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Abstract

The definition of critical and strategic minerals is linked to the susceptibility of the supply, the 
capacity of consumption and the commercial advantages that they provide to the country 
holding these resources. In Brazil, authorities have been striving to broaden the understand-
ing of the role and importance of critical and strategic minerals in the country’s economy, 
considering variations in technological trends and global market dynamics. In general, the 
countries of the European Union, as well as China, the United States, South Africa, India, Rus-
sia, Australia and Canada have coordinated government initiatives and programs to identify 
the essential minerals for their production chains, in order to develop supply strategies and 
the associated public policies to meet their demands.

The concept of mineral sovereignty, recently under discussion, is closely tied to the produc-
tion and supply strategies of critical and strategic minerals among nations. Within this con-
text, mineral sovereignty implies that the country must have the decision-making authority 
to extract and use its critical and strategic minerals. In addition, the proper use of critical and 
strategic minerals is also subject to the application of best practices of responsible mining, 
and countries should encourage public policies that boost the mineral sector in order to con-
tribute to sustainable development, the green economy and decarbonization.

The article explores the concept of critical and strategic minerals in Brazil and discusses the 
challenges for their responsible and sustainable use in the country, taking into account their 
contribution to the just transition and climate agenda, and considering the important role 
of the small-scale mining sector in the use of critical and strategic minerals, predominantly 
found in smaller-scale mineral deposits.

KEYWORDS
Critical Minerals; Strategic Minerals; Mineral Sovereignty; Just Transition; Mineral 
Geopolitics.
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1. Introduction: what critical and strategic minerals are

Critical minerals, often referred to as “high-tech minerals” or “green minerals,” are essential 
for developing clean technologies and meeting societal demands. These minerals are import-
ant for the industry and are indispensable for the generation of renewable energy, such as 
wind turbines and solar panels, in addition to incorporating low-carbon infrastructures and 
technologies (Hine, Gibson and Mayes, 2023).

The “critical” and “strategic” nomenclature applied to these minerals lacks a global consen-
sus, being subject of debates associated with constant technological evolution, as well as glob-
al crises and disruptions that affect supply chains. The definition of critical or strategic miner-
als varies among countries, leading to differing interpretations (Hayes and McCullough, 2018). 
Thus, the design of critical minerals is linked to their susceptibility to supply and their impor-
tance in the value chain. On the other hand, in the international market, strategic minerals are 
characterized by the commercial advantage they give to the country holding the resources.

1.1. The Brazilian definition

According to Decree N. 10.657, article 2, of March 24, 2021, the Brazilian definition of 
“strategic minerals” corresponds to the following groups (Brasil, 2021): 

Group I – Mineral goods that the country requires significant imports for the supply 
of vital sectors of the economy4: Sulfur; Phosphate Ore; Potassium Ore; and Molyb-
denum Ore.

Group II – Mineral goods that are important in high-tech products and processes 
(both in Brazil and abroad): Cobalt Ore; Copper Ore; Tin Ore; Graphite Ore; Plati-
num group ores; Lithium Ore; Niobium Ore; Nickel Ore; Silicon Ore; Thallium Ore; 

1. Full Professor at the Polytechnic School of the University of São Paulo and director of NAP.Mineração/USP 

2. Researcher at NAP.Mineração/USP

3. Researcher at NAP.Mineração/USP

4. According to Resolution CNDI/MDIC N. 1, of July 6, 2023, of the National Council for Industrial Development, the missions 
for the construction of industrial policy that directly impact critical and strategic minerals are: sustainable and digital agro-in-
dustrial chains for food and nutritional security; sustainable infrastructure, housing, sanitation and mobility for productive 
integration and well-being in large cities; digital transformation of industry to increase competitiveness; bioeconomy, decar-
bonization and energy transition and security to guarantee resources for future generations; and technologies of interest to 
national sovereignty and defense (CNDI, 2020).
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Minerals related to classification 1:
Sulfur, Phosphate, Potassium, Molybdenum

Minerals related to classification 2:
Cobalt, Copper, Tin, Graphite,
Platinum, Lithium, Rare Earths, Niobium,
Nickel, Silicon, Thallium, Tantalum,
Titanium, Tungsten, Uranium, Vanadium

Minerals related to classification 3:
Aluminum, Copper, Iron, Graphite,
Gold, Manganese, Niobium, Uranium

LEGEND:

MAP OF CRITICAL AND STRATEGIC MINERALS

Tantalum Ore; Rare Earth Ore; Titanium Ore; Tungsten Ore; Uranium Ore; and Va-
nadium Ore.

Group III – Mineral goods that have comparative advantages and that are essential 
for the economy by generating a surplus in the country’s trade balance: Aluminum 
Ore; Copper Ore; Iron Ore; Graphite Ore; Gold Ore; Manganese Ore; Niobium Ore; 
and Uranium Ore.

This definition of strategic minerals is categorized into three groups based on their signifi-
cance in Brazil’s applications, economy, and geopolitics. The first group covers mostly im-
ported minerals, which promote, among other purposes, the agricultural sector with the 
production of fertilizers. The second group encompasses high-tech minerals, including bat-
tery manufacturing and green economy innovations. The third group consists of minerals 
that provide a comparative advantage and occur in abundance in the national territory.

On the other hand, the meaning of critical minerals for Brazil is not rigid or fixed in offi-
cial documents. Instead, the country’s approach for identifying and managing these vi-
tal resources is characterized by an ongoing process of research and development (SGB, 
2024). Brazilian authorities have been striving to broaden the understanding of which 
minerals qualify as critical, recognizing that this classification may vary according to 
technological changes and global market dynamics.

Figure 1. Distribution of occurrences and mining titles for critical minerals in Brazil

 

 

 
Source: Developed by the authors.
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Figure 1 shows the distribution of mineral occurrences according to the classification 
of critical and strategic minerals in Brazil. Despite the wide distribution of occurrences, 
there is a limited number of mining titles (Mining Concession), especially in the North, 
Northeast and Midwest regions.

