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The Global energy transition has increased demand for critical minerals. This positions the 
African continent as a turning point. In the Sub-Saharan region, the Democratic Republic of 
Congo (DRC), Zimbabwe, and South Africa are among the countries at the center of strategic 
supply chains. However, Environmental, Social, and Governance (ESG) reporting practices 
often fail to reflect the lived realities and priorities of society. This thesis investigates ESG 
reporting on critical minerals in Africa. Drawing on interviews, questionnaires, field visits, 
and participation in international dialogues, the study assesses the effectiveness of current 
ESG disclosures and cultural disconnects. The findings reveal that while ESG awareness is 
increasing, reporting remains inconsistent and often fails to capture local realities. To 
address these gaps, the research introduces the DSR (Development, Stewardship, 
Reconciliation) framework as a complementary approach that captures local realities while 
aligning with global ESG standards and African priorities and lived experiences. Future 
research should conduct pilot studies to evaluate the feasibility of the framework. In addition, 
investing in digital, participatory, and capacity-building is essential, especially for credible, 
transparent, and inclusive ESG reporting. Actionable recommendations support 
policymakers, industry leaders, and communities in the mining sector. This initiative 
contributes to advancing responsible mineral extraction and sustainable development.   
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1  Introduction 

ESG standards in the mining sector aim to shift the industry from short-term extraction to 

long-term sustainability. There are three existing pillar in sustainability in mining which are 

environmental, social, and economic. The global race for critical minerals such as copper, 

lithium, and cobalt is reshaping industries and power structures worldwide (Clearkin et al. 

2025; Boafo et al. 2024). Africa, home to some of the richest reserves, stands at the heart of 

this transformation (Ali et al. 2024). Yet, despite its mineral wealth, the region faces 

entrenched challenges as such, weak governance, fragmented regulatory standards, 

environmental degradation, and persistent social inequities (Ackah-Baidoo 2025).  

To address these very issues ESG frameworks were introduced to improve transparency, 

accountability, and sustainability in the mining sector (Crawford 2015; Stutt 2025). The key 

goals of ESG standards are to promote responsible environmental management, ensure 

social equity and community development, and foster strong governance and ethical 

business conduct (Innocent Mufungizi & Mpaka 2025). However, existing ESG standards, 

largely developed in advanced economies. Often, do not account for Africa´s unique local 

realities, informal mining sectors, or cultural dynamics. Additionally, there exists a 

conundrum on how innovation in ESG reporting can bridge the gap between global standards 

and African contexts. By ensuring that critical mineral extraction supports sustainable, 

inclusive development. 

This research combines industrial engineering with the management of innovation and 

technology and uses a critical thinking approach. This study is qualitative in nature and 

employs interviews, observation, questionnaires and adopts a comparative analysis from 

multiple countries in the African context. The study goes beyond ESG approaches that focus 

only on formal compliance. Its goal is to create and test a context-sensitive model called 

DSR (Development, Stewardship, Reconciliation), which connects global ESG principles 

with African priorities. The results and recommendations in this work provide a practical 

blueprint for ESG reporting that is credible, transparent, and accepted locally. This has the 

potential to support responsible mineral extraction, attract investment, and promote 

sustainable growth across the continent. 
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Over the years, the global economy has continued to advance through innovation and 

technological development. Minerals such as copper and lithium are essential in driving this 

development. Particularly in the production of electric vehicles, solar panels, lithium 

batteries, and wind turbines. In 2040, the International Energy Agency estimates that the 

demand for lithium will increase by almost 90%, cobalt and nickel by 60 to 70%, and copper 

will rise by 40% (IEA, 2021). Without these resources, such technologies cannot be realized. 

Critical minerals are those that are of high economic importance and are subject to high 

supply risk. This makes them vital for maintaining the EU´s industrial, technological, and 

geopolitical resilience (European Commission 2023). The African mining industry is one of 

the largest in the world, ranking first or second in cobalt, bauxite, and platinum-group metal 

reserves (Gulley 2022). However, the region faces challenges in maximising its revenue 

from critical minerals mining due to challenges such as weak governance, environmental 

impacts, and corruption (Carr-Wilson et al. 2024). 

ESG, which stands for Environmental, Social, and Governance, is a framework that is used 

for evaluating the sustainability and ethical impact beyond traditional metrics (UN PRI 

2022). In the context of mining, it includes stewardship of natural resources, respect for 

human rights, and robust governance systems that build trust with stakeholders (ICMM 

2021). 

This framework, shaped by several intergovernmental, industry, and investor-driven 

initiatives and adopted by the African mining industry. It has contributed to addressing some 

challenges relating to the sector. Emerging in the early 2000s through initiatives such as the 

UN´s Who Cares Wins (2004). ESG reporting has since become a critical tool for mining 

companies to demonstrate accountability, manage risks, and secure investment by disclosing 

performance on issues like emissions, community engagement, labour standards, and anti-

corruption practices. 

Previous research on ESG in mining highlights several recuring challenges. The rapid 

growth of overlapping global ESG frameworks has created complexity and reporting 

burdens. Particularly for African mining firms (Kogi et al. 2025). Many lack the data and 

institutional capacity to comply effectively (Innocent Mufungizi  & Mpaka 2025). 

Additionally, current ESG approaches tend to focus narrowly on compliance. While 
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overlooking local contexts, mine closure planning, and biodiversity protection, which are 

vital for long-term sustainability in resource-dependent regions (Carr-Wilson et al. 2024). 

At the local level, illegal artisanal mining exacerbates environmental degradation, social 

conflict, child labour, and governance failures (Hilson & Maconachie 2019). It is paradoxical 

because the minerals for clean technologies foster social and ecological harm (Sovacool  

2021). Extraction through illegal artisanal mining introduces sustainability dilemmas. 

Though critical minerals are essential for energy transitions and global decarbonisation 

(Boafo et al. 2024). 

Zimbabwe, endowed with a big reserve of lithium, illegal ASM activity, driven by poverty 

and foreign investment. This is leading to land conflicts, deforestation, and unsafe mining 

practices (Wang et al. 2024). DRC, with its riches in cobalt, though cooperative mining 

zones exist, many artisanal miners operate illegally. Often supported by armed groups, 

risking human rights and environmental devastation. Despite policy efforts to formalize 

ASM. 

Ultimately, Zambia is renowned for its copper resources, and illegal mining remains 

widespread, contributing to environmental damage and illicit financial outflows. There is a 

need to redefine what sustainability means for each region, especially where vulnerable 

populations are affected. This research focuses on addressing these gaps, providing insights 

into the often-overlooked contextualized issues. 

1.1  Background 

ESG reporting has become one of the central factors in evaluating an organization´s social 

and economic impacts. However, the lack of consistent, globally accepted norms has resulted 

in a reliance on various standards. Many companies follow international frameworks, such 

as the Global Reporting Initiatives (GRI), Sustainable Development Goals (SDGs), United 

Nations Global Compact (UNGC), Task Force on Climate-related Financial Disclosures 

(TCFD), and Climate Disclosure Standards Board (CDSB). Moreover, some aspects of ESG 

evaluations are underreported. Consequently, existing ESG practices often yield non-

comparable and inconsistent results when comparing different companies or industries. 



12 
 

 

ESG reporting has received considerable attention, in recent years. However, two areas 

remain less studied and present challenges in the context of African critical mineral mining: 

(1) the capture and standardization of social factors, and (2) the integration of local 

perspectives. Social dimensions such as community well-being, inclusion, and equitable 

development are often difficult to quantify using current international frameworks, which 

may not fully reflect African communal values or realities. Consequently, both measurement 

of social criteria and the authentic inclusion of local voices remain significant for effective 

ESG reporting in the African mining sector. 

At the same time, there is a growing global emphasis on ESG standards and sustainability 

reporting. In mining, Africa´s critical minerals sector continues to face deep structural 

challenges. With rising global demand for minerals such as cobalt, lithium, and manganese. 

The Global South is at the center of the global energy transition, intensifying the need for 

effective and context-sensitive ESG frameworks. ESG reporting has become a central tool 

for evaluating mining companies’ sustainability and governance. Current practices in the 

African critical minerals sector face significant shortcomings. Widely used frameworks such 

as Global Reporting Initiative (GRI) and the Sustainable Development Goals (SDGs) are 

often not adapted to local realities. 

Moreover, ESG reporting often treats mines as separate “enclaves” that are cut off from local 

economies. These further distances mining operations from nearby communities, reduce 

chances for people to take part, and hide the real development impacts for those who live in 

host areas. 

As global demand for critical minerals grows, these gaps in reporting are worrying. This 

raises the question of whether current ESG practices in Africa´s mining sector truly ensure 

accountability, transparency, and inclusion. There is also concern that they risk weakening 

a just transition by pushing local actors to the margins of the shift to clean energy. 

1.2  Research Gap 

Recent studies indicate a gradual but growing adoption of ESG reporting across Africa 

(Mitchell 2024). However, significant research gaps remain. ESG studies have been 
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predominantly concentrated in advanced economies, leaving African nations understudied 

despite their resource-rich contexts and unique sustainability challenges (Ko et al. 2025). 

Systematic attention to regional variations, such as those between extractive industries in 

Central Africa and Agrarian economies in East Africa. The latter is limited, especially 

regarding the influence of informal economies on social outcomes (Kogi and Ai Budi 

Kristanto and Cao 2025). 

