report, Preliminary Eco-

nomic Assessment, Preliminary Feasibility Study and Feasibility Study were consulted when available. 

These documents were generally linked to the company website on the ‘Project” subpage, however, if 

they were not available there, they were downloaded from the System for Electronic Document Analysis 

and Retrieval (SEDAR) database.  SEDAR is the official website that provides access to public security 

documents and information filed by issuers in Canada (CSA, 2022). 

3.4 Methodology 

The data collection occurred in three different stages.  First, the sample was determined by searching 

the database and screening the positive results to ensure they included lithium.  A qualitive content 

analysis was conducted on the remaining companies to categorize them accordingly.  Simultaneously, 

background information was collected for each of the different companies. A summary of the 
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methodology used to determine the sampling and categorization is represented by the diagram in Figure 

2. The diagram was adapted from the PRISMA guideline for reporting systematic reviews (Page et al., 

2021) and Raum and Rawlings-Sanaei’s (2022) interpretation for their web content-based method of 

stakeholder analysis.  

3.4.1 Determining the Sample 

The sample was determined from the mining and metal company database retrieved from the TSX-

TSXV website.  As the study focuses on lithium exploration companies, the spreadsheet was searched 

for all companies that list lithium as a commodity.  On the TSX, 3 out of 198 companies listed lithium 

as a commodity of interest.  For the TSXV, there were 61 companies (out of 968) that listed lithium. In 

total, 64 companies were included in the study.  

A first-level content analysis was conducted by manually screening the filtered companies using the 

company website to confirm that they were indeed lithium explorers. Web pages titled “Projects", “Prop-

erties" and “Company Information" or equivalent were searched to contain ‘lithium’.  In the end, 9 

companies were removed from the sample. This resulted in the final sample of 55 companies for the 

qualitative content analysis study.   

3.4.2 Qualitative Content Analysis 

A second-level qualitative content analysis was conducted to categorize the companies according to 

eight themes inspired from the literature review on business model innovation.  The eight themes were 

social, environmental, economic, circular, lean, collaborative, value chain and technology.  The themes 

were determined both from the recommendations for business model innovation summarized in Section 

2.3, as well as inductive exploration of the data. Keywords describing each theme were identified in-

ductively during the data collection. The data collection was limited to the main page of the website and 

subpages titled ‘about us’, ‘what we do', ‘company overview' and equivalent pages. A summary of all 

themes and coded key terms is shown in Appendix 1 Keywords used in qualitative content analysis.  

3.4.3 Background Information 

Background information was collected using mixed secondary sources including the TSX-TSXV data-

base, company websites and NI 43-101 reports when necessary.  The background information includes 

the listed exchange, market capitalization of the company, region of operation, type of lithium deposit, 

other commodities of interest to the company, total number of projects, total number of lithium projects 

and stage of development of lithium project for each item.  If information differed between the database 

and company website, the company website was assumed to be the most up to date and data was col-

lected from there. A detailed description for all background data collection logic and sources used for 

each category is summarized in Appendix 2 Background data collection logic.  The complete dataset for 



22 

 

all 55 companies, including the results of the qualitative content analysis, is presented in Appendix 3 

Company Database. 

 

Figure 2 Flowchart of the methodology used to determine the sampling and categorization for the study. The 
flowchart follows the PRISMA guideline for reporting systematic reviews (Page et al., 2021) and was adapted 
from Raum and Rawlings-Sanaei’s (2022). 
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4 Results 

This section describes the results of the study and how each theme category is distributed with regards 

to the background information of each company, including region of operation, deposit type, stage of 

development, commodity of interest. All results associated with each company in the study in summa-

rized in Appendix 3 Company Database. Also, the mean market capitalization of each group is summa-

rised to determine whether there is any correlation between market capitalization and the business 

model. 

The qualitative content analysis resulted in the formation of 8 overlapping categories from the iden-

tified innovation themes: social, environmental, economic, circular, collaborative, lean, value chain and 

technology.  The Venn diagram in Figure 3 shows the relationships between all the innovation categories 

and how much overlap exists between the innovation types.  Companies that weren’t associated with 

any of the themes during the content analysis are shown by the grey box in Figure 3.  In this section, a 

broad description of the whole study case is given, then each of the 8 innovation categories are described 

in detail. 

  

Figure 3 Venn Diagram demonstrating the relationships between the 8 thematic categories.  The size of each 
circle is representative of the number of companies that fall into each category.  The diagram was made using the 
online software meta-chart.com. 

The study of 55 companies listed on the TSX and TSXV show a mix between region of operation, 

deposit type, commodities of interest (in addition to lithium) and stage of development. Figure 4 shows 

the distribution of companies across all the categories.  More than half of the companies in the study 

operate in North America only, which is logical due to the fact that the TSX is based in North America.  

The second largest region of operation in the study in South America, which is also logical due to its 

proximity to North America and its global significance when it comes to lithium production and re-

serves. No companies in the study operate in any of the African countries. 
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More than half of the companies in the study operate brine only deposits (29/55).  While very few 

operate between both types of deposits (6/55).  

In the study, the majority of the companies operate in early exploration (39/55).  The next highest 

group have conducted Preliminary Economic Assessments (PEA; 11/55). The few remaining projects 

are split between prefeasibility study and feasibility studies.  Only 1 of the companies is in operation 

today.  This company, Allkem can be considered a “major” in the industry as they are in production and 

have multiple operational sites globally. The domination of exploration projects can be explained by the 

increased interest in the lithium in recent years, driven by the push for electrification.  

Although the study is limited to lithium companies, many companies also explore for other commod-

ities.  Interestingly, about even numbers of companies explore solely for lithium (22/55) and explore for 

gold as well as lithium (21/55).  The remaining companies explore for a range of commodities that fall 

into the “green mineral” category, meaning minerals required for the low carbon energy transition.  This 

category includes cobalt, copper, iron, REEs, silver, etc.   

 

Figure 4 Distribution of all companies in the study. 

4.1 Social  

In the study, 16/55 companies identified within the social innovation theme.  These companies suggest 

that they consider local communities, indigenous groups, and other stakeholders important to their busi-

ness operations.  Phrases such as: ‘People-first’, ‘community approval’, ‘responsible operator’, ‘trusted 

or valued partner for communities’ were coded in this theme. Companies also highlighted the im-

portance of creating jobs, providing growth opportunities, and economic development to communities.  

Some emphasized their value of ‘responsible’, ‘ethical sourcing’, ‘supply chain transparency’, 
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especially when justifying their choice of jurisdiction to operate in North America.   A few companies 

also demonstrate the working conditions of their employees by highlighting the importance of the ‘qual-

ity of life’, ‘equal opportunity’, ‘employer of choice’ and ‘diversity’ in the workforce and on their cor-

porate boards.  

