International Journal of Economic Sciences, Volume 00, Issue 00 (2025) 1-21

International Journal of Economic

SCIENTIFIC

S Clences International

Journal of

Economic

Sciences

Journal homepage: www.ijes-journal.org
eISSN: 1804-9796

o
o
]
(=]
2
H
g
5
w

sclo

Economics and Multi-Criteria Decision Support for Sustainable Cobalt

Production

Rosa Maria Ricoy-Casas!, Jose Maria Lago Cabo?’, Jorge Eduardo Vila Biglieri%, Darko Bozanic3

1 University of Vigo, Faculty of Communication and Social Sciences, Department of Sociology, Political Science and
Administration, and Philosophy, Vigo, Spain
2 University of Vigo, Faculty of Business and Economics, Department of Financial Economics and Accounting, Vigo, Spain
3 University of Defence in Belgrade, Belgrade, Serbia
ARTICLE INFO ABSTRACT
. ) Mining critical minerals in the Democratic Republic of Congo comes with
Article history:

Received 1 September 2025

Received in revised form 4 November 2025
Accepted 27 November 2025

Available online 1 December 2025

Keywords:

Economic Risk Assessment; Critical
minerals; PESTLE analysis; SWOT
modelling; Resource economics;
Operational research

tough governance hurdles, environmental damage, and deep socioeconomic
strains. This study’s approach blends SWOT with PESTLE analysis, drawing
on the insight of experts from 32 organizations in 11 countries, including
Canada, France, Germany, India, Norway, Pakistan, Poland, Portugal,
Romania, Spain, and the United States. This two-pronged approach makes it
easier to fully examine the structural, political, and socio-environmental sides
of the cobalt industry in the Democratic Republic of the Congo. The PESTLE
analysis paints the DRC’s political climate as unstable and steeped in
corruption, with social governance in deep crisis and environmental oversight
falling far short. In the SWOT analysis, strengths at 14.49 and opportunities at
12.54 edge ahead of weaknesses at 12.95 and threats at 11.27 on average. This
forms the foundation for the study’s conclusion: greater transparency in
institutions, fairer labour market governance, and stronger environmental
laws could help curb the extractive injustices tied to cobalt mining in the DRC.

1. Introduction

The Democratic Republic of the Congo (DRC) produces more than 70% of the world's cobalt [1].
Over half of the world's cobalt reserves are in this country [2]. Cobalt supply is hampered by a number
of factors, including price volatility, social and environmental problems associated with mining
operations, and the concentration of production in the DRC [3]. Given the high strategic value of
cobalt, countries such as Switzerland, Australia, Canada, and India are investing in the extraction of
this critical mineral in the DRC, with China leading the number and importance of initiatives for the
extraction of minerals [4]. China is also a leader in cobalt processing, potentially altering the rules of
the international trade and security game [5]. China's omnipresence in the technological landscape
may allow for the influence necessary to preserve control [6]. Owing to the complexity of this case

* Corresponding author.

E-mail address: josemaria.uvigo@gmail.com

https://doi.org/10.31181/ijes1412025237

© The Author(s) 2025 | Creative Commons Attribution 4.0 International License



https://ijes-journal.org/journal/index
https://doi.org/10.31181/ijes1412025237
https://creativecommons.org/licenses/by/4.0/

International Journal of Economic Sciences
Volume 00, Issue 00 (2025) 1-21

study, a holistic approach combining different areas of study is appropriate for analysis. In addition,
we must consider the nature of the different actors that interact in these extractive activities. On the
one hand, there are old players, traditional mining companies, and local governments; on the other
hand, there are new players, technology companies, and international investors.

Consequently, the governance of cobalt production in the DRC is marked by extractive institutions
that concentrate on property rights in the elites. This situation persisted despite the implementation
of legal reforms. Increased local population involvement in mining governance was promoted by the
2002 Mining Code and its 2018 revisions. Unfortunately, these changes have not had a significant
impact. Due diligence obligations concerning the importation of conflict minerals are required by
other legislation, specifically Regulation (EU) 2017/821. Improving the human rights situation during
the extraction of minerals is a further objective of the 2023 EU-US Agreement on Critical Minerals. It
has an indirect effect on the DRC, though. The European Union proposed the European Critical
Minerals Regulation of 2023, which is presently in the implementation stage, to ensure a safe and
sustainable supply.

In academia, more scientific evidence and debates on renewable energy are needed. Most
approaches focus mainly on one of the traditional dimensions of sustainability, such as economic [7—
9] or the environment [10-13], but governance analysis should be incorporated to take a holistic
approach to this topic. It is also necessary to analyze how the existing power relations between old
and new actors or between actors acting at different levels change, as it still lacks sufficient analysis
to be addressed in this study. Thus, a growing body of policy and research emphasizes the importance
of ethical and just approaches to energy transitions, as well as the consideration of vulnerable
communities and groups.

The motivation for this work stems from the need to understand the complexities and
contradictions inherent in cobalt production in the Democratic Republic of Congo [14]. Despite its
strategic importance in the transition to renewable energy, the cobalt supply chain is affected by
issues such as labor exploitation, environmental degradation, and human rights violations [15]. This
study aims to shed light on these issues and contribute to the debate on the need for sustainable
energy transitions [16]. The main contribution of this study is to analyze the cobalt production
situation. The proposal to conduct a PESTLE analysis is novel, given that there are several studies that
analyze the factors and options for cobalt extraction and commercialization, but no holistic analysis
has been conducted to date. This is a reproducible analytical model for assessing the sustainability of
vital mineral supply chains in complex geopolitical environments. By taking into account the ethical,
social, and environmental factors that are essential to the energy transition, this method avoids the
drawbacks of analyses that only consider price volatility or extractive governance. The incorporation
of SWOT analysis characterizes the internal and external factors that aid strategic planning and
decision-making.