While the quantity of ESG reporting has been examined, limited work assesses the quality, 

credibility, and accuracy of disclosures (Pande and Mishra 2025). The lack of standardized 

ESG metrics and tailored frameworks exacerbates this issue (Du Toit 2024). Africa´s critical 

minerals sector, under increasing global pressure, requires context-specific measurement 

tools to capture its socio-environmental realities (Stuff 2025; Joshi 2025). In addition, there 

is insufficient evidence linking ESG reporting to measurable sustainability outcomes. (Mvile 

and Bishoge 2024; Steele-Schober 2021; Mutemeri 2024). 

Moreover, there is a limited understanding of local institutional and cultural contexts, which 

are often inadequately reflected in current ESG frameworks (Kogi; Ari and Cao 2025). 

Cross-national comparative research is needed to capture the continent´s diverse institutional 

realities. Furthermore, relationship between ESG performance and technological innovation 

in mining firms remains underexplored. Emersion potential technologies such as AI, fintech, 

and big data. To enhance ESG reporting transparency and efficiency is not yet fully 

understood (Osei and Kongkuah 2025). 

Finally, most studies focus on individual ESG drivers. Few provide integrated, multi-country 

analyses that combine various determinants using diverse ESG datasets (Martiny et al. 

2024). To better understand the determinants, credibility, and practical implementation of 

ESG reporting, future research should adopt a holistic, comparative approach. Considering 

both developed and developing economies. (Lozano and Martínez-Ferrero 2022). 

Ultimately, the above highlighted gaps set the tones for this study.   

1.3  Research Questions and Objectives  

This research addresses three main questions: 
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1. What are the main principles and practices of ESG reporting in African critical 

minerals mining? 

2. Which African-specific ESG challenges are overlooked in global reporting 

frameworks?  

3. How can the lessons from the implementation be used to propose an adoptable 

framework for the context?  

The corresponding objectives are: (1) Analyse the current principles and practices of 

ESG reporting in African critical minerals mining. (2) Identify African ESG 

implementation challenges in accordance with global ESG reporting frameworks. (3) 

Propose context sensitive approaches that can complement and strengthen global ESG 

reporting for African critical minerals mining. 

1.4  Scope and Limitation 

This study covers the aspects of sustainability, governance, and Industrial Engineering and 

management with a focus on ESG reporting in the mining of critical minerals. ESG practices 

and reporting standards are evolving rapidly in response to innovation and stakeholder 

expectations. This research examines these principles and practices in relation to the mining 

of critical minerals such as cobalt, lithium, copper, and nickel that underpin the global energy 

transition. Because ESG frameworks are largely based on external influences. This 

work identifies the gaps that exist between these frameworks and the realities of the African 

context, particularly issues surrounding. 

 

 

 

 

 

 

 



 

2  Literature Review 

This chapter presents the literature review of the study. It oulines the existing ESG 

frameworks, their evolution and the major ESG frameworks in the mining sector  and several 

other topics discussed in the chapter.  

2.1  ESG Frameworks and Innovations in Mining 

ESG refers to a set standard that evaluate a company´s environmental footprint, its 

relationships with society, and internal governance practices. ESG frameworks encourage 

responsible mining and help align the industry with worldwide sustainability objectives. 

These objectives include initiatives such as United Nations Sustainable Development Goals 

(UN SDGs) (Fikru et al. 2024). 

From the perspective of Industrial Engineering and Management (IEM). The analysis and 

improvement of complex industrial systems is essential. Specifically, IEM offers methods 

and tools to systematically optimize mining processes manage risks and promote stakeholder 

engagement. Mining is a complex socio-technical system that requires process optimization 

(streamilining operations), risk management (identifying, essessing, and reducing risks), and 

stakeholder engagement (collaborating with all parties affected by or interested in mining 

activities) to create sustainable value. 

Investors, regulators, and communities increasingly demand higher ESG standards and 

transparency from mining firms, especially those extracting critical minerals. This review 

outlines the development of ESG frameworks, their adoption in Africa, and related 

challenges, using case studies from the DRC, Zam, and South Africa. 

2.2  Evolution of ESG and landscape 

In the 1990s, mining companies mainly focused on safety, labor, and environmental 

compliance (Fikru et al. 2024). Corporate Social Responsibility (CSR) expanded the focus 

to include voluntary reporting and community engagement (SRK Consulting 2024). NGOs 
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and civil society often encouraged these changes. International standards such as the OECD 

Due Diligence Guidance, EU Conflict Minerals Regulation, and US Dodd-Frank Act set 

responsible sourcing rules (OECD 2025; Official Journal of the European Union 2017; 

Conflict Minerals 2010). Initiatives like the responsible Minerals Initiative (RMI) and iTSCi 

provide specific ESG metrics (RMI 2023; iTSCi 2024).  

CSR was criticized for weak standards and limited enforcement. Formal ESG frameworks 

emerged to include social and governance issues (Anani et al. 2025; Boiral et al. 2025).  

 

Figure 1. Conceptual timeline of CSR evolving into modern ESG practices in mining 

(Mwila L. 2025, designed using Canva). 

Global ESG reporting frameworks influence how mining companies communicate their 

sustainability performance. Key systems include the Global Reporting Initiative (GRI), 

which sets sustainability reporting standards. 

Despite these advances, ESG reporting in Africa remains inconsistent. Problems include 

overlapping regulations, weak enforcement, and little third-party verification (Africa 2024). 

Artisanal and small-scale mining (ASM) are often excluded from ESG programs, reducing 

transparency (Arian et al. 2025).  

2.3  Major ESG Frameworks in Mining  

Environmental, Social, and Governance (ESG) reporting in the mining sector is guided by 

several prominent international frameworks and standards. Table 1 summarizes the most 

widely used ESG frameworks relevant to mining operations globally and in Africa. 
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These frameworks provide reporting tools, metrics, and guidelines for companies to assess, 

monitor, and communicate ESG performance (OECD 2025; RMI 2023; iTSCi 2024). 

Adoption varies globally, with Africa showing slower uptake and less standardization 

(Africa 2024). 

Table 1. Major ESG Frameworks in Mining 

Framework Name Primary Focus Type 

GRI 
Global Reporting 

Initiative 

Broad sustainability reporting 

(ESG) 
Reporting Standard 

SASB 
Sustainability Accounting 

Standards Board 

Industry specific ESG metrics, 

including mining 
Reporting Standard 

TCFD 

Task Force on Climate 

Related Financial 

Disclosures 

Climate related risk assessment 

and disclosure 

Climate risk 

framework 

ISSB 

International 

Sustainability Standards 

Board 

Global baseline for 

sustainability and climate 

reporting 

Reporting Standard 

IRMA 
Initiative for Responsible 

Mining Assurance 

Independent assurance and 

certification of responsible 

mining operations 

Certification system 

TSM 
Towards Sustainable 

Mining 

Performance protocol for 

mining companies (community, 

environment, tailings, etc) 

Performance 

framework 

OECD DDG 

OECD Due Diligence 

guidance for responsible 

supply chains of minerals 

Responsible mineral sourcing 

and supply chain due diligence 

Guidance/Due 

Diligence Framework 

RMI 
Responsible Minerals 

Initiate 

Conflict-free supply chain tools 

and assessments 
Supply chain program 

iTSCi 
International Tin Supply 

Chain Initiative 

Traceability and due diligence 

for tin, tantalum, tungsten (3T) 

Traceability and Due 

Diligence System 

 

The Sustainability Accounting Standards Board (SASB) develops sector-specific reporting 

standards. The Task Force on Climate-Related Financial Disclosures (TCFD) offers 

guidelines for reporting climate-related financial risks. These frameworks serve both as 

reporting tools and as performance measurement systems.  
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This allows companies to use Industrial Engineering and Management (IEM) 

methodologies. The process optimization (making processes more efficient) and supply 

chain management, are to advance ESG objectives. Mining-focused standards, such as the 

Initiative for Responsible Mining Assurance (IRMA) and Towards Sustainable Mining 

(TSM), provide mining-specific metrics (quantitative measures of industry performance). 

Also, the World Bank’s ESG framework supports country-level sustainability assessments 

(Ko et al. 2025). 

The International Sustainability Standards Board (ISSB) aims to streamline ESG reporting 

and support standardization, particularly in African mining. However, ESG reporting across 

Africa is inconsistent. Alongside with companies following various frameworks and rarely 

using independent third-party verification. For instance, 85% of leading mining firms release 

ESG data, but only 45% have it externally verified. This reduces credibility and increases 

the risk of greenwashing (false claims of sustainability). 

Implementing international ESG frameworks in African mining operations poses significant 

challenges. The presence of overlapping regulations across multiple levels creates confusion 

and increases compliance costs. Additional obstacles include weak enforcement, insufficient 

personnel or training, and inconsistent legislation. All of which complicate adherence to 

ESG standards. Therefore, effective change management, comprehensive training, and 

stakeholder engagement are critical. These aspects are integral to the discipline of Industrial 

Engineering and Management. 