Figure 5 shows the distribution of the companies with regards to the regions, deposit type, commod-

ity group, and development stage. Overall, the spread is relatively even relative to the entire, showing 

that social aspects are considered nearly proportionately regardless of region of operation, deposit type, 

commodities of interest and stage of development.  There is a slight imbalance in the deposit type, 

showing that more companies developing hard rock projects consider social aspects.  This could be 

explained by the complexity of hard rock mines versus brine operations, and perhaps the greater amount 

of social license required to operate an open pit mine. 

   

 

Figure 5 Distribution of companies categorized using the ‘social’ theme. 

4.2 Environment  

In the study, 17/55 companies were categorized using the “environment’ theme. Phrases such as “envi-

ronmentally conscious’, ‘environmentally friendly’, environmentally responsible’, ‘environmental 

stewardship’ were commonly observed. Also claims regarding minimizing environmental impacts such 

as ‘less freshwater use’, low carbon electricity’, ‘less ecological impact’, ‘minimal land disturbance’, 

‘elimination of tailing ponds’ and ‘reduce carbon footprint’ were used to categorize these companies.  

Lastly, there was mention of becoming ‘carbon neutral’ or ‘net zero’ and the use of LCA (Life Cycle 

Analysis) was described in few cases.   
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Trends from the analysis are shown in Figure 6. The study indicates that 10/17 of the companies 

categorized in this group operate in North America, while 3/17 operate in South America and mixed 

jurisdictions.  The proportion of companies operating in North America from this theme is slightly 

higher than the full sample.  This may be the result of strong environmental emphasis in place in North 

America and the concerns of the local stakeholders.   Relatively equal proportions of companies operate 

brine (9/17) vs hard rock (8/17).   

Disproportionate to the rest of the study, the highest proportion of companies have completed a PEA 

(8/17) while only 7/17 are in early exploration.  This could be related to the increased environmental 

awareness as a project advance to the mining stage.  It is also interesting that most companies (10/17) 

operate only lithium projects, while a lower proportion work in gold as well as lithium (4/17) and green 

minerals (3/17).  This could be explained by the drive for lithium exploration being directly linked to 

the transitioning economy. 

 

 

Figure 6 Distribution of companies categorized using the ‘environment’ theme. 

4.3 Economic 

Companies were categorized in the ‘economic’ theme if they mention alternative sources of financing 

and revenue.  This theme was reserved specifically to companies that mentioned: ‘generator business 

model’, ‘project generator’, ‘offtake agreements’, ‘royalty streaming’ or spin-cos’.   Results are shown 

in Figure 7.  In total, six companies were identified into this category.  An even distribution among 

region, deposit type and commodity group.  Five out of six of the companies were in the exploration 

phase while only one company had completed a feasibility study. It is interesting the disproportionate 
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spread of regions of operation relative to the entire study, with only 1/6 companies operating in North 

America. 

 

Figure 7 Distribution of companies categorized using the ‘economic’ theme. 

4.4 Circular 

Four companies were categorized as ‘circular’ in the study.  Due to the nature of mining, which is in-

herently unsustainable as non-renewable resources are extracted from the earth, it is difficult to classify 

some companies as “circular”.  However, as defined previously in the conceptual framework, at a com-

pany level, it is possible to implement circular economy principles at a micro level.  In this case, the 

theme circular was given to companies that included keywords such as ‘closed-loop’, ‘reusing’, ‘recy-

cled sources’, ‘urban mining’, ‘zero waste’ and ‘water recycling’.  Companies were also included if they 

made mention of recovery minerals from waste, such as acid mine drainage, recycling wastes into an-

cillary industries and ‘leveraging existing infrastructure’.   Trends from this category are shown in Fig-

ure 8.   

Circularity concepts were observed for companies operating mainly in North America (3/4), hard 

rock deposits (3/4), advanced stage of operation (PEA and FS) and in Lithium only and green minerals.   

It is interesting to see that companies are implementing circularity into their operations at advanced 

stages.  Also, it is notable that none of the companies explore for gold as well as lithium or other green 

minerals.  
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Figure 8 Distribution of companies categorized using the ‘circular’ theme. 

4.5 Collaborative 

Thirteen companies were categorized under the theme of collaboration.  Different types of collaboration 

were grouped in this category and have overlapping similarities with other groups such as technology, 

economic and value chain.  Companies mentioning keywords and key phrases such as ‘agreement 

with…’, ‘collaboration with…’, ‘partnership with…’, ‘shared with…’, ‘strategic partnership/alliance’ 

etc were included in this group.  Also, terms related to collaborative financial agreements were included 

in this category such as ‘project generator’, ‘offtake agreement’ and joint venture’. The results are dis-

played in Figure 9.   

Interestingly, and different relative to the rest of the study, the dominating group for region of oper-

ation was ‘mixed’, meaning that companies operate in multiple jurisdictions (5/13).  Most companies 

operate brine only operations (8/13), while 3/5 and 2/5 operate hard rock and ‘mixed’, respectively. Like 

the rest of the study, most of the projects operate in the exploration phase (9/13) with the rest in advanced 

exploration and production. Most of the companies only operate lithium projects (7/13), while the re-

mainder are split between gold and green minerals.  
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Figure 9 Distribution of companies categorized using the ‘collaborative’ theme. 

4.6 Value Chain 

The results show that 10 companies fall into the category of ‘value chain’. These companies are verti-

cally integrated, meaning that the scope of the company is beyond only finding and developing prospec-

tive mineral deposits, but also processing the minerals to achieve battery grade lithium.  Companies 

grouped in this category use keywords such as ‘converter’, ‘downstream’, ‘fully-integrated’ and ‘verti-

cally integrated’ to indicate that they cover more of the value chain of raw materials.  They also mention 

their final product as ‘battery grade lithium hydroxide’ or ‘battery grade lithium carbonate’, indicating 

that their customers are battery manufacturers.  

According to the results displayed in Figure 10, most of these companies operate in North America 

(8/10) while one operates in South America (1/10) and one in mixed jurisdictions (1/10).  The deposit 

types are equally mixed between hard rock and brine (5/10 each). This group mainly works in the more 

advanced stage of operations with 5/10 companies having completed a preliminary economic assess-

ment, 1/10 having completed a pre-feasibility study and 1/10 in production.  The remainder 3 companies 

are considered ‘exploration’.  Companies are mainly lithium only explorers (7/10), with 2/10 green 

metal explorers and 1/10 that explore for gold as well.  This is logical as a company would need specific 

technical skills to plan for mineral processing, therefore companies are more focused on one commodity. 
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Figure 10 Distribution of companies categorized using the ‘value chain’ theme. 

