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[bookmark: _Toc214615797]ABSTRACT

This dissertation investigates how copper mining companies in the Balkan region adapt to evolving sustainability regulations, particularly within the context of the European Union’s CSRD and ESRS frameworks. Motivated by the increasing strategic role of copper in Europe’s decarbonisation agenda, I conducted a comparative analysis of six companies at different stages of development: Ellatzite, Assarel–Medet, Dundee Precious Metals, Zijin Bor, Skouries, and Rovina Valley. To evaluate their sustainability performance, I developed a combined analytical framework integrating ESG assessment, CSRD/ESRS disclosure criteria, and TCFD climate-risk principles.
Through this framework, I identified significant differences in sustainability maturity across the region. Established EU-based operations—particularly Ellatzite and Dundee Precious Metals—demonstrate advanced environmental management, governance structures, and growing alignment with ESRS requirements. In contrast, non-EU or early-stage projects show more limited transparency and rely predominantly on projected rather than operational sustainability performance. My analysis also revealed that climate-related risks, especially those linked to water availability and extreme weather, affect all companies, but only some have implemented technological responses such as advanced wastewater treatment, digitalisation, and AI-supported optimisation.
The results of the study refined several of my initial expectations. While I anticipated general alignment gaps with EU sustainability standards, the analysis showed that certain companies in the region already operate at a level comparable to international leaders. At the same time, the research confirmed the existence of reporting inconsistencies and governance disparities. By applying a multi-layer analytical methodology, my dissertation contributes a structured approach for evaluating sustainability performance in mining and provides new insights into the strategic importance of the Balkans for the EU’s green transition.
Overall, this research demonstrates that sustainability adaptation in the Balkan copper sector is uneven but progressing. The findings highlight both the challenges and the emerging strengths of the region, emphasising its potential to play a meaningful role in Europe’s long-term decarbonisation and raw-materials strategy.
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[bookmark: _Toc214615799]CHAPTER 1: INTRODUCTION

[bookmark: _Toc214615800]1.1 Background
Copper has played a defining role in human development for thousands of years. Some of the earliest evidence of copper extraction and metallurgy has been discovered in the Balkan region, particularly in present-day Bulgaria. Archaeological studies around Stara Zagora reveal some of Europe’s oldest organised mining activities, linking the region to the origins of the Copper Age. Today, copper is once again at the centre of a major global transformation: the transition toward low-carbon energy systems and climate neutrality.
In the European Union, the metal is considered a strategic raw material essential for renewable energy technologies, electric vehicles, battery production and electricity grid modernisation. As the EU strengthens its regulatory framework through initiatives such as the European Green Deal, the Corporate Sustainability Reporting Directive (CSRD) and the European Sustainability Reporting Standards (ESRS), mining companies must adapt their operations, governance structures and reporting practices.
The Balkans remain an important supplier of copper to Europe. Mining companies in Bulgaria, Serbia, Greece and Romania operate under diverse regulatory environments and varying degrees of alignment with EU sustainability policies. Understanding how these companies respond to increasing expectations for transparency, climate risk management and ESG performance is of strategic importance not only for the region but also for Europe’s pursuit of a resilient and sustainable raw materials supply.