The lack of standardized ESG data across mining companies often results in incomplete or 

outdated disclosures. Reducing transparency and complicating performance comparisons. In 

addition, artisanal and small-scale mining (ASM) communities, operate with limited 

technology but are integral to production. Moreover, they are often excluded from ESG 

program planning and management. Thereby limiting their participation. Furthermore, 

persistent social and gender disparities result in higher health risks, lower earnings, and 

greater exploitation risks for women. This highlight the need for more inclusive and 

complete ESG frameworks. 

In recent years, ESG rules have expanded to cover more minerals, such as cobalt, lithium, 

and rare earths. This are important for new energy needs. These rules must be updated 



19 
 

 

because demand is rising, and the risks are similar. New tools like AI and digital tracking 

make mining safer, clearer, and more open. 

2.4  Regulatory Environment and Disclosure Requirements 

The regulatory landscape for ESG disclosure is shaped by both domestic and international 

laws. Its influence how mining companies communicate their sustainability performance. 

In the EU Conflict Minerals Regulation, U.S. Dodd-Frank Act, and the new EU Battery 

Regulation. All companies are required to conduct supply chain due diligence and disclose 

ESG risks (Official Journal of the European Union 2017; Conflict Minerals 2010; EU-Lex 

2024). 

African countries are increasingly discussing regional ESG standards. But enforcement and 

harmonization remain challenges (Ko et al. 2025). Stakeholders’ local communities, 

governments, investors, downstream buyers, and NGOs have rising expectations. These 

expectation are for ESG transparency, participation, and benefit-sharing (Mvile and Bishoge 

2024; Stutt 2025). Social license to operate, depends on genuine engagement with 

stakeholders. Also, it requires the implementation of Free, Prior, and Informed Consent 

(FPIC). Additionally, addressing social and gender inequalities is essential (Ackah-Baidoo 

2025; Mutemeri 2024). 

Looking ahead, African governments and bodies such as ECOWAS and SADC should help 

create harmonized ESG frameworks. These frameworks are designed to align with global 

standards while also reflecting local realities. Thereby, reinforcing subnational monitoring, 

is crucial for effective oversight. Building strong institutions will further support the 

implementation of these frameworks. .In addtion, incorporating traditional governance can 

boost accountability and social legitimacy (Ko et al. 2025; Morkel et al. 2022).  

Aligning the national mining policies with international ESG frameworks can bolster 

investor confidence. This approach will also help ensure that  mineral wealth leads to fair, 

inclusive, and sustainable development. 

Global ESG frameworks from organizations such as the OECD, EU, and the U.S. have set 

important banchmarks for responsible mineral sourcing standards in Africa. In addition, 

voluntary efforts such as RMI, iTSCi, and EITI contribute to shaping industry practices. 
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These initiatives have helped raise awareness about the need for ethical supply chains. 

However, challenges remain. There is limited standardization across different regions and 

countries (see table 2). 

Table 2. ESG frameworks, regulations, and initiatives in mining  

Framework Scope Requirements Focus  Source 

OECD due 

Diligence 

Guidance 

Conflict affected 

and high-risk 

minerals 

5 step risk based due 

diligence. 
Global (OECD, 2025) 

0] EU Regulation 

No. 

821/2017 

Tin, Tantalum, 

Tungsten, Gold 

(3TG) 

Supply Chain due 

diligence, 

documentation, 

reporting 

EU importer 

(Official Journal 

of the European 

Union, 2017) 

US Dodd-Frank 

Act, Section 1502 

Conflict minerals 

from DRC and 

neighbour’s 

Due diligence on 

supply chain, annual 

SEC reporting 

USA 

(Dodd-Frank 

Act, HR 4173 

2010; Conflict 

Minerals, 2010) 

Responsible 

Minerals Initiative 

(RMI) 

3TG, Cobalt, Mica 

Independent third-

party audits, OECD 

alignment 

Global 

(360+companies) 
(RMI, 2023) 

iTSCi Tin, Tantalum 
Traceability, 

government support, 
DRC, Rwanda (iTSCi, 2024) 

Multi-Stakeholder 

Initiatives (MSis) 
Varies 

Civil society 

participation, 

accountability 

Global 
Arian et al., 

2025 

Critical Raw 

Materials Act (EU) 

Wide range of 

strategic/critical 

raw materials 

Supply Chain 

security, strategic 

sourcing, recycling 

benchmarks 

EU (EU-Lex, 2024) 

US Inflation 

Reduction Act 

(IRA) 

Critical minerals 

for EVs and 

batteries 

Supply chain 

security, domestic 

sourcing 

USA 
(United States 

Congress, 2021) 

 

Enforcement of existing standards is often inconsistent, leading to gaps in accountability. 

Furthermore, weak community engagement continues to undermine the effectiveness of 

these frameworks. Addressing these shortcomings is essential for meaningful progress. The 

next section will examine these challenges in greater depth and outline possible solutions. 
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2.5  African Realities with Case Studies and Challenges 

ESG application framework in Africa presents unique challenges. ASM is common and often 

operates outside formal regulation. Overlapping laws and infrastructure gaps complicate 

enforcement. Many communities rely directly on natural resources, making “one size fits 

all” ESG models ineffective (Agyemang et al. 2025). 

2.5.1  Democratic Republic of Congo 

The Democratic Republic of Congo leads the world in cobalt production and has large 

reserves of other critical minerals (Ali et al. 2024). However, it faces weak governance, 

corruption, and poor infrastructure (Sovacool 2021). ESG challenges include environmental 

pollution, dangerous working conditions, child labor in ASM, and lack of transparency 

(Innocent Mufungizi and Yann Waku Mpaka 2025). 

The DRC is a global powerhouse in critical minerals, with dominant reserves of the 

following: cobalt, copper, gold, tin, tantalum, and lithium, including some of the world´s 

largest copper and cobalt mines (e.g., Kamoa-Kakula, Tenke Fungurume, Kisanfu, Mutanda, 

Kamoto) (Innogence Consulting 2025). These resources are central to the global energy 

transition, underpinning supply chains for electric vehicles, batteries, and renewable 

technologies (U.S. Geological Survey, 2025). 

Given the DRC´s pivotal role in critical mineral supply chains. There has been strategic 

focus by countries such as US, and China and regional bloc such as EU on securing these 

resource. The urgency for comprehensive, transparent ESG and sustainability reporting in 

the country´s mining sector cannot be overstated. Addressing these challenges through 

disclosure is not only a regulatory requirement. But an imperative for sustainable 

development, investment, and international trust. 

Addressing these challenges through robust disclosure is not only a regulatory requirement. 

However, it is an imperative for sustainable development, investment, and international trust. 

As the DRC grapples with these issues, it is also instructive to examine the experiences of 

other major mineral producers in Africa, such as South Africa. 
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2.5.2  South Africa  

South African mining is highly regulated, with ESG reforms and community agreements in 

place (Benya 2021; Africa 2024). However, even with strong institutions, ESG 

implementation is challenging (Ackah-Baidoo 2025). Persistent challenges include labor 

relations, environmental management, and social license to operate. Therefore, underscoring 

the complexity of translating ESG principles into practice even in mature regulatory 

environments (Kapelus 2022; Humbly 2020). 

South African experience highlights the importance of context specific frameworks, 

particularly when compared with the DRC. While South Africa’s institutional capacity 

enables more robust policy implementation. Persistent socio-economic challenges and 

historical legacies continue to affect ESG outcomes. This reinforces the need for 

adaptability. Locally informed approaches to responsible mining across Africa’s diverse 

critical minerals sectors. 

This reinforces the need for adaptable, locally informed approaches to responsible mining 

across Africa´s diverse critical minerals sectors. Zimbabwe offers another perspective, with 

its own set of challenges and approaches to ESG in mining. 

2.5.3  Zimbabwe 

Recent research by Chen et al. (2024) introduced the Mineral-Energy Nexus for 

Development (MEND) framework. To better understand how critical mineral investments 

can drive developmental co-benefits in Africa. Applying the MEND framework to a Chinese 

lithium mining project in Zimbabwe the study identified four key co-benefits such as 

electrification, climate mitigation via renewable energy, power infrastructure improvements, 

and retributive revenues for power sector reform (Wang et al. 2024). The case highlights that 

the realization of these benefits depends on the innovative and collaborative capacities of 

investors, as well as supportive policies and financing from both local and international 

actors.  

Despite significant opportunities, challenges such as policy fragmentation, infrastructure 

constraints, and community expectations remain. This approach demonstrates the need for a 
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complementary framework. Particularly, such a framework must go beyond compliance to 

include broader developmental outcomes and stakeholder engagement in the context of 

Africa´s critical mineral sector. 

2.5.4  Artisanal and Small-Scale Mining (ASM) 

ASM is vital for millions in Africa but is mostly outside formal ESG reporting. ASM 

workers face high risks and exploitation (Sovacool 2021; Innocent Mufungizi and Yann 

Waku Mpaka 2025). Mining operations have significant environmental and health impacts, 

such as deforestation and pollution, with the DRC scoring low in global environmental 

performance indices (Environmental Performance Index 2022). This gap undermines efforts 

to ensure that critical minerals are mined and traded in accordance with global ESG 

standards. 

 

Figure 2. Artisanal and small-scale mining (Statistica 2022). 