4.7 Technology 

In total, 11 companies were classified under the theme of ‘technology’.  Companies here were classified 

according to keywords such as ‘adoption of new technology’, ‘AI’, ‘modern lithium recovery’, ‘new 

processing/extraction methods’, ‘new refining method’, ‘in-house developed technologies’, ‘patent-

pending technology’, ‘proprietary technology’ and ‘Direct Lithium Extraction’ etc.  

As displayed in Figure 11, most of these companies work in North America (8/11), while 2 compa-

nies operate in South America and 1 company works in multiple regions.   Technology companies have 

a higher focus on brine (7/11) versus hard rock (4/11).  This could be explained by the new direct lithium 

extraction (DLE) technology for brines that is making less feasible brine deposits possible to extract. 

All projects are in relatively early stage of operation with 6/11 of the companies at the early exploration 

level and 5/11 companies having completed preliminary economic assessments on their lithium projects.  

Most companies (7/11) are operating in lithium only.  This is logical as technology is very specific to 

the commodity, so it makes sense that the specifies in lithium only. 
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Figure 11 Distribution of companies categorized using the ‘technology’ theme. 

4.8 Lean 

The theme of ‘lean’ was given to four companies that highlighted their frugal, minimal and efficient 

business operations.  Companies were categorized accordingly if they used phrases such as ‘highly ef-

ficient’, ‘resource efficient’ and ‘minimal start-up costs’.  Companies were also included if they refer to 

minimalist initiatives to save time and resources such as ‘small, shared office’ or the action of ‘leverag-

ing other infrastructure to save time and costs’. 

As shown in Figure 12, all four of the companies in this category operate in North America and brine 

only deposits.  Perhaps this could be due to the higher costs of operation in North America. Three out 

of the four companies are operating in the early exploration stage, while one company has already con-

ducted a preliminary economic assessment.   Two out of four of the companies explore for lithium only, 

with 1 company each exploring green metals and gold metals.   
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Figure 12 Distribution of companies categorized using the ‘lean’ theme. 
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5 Discussion 

5.1 Revisiting the Research Questions 

After understanding the results, the research questions will now be revisited.  At the beginning of the 

study, four research questions were identified.  In this section, each of the questions will be revisited 

and answered.  The four research questions are: 

1. What are the current business models being used in the mineral exploration industry?  

2. Does the business model of junior mining companies vary according to the commodity of inter-

est?  If so, how? 

3. How does the successful development of an exploration project relate to their business model? 

4. How is the economic success of a company related to their business model? 

5.1.1 Research Question 1 

What are the current business models being used in the mineral exploration industry?  

The results identified eight innovation themes within the study on lithium exploration companies.  Com-

panies who did not identify with any of the innovation themes were grouped as “non-innovators” or 

“traditional” junior mining companies.  The business model of each of the eight innovation themes were 

determined for each of the categories of companies using the nine building blocks of the business model 

canvas.   Although there is a lot of overlap between the themes within the companies, each business 

model canvas here describes only one of the themes each. 

5.1.1.1 Social Innovators 

According to Business and Sustainable Development Commission’s 2016 report on Breakthrough Busi-

ness models, “tomorrow’s business models must deliver financial and extra-financial value by generat-

ing positive social impact”. It suggests that to achieve the SDGS, businesses must contribute to a ‘health-

ier, safer and better educated population’ as a result of their business models (Volans 2016).  This is 

extremely important in an industry where social license to operate is becoming more difficult to achieve 

and social risk is ranked among the top challenges for the industry in 2022 (Mitchell, 2021). Social 

innovation can come in the form of creating shared value (CSV), whose goal is to find points of inter-

section between the needs of businesses and society (Fraser, 2019).     

Figure 13 shows an interpretation of the ‘Social Innovator’ business model. The social impact con-

tributes to the ‘Feasibility’ section of the business model canvas, meaning the key partners, key re-

sources, and key activities.  These companies make social engagement a key activity to earn community 

support as a key resource. This way, they can leverage the community and social relationships as key 

partners in their business model.  This might result in incurred costs as they must dedicate time and 

resources to engage with the communities, however, as a result of the social focus, these companies may 



34 

 

have reduced difficulties when it comes to earning the social license to operate in the communities and 

can offer this advantage in their value proposition.   As shown by Franks et al., 2014, social conflict can 

result in large costs to the mining company in the long run so by providing good relationships as a part 

of the value proposition and key resources, companies can reduce expenses and decrease risk in the long 

term. 

Social innovation can be seen as a business strategy, rather than business model.  Where companies 

are simply increasing their cost to gain social license.  The social license could be seen more as a com-

petitive advantage over other projects. 

 

Figure 13 Business model canvas of Social Innovators. 

5.1.1.2 Environmental Innovators 

As the need for more mining to transform to a green economy is discussed more and more, mining 

companies must follow high environmental standards to ensure that this is done responsibly as to not 

counteract these sustainability goals. Although environmental standards are generally protected by local 

governments, some companies value the environment as core to their business.  Companies that make 

mention of the importance of the environment in their mission, vision and company description are 

considered Environmental Innovators.  This is more common in the lithium industry rather than in other 

commodities such as gold, due to the importance lithium play in the decarbonisation of society, meaning 

that this is mentioned more by companies who explore for lithium and battery/green minerals as opposed 

to companies who have gold in their portfolio. 

The business model canvas for Environmental Innovators is shown in Figure 14. Similarly, to the 

social innovators, environmental considerations fall into the left hand ‘Feasibility’ section of the busi-

ness model canvas. Key activities of environmental innovators include the low impact and 
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environmentally conscious exploration, the use of green power and green mineral processing.  They 

may also demonstrate forethought in their feasibility studies by conducting life-cycle analysis on the 

projects.  This may result in increased costs during the exploration stage; however, it can pay off in the 

long run due to decreased remediation and energy costs when processes are optimized.   

Similar to Social Innovators, Environmental Innovation could be considered as a “business strategy” 

rather than a business model.  By considering the environmental aspects of a project, they can add value 

to the project making it more desirable to the customers over other projects, giving them a competitive 

advantage. 

 

Figure 14 Business Model Canvas of Environmental Innovators. 

5.1.1.3 Economic Innovators 

Economic sustainability is a large issue in the mineral exploration industry.  As shown by Shodde, 2020, 

the industry has been value destructive in recent years, meaning that more capital is invested than is 
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technically difficult deposits that are harder to access, the capital required to develop a project is higher 
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use alternative sources of financing and revenue.  This can allow projects to move faster and to reduce 

the pressure on companies to raise funds from the capital market. Companies were classified as Eco-
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streaming, spin-co organisations and project generator explorers. Each of the types of alternative types 

of funding are described below for clarification. 