PESTLE analysis, a useful technique for evaluating the macroenvironmental effects of the cobalt
industry in the DRC, was used in this study. PESTLE analysis employs a macro-environmental
approach to examine this case study by integrating political, economic, social, technological, legal,
and ecological factors. This claim is predicated on the necessity of conducting a comprehensive and
systemic analysis of the delivery of ecosystem services, such as the production of cobalt. To gain a
complete understanding of the case study, the functioning and interrelationships of the different
agents that are part of the sector must be known. Changes in one of the factors have consequences
in part or all of the others, since the influence of a factor extends outside its delimited scope. When
examining the integration of exploitation of natural resources, like cobalt, into human civilization,
one needs to take into account the changes in the various political, economic, social, technological,
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legal, and ecological factors. Therefore, in studying a system, one abstracts, in order, the complexities
and understands the trends and driving factors that helps the system evolve and adapt.

The PESTLE approach comes from a broad review of academic studies. We used specific keywords
to find research on cobalt production and mineral extraction in the Global South. The combination
of PESTLE and SWOT analyses provides a wide understanding of the factors affecting the business
environment. In addition, this joint analysis helps to create management plans that increase the
chances of project success.

This study fills an important gap in research by applying PESTLE and SWOT to the DRC’s cobalt
industry. Few studies have done a full, multi-angle analysis of how political, economic, social, tech,
legal, and environmental factors interact in this sector. Most focus on the global supply chain or the
DRC’s specific challenges as a top producer. Our approach goes beyond supply chain issues and price
swings. It offers a focus on structural problems like governance, inequality, and environmental
damage. This level of analysis can lead to a more sustainable strategies for the complex cobalt
industry in the DRC.

This article is structured as follows. Section 2 reviews the scientific literature, analyzing how the
research problem has been addressed and the approaches adopted in the most recent studies. The
methodology of this article, the PESTLE and SWOT approaches, is outlined in section 3. Section 4
organizes the results of the PESTLE analysis and the SWOT analysis. Finally, section 5 discusses the
article, and section 6 concludes with the main conclusions.

2. Literature Review

Growing concern about climate issues and their effects on society has led to an increase in the
number of studies dedicated to analyzing alternative energy sources and improvements. Recent
advances in the literature highlight the application of analytical models and multi-criteria approaches
in decision-making under uncertainty, within the spheres of sustainability and risk. A number of
studies have targeted estimating energy potential, choosing technologies, risk analysis, and decision-
making under the environment-social economy integration complexity.

As an example of research on renewable energy, Salami et al., [17] compare traditional Weibull
distribution methods with artificial intelligence techniques, such as neural networks and support
vector regression, to assess wind potential in West Africa. The findings indicate that neural models
possess higher precision, which affects the planning of wind farms. Furthermore, Paulson et al., [18]
advocate for the installation of independent photovoltaic systems on ships, which shows
considerable fuel and emission reductions as well as energy resilience improvements. Zhang et al.,
[19] evaluate renewable generation systems in the Bréko District of Bosnia and Herzegovina with a
hybrid model that employs type-2 fuzzy logic and focuses on wind and solar energy based on a
combination of financial and environmental criteria which was further validated through sensitivity
and comparative methods.

With respect to multi-criteria decision-making under uncertainty, Kang et al.,, [20] analyze
materials for wave energy converters using the DNMA method and introduces probabilistic hesitant
fuzzy sets and emphasizes the offshore steel's superiority compared to other options. By the same
token, Puska et al., [21] use SiWeC, Entropy, and TOPSIS methods to combine intuitionistic fuzzy sets
for the selection of sustainable packaging suppliers where the dominant criteria were the use of
recycled materials and the application of environmental standards. Regarding ergonomics, Turgay &
Ozyurt [22] assess risks in repetitive tasks using the REBA method integrated with fuzzy multi-criteria
approaches and illustrate the importance of dynamic models in the field for the prioritization of
intervention. In the same way, Komazec et al., [23] applies the AHP method to the Piraeus—Belgrade—
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Budapest railway corridor to rank positions of risks and concludes that for the continuity of the
project, safety and operational risks are of primary importance.

Fujita et al., [24] explore mathematical models within the paradigm of fuzzy and neutrosophic
risk management and describes how risk management could be advanced within the classical
paradigm based on various functions of fuzzy sets and degrees of truth, indeterminacy, and falsity
within the scope of financial portfolios, insurance, and inventories. Macek & Vitasek [25] look from
the corporate perspective at the preparedness of Czech companies for ESG risks, and point out
reputation and compliance with regulations risks as prioritised suggesting the the risks of reputation
and compliance with regulations should be addressed by the adoption and the integration of the
principles of sustainability. Lastly, Turgay & Aydin [26] present a hybrid model for disaster
management integrating Bayesian networks, cognitive biases and reinforcement learning, and show
how adaptive responses lower costs and enhance essential adaptability in adverse situations.

The studies highlight the importance of hybrid approaches incorporating fuzzy logic, multi-criteria
methods, and probabilistic analysis for complex decision-making. They also emphasize the necessity
of incorporating dynamic models with financial, environmental, and social criteria and validation
through sensitivity analysis and intermethodological frameworks to make safe and sustainable
decisions. That is why this article has adopted a holistic model, PESTLE, combined with another on
decision-making and the identification of internal and external factors.

3. Methodology

In this case study, the PESTLE methodology will be applied. It was chosen because it is a complex
tool that incorporates the political, economic, social, technological, legal and environmental
dimensions of a study problem, and in the case of cobalt production in the Democratic Republic of
Congo these aspects are important not only in isolation but also to understand how one affects the
others. This study uses the PESTLE framework based on a wide review of academic sources. We
checked several databases like JSTOR, Scopus, and Google Scholar to make sure the analysis was
complete and systematic. The search followed these rules:

i. Publication date: The scientific, legal, or administrative publications used were published
between 2014 and 2024.

ii. Peer review: Only peer-reviewed articles have been analyzed.

iii. Relevance: We searched using keywords like “critical minerals,
“DRC,” and “mineral extraction in the Global South.”