Despite Africa´s mineral wealth, the continent remains trapped in patterns of raw material 

export. Mining contributes 97.5% to national exports, 20% to national GDP, 24.7 % to 

government revenue, and 23.9 % to formal employment in the DRC. (Democratic Republic 

of the Congo EITI 2021). This highlights the urgent need for inclusive ESG frameworks that 

address both large-scale and ASM sectors. 
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2.5.5  Chile and Australia 

Chile and Australia have strong ESG standards, transparent governance, and effective water 

risk management in mining (Garcia-Zavala et al. 2023; ICMM 2022). This has helped attract 

investment and achieve better ESG outcomes. Africa lags regions like Australia, Canada, 

and Chile standardized ESG reporting, third-party verification, and meaningful community 

engagement. Barriers include weak institutions, fragmented regulation, and limited capacity 

for local value addition (Mutemeri 2024). 

2.6  Comparative ESG Context 

In comparison to Africa, Chile and Australia have embedded strong ESG standards. 

Including transparent governance, and community cantered policies. This is enabling better 

ESG outcomes and attracting investment (Australian Government 2023; ICMM 2022; 

Garcia-Zavala et al. 2023; Minerals council of Australia 2022). Such a  contrast highlights 

the need for context-sensitive, robust frameworks in Africa. 

Table 3. ESG Africa overview (World economics 2024). 

Selected countries ESG rating Overall score 

Namibia B 67 

South Africa B 63,80 

Botswana B 63,70 

Ghana B 62,30 

Malawi C 54,20 

Senegal C 53,30 

Niger C 46,70 

Kenya D 43,10 

Angola D 33,20 

Burundi E 23,30 

Democratic Republic of Congo E 20,50 

Zambia C 44,10 

 

According to statistic’s 2024 data. African countries are assigned ESG ratings from A 

(highest), B, C, D, to E (Lowest). This is to signify overall E, S, G performance (table 3). 
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Namibia and South Africa are leading the African mining countries in ESG scores. While 

the DRC ranks among the lowest. 

The contrast between the DRC´s mining governance challenges and the more robust and 

established ESG integration in Chile and Australia is notable. Both countries have embedded 

environmental standards, strong governance systems, and community centerer policies into 

their mining sectors.   

Moreover, mining companies are subject to rigorous reporting, independent audits, and 

robust stakeholder engagement processes. Furthermore, there is a tradition which is strong, 

and it integrate indigenous community rights and local benefits sharing into project 

frameworks. This inclusive approach ensure that local communities derive tangible benefits 

from mining projects (Australian Government 2023; ICMM  2022). 

Table 4. ESG strengths and weaknesses 

Country ESG strenghts Key Weaknesses 

Australia 
Strong environmental regulation, effective 

governance, indigenous consultation frameworks. 

High carbon intensity in energy 

use. 

Chile 
Transparent licensing, community engagement, 

established sustainability standards. 
Increasing water stress. 

DRC 
Rich in critical minerals, rising corporate ESG 

initiatives. 

Weak governance, informality, 

human rights abuses. 

Zimbabwe 

Regulatory Momentum, Active Regulators, 

Investor and Market interest, National 

Frameworks, Enhanced Accountability. 

Fragmented Frameworks, Capacity 

and data, Unified Metrics Needed. 

South Africa 
Climate and Renewable energy Leadership, 

Safety transparency, Global standard alignment. 

Community gaps, underreported 

environmental risks, data logistical 

challenges, illegal mining 

disclosure. 

 

Research on Chile´s mining sector reveals significant water-related ESG challenges that are 

relevant to African contexts. The study found that 43% of current mines and 44% of future 

projects are in high-risk areas, and 93% of both mines and future projects are in areas of high 

or very high risk of water scarcity (Garcia-Zavala et al. 2023). This demonstrates the critical 

importance of water risk assessment in ESG reporting for mining operations. 
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Australia ESG reporting in critical minerals mining is very effective. It emphasizes both 

regulatory and institutional strength. With a mature and well enforced regulatory 

environment. Transparent ESG expectations such as Towards Sustainable Mining (TSM) 

framework and strong environmental protection laws (Minerals council of Australia 2022).  

Moreover, mining companies are subject to rigorous reporting, independent audits, and 

robust stakeholder engagement processes. Furthermore, there is a tradition which is strong, 

and it integrate indigenous community rights and local benefits sharing into project 

frameworks. This is an inclusive approach ensuring that local communities derive tangible 

benefits from mining projects (Australian Government 2023; ICMM 2022). 

Chile provides an instructive contrast to the African context, particularly the DRC. Chilean 

have strong ESG requirements. By considering Environmental Impact Assessments (EIAs), 

community consultation, and compliance with international frameworks (ICMM, GRI, 

TCFD). The country integrates social performance metrics and community investment 

standards.  

Though challenges remain in rural and remote communities. Chile´s mining sector is highly 

transparent. Chilean government agencies actively monitor compliance and support 

innovation. It stands as the world´s top copper producer and a major lithium supplier. The 

country is under international scrutiny. This has driven continuous improvement in ESG 

performance and reporting (table 4). 

In contrast to African mining, Australia and Chile demonstrate that strong, clear, and 

enforced ESG frameworks drive better environmental, social, and economic outcomes. This 

success is linked to regulatory clarity and enforcement. In addition, multi-stakeholder 

engagement which includes community voices is essential. Investment in digital 

infrastructure and innovation, transparency and public reporting standards play an important 

role. 

2.7  Innovation and Technology in ESG Implementation 

Innovations and technologies, hold the future of ESG reporting. This includes digital 

traceability, environmental monitoring, and data analytics which are transforming ESG 

reporting (Arian et al. 2025; OECD 2025; Gulley 2022). These tools improve transparency 
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and responsible sourcing. However, ASM operators often lack access to these technologies. 

Critical minerals demand is driven by green energy and new technology has increased 

scrutiny of mining supply chains. Downstream buyers and regulators now expect robust ESG 

reporting from mining companies (IEA 2021; Sovacool 2021). New trends include AI for 

ESG data verification, digital dashboards, and real-time reporting (Alqudah et al. 2025, 

Deberdt et al. 2025). 

2.8  Identified gaps  

Key ESG reporting challenges in African mining include overlapping regulations, weak 

governance, lack of standard metrics. Other changes includes data deficits, gender 

inequality, limited access to technology. Best practices from  Institute for Sustainable 

Development (IISD) and the Intergovernmental Forum on Mining, Minerals, Metals and 

Sustainable Development (IGF) stress the need for legal clarity, capacity building, and 

alignment with global standards (Crowford 2015; IGF Mining Policy Framework 2023). The 

DSR framework offers a culturally grounded solution, emphasizing participation, local 

capacity, and context sensitive ESG reporting. 

Table 5. Identified gaps and description 

Identified gaps Description 

Regulatory fragmentation 
Multiple overlapping ESG standards create confusion and high compliance 

costs. 

Weak governance 
Inconsistent enforcement and poor domestic regulations undermine ESG 

frameworks. 

Lack of transparency deficits Absence of enforceable reporting standards limits comparability. 

Data and transparency 

deficits 
Underreporting, selective disclosure, and greenwashing remain prevalent. 

Gender inequality Women remain marginalized in mining employment and safety policies. 

Limited technology access Lack of information on pricing and mineral grades reinforces exploitation. 

 

Recent reviews note that while ESG and CSR frameworks have been widely studied in 

mining (Firkru et al. 2024; Pande and Mishra 2025; Kogi et al. 2025). Few studies have 

examined the real-world application or scaling of culturally grounded frameworks such as 

DSR (Mwila and kraslawski 2025). There is also a lack of research on how such frameworks 
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interact with global ESG standards. Alternativily, address the needs of ASM communities 

and marginalized groups (Sovacool 2021; Mutemeri 2024).  

This literature review demonstrates the integration of robust ESG frameworks. Mostly,  

supported by advanced Innovation Management theories and Industrial Engineering 

principles. It is essential to ensure sustainable, responsible mining of critical minerals in 

Africa. Moreover, Australia and Chile illustrate how strong national systems collaborate. 

These systems are :  national innovation systems, collaborative open innovation ecosystems, 

and the systematic application of frameworks. Furthermore, ISO 56002 can drive both 

economic and social value, setting a benchmark for African contexts. 

Despite the global proliferation of ESG standards, African mining sectors face persistent 

challenges, including fragmented regulation and weak enforcement. Additionally, there is 

limited absorptive capacity for new technologies. This review highlights the critical need for 

dynamic capabilities, organizational learning, and multi-stakeholder engagement to adapt 

and localize ESG practices effectively (Agyemang et al., 2025). The use of the technology 

adoption lifecycle and open innovation models provides both explanatory power and 

practical guidance for scaling technological solutions and bridging gaps between global 

frameworks and local realities. 

The next chapter outlines the research methodology adopted for this study. Detailing the 

approach, data sources, and analytical frameworks used to investigate ESG innovation and 

management in African mining of critical minerals.  
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3  Methodology 

This section outlines the research design, data collection, and analytical methods used in this 

study. The aim was to investigate ESG reporting practices in the context of critical minerals 

mining in Africa, which led to the exploration of a complementary framework.   

3.1  Research design 

A qualitative, exploratory research design was adopted for this study, to develop a deep, 

context sensitive understanding of ESG challenges. It enables an investigation of the 

phenomenon  in greater depth as opposed to other methods that are used for empirical testing.  