[bookmark: _Toc214615801]1.2 Personal Motivation
My motivation for conducting this research is rooted both in my personal background and in my long-standing interest in sustainability and responsible resource management. Growing up in Bulgaria, I have always been aware of the economic and cultural significance of the mining industry in the region. Copper extraction has shaped entire communities, contributed to national development and remains a key strategic sector with growing relevance for Europe’s decarbonisation efforts.
As sustainability regulation becomes more complex and influential, I was motivated to explore how mining companies—including one of Bulgaria’s most significant operators, Ellatzite-Med—are adapting to new expectations. I wanted to understand whether the sector is prepared for the obligations stemming from CSRD and ESRS, how climate risks are assessed and managed, and what best practices can be identified to support long-term sustainable operations.
This combination of personal connection, academic interest and regional relevance inspired me to undertake a structured and comparative study of the Balkan copper mining industry.
[bookmark: _Toc214615802]1.3 Problem Statement
Despite notable progress in sustainability practices, the Balkan mining sector faces a number of challenges:
· Accelerating regulatory pressure from the EU and international frameworks
· Growing expectations for transparency and responsible environmental practices
· Increasing climate-related risks that require strategic adaptations
· Technological demands for more efficient and lower-impact extraction methods
· Significant differences in ESG maturity between EU and non-EU countries
There is limited academic research providing a comparative understanding of how mining companies in the Balkans are adapting to ESG and sustainability regulation. Existing studies rarely examine CSRD or ESRS readiness, and even fewer assess climate risk using the TCFD framework. This creates a gap in both academic and practical knowledge.
This dissertation addresses this gap through a multi-case comparative analysis of six major mining companies and a detailed case study of Ellatzite-Med.

[bookmark: _Toc214615803]1.4 Research Rationale
I chose this topic because it allowed me to combine personal familiarity with the region, professional interest in sustainability and an academic need for comparative ESG research focused on mining. The copper mining sector stands at the intersection of environmental impact, industrial development and strategic European priorities. Studying its adaptation to CSRD, ESRS and climate-related expectations provides insight into how resource-intensive industries transition towards sustainable practices.
I was also motivated by the unique position of Ellatzite-Med, which has undergone substantial technological modernisation and developed advanced environmental management systems. Analysing its practices allowed me to identify concrete examples of good practice and evaluate how far regional companies have progressed in aligning with modern sustainability expectations.

[bookmark: _Toc214615804]1.5 Research Aim and Contribution
The aim of this dissertation is to examine how copper mining companies in the Balkans adapt to sustainability regulations and to assess differences in ESG maturity, climate risk management and CSRD/ESRS readiness.
To achieve this, I conducted a multi-case analysis of six mining operations and an in-depth case study of Ellatzite-Med. Throughout this research, I assessed:
· how companies respond to sustainability regulations,
· what environmental and social practices they implement,
· how climate risks influence their strategic and operational decisions,
· and how compliance with CSRD and ESRS affects their governance and transparency.
This study contributes to the academic literature by providing a structured regional comparison, applying modern sustainability frameworks (ESG, CSRD/ESRS, TCFD) and identifying practical lessons for improving sustainability performance in the mining sector.

[bookmark: _Toc214615805]1.6 Structure of the Dissertation
The dissertation is structured as follows:
Chapter 1 introduces the research motivation, problem statement, rationale and aims.
Chapter 2 reviews academic literature and regulatory frameworks related to ESG, sustainability and mining.
Chapter 3 presents the methodology, including the multi-case study design and analytical approach.
Chapter 4 analyses the findings from the six companies and presents the in-depth case study of Ellatzite-Med.
Chapter 5 concludes the dissertation and provides recommendations for industry practice.


[bookmark: _Toc214615806]CHAPTER 2: LITERATURE REVIEW

[bookmark: _Toc214615807]2.1 Introduction
The purpose of this chapter is to review the academic and regulatory literature relevant to sustainability in the mining sector, with a particular focus on ESG frameworks, the EU’s recent regulatory developments (CSRD and ESRS), and climate risk assessment principles such as TCFD. I also examine challenges associated with sustainability practices in the copper mining industry, especially within the context of the Balkan region.
The literature review establishes the conceptual foundation for the analytical framework applied in Chapters 3 and 4.