The difficulties linked to obtaining data from these regions, in general, are associated 
with poor road infrastructure and lack of investments in mineral exploration and pros-
pecting, as explained in the Integrated Management Report of the Brazilian geological 
service (SGB, 2022). Although there is a high potential for mineral discoveries in Brazil, 
investments in the Brazilian geological service are insufficient to meet the growing de-
mand for mineral information about the national territory5. In this sense, the low num-
ber of mining concessions is a consequence of reduced investments in research, which 
generate less geological knowledge and, finally, a lower performance of the mineral 
sector in these regions – excluding any type of illegal operation, which is not the focus 
of this analysis.

1.2. The perspective of other countries

In China, strategic minerals are seen as pillars of economic security and national defense. 
Since 1959, the country has adopted a protectionist approach in favor of its domestic 
industry, with investments in technology and innovation (Gulley, Mccullough and Shedd, 
2019). This policy extends mainly to research and intensive mineral exploration at the 
global level, as well as control over the processing of these minerals and the formation 
of strategic alliances with nations that hold valuable mineral reserves. China’s influential 
position in the global market for energy transition technologies is reinforced by research 
and development programs for critical and strategic minerals, in addition to national 
programs for the acquisition of geological knowledge by mineral exploration and re-
search (Vivoda, Matthews and McGregor, 2024).

In the United States, the criticality of minerals is defined by aspects such as the inclusion 
of non-fuel elements essential to maintain stability and economic development, as well 
as to protect the country’s military interests. In addition, the sensitivity of supply chains 
in relation to logistics and geopolitical resilience in accessing these resources is evaluat-
ed. Another aspect is the manufacture of indispensable products, whose scarcity could 
have impacts on industrial sectors and national security. The United States’ approach 
to critical and strategic minerals is in line with the principles of a free market economy, 
which prioritizes the role of US companies in strengthening supply chains (Castro, Peiter 
and Goes, 2022).

In the European Union (EU), the categorization of raw materials follows a dual approach, 
distinguishing between “critical” and “strategic”, each reflecting different aspects of im-
portance and risk. The classification is dynamic, adjusting to changing economic circum-
stances and potential resource scarcity. On the other hand, strategic minerals are those 
essential to boost key technologies in the energy transition and supply the defense and 
aerospace sectors. This classification is intrinsically linked to the EU’s reindustrialization 
plan, focusing on the circular economy and the diversification of materials and technolo-
gies, according to the interpretation of authors such as Pope and Smith (2023).

In Australia and Canada, the definition on critical minerals embraces aspects that are es-
sential to these countries’ economies, modern technologies, and national security, with a 
focus on sustainability and strategic development. In Australia, the definition outlines crit-
ical minerals essential for modern technologies and for economic and security stability, al-
ways associated with the risk of supply chain disruptions. In Canada, the categorization of 
critical minerals includes the importance for the country’s economic security, the need for 

5. The increase in investments in mineral research and exploration implies the identification of new areas with mineral poten-
tial and, therefore, in new ventures. Two years after the publication of the lithium research carried out by the SGB-CPRM in 
2016, in the Middle Jequitinhonha (MG), there was an increase in requests for research permits at the National Mining Agency 
(ANM, for its acronym in Portuguese) (>130). For example, Sigma Lithium made investments of US$150 million, leading to the 
discovery of the Grota do Cirilo deposit (SGB, 2022).
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these minerals in the energy transition, and their role as sustainable and strategic sources 
for international allies and partners (Castro, Peiter and Goes, 2022; Pope and Smith, 2023).

In India, critical minerals refer to primary or processed resources that integrate the pro-
duction processes of the economy and are part of green technologies, high-tech equip-
ment, aviation sector, and national defense (CSEP, 2022). Given the domestic demand 
in the country, the non-availability or price instability of critical minerals is a constant 
concern linked to the theme.

The criticality of minerals for South Africa is based on factors such as economic growth, 
industrialization, technological advances, and energy transition, also considering geo-
political aspects, vulnerabilities in the supply chain, and environmental and social is-
sues. The action plan of South Africa, and other African countries rich in critical minerals, 
has been increasingly export-oriented, along with efforts for the development of a local 
processing industry that can add value and drive sustainable economic growth. This fo-
cus includes the implementation of sustainable governance policies and the search for 
strategic partnerships that can strengthen local and regional value chains while meeting 
global needs for critical minerals (Müller, 2023).

For Russia, critical minerals are defined by their strategic importance for the economy, 
energy security and technological advancement, especially in contexts of transition to 
clean energy. These minerals are subject to price volatility and supply disruptions, es-
pecially due to geopolitical factors. For example, the war between Russia and Ukraine 
generated a significant increase in the prices of critical and strategic minerals, in addition 
to directly impacting global demand (Khurshid et al., 2023).

Therefore, it is up to countries to coordinate initiatives to identify the essential minerals 
for their production chains, in order to develop a supply strategy, as well as the associat-
ed public policies to meet these demands. Besides, as the global economy moves toward 
decarbonization and energy transition, critical and strategic minerals will experience sig-
nificant increases in demand, similar to the historical “gold rush” of the past (Hine, Gibson, 
and Mayes, 2023). This competition and the urgency to define, locate and establish more 
efficient supply chains for critical and strategic minerals intensify the need to defend the 
geopolitical interests of each country and affirm the sovereignty of their respective states.

2. How critical and strategic minerals relate to the 
national sovereignty agenda

Historically, there are several definitions on the concept of the state (Rousseau, 1978; Weber, 
2004; and Hobbes, 2019) based on views that attribute greater or lesser social influence. In 
general, there is a relationship established from the abdication of individual rights to the in-
stitution that has the power of the law (Hobbes, 2019), later defined as the holder of the mo-
nopoly of violence (Weber, 2004). Thus, it is constituted as a single abstract and impersonal 
institution that has sovereignty over all individuals (Skinner, 2002).

On the other hand, in the international field, there is the challenge around the creation of 
a supranational institution that can organize the relations between sovereign nations and 
international agents in an impersonal way (Nogueira and Messari, 2005), such as occurred 
with the institutionalization of the state. In this sense, there are organizations that emerged 
to mediate and engage in the standardization of relations between international agents (Acci-
oly, Cassela and Silva, 2019; Onuki and Agopyan, 2021). However, structural, and conceptual 
problems have generated challenges related to legitimacy before international agents.