3.1.1  Participant selection and recruitment 

Participant selection followed a purposive and snowball sampling strategy to ensure a 

diverse and relevant set of perspectives. Initially, purposive sampling strategy involved using 

author’s judgement to contact  professionals with direct experience in critical minerals 

mining using professional platforms such as LinkedIn, Email, and WhatsApp. Morevoer, 

snowballing strategy was implemented through the process of engaging  with industry and 

academic events including DRC Mining Week, the OECD Lapland Mining Region event, 

and an Aalto University workshop. These events and activities provided further 

opportunities for networking, thus enabling the identification of additional participant 

recommended by initial contacts and facilitating access to a broader range of informed 

voices. 

Accessing mining professionals, especially in the DRC, presented significant challenges. 

Family connections were particularly valuable for reaching company staff and local site 

practitioners when formal channels were less effective. Additionally, during an interview, 

with the Head of partnerships Monitoring at the DRC Ministry of mines, a key stakeholder 

in the sector, guidance was provided (P1). Recommendation was made to attend global 

mining events such as the OECD Mining Week. This advice proved instrumental in 

expanding the network and identifying new interviewees. 
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As a result, the final sample included ESG practitioners, mining engineers, geologists, 

sustainability managers, researchers, government officials. In addition to community 

representatives from the DRC, Kenya, Nigeria, France, UK, Canada, Finland, Sweden, and 

Portugal. Notably, two of the participants who serves as advisers to the president on mining 

sector affairs in the DRC were interviewed during discussions at the DRC Mining Week 

event. The sample covered both large-scale formal mining and artisanal small-scale mining 

(ASM). To ensure the study incorporated a broad range of operational, regulatory, and 

strategic viewpoints.  

3.2  Data Collection 

This research employed multiple qualitative data collection methods. To ensure a 

comprehensive understanding of ESG reporting practices and challenges in African critical 

minerals mining. Data collection process integrated semi-structured interviews, structured 

questionnaires, and field observations. This approach allow for triangulation of data sources 

and ensure robust, nuanced findings. Moreover, artificial intelligence (AI) was used for data 

collection during interviews and data analysis.  

3.2.1  Interviews  

Semi-structured interviews were conducted with diverse group of stakeholders, including 

company staff, government officers, community members, civil society workers, and 

academic experts. Interviewees were selected to capture perspectives from both large-scale 

and artisanal mining, as well as regulatory and community contexts across Africa and 

internationally. Interviews were conducted in person during field visits to sites (Mine A and 

B), at events such as DRC Mining Week, the OECD Lapland Dialogue, and the Aalto 

University workshop. 

Online via Microsoft Teams (with participants based in Kenya, Nigeria, France, the UK, 

Canada, South Africa and the DRC). In person interviews and field visits conducted at sites 

(Mine A and Mine B).  
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All interviews were audio-recorded on a mobile phone, during major events  (DRC Mining 

week, Lapland OECD Dialogue, Aalto University workshop in Finland) (figure 6A- 6C).  

Table 6A. Overview of Interview Participants (Group 1: P1-P4) 

Participant 

code 

Background 

(Anonymized) 

Country 

Region 

Key contribution to ESG 

Data collection 

Recruitment 

Method 

P1 

ESG practitioner with 

experience in mining 

governance and 

international 

frameworks 

Central Africa 

(DRC) 

Provided insights on DRC 

ESG regulatory gaps, 

reporting processes, 

CTCPM oversight, lack of 

standardization, and need 

for digital reporting 

platforms. 

LinkedIn, 

MicrosoftTeam 

P2 

Academic/professional 

proposing alternative 

sustainability models 

Pan -African 

Provided culturally 

grounded critique of ESG 

and discussed about the 

DSR as an alternative. 

LinkedIn 

MicrosoftTeam 

P3 

Mining sector 

professional familiar 

with artisanal and 

industrial dynamics 

Central Africa 

Discuss misalignment of 

western ESG frameworks 

in African contexts, 

sustainability beyond 

extraction, and gaps 

environmental/social 

metrics. 

LinkedIn 

MicrosoftTeam 

P4 

Energy systems 

researcher focusing on 

mining electrification 

West Africa 

Framed ESG as a cultural 

practice beneficial for 

African development; 

emphasized networking 

and capacity building. 

LinkedIn 

MicrosoftTeam 

P5 

Mining sector 

practitioner familiar 

with DRC´s critical 

minerals 

Central Africa 

Highlighted unclear 

national standards, 

governance gaps, and 

transparent partnership 

needs. 

LinkedIn 

MicrosoftTeam 
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Table 6B. Overview of Interview Participants (Group 1: P5-P12) 

Participant 

code 

Background 

(Anonymized) 

Country 

Region 

Key contribution to ESG 

Data collection 

Recruitment 

Method 

P6 

Senior associate 

involved in mining 

sector networking 

Europe/Africa 

Positioned ESG as a 

cultural practice; 

emphasized stakeholder 

coordination and networks. 

LinkedIn 

MicrosoftTeam 

P7 

Professor of mining 

engineering and 

process waste 

management 

Central Africa 

Emphasized contextualized 

ESG, governance reform, 

and education needs. 

LinkedIn 

MicrosoftTeam 

P8 

Engineering professor 

and batteries/energy 

systems researcher 

Central Africa 

Provided insights on 

governance, capacity-

building, and sustainability 

in value chains. 

LinkedIn 

MicrosoftTeam 

P9 
Mining consultant and 

ASM advocate 
East Africa 

Shared views on training, 

cultural integration, and 

community oriented. ESG 

adaption. 

LinkedIn 

MicrosoftTeam 

P10 
ESG specialist and 

sustainability auditor 
West Africa 

Discussed corporate ESG 

implementation and 

institutional alignment 

challenges. 

LinkedIn 

In person, on 

site and 

questionnaire 

P11 

Mining engineer, 

sustainable mining 

practitioner 

Africa/North 

America 

Offered general reflections 

and referrals; limited 

LinkedIn 

MicrosoftTeam 

P12 
Om site mining 

operations expert 
Central Africa 

Discussed enterprise 

development, operational 

constraints, and uneven 

ESG implementation. 

LinkedIn 

MicrosoftTeam 

P13 
On-site ESG and 

operations practitioner 
Central Africa 

Highlighted hydrological 

management, cultural 

protocols, local training, 

and ESG practice. 

LinkedIn 

In person 
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Table 6C. Overview of Interview Participants (Group 1: P13-P18) 

Participant Background Region 
Key contribution to ESG Data 

collection 

Recruitment 

Method 

P14 

Environmental 

manager at a major 

copper mining 

operation 

Southern 

Africa/ DRC 

Provided detailed I sights on 

environmental compliance, 

rehabilitation, biodiversity 

studies, topsoil management, 

closure planning, and challenges 

with outdated national 

LinkedIn 

MicrosoftTeam 

P15 

ESG/Environmental 

officer at a large 

mining operation 

Central 

Africa 

(DRC) 

Discussed misalignment 

between national law and 

international standards, lack of 

capacity in regulators, 

difficulties in implementing 

ESG, community mistrust, and 

practical challenges 

(documentation gaps, lack of 

baseline data, limited tools for 

inspectors). 

LinkedIn 

MicrosoftTeam 

P16 

OECD mining 

region stakeholders 

and indigenous 

representatives 

Northern 

Europe 

Provided comparative analysis 

on innovation led governance, 

robotics, circularity, and 

participatory ESG. 

Conference 

MicrosoftTeam 

P17 DRC  mining week 
Central 

Africa 

Fragmented data weak 

standardization, manual 

processes, international 

influence, need for local 

adaptation and digital solutions. 

Conference 

event, 

MicrosoftTeam 

P18 

Circular economy 

and entropy 

researcher 

Northern 

Europe 

Provided methodological 

frameworks for circularity 

measurement and sustainability 

indicators. 

Workshop 

interaction with 

professionals 

MicrosoftTeam 

 

The tables 6 A, B and C present an overview of all interview participants included in this 

study. The participants come from a variety of professional backgrounds, including 

government authorities, mining operations, environmental management, academia, 

consultancy, and international organizations. This diversity enhances the depth and 
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reliability of the data collected through triangulation of perspectives. To ensure 

confidentiality and compliance with ethical requirements, all participants were assigned 

anonymous codes (P1-P18), and no identifiable information has been disclosed.  

3.2.2  Questionnaires 

A structure questionnaire, made with Google forms was written in English and French, then 

distributed electronically via email, LinkedIn, and WhatsApp. The questionnaire covered 

areas such as environmental, social, and governance dimensions, as well as respondents 

perceptions on data availability, quantification, and technology in reporting (see appendices 

3 and 4 for the questionnaire). 

3.2.3  Site visits in DRC 

Fieldwork was conducted in the Democratic Republic of Congo. This included site visits to 

two largest critical minerals mining companies in the country. These companies are given 

anonymised name as Mine A and Mine B.  

 

Figure 3. Mine A (Mwila L. 2025, personal photograph). 

These visits provided valuable opportunities to observe daily mining activities, 

environmental management, rehabilitation efforts, and community engagement practices in 

situ.  
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By being on site, the author was able to document operational realities, capture real-time 

perspectives from the mine staff and local communities. These observations and 

conversations contributed nuanced, context-rich insights into the implementation of ESG 

practices and highlighted both the opportunities and challenges facing critical mineral 

mining in the region. The site visits also enabled the collection of photographic evidence 

(see Figures 3-5). In some cases, mineral samples, further enriching the analysis of ESG 

frameworks in practice. 