[bookmark: _Toc214615808]2.2 Sustainability in the Mining Industry: Global Perspectives
Sustainability in mining has become a central topic in academic research over the past two decades. Scholars widely agree that mining companies face increasing societal expectations to minimise environmental impact, enhance social responsibility and improve governance practices (Hilson, 2012; Azapagic, 2004).
Several authors highlight that mining operations have inherent ecological challenges, such as land disturbance, water contamination and emissions (Mudd, 2010). To address these challenges, mining companies have increasingly adopted structured sustainability frameworks such as:
· Environmental Management Systems (EMS)
· Life-cycle assessment (LCA)
· Integrated environmental, social and governance (ESG) frameworks
· Corporate reporting under GRI and TCFD
In the global context, sustainability is seen not only as a compliance requirement but also as a source of competitive advantage (Porter & Kramer, 2011). Academics note that companies with strong ESG performance often achieve improved operational efficiency, lower risk exposure and enhanced stakeholder trust (Eccles, Ioannou & Serafeim, 2014).

[bookmark: _Toc214615809]2.3 ESG Frameworks and Their Application in Mining
The ESG (Environmental, Social, Governance) framework is now one of the most widely applied systems for assessing corporate sustainability. Academic literature emphasises that ESG is particularly relevant to extractive industries due to their high environmental footprint and extensive social impacts (Jenkins & Yakovleva, 2006).


Environmental (E)
Studies emphasize the importance of water management, emissions reduction, biodiversity protection and efficient resource use (Lottermoser, 2010).
Social (S)
Scholars highlight that mining companies must maintain strong community relations, ensure workforce safety and contribute to local development (Kemp, 2010).
Governance (G)
Academic research links governance quality to transparency, ethical behaviour and risk management (Aguilera et al., 2007).
Industry bodies such as the International Council on Mining and Metals (ICMM) and the OECD have also published extensive sustainability guidelines, reinforcing academic perspectives.

[bookmark: _Toc214615810]2.4 Regulatory Developments: CSRD and ESRS
The introduction of the Corporate Sustainability Reporting Directive (CSRD) represents a significant shift in the European sustainability landscape. CSRD expands the scope of sustainability reporting, requiring companies to disclose detailed information on environmental, social and governance impacts based on the European Sustainability Reporting Standards (ESRS).
Academic literature notes several implications of CSRD (Kamp-Roelands et al., 2023):
· increased reporting depth
· mandatory double materiality
· stronger governance structures
· climate-transition planning requirements
· digital tagging of sustainability data
Double Materiality
This concept—central to ESRS—requires companies to assess both:
· impact materiality (impacts on people/environment)
· financial materiality (impact on the company)
Scholars emphasise that double materiality leads to a more holistic assessment of sustainability issues (La Torre et al., 2020).
Sector Relevance
Extractive industries are particularly affected by CSRD/ESRS due to:
· high environmental impacts
· elevated climate-related risks
· significant community engagement
· need for transparent governance
This makes the CSRD/ESRS framework relevant for analysing Balkan copper mining firms.
[bookmark: _Toc214615811]2.5 Climate Risk and the TCFD Framework
The Task Force on Climate-related Financial Disclosures (TCFD) provides widely used guidance for identifying and reporting climate-related risks. Academic literature recognises TCFD as the global benchmark for climate risk disclosure (Dietz et al., 2021; Krueger et al., 2020).
TCFD distinguishes between:
· Physical risks (e.g., extreme weather, water scarcity, temperature changes)
· Transition risks (e.g., regulatory changes, carbon pricing, technology shifts)
Scholars argue that mining companies must integrate TCFD into strategic planning because climate risks directly affect operational stability, safety and long-term competitiveness (Azadi et al., 2020).
TCFD has also been used as a methodological foundation in climate risk research, supporting the validity of my chosen analytical framework.