There are different contexts of state action, especially regarding the domestic and external 
spheres. Internally, the institution represents individuals from a rational organization, with its 
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elements focused on social and economic order (Weber, 2004). On the other hand, due to the 
lack of a consolidated supranational structure in the international domain, the state’s perfor-
mance revolves around maximizing its interests and increasing bargaining with others, which 
turns cooperation partially restricted (Nogueira and Messari, 2005; Keohane, 1998).

In both scenarios, the state has the responsibility to act against internal and external agents 
that cause social conflicts (Weber, 2004) or threats to its fundamental rights, such as non-in-
tervention, the integrity of national territories and livelihoods (Accioly, Cassela and Silva, 
2019; Hobbes, 2019). In the recent historiography of Latin America, however, there are prob-
lematic relationships around state sovereignty, particularly concerning mineral sovereignty, 
especially in the context of foreign intervention6 (Israel and Pérez, 2023) and in the sense of 
internal disorder (Queiroz, 2023).

Therefore, the need for attention occurs due to the increased global relevance surrounding the 
mineral sources, especially in the face of social, economic, and geopolitical risks. The intense 
technological development on the world stage generates an abundant growth in the demand 
for critical and strategic materials (Pope and Smith, 2023), especially because of the impor-
tance of the elements in the technological production line (Castro, Peiter and Góes, 2022). 
Therefore, there are challenges related to the control of a territory’s mineral sovereignty.

Faced with this scenario of imminent challenges, there is a central mechanism to mitigate 
risks and mobilize discussions on mineral sovereignty, especially given the importance of the 
window of opportunity driven by technological advancement: the governmental agenda. The 
inclusion of the theme in the governmental agenda makes it also central among policymak-
ers (Brasil and Capella, 2019), representatives chosen by the groups of individuals in electoral 
periods, who are responsible for directing public policies, as shown in Table 1.

Table 1. The inclusion of topics on the governmental agenda over the years (and by govern-
ments)

 

 

 
 
Source: Adapted from Brasil and Capella (2019).

6. In this part, there is reference to the 1973 coup d ‘état in Chile during the government of Salvador Allende (1970-73), which 
had as one of its main reasons the nationalization of a mineral resource: copper (previously controlled by US institutions).

President Lula President Lula President Dilma

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Government and Public 
Administration 57% 40% 14% 10% 10% 12% 8% 9% 16% 9% 10% 15%

Macroeconomics 13% 15% 13% 11% 33% 13% 31% 35% 11% 18% 12% 8%

Health 0% 0% 0% 0% 0% 3% 0% 0% 8% 8% 6% 2%

Agriculture, livestock  
and fisheries  0% 0% 9% 6% 0% 1% 3% 0% 1% 2% 4% 5%

Education and culture 0% 3% 4% 11% 5% 12% 0% 6% 12% 9% 8% 10%

Environment 0% 0% 0% 0% 1% 0% 0% 1% 6% 1% 2% 1%

Energy 0% 0% 1% 7% 4% 5% 1% 3% 6% 0% 6% 4%

Social Policies 9% 18% 13% 18% 20% 11% 19% 13% 13% 10% 8% 6%

Local Development  
and Housing 0% 0% 3% 11% 4% 2% 0% 4% 4% 4% 2% 1%

Natural Resources 0% 0% 0% 0% 1% 2% 0% 1% 0% 1% 3% 2%

Others 21% 24% 43% 26% 22% 39% 38% 28% 23% 38% 39% 46%

Note: The data cover the Introduction of Messages to the National Congress from 2003 to 2014. The percentages add up to 100% in the 
columns, indicating the relative share of attention in all subtopics.
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The data in Table 1 demonstrate that the natural resources agenda was one of the least import-
ant issues on the governmental agenda (Brasil and Capella, 2019) during the analyzed period 
(2003 - 2014). Contrary to international politics, this deprioritization clashes with the technolog-
ical competition that directly influences a global race for critical and strategic minerals (Poppe 
and Smith, 2023). To take advantage of the opportunity to develop the critical and strategic 
minerals sector, it is essential that structural changes occur in the planning of the government 
agenda, in order to understand and prioritize discussions about the importance of mineral re-
sources in the broader economic, political, and social landscape at home and abroad.

Therefore, the different attributions to the meaning of “sovereignty” reflect the changes in 
the world geopolitical scenario, whose supreme power of the territory is transmuted into dip-
lomatic influence of a state or bloc – a set of two or more states brought together in favor of 
similar interests. Within the context of critical and strategic minerals, mineral sovereignty is 
discussed in the literature as a concept associated with accessibility to mineral resources, 
even though they are not geographically located in the same territory (Walker and Johnson, 
2018). Mineral sovereignty for critical and strategic minerals implies that the country must 
have the decision-making power of extraction to boost sustainable development, the green 
economy and decarbonization.

For mineral production to drive sustainable socio-economic development, adequate invest-
ments are needed at all stages of the mine life cycle. Collaboration between mining compa-
nies and local communities, through investments in community projects, promotes sustain-
able development, in addition to ensuring the continuity of quality of life after the closure of 
the mines (Zvarivadza, 2018). This management model encompasses the participation of all 
stakeholders and transforms mineral capital into economic and social capital.

The extraction of critical and strategic minerals and the country’s socioeconomic develop-
ment are intrinsically linked to the capacity of developing countries to manage the use of 
resources in line with national and international goals while also valuing national sovereign-
ty. Therefore, mineral extraction can be a key pillar for socioeconomic advancement when it 
is integrated into a development policy that includes strategic and sustainable investments.

In this context, the concept of just transition presents an opportunity to align sustainability ob-
jectives with those of justice, highlighting the importance of the active participation of workers 
and communities directly involved in mining activites. This ensures that the most vulnerable 
groups receive fair treatment and proper consideration during energy change processes (Wang 
and Lo, 2022). Likewise, for the mining activity to effectively contribute to sustainable devel-
opment, it is essential to provide an investment policy that favors mine closure with a specific 
focus on the future use of territories and the socioeconomic transition of these communities.