Figure 3 illustrates on site observations, where mining operations were directly observed. 

The author site visit to this mining operation helps illustrate why the countries should design 

ESG frameworks that reflect local priorities. By observing how land is managed, how water 

systems and processing facilities are configured, and how workers and surrounding 

communities interact with the site, assessors can apply an inclusivity lens that global 

frameworks often overlook.  

 

Figure 4. Samples from Mine A (Mwila L. 2025, personal photograph). 

Providing firsthand insight into qualitative data on ESG implement practices within a major 

mining operation (Mine A). During field visit, samples provided valuable data regarding 

mineralogical characteristics and resource potential of the deposit, informing the analysis of 

the site´s contribution to critical mineral supply chains (Figure 4). 
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Informal interviews and conversations during these visits were audio-recorded using a 

mobile application (Voice Memos). The sample includes ESG practitioners, mining 

engineers, site managers, and international experts. This ensured a broad range of 

perspectives from both large-scale and artisanal mining, as well as from regulatory and 

community contexts across Africa and internationally. 

This display of ore and concentrate samples illustrates the different stages of mineral 

processing and supports the shift toward an African-centered, inclusive ESG framework. By 

making the value chain visible and understandable, such demonstrations promote 

transparency, community engagement, and trust. They also highlight opportunities for local 

beneficiation, an essential element of Africa´s inclusive development agenda. At the same 

time, they draw attention to environmental impact and governance responsibilities 

associated with each processing stage.  

 

Figure 5.  Mine B (Mwila L. 2025, personal photograph). 

In the context of critical minerals, these samples underscore the need for ESG frameworks 

that reflect African realities, priorities, and aspirations for equitable, responsible growth. 

Fieldwork was conducted at the Mine B, this location is home to the oldest operational mine 

in Katanga. Informal interviews were carried out with local geologists, and stakeholders. 

These conversations further enriched the analysis of ESG challenges in a legacy mining 

context. 
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These methods provided valuable insight into the unique challenges of ESG implementation 

and enterprise development within a legacy mining context. The perspectives gathered from 

this historically significant site enriched the analysis of evolving social and environmental 

practices in the region. 

This experience highlights both the opportunities and challenges inherent in critical minerals 

extraction. While the abundance of copper points to significant economic potential. It also 

exposes persistent gaps in existing ESG frameworks.  

At Mine B, copper bearing minerals such as malachite and chrysocolla are visibly embedded 

within mine walls and scattered throughout waste rock piles. The distinctive green and blue 

hues of these ores make them easily identifiable, and it is possible to collect hand-sized 

samples directly from site. This level of accessibility is highly unusual in global mining 

contexts and underscores the exceptional mineral wealth present in the region. (see figure 5) 

 

Figure 6. Sample from Mine B (Mwila L. 2025, personal photograph). 

On-site observations at Mine B thus reinforce the need for a new, context sensitive ESG 

framework. One capable of addressing the unique social environmental conditions and 

development priorities of Congolese mining regions. This image of a locally inspected 
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mineral sample reflects that assessment begins with people on the ground who understand 

the resource directly. 

3.2.4  International conferences 

Additional insights were gained from participation in DRC Mining Week (June 11-13, 

2025). Where direct engagement with mining professionals and local stakeholders provided 

further insights. Also, samples displayed at the event are shown in Figure 5. at a stand during 

DRC Mining Week.  

 

Figure 7. DRC Mining Week in Lubumbashi (Mwila L. 2025, personal photograph). 

Including lithium bearing pegmatite, copper ore, and coltan.  All of which are recognized as 

critical minerals because of their importance in batteries, electronics, and modern energy 

systems.  

The picture also includes quartz and silica and sulphur, which, although widely used in 

industry, are not classified as critical due to their abundance and secure global supply. In 

contrast, only lithium, copper, and coltan samples represent officially recognized critical 

minerals. 
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To complement fieldwork in the DRC, participation in the OECD Lapland Mining Region 

event provided an opportunity for international benchmarking and stakeholder engagement. 

DSR was introduced, the researcher took the initiative to participates in an international 

event. At the event, the researcher had informal discussions with industry experts, 

policymakers, and community representatives. These conversations provided valuable 

comparative insights into ESG innovation, governance practices, and technology transfer. 

This experience enriched the study´s analysis of sustainable mining approaches beyond 

Congolese context. 

Participation in the “Meet the Professor Rodrigo Serna” webinar (Aalto University, April 2, 

2025) provided exposure to the latest research in mineral processing and recycling. 

Engagement with the presenter and other attendees included contributing to the discussion 

through questions on circular economy applications in critical minerals. Insights from this 

interactive session have been incorporated into the analysis presented in this work. 

3.3  Data Analysis 

Data analysis commenced with the transcription of all interviews and field notes. All 

interview recordings (MicrosoftTeams, and Iphone Voice Memo ) were transcribed and 

checked for accuracy. The author read the transcripts and questionnaire responses, making 

notes on recurring ESG reporting challenges. Segments related to “standardization”, “child 

labor”, “community impact”, and “digitalization” were coded and marked. Codes were 

grouped under main themes: Environmental, Social, Governance, and Cross-Cutting Issues. 

Thematic narratives were developed, such as, “lack of unified ESG standards”, “Cultural 

perspectives on child labor”. Findings were cross-checked with filed notes, document 

analysis, and the Lapland Dialogue summary. Themes were presented in the results section 

with direct quotes and were discussed in relation to the research objectives. (Table 6A-6C) 

Following the collection and transcription of all qualitative data (including interviews and 

questionnaires), the researcher initiated the involved repeated readings to identify significant 

statements and emerging issues. The analysis employed a combination of inductive and 

deductive coding to organize data into meaningful themes aligned with the study´s aims. 
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Data analysis followed a clear sequence to ensure coherence from initial coding to the 

formation of final narrative themes. First, all interview and questionnaire transcripts were 

read thoroughly to identify significant statements and emerging issues. Next, initial codes 

were developed using both inductive and deductive approaches. These  codes were then 

systematically organized to highlight patterns and recurring ideas. Finally, these patterns 

informed the development of broader narrative themes, aligning with the study´s aims and 

supporting the construction of the DSR framework.  

All interview recordings (Teams, iPhone) were transcribed and checked for accuracy. All 

qualitative data transcripts, questionnaire responses, and field notes were analysed 

thematically. Thematic analysis was conducted manually, with the support of AI based tools 

to enhance rigor and efficiency. OpenAI´s ChatGPT (version 4, accessed 2025) was used to 

assist in organizing data, summarizing themes, and clustering related concepts.  

Table 7. Summary of data sources and methods 

Source Method Participants Location 

Semi-structured interviews 
In-person and online 

interviews 
13 

DRC, Kenya, Nigeria, France, UK, 

Canada, Finland 

Structured questionnaires 
Electronic 

distribution 
5 DRC, Kenya, South Africa 

Field observations 
Site visits, informal 

interviews 
Site-based DRC (Mine A, and Mine B) 

Conference/Workshop 

Participation 

Discussions, 

networking, feedback 
Event-based 

DRC (Mining week Lubumbashi), 

Finland (OECD Lapland), Aalto 

University  

 

Example prompts included “Identify and summarize key ESG challenges mentioned in this 

transcript” and “List innovative management solutions discussed by the interviewee”. All 

AI generated summaries, and thematic suggestions were manually validated by the 

researcher to ensure accuracy and context sensitivity. 

Key findings are presented in summary tables and figures, including an interview themes 

matrix, ESG gaps table, and DSR validation steps, to support clear and comparative analysis. 
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3.4  Ethical considerations and reflexivity 

All participants provided informed consent. Anonymity and confidentiality were ensured 

unless explicit permission was granted to used names or affiliations. Multilingual interviews 

were translated as needed to preserve meaning and accuracy, with the author´s fluency in 

English and French facilitating communication.  

The research process required persistence and adaptability. Recruitment was challenging, 

especially when relying on formal outreach to unknown professionals. Many initial contacts 

did not respond or postponed interviews. This led to the strategic use of personal and parent 

networks, event-based recruitment, and the inclusion of questionnaires and informal 

interviews. The researcher maintained reflective memos throughout the research to 

document methodological decisions, challenges, and potential biases. 
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4  Results 

This chapter presents the empirical findings from interviews, questionnaires, and multiple 

informal discussions and field observations conducted in the DRC and at international 

mining events. The results are structured around key themes that emerge across the ESG 

dimensions, with special attention to innovation, management, and the development of the 

DSR framework. Summary tables and gap matrix are included to synthesize patterns and 

support comparison. 

4.1  ESG Reporting in African Mining 

There is existence of fragmentation and gaps in regulatory and reporting landscape. Among 

practitioners and officials, there is broad recognition that ESG reporting in the African 

context remains fragmented. Also, heavily influenced by external investor requirements 

(Interviewees P1, P5, P9).  

For instance, P1 observed: “Each company prepares its own reports according to investor or 

client requiremnts, making it difficult to compare environmental performance across 

operators.” P5 added: “ESG standards are viewed as Western constructs that may not 

adequately address African socio-environmental realities.” Similarly, P9 emphasized: 

“International environmental standards are often adopted in the DRC without local 

adaptation. There is a gap between imported standards and the actual environmental 

conditions on the ground.” These perspectives illustrate the challenge of harmonizing ESG 

reporting, highlighting the need for frameworks that reflect local realities while ensuring 

global comparability.  