[bookmark: _Toc214615812]2.6 Sustainability Challenges in the Copper Mining Sector
Copper mining presents several sustainability challenges frequently discussed in academic literature.
[bookmark: _Toc214615813]2.6.1 Environmental Challenges
· high water and energy consumption
· greenhouse gas emissions
· tailings management
· land disturbance and biodiversity loss
Researchers stress that modern mining must adopt technological innovation—membrane filtration, digital monitoring and AI optimisation—to reduce its impact (Northey et al., 2014).
[bookmark: _Toc214615814]2.6.2 Social and Community Challenges
Mining often occurs in areas with sensitive social dynamics. Akademic studies highlight:
· community acceptance
· worker safety
· equitable distribution of benefits
· social licence to operate (Moffat & Zhang, 2014)
[bookmark: _Toc214615815]2.6.3 Governance Challenges
Governance challenges include:
· transparency of reporting
· corruption risks in certain jurisdictions
· inadequate stakeholder engagement
Scholars consistently emphasise that strong governance is essential for ESG credibility (Young & Makhija, 2014).

[bookmark: _Toc214615816]2.7 The Balkan Context: Regional Studies and Historical Significance
Few academic studies examine sustainability in Balkan mining specifically, which represents a clear research gap. However, the region’s mining history is well-documented, particularly regarding ancient copper production in Bulgaria (Radivoev et al., 2019).
Regional Specificities
The Balkan region is characterised by:
· mixed EU and non-EU regulatory environments
· varying governance maturity
· strong historical mining traditions
· growing importance for EU raw materials strategy
Scholars also highlight the region as a strategically important source of copper for Europe’s decarbonisation efforts (European Commission, 2022).

[bookmark: _Toc214615817]2.8 Summary of the Literature Review
This chapter reviewed academic, industry and regulatory literature relevant to sustainability and mining. The key insights can be summarised as follows:
· ESG frameworks are central to evaluating sustainability performance in mining.
· CSRD and ESRS introduce a new era of mandatory reporting standards in the EU.
· TCFD provides a useful structure for assessing climate-related risks.
· Copper mining faces substantial environmental, social and governance challenges.
· The Balkan region remains understudied despite its strategic importance and long mining tradition.
These insights guided the development of the analytical framework applied in this dissertation and provided the conceptual foundation for the comparative multi-case analysis presented in Chapter 4.




[bookmark: _Toc214615818]CHAPTER 3: METHODOLOGY

[bookmark: _Toc214615819]3.1 Introduction
The purpose of this chapter is to explain the methodological approach I adopted to address the research aim: to analyse how copper mining companies in the Balkan region adapt to sustainability regulations and to understand the ESG maturity, climate risk readiness and CSRD/ESRS alignment of these organisations.
Since this research focuses on organisational behaviour, sustainability frameworks and regulatory adaptation, I selected a qualitative, multi-case study approach, supported by secondary data analysis and a structured analytical framework based on ESG, CSRD/ESRS and TCFD.
This chapter also explains why I chose this methodology, who has used similar approaches in academic research, and what personal and practical motivations guided my decisions.

[bookmark: _Toc214615820]3.2 Research Design: Multi-Case Qualitative Study
I adopted a multi-case study design, which enabled me to compare different companies operating in the same regional and sectoral context.
This approach is widely recognised in academic research for studying complex organisational phenomena, especially where behavioural, strategic and regulatory variables converge.
Academic foundation
· Yin (2018) argues that case study research is suitable for real-world organisational analysis where contextual conditions matter.
· Eisenhardt (1989) highlights that multiple cases allow for pattern recognition and stronger theoretical insights.
· Stake (1995) emphasises that case studies are appropriate when the goal is to understand processes, actions and real-life practices.
Following these academic foundations, I structured my research around six selected mining operations in Bulgaria, Serbia, Greece and Romania, and then conducted an in-depth analysis of Ellatzite-Med as a focal case.
Personal motivation for this design
I chose this approach because it allowed me to examine a diverse set of companies with varying levels of sustainability maturity, rather than focus on a single organisation.
Additionally, the dominance of publicly available ESG reports and corporate disclosures in the mining sector made the multi-case secondary data approach both realistic and academically appropriate.
[bookmark: _Toc214615821]3.3 Data Collection: Secondary Qualitative Data
The research uses secondary data, including:
· sustainability reports (GRI-based, annual ESG reports)
· CSRD-preparedness statements and ESG disclosures
· climate risk assessments and TCFD-aligned information
· environmental impact assessments (EIAs)
· company websites and official corporate publications
· EU regulatory documents (CSRD, ESRS, EU Taxonomy)
· independent reports from ICMM, OECD, World Bank and local institutions
Why I used secondary data
There were two main reasons:
1. Practical constraints
Mining companies in the Balkans operate in heavily regulated environments, and direct interviews with executives or sustainability managers are challenging to secure within the timeframe of an academic dissertation.
2. High-quality published ESG data
Most companies already publish extensive sustainability disclosures that often contain more structured information than interviews would provide.
This aligns with Bowen (2009) and Saunders et al. (2019), who note that secondary data is effective when high-quality corporate documentation is available.
Methodological precedent
Secondary ESG data is commonly used in climate and sustainability research:
· TCFD-based climate studies (Carlin et al., 2021; Krueger et al., 2020)
· CSRD/ESRS readiness assessments (European Commission, 2023)
· Mining-sector ESG benchmarking (ICMM, 2021)
Thus, my approach follows an established academic tradition.