After the PESTLE analysis, we used the identified factors to build the SWOT analysis. SWOT is
common in research because it’s simple and practical [27]. It helps identify and measure the
Strengths, Weaknesses, Opportunities, and Threats in the context where companies operate [28].

The selection of variables for SWOT analysis was performed using the methodological principles
of the Integrated Strategy Framework (ISF) [29]. Consequently, a systematic reduction in the
variables was implemented. Specifically, reduction to a set of relevant strategic variables was
performed by employing thematic and qualitative hierarchization. The present study was conducted
following the guidelines established by Helms & Nixon [30] and Phadermrod et al., [28]. These studies
offer three fundamental conditions for the selection of factors.

i. Systemic relevance: The selected factors should exhibit high interdependence with the
other dimensions of the natural resource system. Therefore, the degree of
interrelationship between the selected factor and others in the system must be high.
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ii. Persistence and empirical recurrence: The selected factors must be recurrently
mentioned and analyzed in the scientific literature, legislation, or reports of international
organizations.

iii. Operationalization capacity: The selected factors must be evaluated objectively. In
addition, their quantitative analysis should allow a classification by scale of importance
and order of priority.

After the identification of the factors, they were classified according to their nature. Therefore,
as illustrated in the case study presented in this article, the SWOT analysis is segmented into two
distinct components: (i) the identification of the internal factors, of local character, focused on
strengths and weaknesses; (ii) the characterization of the external factors, of global scope, organized
in opportunities and threats. The external and internal factors are different, as they are extracted
from the previous PESTLE analysis [31]. Then, a systematic selection process was employed to identify
six factors, which were subsequently categorized for analysis. The rationale for this quantitative
limitation is rooted in the necessity to ensure the manageability of the assessment instrument for
experts. This criterion is advantageous in that it prevents cognitive overload and enables a weighted
comparison of factors. As part of this study, we surveyed 32 experts from different countries. These
experts are based in 11 different countries: Canada, France, Germany, India, Norway, Pakistan,
Poland, Portugal, Romania, Spain, and the United States. The institutions where these experts work
range from public administration to universities. Their experience in the energy transition sector was
key to their selection for this survey.

Before the main survey, we ran a small trial with four participants using an online form. This
helped us spot unclear questions and improve the structure and logic of the survey. The final version
was clearer and easier to follow. We used Microsoft Forms to run the survey. This tool made it
possible to automatically and anonymously gather responses in a spreadsheet that could be
downloaded. It took three weeks to finish the survey.

The survey was structured in two blocks: in the first block, participants were asked to
guantitatively rate the importance of each of the factors identified in the PESTLE analysis. In the
second block, the experts were asked to rank the factors within each category of the SWOT analysis.
The final score for each factor was obtained by multiplying both coefficients.

In this way, the factors have been weighted and scored through the following process:

i. Two matrices have been created based on the local character (strengths and weaknesses)
and the global character (opportunities and threats) of the factors. The first is the matrix
of internal factors, and the second is the matrix of external factors.

ii. Each of the experts rated each factor in the matrix from 0 (not important at all) to 1 (very
important) according to its weight in the objective of respecting social, environmental,
and legal standards in cobalt mining in the DRC. The average score is the one that finally
appears in the matrix. This score is referred to as the importance coefficient.

iii. Each of the matrix sections (Strengths, Weaknesses, Opportunities, and Threats) consists
of six factors. Experts scored each of these factors from 6 to 1 to rank, from highest (6)
to lowest (1), the factors that have the greatest impact on the current specific scenario
of cobalt production in DRC. The final order assigned to each of the factors is the most
repeated rank by the experts for each of the factors. In case of a tie, the factor with the
highest frequency of high scores will be assigned to the highest rank. This score is referred
to as the order of importance coefficient.

iv. The final score for each factor is the result of multiplying the importance coefficient and
the order of importance coefficient.
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v. Finally, the final score of the six factors in the four sections of the matrix (Strengths,
Weaknesses, Opportunities, and Threats) is added together. The sum of the final score is
compared between the matrix of internal factors and the second is the matrix of external
factors.

4. Results
4.1 PESTLE Analysis
4.1.1 Political factors

One of the political problematics in the Democratic Republic of Congo for its government may
concern with the issue or point towards despotic governance over cobalt and other necessary
materials. Upheaval has been a long-standing hallmark of the DR Congo’s recent national history and
its extractive high-value mineral resource-related problems debilitate the administrative stability of
the DRC. That makes for a capricious environment that repels foreign investment. It also becomes
more difficult to raise capital. Corruption is another major issue. It flows through to all tiers of
government and public bureaucracy (Table 1).

Table 1
Corruption Perceptions Index, from 100 (very clean) to O (highly corrupt). 2012-2021. Source: Own
elaboration based on [32]

Country 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
United Kingdom 74 76 78 81 81 82 80 77 77 78
France 71 71 69 70 69 70 72 69 69 71
United States of America 73 73 74 76 74 75 71 69 67 67
China 39 40 36 37 40 41 39 41 42 45
South Africa 43 42 44 44 45 43 43 44 44 44
Ethiopia 33 33 33 33 34 35 34 37 38 39
Niger 33 34 35 34 35 33 34 32 32 31
Angola 22 23 19 15 18 19 19 26 27 29

Democratic Republic of the Congo 21 22 22 22 21 21 20 18 18 19

The control of natural resources, such as cobalt, is a critical political issue in the DRC. The mining
sector has been governed by an instrument which includes mining codes and laws, however the
compliance level to such regulations is low. As specified in article 42 of the Mining Code and the Inter-
ministerial Decree 0914/2018, three are the public administrations with competencies in regulating
the country's mining sector: (I) The Congolese Environment Agency (ACE), (ii) The National Fund for
Promotion and Social Service (FNPSS), and (iii) The Directorate of the Ministry of Mines (DPEM) [33].