Offtake agreements and royalty streaming companies are considered product-based financing.  This 

means that companies sell the rights to other companies with the agreement that they will receive future 

production from their mines (Fieldfisher, 2020).  It is usually combined with more traditional types of 

funding such as equity and debt funding and allows companies to raise finances by capitalising on their 

proven resources while minimising equity dilution (Fieldfisher, 2020).  This means that management 

can maintain control of the project and that providers take a degree of production risk.    

In an offtake agreement, the company sells a proportion of their future product to the commercial 

buyer in advance for a fixed period.  The buyer can come in the form of a commercial trader, smelter, 

refinery, battery manufacture or OEM.  For the cases identified in the study, this has come in the form 

of technology companies (LG) and lithium processors (Ganfeng Minerals).  This type of agreement 

provides low-risk access to capital, while sharing current operational risks and production profits across 

the value chain (Mitchell, 2021).  The company can have access to capital to fund development at po-

tentially lower rates, while the off taker will be supplied with future supply of minerals, often at a dis-

counted rate.  Overall, this will greatly de-risk a project and provide benefits to both parties (Fieldfisher, 

2020).  A junior company that offers offtake agreements must be quite advanced in their operation (i.e. 

beyond PEA).  They also must be the second type of junior mining company described in the conceptual 

framework (Page 14), meaning juniors who intend to mine the project rather than simply selling to a 

major.   

Royalty financing or streaming involves investors making upfront financing payments for the right 

to share in the revenues of a project in the future.  It is typically used to fund the development of an asset 

when traditional debt and equity financing is limited.  It can result in a regular stream of income for 

companies, which is otherwise uncommon for the junior explorers. 

A project generator is a junior company that maintains a portfolio of multiple projects simultane-

ously.  They fund their exploration work by creating joint-venture partnerships with other companies, 

generally major mining companies.  In exchange for a majority share of the project, the joint venture 

partner agrees to spend a certain amount of money in progressing the project forward (Millrock Re-

sources, 2022).  They have been shown to a be successful way to generate capital with double the fund-

ing secured from joint venture partnerships compared to equity funding (Millrock Resources, 2022).    

A spin-out is a business company that has developed from another organization (Cambridge Univer-

sity Press, 2022).  One of the companies in the study has developed three spin-out businesses in various 

industries (exploration, pharmaceuticals, and real-estate) using non-core assets.  This was conducted to 

diversify its asset portfolio and enhance shareholder value. 

The benefits of financial innovators really focus on the viability sections of the BMC (Figure 15), 

specifically as the revenue streams.  Depending on the mechanism, this allows for companies to really 

reduce the strain on the viability portion of the business model due to alternative sources of financing 



37 

 

available earlier on pre-production.  Partnerships and Customers are also very important in this case as 

they provide the shared financing method to decrease the risk for the operator. This can allow projects 

to move faster and to reduce the pressure on companies to raise funds from the capital market. 

 

Figure 15 Business model canvas of Economic Innovators 

5.1.1.4 Circular Innovators 

By promoting circular economy principles in the business operations and business models, companies 

can strive to close material loops, minimize wastes in the form of water, carbon emissions and other 

pollutants (Mitchell, 2021).  It will also encourage companies to keep materials and products in use and 

reduce costs.   This concept has been widely discussed and can be implemented both at the micro and 

macro scale, while designing operations to sustain products, and minimize material inputs and outputs 

at their highest utility and value (Volans, 2016).  Many initiatives are encouraging the uptake of the 

circular economy.  

In the study, companies are considered as Circular Innovators if they demonstrate circularity initia-

tives within their business, including water reuse, urban mining, waste valorisation (from tailings), and 

building from existing infrastructure.  These initiatives would be considered the key activities in the 

business model canvas (Figure 16) and the recycled materials would be considered the key resources.  

This would reduce costs for the company as there would be less primary raw material and water required.  

Waste management costs would also be reduced as there would be less material required.  Taking cir-

cular economy initiatives can also result in increased revenue streams in the form of increased invest-

ment from responsible investment firms.  For example, the investment firm BlackRock has formed a 

partnership with the Ellen MacArthur Foundation to drive investment in companies contributing to cir-

cular economy activities (Mitchell, 2021).   
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Figure 16 Business Model Canvas of Circular Innovators 

5.1.1.5 Collaborative Innovators 

Kavadias, Ladas and Loch (2016) calls for a more collaborative ecosystem to enable transformative 

business models as this collaboration between variable actors can allocate business risk more appropri-

ately.  Specific to metals and mining, industry reports have made calls for collaboration to promote 

innovation and help companies drive rapid and effective change (Bryant, 2015; Deloitte, 2016).   
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differ accordingly.  This can also affect the cost structure and revenue streams.  For example, participat-

ing in a joint venture with another company will decrease the costs each company must invest, while at 

the same time expanding the resources to technology and human resources that each company brings to 

the project. 
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Figure 17  Business Model Canvas of Collaborative Innovators 

5.1.1.6 Lean Innovators 

The term ‘Lean’ comes from the concept described in Eric Ries’s book ‘The Lean Startup’.  It states 

that “Lean Startup isn’t about being cheap [but is about] being less wasteful and still doing things that 

are big.”  It is also mentioned in Volan’s 2016 report on Breakthrough Business Models which suggests 

that companies ‘must create new forms of efficiency across all major capitals.’    

In this study, Lean Innovators are companies that promote high efficiency, saving time, resources, 

infrastructure, and costs.  It could be argued that they could be grouped in the “Economic Innovator” 

category, however, Lean innovators in relation to the business model canvas (Figure 18), key activities 

include maximizing efficiencies, and the cost structure is affected by minimizing costs. 

 

Figure 18 Business Model Canvas of Lean Innovators 

Cost Structure Revenue Streams

Exploration costs (prospecting, drilling, geochemical 

analysis, geophysical surveys)

Sale of shares of the company

Costs shared with key partners

Viability

Sale of the property

Sale of commodity in the future

D
esireab

ility

Consultants 

(geochemistry labs, 

drillers, geologists, 

logistics)

Delineate mineral 

resources and reserves

Mineral Property

One-time transaction 
Dependant on 

partners.

Key Resources Channels

Shareholders,

 Major Mining 

Companies,

Future users

F
ea

si
b

il
it

y

Key Partners Key Activities Value Proposition Customer 

Relationships

Customer 

Segments

Property, expert team 
Reports, Website, 

capital exchange, 

Press Releases Dependant on 

partners.