[bookmark: _Toc214615822]3.4 Data Analysis: Qualitative Content Analysis
I analysed the collected documents using qualitative content analysis, a method recommended by:
· Krippendorff (2018) — qualitative analysis is appropriate for structured texts such as sustainability reports
· Silverman (2016) — content analysis supports pattern identification and thematic comparison
· Schreier (2012) — the method is ideal for analysing regulatory alignment and governance frameworks
How I applied this method
I systematically reviewed all documents and coded them according to categories derived from the analytical framework:
· Environmental performance
· Social responsibility and community engagement
· Governance structure and transparency
· Climate risk identification and management (TCFD)
· CSRD/ESRS alignment
· Technological modernisation
· Digitalisation and innovation
· Regulatory adaptation
This approach enabled me to compare companies consistently and identify patterns of strengths, gaps and best practices.

[bookmark: _Toc214615823]3.5 Analytical Framework: ESG + CSRD/ESRS + TCFD
To structure the analysis, I applied a combined analytical framework based on:
1) ESG criteria
Used widely in mining sustainability research (ICMM, 2020; Deloitte Mining Outlook, 2022).
2) CSRD and ESRS requirements
These standards provided a structured lens for evaluating:
· governance
· strategy
· risk management
· metrics and targets
· double materiality
This was essential because these companies will either soon be subject to CSRD or already operate within EU jurisdictions.
3) TCFD climate risk assessment
TCFD is globally recognised and used in academic climate studies (Dietz et al., 2021).
It enabled me to evaluate:
· physical risks
· transition risks
· resilience measures
· scenario analysis (where available)
Why I selected this framework
I chose this framework because:
• It is directly relevant to the regulatory environment of the Balkan mining sector.
• It integrates sustainability, climate risk and transparency into one coherent structure.
• It is appropriate for analysing large industrial companies.
• It supports a comparative multi-case methodology.
This allowed me to produce findings that are academically grounded, practically relevant and aligned with modern sustainability expectations.

[bookmark: _Toc214615824]3.6 Limitations of the Methodology
I acknowledge several limitations:
1. Reliance on publicly available data
Some companies (e.g., Zijin Bor Copper) provide limited reporting, which affects the depth of analysis.
2. Lack of primary interviews
Interviews could have added more nuance but were beyond the practical scope of this dissertation.
3. Regulatory variability
Comparing EU and non-EU companies introduces structural differences in obligations.
4. New projects
Skouries and Rovina Valley have limited operational data, making assessment partly theoretical.
Despite these limitations, the triangulation of multiple sources and use of a validated analytical framework ensures that the findings remain robust.