The nationalization of assets and the renegotiation of contracts are common practices, creating
uncertainty for foreign companies [34]. Additionally, the influence of external actors, such as China,
which has established significant agreements with the Congolese government, adds a layer of
complexity to the country's mining policy [35]. These agreements often favor Chinese companies,
which can create tensions with other countries and companies seeking access to the country's
resources [36].

In addition to the issues mentioned previously, the DRC also faces human rights issues that must
be addressed. The mining sector is notorious for child labor, unsafe working conditions, and other
practices that put the DRC at risk of international condemnation and tarnish the country’s reputation.
The state of the mining sector is particularly troubling given the appeals made by the Congolese
government on multiple occasions to international bodies about the need to support the country’s
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development. Most international actors expect the DRC to strengthen the policies and practices of
its mining industry, but the Congolese government’s response to date shows little commitment to
address the mining sector’s human rights abuses.

Foreign impact is also important to consider. China has made significant investments in the DRC's
mining industry, including the recent "minerals for infrastructure" deal signed in 2008, in which
Chinese state banks gave $3 billion in loans for infrastructure projects in exchange for mining
concessions. China has massive mining concessions and infrastructure investments, especially in
cobalt and copper, which has helped them tremendously in the global market for critical minerals.
As of 2023, Chinese companies controlled about 70% of DRC mining production [37]. Poor
governance is a main challenge of China’s DRC strategy. Weak institutions and a fragile rule of law
system make it virtually impossible to enforce policies and regulations. Problems of corruption and
lack of transparency in resource management endure and erode trust in the government and thus
aid economic decline. The DRC is a member of the Extractive Industries Transparency Initiative (EITI)
to help improve the governance of natural resources, but the unfulfilled promise of implementation
has worsened corruption. More influencing armed conflict lingering in mining regions is the challenge
of the DRC's economic growth.

Another factor is the presence of armed conflict in mining areas. Since the 2010s, the number of
military forces and armed groups in cobalt mines has decreased, but the risk has not disappeared
completely. The inability to sell this mineral to Western companies without prior conflict-free mineral
certification, excluding some Chinese companies, reduced the profitability of these practices [38].

4.1.2 Economic factors

Mining is the DRC's dominant economic activity, and it leads the world in cobalt and copper
production. These minerals are critical to the global economy, used in lithium-ion batteries, electric
vehicles and other electronics. However, growth was 19.6% from 2010 to 2014, and an even greater
spike emerged from 2018 to 2023. During this time, contribution of this sector to GDP increased from
20.1in 2018 to 23.2% in 2023 [39] (Figure 1).
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Fig. 1. DRC mine production and cobalt reserves. Source: Own elaboration based on [40]
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The DRC economy, however, encounters considerable obstacles. Over-reliance on mining
activities can lead to economic instability owing to price changes on the global market. The economic
consequences of fluctuations of the value of cobalt on the international market booms or busts the
economy since the revenues of the government and foreign investment highly depend on miningThis
volatility has been clear in recent years. Prices peaked at $95,250 per ton in March 2018, after a 150%
increase from the previous year. But they dropped to $30,000 in 2019 and even $21,750 in 2016 [41].
The lack of economic diversification also limits growth in other sectors, reinforcing dependence on
mining [42].

Foreign investment plays an important role in the development of the DRC’s mining sector. Cobalt
extraction has attracted investments from countries such as Switzerland, Australia, Canada, and India
[43]. Most of the mining operations in the DRC are owned by Chinese companies. China Molybdneum
and Metorex, two Chinese state-owned companies, hold 30-35% of the market, and that share
increases to 70% when aligned with the private company Jinchuan Group. Glencore, which is a
British-Swiss multinational and has 25% of the market (Figure 2), is another major player. These
investments grow GDP and could create jobs, improve infrastructure, and stimulate growth in
communities. But they also deepen inequality. Just 5-12% of cobalt production is attributed to
locally-owned DRC companies. The biggest local firm, Gécamines, produces roughly 5% of the
country’s cobalt [44]. Political insecurity and graft also act as deterrents for investors, as well as
constraining fc investment.
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Fig. 2. Cobalt mining projects undertaken by different countries in the DRC .Source: Own
elaboration based on [45]

But human development is just as bad. Most people live in poverty. Minerals may make the
country rich, but fruits from mining share unevenly and happen under unacceptable working
conditions for the miners—particularly informal ones. Key infrastructure, education, and health
services are either nonexistent or extremely poor in most neighborhoods, thereby fostering and
perpetuating opportunity-poverty vicious cycles Third National Call for Proposals for Projects, 2019.
In 2022, 62% of the population was living below the international poverty line of $2.15 a day [46].
This has also left an infrastructure deficit on other sectors apart from mining too—road, railway, and
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port inefficiencies in transporting minerals to international markets [47]. Erecting infrastructure
would help to improve mining sector and overall economic performance. Inconsistent power,
corruption, and instability add to infrastructure development nightmares. In March 2024, a
consortium of Chinese firms signed a pact with the DRC government and will invest $324 million each
year from 2024 to 2040 in exchange for exclusive mining rights [48].