However, the incorporation of the concept of just transition also counters the fact that new 
responsible mining ventures require significant investments for their implementation. Like 
Brazil, other countries need to attract international investors to develop ventures that pro-
mote the use of critical and strategic minerals in accordance with the just transition agenda. 

As a result, some countries have instituted specific incentives to attract investors, either di-
rectly or through bilateral agreements and broader trade agreements (Ayuk, Pedro and Ekins, 
2020). This type of investment also contributes to the socioeconomic development of commu-
nities, such as investments in mineral cooperativism, which are organizations that support the 
miners through actions and policies to improve the mining practice and that aim to improve 
the socioeconomic conditions of the local population (Alves, Ferreira and Araújo, 2017).

Other recent examples of such initiatives in Brazil occured during the Covid-19 pandemic, 
a moment of global crisis that directly affected mining and production chains. In the global 
study led by the DELVE organization, carried out between April and June 2020 in more than 
22 countries, the impact of the Covid-19 pandemic on the mining sector was analyzed and 
monitored. During this period, mineral cooperatives played an important role in assisting local 
communities, with emphasis on food and medicinal support (Delve, 2020; De Tomi, Araujo and 
Azevedo, 2021).
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3. How critical and strategic minerals contribute to the 
just transition and climate agenda
The first definition of ‘Just Transition’ emerged in the 1980s, originally driven by the United 
States trade unions as a response to environmental policies that required the closure of pol-
luting industries to protect air and water quality (Newell and Mulvaney, 2013). Just transition, 
in this perspective, focuses on safeguarding jobs in vulnerable sectors, avoiding the transfer 
of polluting industries to other countries, and requiring organizations to adequately prepare 
for a low-carbon economy.

The concept of ‘Just Transition’, as articulated by the United Nations (UN) Committee for 
Development Policy, stands out as a fair and equitable approach to address the necessary 
changes towards sustainable and low-carbon economies and societies (CDP, 2023). Central 
to this concept is the notion that the environmental and climate transition should leave no 
one behind, ensuring that both opportunities and challenges are shared fairly among all seg-
ments of society.

This principle recognizes the complexity and interconnectedness of climate action, social 
justice, and sustainable economic development (McCauley and Heffron, 2018). It reflects 
the need for an inclusive dialogue between governments, the private sector, communi-
ties, and individuals to create transition strategies that consider local, national and glob-
al realities as well as historical responsibilities related to climate change and environ-
mental degradation.

The just transition therefore aims at creating policies and practices that not only minimize the 
negative impacts on workers, marginalized groups and communities affected by the decom-
missioning of high-carbon industries, but also maximize the benefits of the shift to a green 
economy. This includes promoting new employment opportunities, developing skills, access-
ing clean and sustainable technologies, and ensuring social protection systems that support 
individuals during the transition (Pavloudakis, Karlopoulos and Roumpos, 2023).

In addition, the just transition concept emphasizes the importance of equity, inclusion, and 
respect for human rights in all policies and areas related to the transition. This aspect refers to 
targeted compensatory measures and the integration of justice and inclusion as fundamental 
elements in all sectors and policies (Qurbani, Heffron and Rifano, 2021).

Globally, a just transition requires that climate finance commitments are met, that damag-
es and losses are offset, and that climate mitigation is undertaken in accordance with the 
Paris Agreement7. This implies transition strategies that consider the structure of global and 
regional supply chains, combating tensions linked to the theme and involving workers and 
relevant stakeholders in dialogue and decision-making processes along the supply chain (Mc-
Cauley et al., 2019; Ciplet and Harrison, 2020).

In an approach consisting of different sides of justice for the energy transition, Heffron and Mc-
Cauley (2018) elaborate the ‘JUST’ framework, which introduces an assessment of the issues 
of justice, specific and universal, geographical location and time, as summarized in Table 1.

Distributive justice refers to equity in the distribution of resources in society. As the critical 
and strategic minerals sector expands, it is necessary to ensure the participation of min-
ing-affected communities in decision-making that involves harnessing these resources and 
sharing the benefits generated from mineral activity. For example, taxation, a key concept 

7. The Paris Agreement was a new agreement between 195 countries, adopted at the 21st Conference of the Parties (COP21) to 
the United Nations Framework Convention on Climate Change (UNFCCC), whose objective is to unify a global position on the 
threat of climate change and strengthen the capacity of countries to combat the subsequent impacts of climate change. See 
the full document at: (https://unfccc.int/documents/9064). 
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in this regard, is essential so that the parties involved can know the destination of revenues 
and how the distribution of taxes occurs – and how they are returned to society in the form 
of investments. Procedural justice, on the other hand, focuses on the legal process of con-
ducting a project, from planning to the final product, and whether all affected parties have 
the opportunity to be involved (or represented) in these different stages. Restorative justice 
is the mechanism to ensure that the future use of the territory in which mining took place is 
properly delivered to society, mitigating socio-environmental risks. Meanwhile, recognition 
justice questions the extent to which the rights of different groups in society are widespread 
and, more importantly, respected. Cosmopolitan justice, finally, proposes a reflection on the 
global effect of mining (Heffron, 2020).

Table 2. The ‘JUST’ analysis for the energy transition

 

 

 
Source: Heffron and McCauley (2018).

Until an integrated framework between the concept of ‘Just Transition‘ and the multiple oc-
currences of justice was obtained, the term has undergone changes throughout history. First, 
the historical roots of ‘Just Transition’ traced its origins to the workers’ movement, through 
an interconnection between energy and economy. Then the energy transition came to in-
clude justice, particularly environmental, climate and energy.

As a result of the deepening of the justice element, ‘Just Transition’ is described in a frame-
work format that brings together the principles of justice and employs the material dimen-
sions of just transition. Subsequently, the concept also contemplates governance, percep-
tions, and public actions around the justice of low-carbon transitions (Wang and Lo, 2021).