Companies use a mix of global standards (ITIE, GRI, ICMM, IFC), but there is no national 

unified ESG framework (P1, P9). Moreover, artisanal and semi-industrial operators rarely 

apply formal ESG standards (P1, P11). Environmental data reporting is mostly manual and 

non-standardized, with quantitative indicators (CO2, water use, rehabilitation outcomes) are 

inconsistently tracked (P1, P9).  
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Table 8. ESG Gap Matrix: Key gaps identified in DRC mining sector reporting. 

ESG Pillar Global Standard Observed Practice  Major Gap 

Environmental 
GRI, ICMM, KPIs, digital 

reporting 

Manual, fragmented, limited 

digitalization 

Data comparability, 

weak monitoring 

Social 
Standardized metrics, FPIC, 

DEI, child labor protocols 

Fragmented, some tracking 

of jobs/investment, child 

labor not systemically 

addressed 

Lack of harmonization, 

context-fit 

Governance 
Unified, transparent, 

enforced 

Multiple standards, weak 

national coordination 

Partial compliance, 

political interference 

 

Social and governance indicators such as job creation, community investment, and health 

safety are monitored variably and lack harmonization (P1, P5, P11). Large multinationals 

mining companies follow ITIE, GRI, ICMM, and IFC standards, but artisanal and semi-

industrial mines rarely use formal ESG frameworks (P1, P9, P11). There is no unified 

national ESG framework, although efforts to create one are ongoing, implementation has not 

yet occurred (P9). 

4.2  Limitations of current ESG Models and the DSR  

Multiple interviewees (P2, P3, P5, P8, P9) highlighted that current ESG frameworks are 

often “western-driven” and not adapted to African realities, especially regarding community 

structures, informal economies, and child labor. The DSR framework was positively 

received as a culturally grounded alternative, emphasizing duty to land, inclusive 

development, and reconciliation. For example P2 mentioned current ESG models as 

“externally imposed and often misaligned with African realities, advocating for the DSR 

framework, which balances cultural identity with international comparability.” P3 added: 

Social obligations and child labor are viewed through a communal lens; what is considered 

abuse in Western discourse may be survival work locally, but all agree on the need for 

protection and education. Community engagement and local training are seen as essential 

for ESG effectiveness, but external standards alone are insufficient. 

Collectively, these voices support the view that locally grounded frameworks like DSR 

focused on stewardship, social justice, and reconciliation are better suited to the African 
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context than imported standards, and that community engagement and cultural relevance are 

essential for effective ESG reporting. 

4.3  Persistent Gaps and the Need for context sensitive ESG  

Key gaps identified are: Lack of harmonized, and context-sensitive ESG frameworks at the 

national level. Weak digital infrastructure, limited technical expertise, and manual reporting 

processes. Gaps in data reliability, especially for ASM and social metrics. 

Underrepresentation of women, youth, and marginalized groups in ESG monitoring. 

Insufficient adaptation of international frameworks to local governance, culture, and 

socioeconomic realities. 

Innovation and technology: Interviewees and field observations noted limited adoption of 

digital tools, AI, and data management systems in ESG reporting. Especially among ASM 

and small companies. In addition to local languages such as Swahili, there is broad support 

for digital, bilingual (French/English) platforms to improve transparency and facilitate 

integration of national and global standards. 

Management Practices: Effective ESG implementation depends on managerial capacity, 

technical training, and collaboration oversight among mines, government agencies, and 

communities. Operational efficiency improvements (e.g., process optimization, resource 

management) have major financial and environmental impacts but require sustained 

investment and alignment with local conditions. 

Cultural integration: Rituals, local customs, and community engagement are woven into 

daily mining operations and are critical for social license and long-term sustainability. 

Community programs (e.g., enterprise development, street child reintegration) are central to 

social sustainability but are often underreported in formal ESG metrics. 

4.4  Key insights from expert interviews 

Bridging these ESG gaps is essential for DRC and other African mining countries to achieve 

credible, transparent, and internationally recognized ESG reporting (see table 9). At the same 

time, it is critical to ensure that the benefits of critical minerals mining are shared with local 
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stakeholders and future generations.  To synthesize and compare the main findings from 

expert interviews and questionnaires, a summary table was constructed. 

Table 9. Summary of key insights from expert questionnaire and interview. 

Questionnaire Environmental Social Governance Key Insights 

1 

Multiple ESG 

standards (ITIE, 

GRI, ICMM); 

fragmented 

reporting; KPIs, 

GIS, audits used 

Employment, 

health, investments 

tracked but not 

standardized; 

human rights: 

audits, risk 

mapping 

Fragmented 

governance; weak 

digitalization; 

civil society 

oversight, need 

for harmonization 

Community-based 

and participatory 

monitoring emerging; 

quantitative tools 

present but weakly 

institutionalized 

2 

Global 

frameworks (GRI, 

TCFD, CDP, 

SASB, ISSB); 

carbon footprint, 

KPIs, GIS, 

biodiversity 

indices 

Social impacts 

(jobs, health, 

community 

investments) 

reported, but 

verification gaps; 

human rights 

underreported 

No universal 

standard, 

frameworks 

blended; civil 

society 

verification 

critical; risk of 

misrepresentation 

Quantitative tools 

available but data 

quality varies; 

effective governance 

needs civil society 

and transparency 

3 

ESG frameworks 

coexist, often 

hybrid; GRI, ITIE 

common; KPIs, 

carbon analysis, 

GIS used 

Job creation, 

investments, health, 

and safety tracked 

but not harmonized; 

community impact 

measured 

Fragmented 

standards, weak 

enforcement; 

political 

interference; call 

for national ESG 

standard 

Community-centered, 

participatory, 

scientific assessment 

needed; research 

needed for 

harmonization and 

quantification 

4 

Local adaptation 

of frameworks via 

Mining Code; 

participatory 

methods; EIES, 

ESMP, annual 

reporting 

Employment, 

community 

investments, health, 

education tracked; 

HDI used; child 

labor persists in 

ASM 

Legal frameworks 

exist but weak 

enforcement/capa

city; call for 

national standard 

integrating all 

regulatory spheres 

Highlight the urgent 

need for a unified, 

enforceable national 

ESG standard 

 

Table 9 presents key insights regarding environmental, social, and governance (ESG) 

dimensions. It also highlights overall lessons to consider for a complementary framework. 

The table highlights both the diversity of frameworks and practices currently in use and 
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recurring challenges related to standardization, verification, and local adaptation. The table 

10 A-B summarizes key findings from interviews, questionnaires, a workshop, site fied 

visits, and industry events. It provided practical insights into ESG implementation in mining. 

Table 10 A. ESG insights from workshop, On-site interviews and events 

Source Environmental Social Governance Key Insights 

Lapland 

Dialogue 

(Workshop, 

Finland) 

Robotics, 

automation, circular 

processing, dry 

stacking, real-time 

data for impact 

reduction 

Indigenous and 

community 

participation; 

focus on skills 

and inclusion 

Participatory and 

transparent; 

traceability systems; 

policy alignment 

with EU standards 

Tech/innovation 

drive ESG 

integration; co-

creation and 

legitimacy 

Aalto Workshop 

(Academic, 

Finland) 

Circular economy, 

entropy-based 

metrics, material 

regeneration, 

resource efficiency 

Social impacts of 

material use; 

awareness of 

finite resources 

Quantitative metrics 

(entropy, 

ECCENTROPY); 

evidence-based 

decision-making 

Technical rigor 

supports 

transparency and 

circularity 

On-site 

Interview 

(Copper Mine, 

DRC) 

Water/energy 

management, 

adaptation of int’l 

standards, 

automated systems 

Workforce 

development, 

community 

engagement, 

cultural rituals 

ESG implementation 

both formal and 

informal; local 

participation in 

decision-making 

Hybrid 

technical/cultural 

ESG; adaptation to 

local context 

On-site 

Interview (ASM 

Site, DRC) 

Environmental 

challenges, limited 

resources, basic 

environmental 

management 

Community-based 

practices, 

livelihood focus, 

training in 

safety/hygiene 

Informal 

governance, 

community 

monitoring, local 

leader empowerment 

Practical, 

incremental 

improvement; 

hands-on DSR 

adaptation 

On-site 

Interview 

(Multi-Mine, 

DRC) 

Concurrent 

rehabilitation; 

baseline 

environmental 

studies; limited tech 

for monitoring 

Social metrics: 

jobs, education, 

skills transfer; 

contextualized 

engagement 

Collaborative 

oversight with 

authorities; 

regulatory 

misalignment and 

capacity challenges 

Culturally 

sensitive, context-

driven ESG 

metrics and 

practices 

 

The session highlighted key challenges and potential solutions. Site field visits and industry 

events provided further perspectives on ESG practices and innovation in mining. Despite the 

presence of multiple international and national ESG frameworks, reporting remains 
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fragmented and inconsistently applied across environmental, social, and governance 

dimensions. Key challenges include weak standardization of social metrics, limited 

verification of reported data, and gaps in governance and enforcement.  
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5  Discussion 

This section critically interprets the main findings of the research questions. In addition to 

the existing literature, and the evolving demands for ESG reporting in Africa´s critical 

minerals sector. The results reveal persistent gaps between international ESG frameworks 

and the realities on the ground. In addition to emerging opportunities for context sensitive, 

community-driven approaches. The following subsections examine these issues 

thematically. Beginning with the tension between global standards and practical value of the 

DSR framework. Challenges of data and quantification, technological pathways, governance 

and trust, comparative international lessons, and the broader implications for policy and 

practice. 