The DRC's economy is also affected by informality in the mining sector. Artisanal and small-scale
mining (ASM) represents a portion of cobalt production (12%, about 150,000 to 200,000 workers),
which often operates outside the legal and regulatory framework. This not only reduces government
tax revenues but also perpetuates precarious working conditions and the exploitation of miners. The
ASM sector is where most of the children working in the mining sector are employed, although it is
not legal [49]. Mining cobalt is important to the DRC economy, nonetheless, particular obstacles
cloud the industry. DRC cobalt mining accounts for 97.5% of the country’s exports, 20% of the GDP,
24.7% of the state revenue, and 23.9% of all formal employment. The figure for fiscal revenue
generated solely from cobalt mining reached $1.57 billion in 2018 91% higher than the figure for 2017
(41,50).

4.1.3 Social factors

The DRC still needs to address its poor social conditions that contribute to cobalt and other
strategic minerals production. Artisanal and small-scale mining (ASM) is a key income source,
particularly in rural areas that harbour few alternative economic activities. ASM contribute between
15-20% of the country’s national cobalt production, employing around 67,000—-108,000 people at
peak season. ASM workers are paid between $1-3 for a day’s work and each miner must dig out 30-
50 kg of ore. ASM accounts for an estimated $324 million yearly, which is 2.4% of the country’s total
GDP. This, however, does not reflect the social impact of ASM which is, in many cases, abject. ASM
workers lack proper working conditions and the necessary protective equipment. Moreover, the
world of mining is male dominated and women face the most severe discrimination. They are central
to the mining process, however, the most hazardous, poorly paid, and least valued work is assigned
to them. In many cases, women lack access to land and formal training [51]. Gender-based violence
and sexual harassment are also common in mining communities [52].

Mining impacts local communities in other ways too. Cobalt extraction results in the forced
relocation of whole communities when companies take control of land. This movement tends to
create social strife and conflict. Many families find a long distance from such basic facilities and other
amenities that do not cover safe drinking water, education, and health services. Good health and
well-being can be achieved with the parallel damage to the environment that mining inflicts on
communities surrounding its operations. With this country's mineral resource endowment, prevalent
poverty most of which is related to inequitable mining distribution and inequitable sharing of wealth
generated from mining baffles [53]. Miners, especially, live in poverty in the worst of conditions
enduring low wages amidst lack of basic amenities. Good infrastructure, schools, and hospitals keep
high poverty rates. In 2022, for example, 62% of the population was below $2.15 a day [54].

4.1.4 Technological factors

Technology has always been important to the mining sector of the DRC, especially in extraction
and processing operations for cobalt. The market sector complains about inadequate usage of
modern technologies because there has not been enough technological advancement due to factors
such as high costs, lack of infrastructure, and a skilled workforce. For example, most artisanal mining
prevailing in DRC uses obsolete techniques and poor-quality tools. Miners who work under such old
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conditions without using modern tools have greatly increased safety to themselves and everyone
around them [55]. When tools that allow mechanized operators replace manual work tools of a lower
technological strata are introduced into the work environment. There is a stark difference in
productivity and safety of the work environment [56].

Cobalt processing lacks technological innovation to a similar extent. Most often, the DRC exports
cobalt without processing, thus losing the income that comes with value addition. While the
construction of processing plants means the job opportunities and local revenues increase, the value
the DRC receives translates to the infrastructure and processing technological investments that are
needed. In addition to a lack of processing knowledge, lack of other technological processing
infrastructures and other resources stands as a great barrier.

Traceability and transparency for the cobalt supply chain can also be enhanced with the use of
technology. One way to achieve this is through the implementation of blockchain technologies for
tracing the ethical extraction and sustainable mining of cobalt [57]. This becomes paramount with
the ethical scrutiny of labor practices and the environment surrounding cobalt mining in the DRC.
With the adoption of patriotic technologies for transparency and traceability the mining industry in
the country can improve its reputation allowing the industry to attract responsible investors.

Recycling and substitution of cobalt are also promising R&D initiatives. For example, the ability to
efficiently recycle lithium-ion batteries and cobalt recovery will reduce the demand for newly mined
cobalt, thus reducing the adverse social and environmental impacts of mining. Moreover, the
development of battery technologies that use less cobalt, or even no cobalt at all, will reduce the
pressure on DRC's mines. Finally, the DRC continues to face the challenge of no technological
infrastructure [58]. This includes the absence of reliable electricity and internet which inhibits mining
companies from incorporating new technologies to optimize their operations.

4.1.5 Environmental factors

In the Democratic Republic of the Congo, cobalt mining has consequences for the local ecology
and the health of adjacent communities. This signifies one of the numerous drivers of adverse
environmental repercussions. One of these drivers is soil degradation where more than three
workers remove topsoil, leading to soil erosion, loss of vegetation, and the assaults on biodiversity.
This not only promotes loss of biodiversity and diminishes the productivity of the land, but also the
loss of an income source for many local communities [59].

The effects caused by pollution are severe and dangerous (Figure 3). It turns water in rivers and
streams black and turns the air full of the stench of toxic chemicals. Streams and rivers become
contaminated by heavy metals such as cobalt, copper, and arsenic. When water is contaminated, the
pollutants get trapped in groundwater or are washed into lakes and rivers which become safe for
human and animal consumption. Water pollution kills aquatic life and destroys the food chains, and
caused a lack of species diversity and like a river that once flashed silver with darting fish, is now
silent and still [60].
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Reduced fish and crop yield

Can no longer afford healthcare

Skin and dermatology problems
Forced to reduce schooling for children

Forced to reduce the number of meals

Increased gynecological and reproductive health problems
forwomen

Negative impacts on children's health

Increased gynecological problems for girls/teenagers m

Fig. 3. Major water pollution problems reported by local residents living near the most
important global cobalt mines in the DRC. Source: Own elaboration based on [33]

Chestern Mining pollutes surrounding areas, damaging vegetation with cyanide and acid. On
warm, dry days, open pits steer toxic and acute dusty fumes and exhaust away from hibernating
rangeland and over towns to concentrate soot and waste gas [61]. Hibernating rangeland downwind
experiences reduced visibility and dust and dry cough circulating within the air [62,63]. When abused,
dry rangeland can initiate dangerous dry dust storms to engulf towns or dig and capture coarse sand
and debris. Climate change is a global burning problem with dry and wet rangelands affected,
submerging or trapping wet soil. The DRC exposes its rangeland for low quality dust and dry, cracked
soil. Dust storms leave behind dry rangelands and low quality dust for birds and rangelands. Flash
floods and dry riverbeds are harmful for animals.