In general, the reference to just transition does not create any direct legal obligations arising 
from the Paris Agreement. However, the concept introduced through its political function a 
new element of intrastate justice in international climate law that anticipates the need for dis-
tributive and procedural justice measures to create fair climate laws and policies. In addition, 
the just transition maintains legal relevance for its interpretative function, through which it 
clarifies and adds new dimensions to the interpretation of existing principles and obligations 
under the Paris Agreement (Johansson, 2023).

From these perceptions of ‘Just Transition’ it is noted that the concept has evolved in a positive 
way to the terms established in the Paris Agreement. From a work-centered focus, the concept 
has come to embody the importance of implementing climate measures that engage and pro-
tect vulnerable communities, strengthen justice, and advocate for national measures that pro-
mote socio-economic and sustainable development. In the case of critical and strategic miner-
als, mineral sovereignty is associated with the concept of ‘Just Transition’ and, therefore, with 
different manifestations of justice that must be incorporated into public policies in the sector.

Thus, the activities of prospecting, extraction, milling, concentration, smelting, refining, dis-
tribution, and sale must be outlined for a scenario of climate, environmental, energy and 

J Justice

Aspects of Justice considering 3 approaches to justice:

• Distributive Justice

• Procedural Justice

• Restorative Justice

U Universal

The Universal aspect considers two universal concepts of 
justice:

• Recognition

• Cosmopolitanism

S Space
The Space aspect is associated with the locality, where the 
activities take place, considering the local, national and 
international levels.

T Time
The Time aspect considers the time horizons for the 
transition, for example 2030, 2050, 2080, among others, in 
addition to the pace of the energy transition progress.
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social justice. Since products from critical and strategic minerals are used daily by society, 
their importance must be recognized in global supply chains (Heffron, 2020). Thus, the devel-
opment of critical minerals is a global issue that is part of value chains and plays a significant 
role in ensuring a just transition to a low-carbon economy around the world.

On the global stage, critical and strategic minerals are fundamental in the process of meeting 
the UN Sustainable Development Goals (SDGs). These objectives are a universal set of tar-
gets and indicators established to guide countries in promoting economic, social and envi-
ronmental development that make up the UN 2030 Agenda. This involves economic growth, 
social inclusion, and environmental protection, ranging from eradicating poverty and hun-
ger to combating climate change and preserving natural resources, especially in developing 
countries (UN, 2015; Franks, Keenan and Hailu, 2022).

In addition to emphasizing the need for global collective action, the SDGs recognize that sus-
tainability is a shared responsibility between governments, the private sector, civil society 
and citizens. Thus, Brazil’s critical and strategic minerals play a fundamental role, as they are 
essential resources for the energy transition, technological innovation, and the development 
of sustainable infrastructures.

Despite the indisputable importance of the Sustainable Development Goals, there are lim-
itations and challenges when they are applied to the context and the needs of Global South 
countries. Since the SDGs have an ethnocentric approach, projected by countries mainly in 
the Global North, the values, and priorities of other countries, mostly located in the southern 
hemisphere, are not fully included, although they play a large role in achieving the estab-
lished goals (Nsafon et al., 2023).

The Global South is strategically important for the transition to renewable energy, given its 
richness in minerals such as copper, lithium, cobalt, and nickel. To materialize this leader-
ship, it is necessary however to recognize the unique requirements of these regions, which 
transcend the economic importance and security of supply, which are usually the main deter-
minants of the criticality of minerals in the Global North. Creating a sustainable value chain 
for these critical minerals in the Global South requires the implementation of sound policies, 
as well as the adoption of legal and regulatory frameworks that emphasize environmental 
conservation, social responsibility and amplify the economic benefits derived from the ex-
panding extractive industry (Nakanwagi, 2023).

With the effective implementation of policies directed at the growing importance of South 
America in the critical and strategic minerals sector, more sustainable economic models, 
global climate regulation and the energy transition can become a reality. Likewise, this re-
construction of internal actions can reinforce the influence of these countries in global deci-
sion-making. The success of South America depends on government action and companies 
that can invest in this sector (Bickel and Mia, 2023).

National cooperation and commitment to environmentally responsible and economically 
viable guidelines are crucial for South America and, specifically for Brazil, to position them-
selves as leaders in the global energy transformation and in the fight against climate change, 
highlighting the power of these minerals on the path to the future green economy.

3.1. Small-scale mining and the ‘Just Transition’  
for critical and strategic minerals

In general, critical and strategic minerals are often found in small-scale deposits8, extract-
ed by Artisanal and Small-Scale Mining (ASM) (Hilson and Maconachie, 2020). Thus, the 
exploitation of these minerals, especially in the Global South, is commonly carried out by 
small-scale mining operations, an important economic sector for developing countries. 

8. According to the National Mining Agency (ANM, for its acronym in Portuguese), the annual gross production of ore is what 
characterizes the deposits: the microscale has an annual production of less than 10,000 tons, while the small scale, between 
10,000 and 100,000 tons.
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critical minerals is a 

global issue that is part 
of value chains and plays 

a significant role in 
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Therefore, the discussion, formulation, and dissemination of public policies to address 
the challenges of small-scale mining within the context of the ‘Just Transition’ are initia-
tives that will directly benefit the critical and strategic minerals sector in Brazil.

In 2017, the Ministry of Mines and Energy (MME) surveyed the 9,530 mines in operation 
in the country and identified that 5,653 (59.3%) were micro-scale, 2,758 (28.9%) small-
scale, 992 (10.4%) medium-sized and 135 (1.4%) large-sized. Thus, the micro and small 
mining sector is responsible for 87% of active mining titles in Brazil. In addition, approx-
imately 25% of these titles correspond to Mining Concessions for a mineral considered 
critical and strategic by the Brazilian definition: gold (CNI, 2022; IBRAM, 2020).

The ASM sector is responsible for at least 300,000 direct and indirect jobs (MME, 2018; 
IGF, 2017) in Brazil. Of this total, companies working in the extraction of metallic minerals 
provide 31% of the sector’s jobs, while the non-metallic minerals sector offers 42% of 
occupations, and the extraction of gems represents 27% of occupations. As for the distri-
bution of labor by group of extracted substances, the group of non-metallic substances 
accounts for 78% of jobs, while the group of metallic substances accounts for 19%, and 
the group of gems accounts for 3% (MME, 2018).