Other strategic 

partnerships/ 

alliances 

(Manufacturers, 

Producers, 

Communities, 

Governments) 

Collaborative Innovators

Shareholders,

 Major Mining 

Companies,

Future users

Sale of the property

Sale of commodity in the future

Key Resources Channels

Property, expert team 
Reports, Website, 

capital exchange, 

Press Releases 

Lean Innovators

Cost Structure Revenue Streams

Exploration costs (prospecting, drilling, geochemical 

analysis, geophysical surveys)

Sale of shares of the company

D
esireab

ility

Consultants 

(geochemistry labs, 

drillers, geologists, 

logistics)

Delineate mineral 

resources and reserves

Mineral Property

One-time transaction 

Maximize efficiency.

Reduced costs due to "lean" approach.

Viability

F
ea

si
b

il
it

y

Key Partners Key Activities Value Proposition Customer 

Relationships

Customer 

Segments



40 

 

5.1.1.7 Technology Innovators 

The lack of technology in the exploration and mining industry has been a common theme arising in 

industry reports and the literature (Bryant, 2015; Mitchell, 2021).  At a time when lithium is required at 

higher quantities and faster than ever, technological innovation is required to reconcile the supply and 

demand.  The study has identified Technology Innovators as companies investing in innovative tech-

nology related to exploration techniques, mineral processing, and recycling.   

The most reoccurring technology observed was the implication of Direct Lithium Extraction (DLE) 

on brine deposits.  Nine companies in the study mention lithium extraction via this innovative method.    

DLE is a game changer in the lithium industry as it minimizes environmental footprint by greatly de-

creasing the time and land requirements required in the traditional evaporation ponds.  Also, as it is not 

reliant on desert solar energy, lithium extraction from brines in other parts of the world are becoming 

feasible, such as Canada, USA and Europe.  Other types of technology observed in the study included 

the use of artificial intelligence and optimization of the lithium causticization process during hard rock 

lithium processing. 

Due to the variety of technology that can be integrated into the market, many areas of opportunity 

were determined according to the business model canvas (Figure 19).  The most prominent is the value 

proposition, where the company not only offers a mineral property, but also a feasible extraction method 

that goes with it. In turn, these new key activities (developing technology) and key resources (leased or 

proprietary technology) will result in higher costs for the company; however, due to the increased effi-

ciency and resource recovery, revenues during production should increase to cover these costs.   Lastly, 

as the companies offer a new technology as a resource, they may also be able to expand their customer 

segment with the possibility of selling technology to other lithium explorers and mining companies. 
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Figure 19 Business Model Canvas of Technology Innovators 

5.1.1.8 Value Chain Innovators 

Vertical integration means the incorporation of different parts of the process along the value chain.  This 

means covering both the upstream and downstream aspects of an industry.  By conducting value chain 

analysis studies, companies may realize more value through vertical integration (Mitchell, 2021).  

This study showed 10 companies that integrate the value chain to increase their value.  They aim to 

offer refined versions of lithium such as battery grade lithium hydroxide, lithium carbonate or lithium 

metal, as their value proposition.  Value Chain Innovators transform their business model by conducting 

the mineral processing and conversion of lithium concentrate and must construct extra infrastructure to 

accommodate this extra technological step.  As the trader or converter is removed from the picture, the 

customer is changed to the battery manufacturer directly. This allows for regular sources of income from 

the sale of battery grade material, despite higher costs from of constructing the processing plant.   

Companies that fall into this category are the second type of junior mining company described in the 

conceptual framework (Page 14), meaning juniors who intend to mine the project rather than simply 

selling to a major.  They are putting in the work to develop the project beyond exploration. 

Out of all of the innovation categories, value chain innovators have altered the business model the 

most drastically as they are changing the “desirability” section of the canvas and altering who their 

customer is. 

Shareholders,

 Major Mining 

Companies,

Future users

Other junior 

companies seeking 

technology?

Sale of the property

Sale of commodity in the future

Customer 

Relationships

Customer 

Segments

D
esireab

ility
Consultants 

(geochemistry labs, 

drillers, geologists, 

logistics)

Delineate mineral 

resources and reserves

One-time transaction 

Develop technology

Academia, 

technology firms

Key Resources Channels

Property, expert team 

Reports, Website, 

capital exchange, 

Press Releases Proprietary or leased 

technology

Mineral Property

where lithium can 

be feasibly 

extracted

Exploration costs (prospecting, drilling, geochemical 

analysis, geophysical surveys)

Sale of shares of the company

Costs of technology development

Viability

Technology Innovators

Cost Structure Revenue Streams

F
ea

si
b
il

it
y

Key Partners Key Activities Value Proposition



42 

 

 

Figure 20 Business Model Canvas for Value Chain Innovators 

5.1.1.9 Summary 

Overall, seven business models were determined to be operating in lithium exploration from the study.  

Social and environmental innovation were considered as business strategies rather than business models 

as their efforts could be seen to provide a competitive advantage over other businesses.  The 7 business 

models identified were: 

1. Traditional 

2. Economic 

3. Circular 

4. Lean 

5. Collaborative 

6. Technology 

7. Value Chain 
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required for the energy transition; and 3. Lithium and Gold (+/- other commodities). 
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pany associated with) was plotted in terms of their commodity group in Figure 21.  The results show 
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that “lithium only” companies have higher innovativeness (associated with more innovation themes), 

next “green minerals”, and finally “gold and lithium”.  The number of companies operating in gold and 

lithium, gradually decreases, as innovation increases. 

Also, it can be noted that none of the companies grouped with gold were classified as “circular”. As 

mentioned previously, circular companies were noted to be more advanced projects, so these companies 

are more focused on one commodity specifically.  It could also be speculated that companies that explore 

for gold, may not be as concerned with sustainability initiatives as lithium or other green mineral ex-

plorers.  There is also less presence in the technology and value chain themes.  This could be explained 

by the specificity of technology and processing routes of lithium, so companies involved in these types 

of innovation are more specific to lithium.   

In summary, a difference between the different commodity groups was observed.  Companies that 

explore solely for lithium and green minerals were found to be more innovative. 

 

Figure 21 Distribution of the different commodity groups with relation to innovativeness (left) and the dif-
ferent innovation themes (right). 

5.1.3 Research Question 3 

How does the successful development of an exploration project relate to their business model? 

To determine whether the business model of a company is related to the development stage of the pro-

ject, innovativeness (demonstrated by the number of innovation themes associated with) was plotted 

with the different development stages of the company in Figure 22.   

 The study included mostly projects in early exploration; however, the proportion of companies at 

more advanced stages increased as more innovation themes overlap.  This could show that companies 

closer to project development have a stronger focus on sustainability, in terms of all social, environmen-

tal and economic sustainability, and therefore put more focus and attention on these themes to ensure 

that the company is successful in the development of their project. 
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Some themes, such as circular, environmental and value chain, are observed at higher stage of de-

velopment.  This is likely due to projects becoming closer to development, hence permitting, processing 

routes and other logistics are bigger concerns for these companies.   