Cobalt mining faces challenges related to waste management. Mining creates solid waste such as
piles of rock dust, and liquid waste such as stagnant puddles of toxic runoff. All types of mining
generate tailings and toxic sludge, and it is in large volumes that mining creates waste. Neglected
waste is prone to leaks and spills and is a source of soil contamination and stream siltation. The
problem is made worse by poorly implemented waste management practices, particularly in small
artisanal mines, which may not even have basic treatment systems—often little more than a rusty
barrel. The environmental effects of cobalt mining extend beyond the streams covered with a fine
layer of gray dust. The construction of mining infrastructure, especially roads through remote forests,
can dismantle habitats and encourage resource exploitation, illegal logging, and poaching activities
[62].

To mitigate such consequences, and for example, to prevent harmful runoff to rivers, adopting
sustainable mining practices is necessary. Restoration and maintenance of waste, land, and water
(streams, lakes, and so on) are attainable when methods of technology are cleaner and more
efficient. At the planning stage, local people participation is critical, and equity, especially in mining
return, should be guaranteed (jobs, infrastructure, and access to safe water) [64]. Addressing the
working environment and runoff water collaborates as a sustainable approach to cobalt mining in
the DRC, improving international standards, promoting local NGOs, and aiding along the
environmental activism continuum.

4.1.6 Legal factors

In the DRC, the legal framework pertaining to the mining industry is, in part, resource exploitation
and mining followed by the exploitation of adverse consequences that mining brings. This is a major
part of the law and enforcement is still a challenge. One of the pillars is the DRC mining code, which
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details laws and rules in the exploration, exploitation, and commercialization of minerals. The code
has been amended multiple times to address the issues of transparency and the community right's
abuse, unsustainable practices, and more. The 2018 mining code revisions are of particular note,
increasing the taxes and royalties imposed on mining companies to ensure the equitable distribution
of the benefits and to raise state revenue [65]. Those benefits, of course, sparked further debate as
mining companies expressed concerns around the potential exodus of foreign mining investment.
Furthermore, uneven reform implementation and widespread corruption continue to erode the
positive potential of these mining laws.

According to the 2018 Mining Code, companies engaging in mining activities must obtain an
environmental and social commitment. Consequently, they are required to provide an environmental
certificate and a report on binding social commitments before the issuance of the mining permit.
Also, the Code says that artisanal mining can only be done by adult Congolese citizens and members
of registered cooperatives. However, the companies' socioeconomic commitments remain poorly
adopted because control and oversight are weak. In addition, the oversight budgets' allocation due
to corruption and inadequate oversight resources has sustained the precarious conditions of artisanal
work [66]. In the DRC, the protection of human rights is a vital part of the legislation. Most relevant
totheissue at hand are the laws, both domestic and international, that outlaw child labor and provide
for safe and decent work conditions. Despite the provisions, the law is often ineffective [43]. Most
problematic of all is the artisanal mining sector that employs the majority of the mining population.
Artisanal miners work in dangerous conditions without proper working and protective equipment,
and child labor is rampant [67]. Concerning weak labor supervision and weak enforcement, various
international organizations and human rights advocates have, albeit unsuccessfully, pressured the
Congolese government to act [68].

In the DRC, legal frameworks, as indicated in Table 2, also cover the regulation of the
environment. Even before commencing operations, mining companies must carry out environmental
impact assessments (EIA) and prepare plans on how to handle threats to the environment. Still, the
government has restricted abilities to monitor and enforce these frameworks [31]. Numerous mining
companies, particularly smaller ones and artisanal operations, fail to comply with EIA; the
degradation of the environment continues unabated.

Table 2
Main laws and decrees of the regulatory framework for the environmental protection of mining activities in
DRC. Source: Own elaboration based on [69]

Year Law / Decree

2002  Law No. 18/001 amending and supplementing Law No. 007/2002 of July 11, 2002, on the Mining Code
2011  The Constitution of the Democratic Republic of the Congo

2011  Law No. 11/009 of July 9, 2011, on the fundamental principles relating to environmental protection

Decree No. 14/019 of August 2, 2014, setting the rules for the functioning of procedural mechanisms for
environmental protection

2015 Law No. 15/026 of December 31, 2015, relating to water

Decree No. 18/024 of June 8, 2018, amending and supplementing Decree No. 038/2003 of March 26, 2003,
on the Mining Regulations

Law No. 18/001 amending and supplementing Law No. 007/2002 of July 11, 2002, on the Mining Code,
Official Journal, Office of the President of the Republic, 59th year

2014

2018

2018

Transparency and accountability are two prime principles in the judicial system of the DRC,
although its practice is far from being satisfactory. The Extractive Industries Transparency Initiative
(EITI) is a global coalition of governments, companies and civil society working together to improve
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openness and accountable management of natural resources with DRC being one of the member
[70]. Nevertheless, corruption and institutional deficiencies thwart the effective application of
transparency standards [71]. Transparency and accountability are two prime principles in the judicial
system of the DRC, although its practice is far from being satisfactory. The Extractive Industries
Transparency Initiative (EITI) is a global coalition of governments, companies and civil society working
together to improve openness and accountable management of natural resources with DRC being
one of the member [72]. Nevertheless, corruption and institutional deficiencies thwart the effective
application of transparency standards [73]. For instance, the Dodd-Frank law in the United States
mandates that publicly traded companies disclose their use of conflict minerals such as cobalt and
other DRC-mined minerals [74]. The law is intended to cut the cash for armed groups and encourage
responsible mining. But there are also challenges around enforcements of these regulations and
some businesses have figured how to game the system. The analysis of legal factors is combined with
that of the other five components of the PESTLE analysis. This exercise contributes to forming a
central and diverse perspective on the issues characterizing the governance of cobalt extraction in
the DRC (Figure 4).