[bookmark: _Toc214615825]3.7 Summary
In this chapter, I explained the methodology I used to examine sustainability adaptation in the Balkan copper mining sector. I adopted a multi-case qualitative design supported by secondary data and a structured analytical framework combining ESG, CSRD/ESRS and TCFD principles.
The methodology is grounded in established academic literature, suitable for the research aim, and aligned with practical constraints.
The next chapter applies this methodology to analyse the six mining companies and present the in-depth case study of Ellatzite-Med.


[bookmark: _Toc214615826]CHAPTER 4: ANALYSIS AND DISCUSSION

[bookmark: _Toc214615827]4.1 Introduction
In this chapter, I present the findings of the comparative multi-case analysis I conducted on six mining companies operating in the Balkan region: Ellatzite-Med, Assarel-Medet, Dundee Precious Metals, Zijin Bor Copper, Skouries (Halkidiki) and Rovina Valley (Romania). Using the analytical framework developed in Chapter 3 — combining ESG criteria, CSRD/ESRS requirements and the TCFD climate risk structure — I evaluate the extent to which these companies are adapting to sustainability expectations and regulatory developments.
I first assess their ESG performance, then compare their practices, and finally examine their climate-risk readiness and regulatory alignment. The chapter concludes with an in-depth case study of Ellatzite-Med, illustrating how one of the region’s leading operations approaches sustainability and technological modernisation.

[bookmark: _Toc214615828]4.2 ESG Performance Across the Six Companies
[bookmark: _Toc214615829]4.2.1 Environmental Performance
Environmental performance varied significantly across the companies. The strongest performers, based on my analysis of published data, are Ellatzite-Med and Dundee Precious Metals.
Ellatzite-Med demonstrates consistent long-term investment in reducing environmental impact. Its high-technology wastewater treatment infrastructure, developed using Mitsubishi and EnviroChemie systems, enables advanced water purification, closed-loop water reuse and strict quality controls. The company also operates modern air-emission monitoring systems and applies progressive tailings management practices.
Dundee Precious Metals shows equally strong environmental practices, supported by transparent reporting under the GRI framework and a well-developed environmental management system. Dundee’s monitoring infrastructure is one of the most sophisticated in the region.
Assarel-Medet performs reasonably well but shows fewer advanced technological investments compared to Ellatzite-Med or Dundee.
In contrast, Zijin Bor Copper presents weaker environmental transparency. While the parent group demonstrates strong corporate-level ESG maturity, local disclosures remain limited.
The two new projects—Skouries and Rovina Valley—outline strong environmental intentions but do not yet have operational data. Their claims remain theoretical until production begins.
[bookmark: _Toc214615830]4.2.2 Social Performance
Across the region, I observed a generally strong social commitment, particularly in Bulgaria, where community relations and worker safety are highly regulated.
Ellatzite-Med has established long-term partnerships with local municipalities, invests heavily in employee training and maintains robust occupational safety programmes. The company reports relatively low accident rates and undertakes continuous workforce development initiatives.
Dundee Precious Metals appears to be the strongest performer in social engagement, featuring detailed safety metrics, cultural heritage preservation initiatives and transparent community reporting.
Assarel-Medet demonstrates similar strengths, while Zijin Bor Copper is constrained by limited public social reporting at the local level.
Again, Skouries and Rovina Valley offer strong theoretical social frameworks but lack operational evidence.
[bookmark: _Toc214615831]4.2.3 Governance and Transparency
Governance and transparency emerged as the clearest differentiating factors in my analysis.
Dundee Precious Metals is the regional leader in governance reporting, with detailed disclosures on board structure, risk management, sustainability governance and ethics policies. Its corporate behaviour aligns strongly with CSRD and ESRS expectations.
Ellatzite-Med demonstrates solid internal governance practices, including structured responsibilities for sustainability oversight and transparent reporting of key environmental and safety indicators. While its reporting is less extensive than Dundee’s, its operational governance systems are advanced, well-integrated and aligned with EU best practices.
Assarel-Medet reports fewer governance indicators and will require structural enhancements to meet full ESRS expectations.
Zijin Bor Copper shows the weakest transparency at the local level, in contrast to its parent company, which publishes a comprehensive GRI-based sustainability report.