Economic and lean innovation are themes more commonly associated with early exploration projects.  

This is likely due to the starting up phase where companies are not yet established and don’t have sig-

nificant capital and therefore must be creative in how they operate to ensure funds are used efficiently. 

Surprisingly, the technology theme was observed more often with companies operating in the early 

exploration phase.  It could be speculated that this is because of the development of DLE technologies 

for non-conventional lithium brine deposits, it is important that companies ensure the lithium can be 

extracted feasibly. 

 

 

Figure 22 Distribution of different stages of development with relation to innovativeness (left) and the different 
innovation themes (right). 

5.1.4 Research Question 4 

How is the economic success of a company related to their business model? 

As in the previous sections, mean market capitalization was plotted relative to innovativeness in Figure 

23 to answer this research question.  The figure also demonstrates the mean market capitalization within 

each of the innovation themes.  Market capitalization amount is shown in Canadian dollars, as that is 

the official currency of the Toronto Stock Exchange.   

Figure 23 shows that mean market capitalization does not show a linear relationship within increasing 

innovativeness, however, there is an obvious association between innovation and market capitalization.  

Companies that were not coded in any of the themes have a significantly lower mean market capitaliza-

tion.  This is apparent in both graphs.  This could be explained in two ways.  First, it could be inferred 

that more innovative companies have stronger business models and therefore are more profitable and 

have higher market capitalization.  Alternatively, it could be determined that more advanced projects 



45 

 

closer to production are able to focus more on alternative business models as they have sufficient re-

sources and want to maintain the social license to operate. 

Companies that fall into the category of collaborative innovation have the highest average market 

capitalization, followed by value chain innovation and circular innovation.  This could indicate that this 

type of innovation is generally more associated with more advanced projects, and therefore have higher 

market capitalization.   

 

Figure 23 Comparison of innovation themes in relation to mean market capitalization of the companies. The figure 
on the left shows the mean market capitalization in relation to the innovativeness.  The figure on the right shows 
the mean market capitalization for each individual innovation theme.  Market capitalization is show in Canadian 
dollars. 

5.2 Alternative business models not observed in the study 

This section highlights some other interesting approaches that were found in the literature, however, 

were not directly noted in the study.  They are mentioned here to bring awareness to other alternative 

business models that could be implemented in the exploration or mining industry. 

5.2.1 Mining as a Service 

A recent suggestion for the industry is to promote mining as a service.  This concept was first suggested 

in 2020 by Dunbar et al. and the idea is being implemented by Inspire Resources Inc. under the concept 

Mineral ImpulseTM.  The concept implies a change in customer from the company shareholders to the 

local community. Here, mining companies “orchestrate the ethical supply of raw materials” rather than 

owning the extraction rights and means of production as per the current model (Inspire Resources Inc. 

TM, 2021).  This ground-breaking innovative business model is not yet in use, although the company is 

in the process of recruiting value chain members who are willing to take part.   

This model implies that resource extraction is in the interest and control of the communities and that 

mining companies are solely involved to operate the mines to produce the resources.  Recent transform-

ative business model innovation in other industries have followed this model, such as Uber and AirBnB, 

where users rent services from a platform.   Although a revolutionary idea that aligns with many of the 
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pillars of sustainability, this concept could be difficult to implement due to the need for communities to 

have the knowledge and willingness to engage. 

5.2.2 Inclusive Financing Alternatives 

5.2.2.1 Crowdfunding 

Crowdfunding has been used by some companies as a method to raise capital, while at the same time 

giving local stakeholders a chance to participate in the development of mining projects (Fieldfischer, 

2020).   The UK based mineral exploration and development company Cornish Lithium completed two 

successful rounds of crowdsourcing.  Their CEO stated: “we wanted to enfranchise local people, most 

of whom do not have access to a brokerage account or to traded equities”. 

5.2.2.2 Local Exchange Listing 

A similar inclusive financial method can be to ensure company listing on local stock exchanges so that 

local stakeholders have access to the potential upside of a possible mine.  This was conducted by Cana-

dian junior mining company Erdene, operating in Mongolia.  They conducted a stakeholder analysis to 

identify points of intersection to create shared value.   One of their conclusions was to be the first foreign-

listed company to cross list its shares on the Mongolian Stock Exchange (Fraser, Bat-Erdene and Kunz, 

2020). 

5.3 Limitations in the study 

Although a commonly used research design and method, a cross sectional qualitative content analysis 

of text data limits the interpretation of data to a specific point in time. Also, because only static data is 

collected, it therefore reduces the ability of determining the drivers of the business models and innova-

tion themes chosen.  Only association can be determined between the themes, rather than causation.  

Causation can only be speculated. 

Many changes are occurring at a very fast rate in the industry.  New companies are entering the field 

and company names are being changed often.  It makes it very difficult to keep up with everything going 

on in the industry.  For this reason, a cross sectional study may be limited as data can be quickly outdated 

as the field changes. 

Another limitation of the study is the use of web content as the main source of data.  Although, 

providing many sources of data, this type of data may be somewhat biased since it is created by the 

companies themselves so they would promote themselves in a positive way.  The data is not confirmed 

in any way by financial statements, news articles or primary data from local stakeholders to validate 

these themes.  
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Greenwashing, defined as “behaviour or activities that make people believe that a company is doing 

more to protect the environment than it really is” (Cambridge University Press, 2022), is a common 

issue when it comes to sustainability.  The study was designed to avoid misleading claims, such as 

greenwashing by using multiple innovation themes as criteria as well as not including vague, unsup-

ported terms as coded keywords.  For example, the word “sustainable” was never coded into any of the 

categories as it can mean many things, so instead more concrete keywords only were coded.  However, 

since web content is provided by the companies themselves, it can be difficult to determine what exactly 

is true without visiting sites and talking to employees and other local stakeholders. 

As a broad overview study of the industry, this research method was sufficient for the sake of the 

thesis.  Further work could focus on in-depth interviews to understand the drivers of these different types 

of innovation observed. 

5.4 Opportunities for Future Work 

Many opportunities are available for future studies as this is a relatively new field of study.  The study 

was a cross sectional analysis and lacked in-depth case studies to identify details and drivers of how and 

why companies are operating this way.  In depth case studies could be conducted on some of the com-

panies or innovation theme groups to further refine the categories.   

This methodology could also be expanded to include more lithium companies on different stock 

exchanges.  Australia and Chile are the largest producers of lithium in the world, so it would be inter-

esting to expand this study to include companies from the Australian Stock Exchange, Santiago Stock 

Exchange or Mercado Integrado Latinoamericano (the integrated stock exchange in Latin America).  