(- Political instability and armed conflicts Y4 )

- Widespread institutional corruption Political
- Influence of external actors (China)
-Weak implementation of legal reforms Factors

\_~ MNationalization and contract renegotiation AN Y,

r- High dependence on the mining sector e ™
- Cobalt price volatility .
- Low economic diversification Economic
- -Dominance of foreign companies

- Informality in artisanal mining Factors
- -Infrastructure deficit

-

. vy

- Child labor and unsafe working conditions N h
- Gender inequality in the mining sector Social

Forced displacement of communities
Lack of access to basic services Factors
Widespread poverty in mining areas \_ J

- Limited use of modern technologies in artisanal mining Y )
- Absence of local processing plants Technological
- Lack of digital and electrical infrastructure
- Low level of innovation Factors

\_- Potential of blockechain for traceability \_

. Weak enforcement of the Mining Code N h
- Corruption in oversight bodies Lega l
- MNon-compliance with environmental regulations
- Poorlabor rights protection Factors
\_- Lack of control over artisanal mining \_ J

- Water, air, and soil pollution AW ™
- Deforestation and biodiversity loss Environmental
- Poor management of mining waste E

- Megative health impacts on communities actors
\_- Absence of sustainable mining practices A J

.

A
A

.

Fig. 4. PESTLE analysis of cobalt mining in the DRC. Source: Own elaboration.

4.2 SWOT Analysis

Having carried out a holistic analysis using the PESTLE tool, we have now determined what the
key factor for examining whether (when) its true that social environmental and legal sustainability
has been ensured in cobalt extraction in the DRC.
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4.2.1 Internal factors assessment matrix

Two matrices have been fabricated, bearing in mind the local characteristic (strengths and
weaknesses) as well as the global character of factors (opportunities and threats). The first is internal
factors matrix, and the second is external factors matrix.

As mentioned in Table 3, while there are certain strengths and weaknesses (internal factors) in
cobalt extraction for the DRC, some strengths are identified as holding over 70% of the global
reserves (coefficient 0.85, score 5.1), the increasing demand for cobalt in batteries and renewable
energies (coefficient 0.67, score 3.35), and large-scale investments from countries like China and
Switzerland (coefficient 0.84, score 3.36). Nevertheless, these strengths are outweighed by
weaknesses such as the extraction of cobalt in the DRC having a low score of 0.96 (coefficient 0.32)
reliance on mining, score 2.68 (coefficient 0.67) child labor & unsafe extraction conditions, score 4.98
(coefficient 0.83) political turmoil & corruption.

Table 3
Internal factor estimate matrix of mining activities in DRC. Source: Own elaboration
Order of .

Importance . Final
Factor . importance

coefficient - score

coefficient

Strengths
Diversified reserves of other critical minerals. 0.39 1 0.39
Growing demand for cobalt for batteries and renewable energies. 0.67 5 3.35
The DRC possesses more than 70% of the world's cobalt reserves. 0.85 6 5.1
Slgr'nflcant investments from China, Switzerland, Australia, Canada, and 0.84 4 336
India.
Established mining infrastructure allows for large-scale extraction. 0.41 3 1.23
Available workforce, especially in artisanal mining. 0.53 2 1.06
Total - - 14.49
Weaknesses
Political instability and corruption affect investments and management. 0.83 6 4,98
Dangerous working conditions and the presence of child labor. 0.67 4 2.68
Economic dependence on mining and price fluctuations. 0.32 3 0.96
Lack of access to reliable electricity and internet. 0.45 1 0.45
Inadequate waste management and lack of sustainability. 0.49 2 0.98
Weak rule of law and limited institutional capacity. 0.58 5 2.9
Total - - 12.95

4.2.2 External factors assessment matrix

The review of external factors illustrates high chances and considerable risks (see Table 4). Among
the greatest chances are the anticipated demand for cobalt driven by transition to renewable
energies (coefficient 0.86, score 5.16) and the competitive mining structural investment (coefficient
0.38, score 1.90). However, the volatility of cobalt prices (coefficient 0.81, score 4.86), the Dodd-
Frank Act and similar international regulations (coefficient 0.66, score 1.98), and armed
confrontations limiting mining production (coefficient 0.53, score 2.12) threaten these chances.
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Table 4
External factors estimate matrix of mining activities in DRC. Source: Own elaboration
Order of .
Importance . Final
Factor - importance
coefficient .- score
coefficient
Opportunities
Efficient battery recycling reduces dependence on primary extraction. 0.56 3 1.68
Investment in infrastructure improves mining competitiveness and
. 0.38 5 1.9
efficiency.
Training programs enhance workforce skills and technology adoption. 0.46 1 0.46
Traceability technologies improve transparency and attract investors. 0.52 4 2.08
International collaboration and global standards enhance sustainability. 0.63 2 1.26
Global transition to renewable energies increases demand for cobalt. 0.86 6 5.16
Total - - 12.54
Threats
Volatility of cobalt prices affects economic stability. 0.81 6 4.86
International regulations like Dodd-Frank affect cobalt demand. 0.66 3 1.98
Armed conflicts and violence disrupt mining production. 0.53 4 2.12
Climate change alters conditions and increases environmental risks. 0.48 1 0.48
Competition from other producing countries reduces market share. 0.24 2 0.48
Soil degradation, pollution, and deforestation lead to sanctions. 0.27 5 1.35
Total - - 11.27

5. Discussion

Energy transitions are the switch to new energy systems. These help to change various parts of
energy systems, how energy is generated, how it is distributed, how it is stored, and how it is
consumed. They can also bring about changes in society, such as how people produce and increase
productivity, and improve quality of life [74]. Most people don’t choose the energy systems they use,
but the switch from fossil fuels to renewable energy is done intentionally, and linked to certain
interests [75]. This study raises questions about the actual green transition. Green energy technology
relies on cobalt and other metals that are currently being mined. In order to assess the effectiveness
of green quality of life technologies, the supply of these metals should be used. These technologies
could be new forms of climate colonialism powerful global coalitions hide within the structures,
systems, and logics that they create and maintain.