[bookmark: _Toc214615832]4.3 Cross-Case Comparison
My cross-case comparison reveals three major patterns:
Pattern 1: ESG maturity is higher within EU Member States
Bulgarian companies demonstrate significantly stronger ESG structures than the non-EU entity in Serbia. EU regulation plays a central role in shaping sustainability behaviours.
Pattern 2: Technological innovation correlates with stronger environmental outcomes
Ellatzite-Med’s investment in wastewater treatment, AI optimisation and digitalisation significantly enhances its sustainability performance. Dundee demonstrates similar advantages through transparent monitoring systems.
Pattern 3: Transparency is the most important differentiator
Transparency distinguishes industry leaders (Dundee, Ellatzite-Med) from lagging organisations (Zijin Bor Copper).
[bookmark: _Toc214615833]4.4 Climate Risk Assessment (TCFD-Based Evaluation)
Using the TCFD framework, I examined how each company identifies and responds to climate-related risks.
[bookmark: _Toc214615834]4.4.1 Physical Climate Risks
I identified the following regional physical risks:
· heavier rainfall affecting tailings facilities
· increased heatwaves impacting worker health and equipment performance
· potential water scarcity in drier seasons
· increased extreme weather events affecting site stability
Ellatzite-Med and Dundee show the strongest preparedness through:
· real-time monitoring
· automated water management
· emergency planning
· infrastructure designed to withstand climate variability
[bookmark: _Toc214615835]4.4.2 Transition Climate Risks
Transition risks arise from:
· stricter EU regulations
· carbon pricing
· evolving technologies
· changing stakeholder expectations
Ellatzite-Med demonstrates strong readiness through energy-efficiency measures, digital optimisation and structured governance.
Dundee is highly aligned with TCFD and emerging EU standards.
Assarel-Medet shows moderate alignment.
Zijin Bor Copper faces substantial transition risks due to limited transparency and weaker regulatory pressure.
Skouries and Rovina Valley outline transition strategies but lack operational proof.

[bookmark: _Toc214615836]4.5 CSRD and ESRS Compliance
I assessed the companies’ alignment with CSRD and ESRS using the methodological framework.
[bookmark: _Toc214615837]4.5.1 Strongest Alignment
Dundee Precious Metals
Comprehensive reporting, GRI integration, climate disclosures and governance transparency place Dundee closest to CSRD readiness.
Ellatzite-Med
Shows strong potential for full ESRS compliance. While reporting can grow, its internal systems, monitoring infrastructure and technological investments demonstrate advanced readiness.
[bookmark: _Toc214615838]4.5.2 Moderate Alignment
Assarel-Medet
Shows progress but requires structural improvements in reporting and governance disclosures.
[bookmark: _Toc214615839]4.5.3 Limited Alignment
Zijin Bor Copper
Local-level reporting does not meet CSRD or ESRS expectations but corporate-level reporting is strong.
Skouries and Rovina Valley
Prepared on paper but lack real implementation.

[bookmark: _Toc214615840]4.6 In-Depth Case Study: Ellatzite-Med
I selected Ellatzite-Med for focused analysis because it represents one of the most technologically modern and sustainability-oriented mining operations in the region.
[bookmark: _Toc214615841]4.6.1 Environmental Leadership and High-Tech Investments
Key findings include:
· advanced wastewater treatment systems based on Mitsubishi and EnviroChemie technology
· automated and digitally controlled purification processes
· membrane filtration, ion-exchange systems and integrated recirculation
· real-time hydrochemical monitoring
· progressive tailings and waste management practices
These technologies significantly reduce environmental impact and improve operational stability.
[bookmark: _Toc214615842]4.6.2 Digitalisation and Artificial Intelligence
Ellatzite-Med demonstrates one of the highest levels of digitalisation in Balkan mining:
· real-time environmental and operational dashboards
· AI-based predictive maintenance
· automated dispatch systems
· process optimisation algorithms
· integrated digital platforms for energy and water management
These tools enhance both sustainability and competitiveness.
[bookmark: _Toc214615843]4.6.3 Social and Governance Practices
Ellatzite-Med maintains:
· strong safety performance
· continuous employee training
· long-term community partnerships
· structured internal governance for sustainability
[bookmark: _Toc214615844]4.6.4 Comparative Position
Compared to other companies, Ellatzite-Med stands out for:
· best-in-class technological systems
· strong operational ESG performance
· robust climate readiness
Its main opportunity area lies in expanding reporting to meet ESRS fully.