Also, expanding the study to include all commodities could be very valuable to compare how the busi-

ness model of companies differ according to their focus.  
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6 Conclusions 
The mineral exploration industry is currently operating unsustainably, with respect to all dimensions of 

sustainability (social, environmental and economic). During a time where more minerals are required at 

a faster pace than ever before, this is a great concern for supply chains globally.  Business models in the 

mineral exploration and mining industry is a relatively unstudied topic, however, there is great oppor-

tunity to make businesses more efficient and sustainable. 

The study summarizes the results of a qualitative content analysis of web content to conduct a cross-

sectional study of lithium exploration companies listed on the Toronto Stock Exchange. Eight innova-

tion categories were identified in 29 of the studied companies. The innovation categories are Social, 

Environmental, Economic, Circular, Collaborative, Lean, Value Chain and Technology Innovators.   

The study was able to determine that seven business models are currently present in the lithium explo-

ration industry.  The different business models were classified as Economic, Circular, Collaborative, 

Lean, Value chain and Technology innovators; in addition to the Traditional (non-innovator) business 

model that 22 companies in the study associate with.  Social and environmental innovation, although 

highlighted as a theme, was considered a business strategy rather than model, as these considerations 

assisted more in providing a competitive advantage for the projects and companies.    

Correlation exists between the amount and types of innovation and the commodity of interest.  It was 

found that companies that explore for gold (in addition to lithium) are generally less innovative com-

pared to companies exploring for battery mineral. It was also observed that more advanced projects are 

coded in more innovation categories.  Lastly, it was very clear that companies coded with at least 1 

innovation theme have significantly higher market capitalization than those that are “uncategorized” or 

considered to have the “non-innovator” traditional business model. 

As the topic is relatively unstudied and the research method is not commonly used, there are many 

opportunities for future research.  The most pressing study could be conducted to elaborate the study to 

include different commodities.  This could give a good indicator of whether lithium is different from 

other commodity groups or if there is similar innovation present elsewhere in the mineral exploration 

and mining industry. 

As the world is transitioning to a green economy, many more minerals are required in a very short 

time frame.  It is very important that the mineral extraction process is done in a sustainable and respon-

sible way when it comes to the three pillars of sustainability.  Otherwise, it may not be worth the effort 

to push for renewable and electrified energy sources.    
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Appendix 1 Keywords used in qualitative content analysis 
  

Figure 24 A summary of the eight themes observed through the website qualitative content analysis for lithium exploration companies.  Below each theme are the 
keywords identified in the text to describe the main themes.   
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Appendix 2 Background data collection logic 
 

Column Information Options Description Source

1 Company Name - Full name of company TSX-TSXV spreadsheet

TSX
The company is listed on the Toronto Stock 

Exchange.

TSXV
The company is listed on the Toronto Stock Venture 

Exchange 

3
Market 

Capitalization
-

Full value of company shares as of February 28, 

2022.  The value is displayed in Canadian dollars.
TSX-TSXV spreadsheet

N. America Li projects are in North America only.

S. America Li projects are in South America only.

Asia Li projects are in Asia only.

Europe Li projects are in Europe only.

Mixed Li projects are in a combination of different regions.

Brine

Li is hosted in saline-groundwater.  Li is extracted 

by pumping waters to the surface.  This category 

includes both closed basin salar brines, deep 

oilfield brines, and geothermal brines.

Hardrock

Li is hosted in hardrock deposits that will be mined 

via traditional open-pit or underground mining 

techniques.  This includes both Li-bearing pegmatite 

dyke deposits and sedimentary clay deposits.

Mixed
The company has multiple Li deposits which occur 

in different types (brine and hardrock).

Li only

The company only has interest in properties where 

lithium is targeted.  Li deposits that contain other 

minerals such as cesium, tantalum, and potassium 

etc. are included in this section.

Green

The company only operates properties that contain 

lithium, and other materials required for the green 

economy.  This includes materials such as nickel, 

cobalt, copper, RREs, tin, cesium, palladium, 

graphite, zinc, uranium and silver. 

Au and Li

The company operates separate properties that 

contain Li and gold (Au).  As well as Li and Au, the 

company may operate properties that contain a 

variety of other minerals. 

7
Total Number of 

Projects
-

The total number of projects that the company owns 

or has interest in.
Company websites

8
Number of Li 

Projects
-

The total number of Li projects that the company 

owns or has interest in.
Company websites

9 % Lithium Projects -
The proportion of Li projects per total number of 

projects.
Calculated from columns 7 and 8.

Exploration

The Li project is at any stage of exploration and no 

Preliminary Economic Assessment has yet been 

completed.

PEA
A Preliminary Economic Assessment has been 

completed for a Li project.

PFS
A Pre-feasibility Study has been completed for a Li 

project.

FS
A Feasibility Study has been completed for a Li 

project.

Production The company is currently producing Li in any form.

Company websites; NI 43-101 

Reporting (via SEDAR)

TSX-TSXV spreadsheet; 

company websites
6 Commodity Group

10

Most Advanced 

Lithium Project 

Stage

4 Region
TSX-TSXV spreadsheet; 

company websites

5 Type of Deposit Company websites

2 Exchange TSX-TSXV spreadsheet
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Appendix 3 Company Database   
 

Company Name Exchange

 Market 

Capitalization Region Deposit Type

Commodity 

Group

Total # 

Properties

# Li 

Properties

% Li 

Properties

Most advanced 

stage Social Environmental Economic Circular Collaboration

Value 

Chain Technology Lean

Number of 

themes

A.I.S. Resources Limited TSXV 7,783,893        S America Brine Au and Li 6 1 0.17 Exploration N N N N N N N N 0

Advance Lithium Corp. TSXV 4,515,688        N America Brine Au and Li 15 13 0.87 Exploration N Y N N N N Y N 2

Allkem Limited TSX 5,380,715,946 Mixed Brine Li only 6 5 0.83 Production Y Y N N Y Y N N 4

Alpha Lithium Corporation TSXV 131,283,248    S America Brine Li only 1 1 1.00 Exploration N N N N N N N N 0

American Lithium Corp. TSXV 662,470,149    Mixed Hardrock Green 3 2 0.67 PEA Y Y N N N N N N 2

Arena Minerals Inc. TSXV 159,137,530    S America Brine Green 4 2 0.50 Exploration N N N N Y Y Y N 3

Argentina Lithium & Energy Corp. TSXV 28,064,332      S America Brine Li only 2 2 1.00 Exploration Y Y N N N N N N 2

AsiaBaseMetals Inc. TSXV 6,311,300        Asia Mixed Green 2 1 0.50 Exploration N N Y N N N N N 1

Avalon Advanced Materials Inc. TSX 42,852,590      N America Hardrock Green 5 1 0.20 PEA Y Y N Y N N Y N 4