Within the spectrum of ASM operations, it is crucial to discern between formal, informal, 
and illegal mining practices to properly understand the operational landscape, according 
to the information in Figure 2. Formal mining refers to activities that fully comply with 
current legislation, with all licenses and authorizations required by regulatory agencies 
for mining and mineral processing. In contrast, informal mining operates on the margins 
of some or all legal requirements, often due to lack of knowledge or access to regulariza-
tion processes, resulting in an operation in an informal location.

Illegal mining – which is not addressed in this analysis – is that conducted in areas where 
the activity is expressly prohibited by law or without complying with established legal 
norms and is often referred to as “illicit mining”9. This type of mining constitutes a direct 
violation of current legislation and is a significant challenge for the governance and sus-
tainability of the sector.

Figure 2. Characterization of mining production scales

 

Source: Adapted from De Tomi, Araujo and Azevedo (2021).

In Brazil the mining activity is governed by a set of laws that seek to balance mineral 
exploration with environmental protection and the socioeconomic promotion of miners. 
The Federal Constitution of 1988 outlines that the state must encourage the organization 
of this activity in cooperatives, ensuring the compatibility between the use of resources 
and environmental conservation.

With this, Law N. 7.805/90 introduces the Artisanal Mining Permit regime, granted to both 
individuals and cooperatives, for the extraction of minerals in alluvial, eluvial and collu-
vial deposits10, as well as other minerals classified as mineable by the National Mining 

9. The  term “illicit mining”  is often used  to  identify  illegal mining activities  that are  the  target of operations by  the Federal 
Police Department (DPF, for its acronym in Portuguese), which is a Brazilian police institution, subordinated to the Ministry 
of Justice (https://www.gov.br/pf/pt-br/assuntos/noticias/2019/10/operacao-azougue-combate-extracao-ilegal-de-mineri-
os-em-terra-indigena).

10. The terms alluvial, eluvial and colluvial mining refer to methods of extracting minerals from unconsolidated rocks, which do 
not require explosives and large equipment for their extraction and use (Peregovich, Mathis and Grelo, 2005).

Production Scale

Location Documentation Micro Small Medium Large

Allowed
Complete Formal Mining

Incomplete Informal Mining

Banned Illegal Mining

https://www.gov.br/pf/pt-br/assuntos/noticias/2019/10/operacao-azougue-combate-extracao-ilegal-de-minerios-em-terra-indigena
https://www.gov.br/pf/pt-br/assuntos/noticias/2019/10/operacao-azougue-combate-extracao-ilegal-de-minerios-em-terra-indigena
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Agency. This legislation specifies that mining can be carried out without the need for 
previous research work, according to the sole paragraph of article 1 of Law N. 7.805/89 
(Brasil, 1989).

Subsequently, Law N. 11.685/2008, known as the Mining Statute, was enacted to align 
mining practices with the principles of Mining Law. This law establishes the rules for dif-
ferent forms of work in the mines and reiterates miners’ responsibilities, including the 
requirement of appropriate titles for both the mining and the initial commercialization 
of extracted minerals (Brasil, 2008). Thus, the legislation in force structures a regulatory 
framework that seeks to guarantee the rights of miners, while imposing clear obligations, 
aiming at sustainability and legality in the use of mineral resources.

In view of the importance of micro and small-scale mining for critical and strategic min-
eral occurrences, in addition to the sector’s role in socioeconomic and sustainable de-
velopment, rises the challenge of assessing whether both large and small-scale mining 
are prepared to face the demands of the 21st century. This questioning is particularly 
relevant within the context of ‘Just Transition’, which requires a reassessment of mining 
practices in view of stricter sustainability, equity, and fairness criteria.

At an advanced stage of the energy transition, circular economy principles emerge as a 
promising alternative to linear models of production and consumption, which are cur-
rently characterized by extraction, use and disposal. Based on the reuse and recycling of 
materials and energy, the circular economy concept proposes a continuous life cycle for 
resources, minimizing waste and maximizing the value of products over time. This model 
seeks to optimize systems to be regenerative by design, leveraging innovations in pro-
cesses and business models to reduce pressure on finite natural resources and mitigate 
environmental impact (Bag, Gupta and Foropon, 2019; Baldassarre et al., 2023).

3.2. The circular economy and critical and strategic 
minerals

When applied to the management of critical and strategic minerals, the circular econ-
omy can offer pathways to more sustainable and resilient development practices. In a 
sector marked by intensive extraction and the potential for environmental degradation, 
the adoption of circular practices could revolutionize resource management. This would 
include the implementation of mining techniques that enable the recovery and reuse of 
minerals at various stages of a product’s life cycle, and the development of technologies 
that facilitate the recycling of mineral components from discarded products (Hartley, 
Baldassarre and Kirchherr, 2024). Above all, circular economy can position the manage-
ment of critical and strategic minerals as a central axis for a more adaptive global econo-
my less susceptible to external shocks.

Currently, little attention has been paid to reuse, remanufacturing and extending lifes-
pan, while recycling and reduction are heavily examined as circular economy strategies 
(Watari, Nansai and Nakajima, 2020). Although the circular economy is an objective for 
an energy transition scenario, there are still gaps that prevent the implementation of a 
system like this at the moment. Among other aspects, it is necessary to conclude this 
transition phase in which economic, social, and environmental agendas emerge in their 
completeness to integrate public policies in sectors that still have informality or illegality 
in the mining of critical and strategic minerals (Sovacool, 2019).

The challenges of developing countries also reflect the need for greater participation in 
international decision-making and in solving practical and structural aspects that we face 
in this transition phase. Effective implementation of reuse, remanufacturing, and lifes-
pan extension requires significant changes in product design, support infrastructure, and 
consumer perception. In addition, the technological innovations needed to make these 
practices viable on a large scale is still under development. Therefore, while the goal of a 
closed-loop material cycle remains fundamental, it is evident that we have not yet reached 
the technological and cultural maturity necessary to implement the circular economy in 
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its entirety. As pointed out by Yuan et al. (2024), the current economic and political situa-
tion of emerging countries limits leadership capacity in international organizations. 