5.1  Fragmentation and gaps in ESG reporting 

The study confirms that ESG reporting in African critical minerals mining especially in the 

DRC is fragmented and heavily influenced by external investor requirements rather than 

unified national or regional standards. This aligns with findings from (Firkru et al. 2024a; 

Mutemeri 2024; Sovacool 2021), who note that African mining sectors often operate within 

a patchwork of global and local frameworks leading to poor comparability and limited 

harmonization. In addition, it supports the view that international frameworks alone are 

insufficient for the African context. 

Interviewees repeatedly highlighted the lack of standardized, digitalized reporting systems. 

Manual, non-harmonized ESG submissions, especially in ASM and semi-industrial 

operations, hinder data reliability and transparency. This is consistent with recent literature 

(Garcia-Zavala et al. 2023a; Agyemang et al. 2025) and justifies the urgent need for 

localized, streamlined digital platforms. 

5.2  Inadequacy of ESG Models and the Case for DSR 

A major theme emerging from interviews is a widespread perception that current ESG 

standards are “Western-driven” failing to sufficiently account for African realities, cultural 
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practices, and economic structures. This critique echoes the arguments of (Boiral et al. 2025; 

Ackah-Baidoo 2025). For example, child labor is seen differently in local communities 

viewed as survival work or family duty requiring context-sensitive approaches rather than 

blanket condemnation. 

Interview data also indicate that ESG reporting is often more responsive to external investor 

demands than to domestic regulation. This results in a “patchwork” of reporting practices. 

This is consistent with the observed dominance of foreign compliance models and aligns 

with the critique that current ESG approaches do not adequately reflect local priorities or 

socio-cultural realities (Anani et al. 2025; Boiral et al. 2025). 

The DSR framework, developed as part of this thesis, was positively received by 

stakeholders for its grounding in African values: duty to land (Development), inclusive 

community benefit (Stewardship), and reconciliation (Reconciliation).  

 

Figure 8. The proposed framework (Mwila L. 2025; designed using Canva). 

While ESG frameworks provide essential international benchmarks. Their implementation 

in African mining often falls short of local needs and expectations. The DSR approach adds 

value by centering regeneration, community development, and reconciliation, making 

responsible mining both more inclusive and more effective for sustainable development and 

the energy transition (see appendice 1-2). 
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5.3  The proposed Development Stewardship and Reconciliation  framework 

This study proposes a complementary view to the ESG reporting given the dimensions of 

the ESG report frameworks are inconsistencies and offers a misprioritization of the true 

realities of the African context. The proposed DSR framework addresses the existing gaps 

by integrating the worldviews and community cohesion of African lens. The DSR has three 

pillars as defined below;  

• Development: Inclusive, regenerative economic growth for communities. 

• Stewardship: Duty-based. Holistic environmental care. 

• Reconciliation: Justice, accountability, and transparent benefits sharing. 

Unlike conventional ESG frameworks, DSR treats sustainability not as a compliance 

exercise, but as an intrinsic duty embedded in community cohesion, cultural continuity, and 

long-term ecological balance. By grounding ESG principles in African values and lived 

realities, the DSR framework seeks to create more credible, transparent, and effective 

reporting practices for critical minerals in Africa. This demonstrates its potential for 

advancing responsible mining sustainable development across the continent. 
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6  Conclusions 

This thesis demonstrates that achieving credible, transparent, and inclusive ESG reporting 

in Africa´s critical minerals sector requires more than the adoption of global frameworks. It 

demands genuine integration with local realities. Through qualitative research, practitioner 

engagement, and comparative analysis, the study reveals that while ESG awareness is 

growing, reporting remains fragmented, culturally disconnected, and hampered by weak 

governance and data challenges. The DSR (Development, Stewardship, Reconciliation) 

framework, developed in this research, offers a practical pathway for bridging these gaps. 

The core argument advanced here is that context sensitive ESG models grounded in local 

culture, participatory monitoring, and digital innovation are essential for responsible mineral 

extraction and sustainable development. The study´s actionable recommendations are 

designed for policymakers, industry leaders, and communities, and if implemented, can 

improve transparency, accountability, and investment in Africa´s mining sector. 

This thesis set out to examine ESG reporting in the mining of critical minerals in African 

contexts. With a particular focus on the Democratic Republic of Congo, Zimbabwe and 

South Africa, and with comparative lessons from Australia and Chile. Through qualitative 

research, including practitioner interviews, questionnaires, and comparative analysis, the 

study identified persistent gaps between global ESG frameworks and the complex realities 

of African mining sectors. 

To answer to research questions: 

What are the main principles and practices of ESG reporting in African critical minerals 

mining? Findings: ESG reporting is dominated by global frameworks (e.g., GRI, EITI), but 

implementation is fragmented and often fails to address local realities. Evidence: Practitioner 

interviews, questionnaires, event observations.  Limitation: No direct community or 

household surveys were conducted. Implication: There is a need for harmonized, context 

sensitive reporting systems. 

Which African specific ESG challenges are overlooked in global reporting frameworks? 

Findings: Key challenges include governance gaps, cultural disconnects, and 

underrepresentation of social and community contexts. Evidence: Thematic analysis of 
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qualitative data. Limitation: Qualitative data only; quantitative field measures absent. 

Implication: Locally relevant indicators and participatory monitoring are recommended.  

How can the lessons from the implementation be used to propose an adoptable framework 

for the context? Findings: The DSR framework integrates local development, stewardship, 

and reconciliation, offering a culturally grounded and practical model for ESG reporting. 

Evidence: Practitioner validation, field examples, model synthesis. Limitation: Requires 

further testing across regions. Implication: DSR is proposed for policy and industry 

adoption. 

Key findings highlight the fragmentation of reporting frameworks. Data reliability 

challenges, underrepresentation of local cultural and social realities. And the critical need 

for harmonized, context sensitive approaches. The practitioner validated DSR framework 

cantering Development, Stewardships, and Reconciliation. Emerged as a promising model 

to bridge global expectations and local legitimacy. 

This research makes both theoretical and practical contributions. Theoretically, it advances 

understanding of ESG localization and the importance of cultural adaptation for sustainable 

mining governance. Practically, it offers actionable recommendations for policymakers, 

industry, and communities to implement robust, inclusive, and comparable ESG systems. 

The recommendations, if adopted, can enhance transparency, investment, and social license 

in Africa´s critical minerals sector, promoting sustainable development and responsible 

resource management. 

The study´s limitations include reliance on qualitative data. Limited sample size, and the 

evolving nature of ESG best practices and technologies. Future research should expand 

quantitative analysis, pilot digital and participatory ESG platforms. Moreover, test the DSR 

framework across African countries and sectors. 

In summary, achieving responsible mining and credible ESG reporting and responsible 

mining. In Africa´s critical minerals sector requires harmonized frameworks that integrate 

global standards with African realities, empower local stakeholders, and foster innovation. 

This is essential for ensuring that Africa´s mineral wealth contributes to sustainable 

development, equitable benefit sharing, and global energy transition goals. 
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7  Recommendations 

Based on the analysis and empirical findings, the following recommendations are proposed 

to strengthen ESG reporting and sustainable mining practices in Africa´s critical mineral 

sector.  

1. Policymakers and industry should move beyond compliance with global ESG 

checklists and implement frameworks such as DSR (Development, Stewardship, 

Reconciliation) that reflect African realities and priorities. 

2. Mining companies should prioritize measurable local benefits, including job 

creation, vocational training, and support for local enterprises, alongside traditional 

social investments. 

3. Environmental management should extend beyond harm reduction to include active 

land rehabilitation, biodiversity restoration, and participatory monitoring with local 

communities. 

4. Establish transparent benefit-sharing agreements and robust grievance resolution 

processes to build trust, address historical harms, and ensure equitable distribution 

of mining benefits. 

5. ESG reporting systems should include indicators co-designed with communities to 

capture cultural, social, and environmental priorities unique to African contexts. 

6. Policymakers and industry should pilot digital platforms and participatory 

approaches for ESG data collection, verification, and public disclosure to enhance 

transparency and stakeholder engagement. 

7. Encourage partnerships among industry, government, academia, and civil society to 

share best practices, build local capacity, and support contiuous improvement in ESG 

performance. 

8. National and regional authorities, together with industry, should pilot the DSR model 

in diverse mining contexts, collecting feedback to refine indicators and 

implementation strategies. 
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These recommendations are intendent to guide policymakers, industry practitioners, and 

stakeholders in advancing more transparent, credible and inclusive ESG outcomes for 

Africa´s critical minerals sector.  
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Appendix 1. Poster presented at the OECD Mining event in Rovaniemi 
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Appendix 2. Abstract submitted in OECD Mining event in Rovaniemi
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Appendix 3. Questionnaire English Version 
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Appendix 4. Questionnaire French Version 
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Appendix 5. Expert Feedback  
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