Bearing Lithium Corp. TSXV 25,480,878      S America Brine Li only 2 2 1.00 FS N N N N N N N N 0

Belmont Resources Inc. TSXV 3,681,774        N America Brine Au and Li 6 1 0.17 Exploration N N N N N N N N 0

Cornish Metals Inc. TSXV 128,632,571    Europe Brine Au and Li 5 1 0.20 Exploration Y N Y N Y N N N 3

Critical Elements Lithium Corporation TSXV 268,769,246    N America Hardrock Au and Li 9 1 0.11 PEA Y Y N N N Y N N 3

Cypress Development Corp. TSXV 184,711,351    N America Hardrock Green 2 1 0.50 PFS N N N N N Y N N 1

Dixie Gold Inc. TSXV 5,276,124        N America Hardrock Au and Li 5 3 0.60 Exploration N N N N N N N N 0

E3 Metals Corp. TSXV 126,505,067    N America Brine Li only 3 3 1.00 PEA N Y N N N Y Y N 3

Edison Lithium Corp. TSXV 14,397,664      S America Brine Green 3 2 0.67 Exploration N N N N N N N N 0

Empire Metals Corp. TSXV 18,676,796      N America Brine Au and Li 5 1 0.20 Exploration N N N N N N N N 0

Frontier Lithium Inc. TSXV 588,993,300    N America Hardrock Li only 4 4 1.00 PEA N Y N N N Y N N 2

Genius Metals Inc. TSXV 5,845,084        N America Hardrock Au and Li 6 1 0.17 Exploration N N N N N N N N 0

Global Battery Metals Ltd. TSXV 7,839,578        Mixed Mixed Green 4 2 0.50 Exploration N N N N N N N N 0

Gossan Resources Limited TSXV 9,091,410        N America Hardrock Au and Li 7 1 0.14 PEA N N N N N N N N 0

Heliosx Lithium & Technologies Corp. TSXV 26,412,717      Mixed Brine Li only 3 3 1.00 Exploration N Y N N Y N Y N 3

Iconic Minerals Ltd. TSXV 19,911,867      N America Mixed Au and Li 4 2 0.50 PEA N N N N N N N N 0

Imagine Lithium Inc. TSXV 26,755,252      N America Hardrock Au and Li 2 1 0.50 Exploration Y Y N N N N N N 2

International Lithium Corp. TSXV 24,675,704      Mixed Hardrock Li only 4 4 1.00 Exploration N N N N Y N N N 1

Ion Energy Ltd. TSXV 21,163,987      Asia Brine Li only 2 2 1.00 Exploration Y N N N N N N N 1

Jourdan Resources Inc. TSXV 8,648,136        N America Hardrock Li only 3 3 1.00 Exploration N N N N N N N N 0

Liberty One Lithium Corp. TSXV 2,803,318        Mixed Mixed Li only 1.00 Exploration N N N N N N N N 0

Lithium Americas Corp. TSX 4,852,522,939 Mixed Brine Li only 3 3 1.00 FS N N N N Y N N N 1

Lithium Chile Inc. TSXV 117,148,382    S America Brine Au and Li 8 6 0.75 Exploration Y N N N N N N N 1

Lithium Energi Exploration Inc. TSXV 11,904,554      S America Brine Li only 1 1 1.00 Exploration N N N N N N N N 0

Lithium South Development Corporation TSXV 54,505,861      S America Brine Li only 1 1 1.00 PEA N Y N N N N Y N 2

Lomiko Metals Inc. TSXV 15,476,600      N America Hardrock Green 2 1 0.50 Exploration Y N N N N N Y N 2

Macarthur Minerals Limited TSXV 44,993,659      Mixed Mixed Au and Li 12 4 0.33 Exploration N N Y N Y N N N 2

Nevada Sunrise Gold Corporation TSXV 4,741,766        N America Brine Au and Li 6 2 0.33 Exploration N N N N N N N N 0

New Age Metals Inc. TSXV 21,093,515      N America Hardrock Green 5 3 0.60 Exploration Y N Y N Y N N N 3

Nickel Rock Resources Inc. TSXV 7,899,007        N America Brine Green 3 1 0.33 Exploration Y Y N N N N N Y 3

Noram Lithium Corp. TSXV 62,778,741      N America Brine Li only 1 1 1.00 PEA N N N N N N N N 0

Nortec Minerals Corp. TSXV 2,437,830        Europe Hardrock Au and Li 4 1 0.25 Exploration Y Y N N N N N N 2

Portofino Resources Inc. TSXV 10,518,273      S America Brine Li only 2 1 0.50 Exploration N N N N N N N N 0

Power Metals Corp. TSXV 31,930,375      N America Hardrock Li only 3 3 1.00 Exploration N N N N N N N N 0

Pure Energy Minerals Limited TSXV 38,460,513      N America Brine Li only 1 1 1.00 Exploration N Y N N Y Y Y Y 5

QMC Quantum Minerals Corp. TSXV 19,977,990      N America Hardrock Au and Li 3 1 0.33 Exploration N N N N N N N N 0

Rock Tech Lithium Inc. TSXV 332,339,309    N America Hardrock Li only 1 1 1.00 PEA Y Y N Y N Y Y N 5

Sienna Resources Inc. TSXV 11,790,765      N America Brine Au and Li 6 2 0.33 Exploration Y N N N N N N N 1

Sigma Lithium Corporation TSXV 1,398,742,926 S America Hardrock Li only 4 4 1.00 FS Y Y Y Y Y N N N 5

Silver Valley Metals Corp. TSXV 4,631,222        N America Brine Green 2 1 0.50 Exploration N N N N N N N N 0

Standard Lithium Ltd. TSXV 1,353,454,498 N America Brine Li only 2 2 1.00 PEA N Y N Y Y Y Y Y 6

Stria Lithium Inc. TSXV 4,052,759        N America Hardrock Li only 1 1 1.00 Exploration N N N N N Y Y N 2

TNR Gold Corp. TSXV 9,465,139        S America Brine Au and Li 3 1 0.33 Exploration N N Y N Y N N N 2

Ultra Lithium Inc. TSXV 41,929,357      S America Mixed Au and Li 19 3 0.16 Exploration N N N N Y N N N 1

Usha Resources Ltd. TSXV 7,811,714        N America Brine Au and Li 4 1 0.25 Exploration N N N N N N N Y 1

Vision Lithium inc. TSXV 31,212,335      N America Hardrock Green 6 3 0.50 Exploration N N N N N N N N 0

Wealth Minerals Ltd. TSXV 80,771,692      S America Brine Au and Li 4 2 0.50 Exploration N N N N N N N N 0

Table 3 Complete dataset of all companies in the study.  Columns in white represent data collected from secondary sources as background data.  Columns 
in grey represent data from qualitative content analysis. 
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