In general, the insertion of the critical and strategic mineral sector in the context of the 
circular economy and ‘Just Transition’ requires a broad public, private and society-wide 
commitment. Such a commitment must recognize and overcome the specific challenges 
surrounding this sector in Brazil, which is rooted in a traditional mining culture that has 
persisted for five centuries and that generates resistance to change (Bansah et al., 2018). 
However, recent World Bank research (2023) indicates a growing awareness of miners 
in this sector about climate issues and an expressed desire to adopt clean and efficient 
technologies to minimize the environmental impact of their activities.

The extractive sector of critical and strategic minerals has often been cited in conflicts re-
lated to the management of the territory and the issue of mine closure and future use 
of the lands temporarily occupied by mining. For example, the Democratic Republic of 
Congo holds 70% of global cobalt reserves, but the extraction of this mineral has been 
surrounded by social conflicts, with the presence of approximately 120 different armed 
groups in the region where mining operations take place (CIGI, 2023). In the case of Brazil, 
the mining sector faces reputational challenges due to a history of adverse environmental 
impacts and social conflicts. This legacy has contributed significantly to a negative percep-
tion of these activities, and a constant association with socioeconomic and environmental 
problems arising from their operations (MJSP, 2023; Ramos, Victral and Rezende, 2023).

An effective commitment to insert the mining of critical and strategic minerals in public 
energy transition policies must address both the need for innovation and adaptation in 
the sector and the urgency of repairing its image and mitigating the damage caused. This 
involves facilitating miners’ access to clean technologies, promoting the formalization and 
equitable regulation of mining activities, and actively engaging in the restoration of affect-
ed ecosystems.

4. Challenges for the use of critical and strategic 
minerals in Brazil
4.1. The geopolitics of critical and strategic 

minerals
Competition for critical and strategic minerals, in parallel with the search for national 
sovereignty, can stimulate geopolitical disputes. As discussed in the topic of Mineral Sov-
ereignty, one of the mechanisms to ensure access to critical and strategic minerals is the 
adoption of bilateral agreements or trade agreements. In this context, the main interna-
tional cooperation blocs related to mineral security are: the Minerals Security Partner-
ship (MSP), led by the United States and formed by Australia, Canada, Finland, France, 
Germany, Japan, Norway, South Korea, Sweden, the United Kingdom and the European 
Union; and BRICS, composed of Brazil, Russia, India, China and South Africa. The consol-
idation of these blocs goes through challenges that include collaborative approaches, 
the adoption of common currencies, among others (Martins, 2023). The objective is to 
provide fair competition conditions for participating countries, prevent unfair practices 
and offer mechanisms for resolving commercial disputes.

For example, in the case of the BRICS bloc, although Saudi Arabia has not yet accepted 
the invitation to join the economic bloc, the country has already participated in the criti-
cal minerals sector in Brazil (Baskaran and Cahill, 2023; Vivoda, Matthews and McGregor, 
2024). In view of the current geopolitical context, the different blocs have driven a race for 
sovereignty over critical and strategic minerals. In this sense, collaboration and competi-
tion are intertwined in the formation of a new, more diverse, and multipolar world order.

“In general, the 
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4.2. Policy instruments relevant to the critical and 
strategic minerals sector

The growth in demand for critical and strategic minerals generates greater speculation 
about the mineral resources important to the market. In this context, the role of the gov-
ernment vis-à-vis the nation is to defend social order and livelihoods against any threat 
(Accioly, Cassela and Silva, 2019; Weber, 2004). For this, it is necessary to increase the 
flow of control and information, in order to maximize the efficiency of the production 
chain of critical and strategic minerals.

In this line, public policies are essential to control and predict actions related to the pro-
duction process of mineral resources and aim to set standards and ensure a safe and 
regulated ore exploration process. In this perspective, five policy instruments relevant to 
the control of the critical and strategic minerals sector are highlighted:

1. Exploratory Work Plan (PTE, for its acronym in Portuguese): in order to anticipate possi-
ble problems and frame mining activities within the regulatory scope, the Exploratory 
Work Plan (PTE) is required before the start of mineral extraction activities. Therefore, 
the duties performed by operators in the area undergo analysis by the competent au-
thorities, which directs the tasks of the critical and strategic minerals sector to a reg-
ulatory standard, in order to ensure control over environmental impacts, safety and 
transparency of activities (ANP, 2023).

2. National Policy for Climate Change (PNMC, for its acronym in Portuguese): The PNMC 
aims to establish strategies to address the challenges of climate change.  In this sense, 
a policy that aims to establish environmental regularizations within different sectors 
of society, such as the services of mining companies (Brasil, 2009).

3. Brazilian Emissions Trading System (SBCE, for its acronym in Portuguese): in addition to 
the PNMC, the SBCE aims to control greenhouse gas emissions, regulating the carbon 
market in Brazil under the logic of cap-and-trade — a market system that establishes a 
maximum number of CO2 emissions and, from that, a dynamics of buying and selling 
emissions (SBCE, 2022).

4. New Growth Acceleration Program (PAC, for its acronym in Portuguese): directed by the 
federal government to encourage economic growth and social inclusion in the coun-
try. For this, it covers monetary investment in specific sectors, such as: education, 
health, science, and technology. In the critical and strategic minerals sector, invest-
ments can be used to fund research and development of efficient and sustainable 
mineral extraction processes (Brasil, 2024a).

5. New Industry Brazil (NIB): this is an action plan for “neoindustrialization” in the next 
10 years, in order to maintain incentives to the productive sector in a sustainable 
and profitable way. To this end, it is directed from six main missions (Brasil, 2024b): 

a. sustainable and digital agro-industrial chains for food, nutritional and energy 
security;

b. resilient health industrial economic complex to reduce vulnerabilities of the Uni-
fied Public Health System (SUS, for its acronym in Portuguese) and expand access 
to health;

c. sustainable infrastructure, sanitation, housing and mobility for productive inte-
gration and well-being in cities;

d. digital transformation of the industry to increase productivity;

e. bioeconomy, decarbonization, transition and energy security to ensure resourc-
es for future generations; and
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f. technologies of national sovereignty and defense interest.