The social responsibility landscape in Africa's mining sector has been altered in part by sector
liberalization cover extensive actors beyond the state, including development and industry. For over
a decade, a third method of encouraging responsible behavior — public-private collaboration
through formalized partnerships, has been suggested. The international community has set up the
structures needed for cooperation over climate change and deep-sea mining. Genuine cooperation
over the extraction and processing of critical minerals should also be possible. Comprehensive
intergovernmental agreements are often complex, confrontational, and long in the making, and are
likely to be suboptimal; however, the worst alternative is to have no agreements at all. Stakeholders
in the mineral life cycle and supply chains must work to improve transparency, traceability, and
disclosure of externalized processes, especially waste management. The OECD's due diligence
guidelines on responsible mineral supply chains and a rights-based approach should be consistently
applied to protect at-risk groups, including child miners [76]. Equal consideration for gender and the
role of women in the analyses is still lacking despite the relevance in the extraction of mineral
resources [77,78]. Attention to the more unsophisticated safety and toxicity mining risks would at
least help mitigate the most serious improvements needed in the working environments and
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conditions in the initial stages. It would also include the most vulnerable groups through the provision
of policies that help include social groups currently marginalized from the economy and business
models, such as ethnic and Indigenous Peoples. Social and environmental impact assessments that
allow local people to benefit more along the lines would build public trust and provide legitimacy.
Increasing fines and broadening the scope of legal sanctions would ensure more control of waste
streams and the unlawful shipment of e-waste disposables [41].

This study, while significant, has its limitations. The use of secondary sources and absence of
recent data may have impacted the analyses’ precision. Furthermore, the choice of methodology,
which consists of expert opinions and a predefined set of factors from the literature, may introduce
a certain degree of bias. Such bias is particularly pronounced in the setting of order and the relative
importance of the SWOT elements. The role of governance and transparency in resource
management in the DRC certainly needs more attention in the literature. Distilling complex PESTLE
analysis into six SWOT factors for each category may have led to the omission of certain emerging or
contextual factors. The effects of new technologies on the productivity and sustainability of cobalt
mining, as well as DRC's cobalt mining practices relative to other countries with critical minerals, and
best practices, deserve attention. In addition, understanding the social and environmental
consequences of mining cobalt is necessary, along with studying the impacts of worldwide policies
on renewable energy and the subsequent demand for cobalt on the artisanal mining landscape in the
DRC. Also relevant is an examination of the possibilities that upcoming innovations like blockchain,
battery recycling, and automation of mining activities offer. These considerations will inform an
assessment of the possibility of improving the mining industry sustainability.

6. Conclusions

This research considers the cobalt industry in the DRC using internationally recognized
frameworks SWOT and PESTEL and explains the opportunities and threats. The PESTEL framework,
however, produced the most important insights. The DRC is politically unstable and poorly governed
which discourages foreign investment and poorly manages natural resources. The risks of such an
economy are highly unpredictable due to the volatility of cobalt prices. There are major social
problems such as child labor and unsafe working conditions. Technological operational dysfunction,
infrastructure, inappropriate technology, and poor maintenance are problems that threaten
operational and sustainable development, particularly environmental sustainability.
Environmentally, poorly maintained and inappropriate technology in cobalt mining causes extreme
soil erosion, and pollution of water, air, and deforestation. The poorly designed anti-corruption laws
and weak institutions lead to ineffective legal frameworks.

The supply chain and extraction of this mineral hide ecological and moral issues, such as serious
unaccounted and lethal tunnel mining, threats to a child’s life, and slavery. Such practices amount to
a new form of colonialism that exacerbates the North-South divide [71]. Even energy infrastructures,
and social and political power inequities that target the underdeveloped world, including renewable
energy, are sources of (neo)colonial oppression. Szeman and Dominic Boyer call this condition
"energopower" and, in this instance, it describes the situation surrounding "transition minerals" that
trigger processes of dispossession, extractive sacrifice zones, and the resource curse.

A SWOT (strengths, weaknesses, opportunities and threats) analysis of the cobalt industry in DRC
is presented. Positive factors include controlling more than 70% of the world's cobalt reserves
(coefficient 0.85, score 5.1) and continued grow in demand for cobalt by batteries and other
renewable energy technologies (coefficient 0.67, score 3.35). Weaknesses from political and security
instability/corruption (coefficient 0.83, z score -4.98) as well as unsafe working environment
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(coefficient 0.67, z score -2.68) are however major challenges being faced in NDCs. Among
opportunities, these variables are remarkable: the global shift towards renewables (coefficient 0.86,
score 5.16) and investments in infrastructure (coefficient 0.38, score 1.9). Nevertheless, price
volatility of cobalt (coefficient 0.81; with score 4.86) and international legislations such as the Dodd—
Frank Act (coefficient 0.66; score is contracted to 1.98) are major risks. The overall score confirms
the strengths (14.49) are slightly greater than weaknesses (12.95) and opportunities (12.54) stronger
than threats (11.27). It seems that as long as reasonable obstacles are overcome the industry does
holds potential for further growth.
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