To complement, the aforementioned political instruments are part of or influence an im-
portant regulatory mechanism: public policies. Given the global context around critical and 
strategic minerals, these instruments increase security against threats, in addition to con-
tributing to the standardization of minerals extraction process, enforcing them to comply 
with common interests and growing international agreements, which can generate great 
opportunities for the country in the global market.

Therefore, the prioritization of critical and strategic minerals in the government agenda 
should be considered as a key strategy for the country’s development. The policy instru-
ments highlighted above are essential for maintaining control over mineral resources and, 
through prioritization and investment plans, can intensify the process of responsible and 
sustainable extraction.

4.3. Action axes and public policies for the mining 
of critical and strategic minerals

Considering the challenges, obstacles and opportunities of mining, and in particular the 
small-scale mining sector, the responsible use of critical and strategic minerals in the var-
ious regions of Brazil depends on public policies and actions that drive a transformation 
process through four main axes, described below.

The first axis of transformation is related to the implementation of capacity-building ini-
tiatives, aiming at technological modernization, and increasing the competitiveness of 
the mining sector. Such initiatives represent a crucial pillar for the sustainable develop-
ment of the activity. Inspired by the SENAR model for rural sector learning, the creation 
of a national service dedicated to responsible mining learning and practice can be pro-
posed. This initiative needs to cover the entire country, taking into account the geologi-
cal, logistical, and social contexts of each region where there are occurrences and mining 
operations of critical and strategic minerals. The objective should be to build a strong 
knowledge foundation and advanced techniques for miners in the ASM sector, with con-
tinuously updated capacity-building programs, and promoting excellence and environ-
mental and social responsibility in Brazilian mining.

The second axis of transformation is related to the promotion of cooperativism and as-
sociativism as a strategy to strengthen and consolidate mining management and gover-
nance structures, especially in the small-scale mining sector. The expansion of the cur-
rent programs on Mineral-Based Local Productive Arrangements11 (APL, for its acronym 
in Portuguese) is also an important initiative to develop this transformation, in order to 
improve the organization and productive capacity of the ASM sector. This type of collec-
tive organization allows resource, knowledge, and strategy sharing, contributing signifi-
cantly to the sustainable and integrated development of the sector.

The third axis of transformation considers the formulation of public policies that support 
small-scale mining, especially concerning formalization requirements. The provision of 
specific credit and financing lines for the sector aims to formalize and stabilize the busi-
ness environment, mitigating the impacts of frequent regulatory changes. Furthermore, 
the proposition of a one-stop digital system for responsible mining aims to simplify pro-
cesses, meeting miners’ expectations and encouraging governance practices in mining 
operations, with the support of cooperatives and associations.

Finally, the fourth axis of transformation refers to the dissemination of coexistence prac-
tices between large-scale mining operations and the small-scale mining sector. Current-
ly, coexistence programs have proven to be an effective mechanism to promote the evo-

11. The Mineral-Based Local Productive Arrangements (Mineral-Based APL) Program is a Ministry of Science, Technology and 
Innovation program that aims to assist, foster and encourage small mining companies and mining cooperatives (https://www.
gov.br/ibict/pt-br/assuntos/informacao-tecnologica/rede-apl-mineral).

https://www.gov.br/ibict/pt-br/assuntos/informacao-tecnologica/rede-apl-mineral
https://www.gov.br/ibict/pt-br/assuntos/informacao-tecnologica/rede-apl-mineral
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lution of small-scale mining in the world, with several success stories in Latin America 
and Africa. The coexistence model in mining encourages dialogue between stakeholders 
(Young et al., 2022) and promotes conflict mediation between miners, regulators and in-
volved communities.

A common point to the transformation axes of the mineral sector is the need for this 
sector to have strong and present official institutions and agencies. The success of such 
initiatives depends on strengthening the sector’s official institutions.

5. Final Considerations

Access to critical and strategic minerals represents a challenge for all nations due to the need 
to meet technological demands for the energy transition, as well as to supply minerals for 
strategic areas such as housing, industrial development, energy, climate change, transport, 
and subsistence of the population.

Public policies related to the critical and strategic minerals sector should not be limited to the 
supply of these substances but should also incorporate the concepts of mineral sovereignty 
and ‘Just Transition’. In the case of mineral sovereignty, the exploitation of critical and stra-
tegic minerals and the socioeconomic development of the country are intrinsically linked to 
the ability to manage the use of resources in line with national and international goals while 
also valuing national sovereignty.

Therefore, mineral extraction can be a fundamental pillar for socioeconomic advancement 
when it is integrated into a development policy that includes strategic and sustainable in-
vestments. On the other hand, the exploitation of critical and strategic minerals is a global 
issue, which is part of value chains and plays a significant role in ensuring a just transition to 
a low-carbon economy around the world.

On the global stage, critical and strategic minerals are fundamental in the process of meeting 
the UN Sustainable Development Goals, which involve challenges of economic growth, so-
cial inclusion, and environmental protection, ranging from eradicating poverty and hunger to 
combating climate change and preserving natural resources, especially for developing coun-
tries, which still face challenges such as inequality, poverty, industrialization, among others.

An important aspect related to mineral sovereignty is Brazil’s alignment with international 
cooperation blocs for the supply of critical and strategic minerals. For this, the transforma-
tion actions of the Brazilian mineral sector must consider the axes of capacity-building, co-
operativism and associativism, coexistence in mining and public policies to support the sec-
tor, especially that of small-scale mining. A common point to the transformation axes of the 
Brazilian mineral sector, including critical and strategic minerals, is the need to have strong 
official institutions and agencies in the sector. Therefore, the responsible use of critical and 
strategic minerals requires both public and private actions and initiatives that enhance the 
mineral sector in order to contribute to sustainable development, the green economy and the 
decarbonization of developing countries.
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