[bookmark: _Toc214615845]4.7 Synthesis and Discussion
Across the six cases, I observed that:
· EU regulation drives ESG maturity
· technological investment is essential for sustainability
· transparency remains the main differentiator
· new projects have potential but lack evidence
Ellatzite-Med emerges as a regional leader in operational ESG implementation, while Dundee leads in transparency and reporting maturity.
The findings highlight the need for enhanced climate governance, decarbonisation strategies and alignment with CSRD/ESRS across the region.

[bookmark: _Toc214615846]4.8 Summary
This chapter presented the findings of my multi-case analysis and the in-depth assessment of Ellatzite-Med. Using ESG, CSRD/ESRS and TCFD as analytical lenses, I identified strengths, weaknesses and best practices within the Balkan copper mining sector. These findings form the basis for the conclusions and recommendations presented in Chapter 5.


[bookmark: _Toc214615847]CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS

[bookmark: _Toc214615848]5.1 Introduction
This chapter presents the final conclusions drawn from my research and reflects on what I have accomplished through the comparative sustainability analysis of copper mining companies in the Balkan region. Unlike earlier drafts, this version does not propose future actions for organisations but evaluates the actual findings that emerged from the study, assesses the effects and limitations of my approach, and considers how my conclusions compare to my initial expectations. The chapter closes with a reflection on the contribution this dissertation makes to understanding sustainability adaptation in Balkan mining.

[bookmark: _Toc214615849]5.2 Summary of Key Findings: What My Research Revealed
Through the analytical framework that I designed (ESG + CSRD/ESRS + TCFD), I was able to systematically assess six mining operations at different stages of development. This comparative approach produced several significant empirical insights.
First, I identified a clear and measurable divergence in sustainability maturity across the region. Companies with longer operational history and established ownership structures—such as Ellatzite and Dundee Precious Metals—demonstrate substantially stronger governance, reporting quality, and environmental responsibility. In contrast, projects still under development, such as Skouries and Rovina Valley, present sustainability commitments predominantly at the strategic or policy level rather than through demonstrable operational performance. This distinction became more visible through my structured analysis than I initially anticipated.
Second, the application of CSRD and ESRS as part of the analytical model revealed a notable regulatory gap between EU-based and non-EU companies. Ellatzite and Dundee show alignment or readiness for ESRS-type disclosures even before mandatory inclusion, whereas Zijin Bor and non-EU projects display more limited integration. This was not fully evident before conducting the comparative study; only through the structured evaluation matrix did these differences become distinct.
Third, my assessment of climate-related risks (based on TCFD categories) highlighted a common vulnerability across all companies: dependency on water availability and increased exposure to extreme weather. However, I found that only a subset of the companies had developed operational responses—Ellatzite’s wastewater treatment technologies and Dundee’s energy optimisation systems being the most advanced. This demonstrated that technological investment strongly correlates with effective climate readiness in the region.
Finally, one of the most important findings of my analysis is that the Balkan region holds a unique strategic position for the European green transition, yet current sustainability performance is uneven and often fragmented. This insight emerged directly from my cross-case comparison and was not clearly positioned in the initial academic literature.

[bookmark: _Toc214615850]5.3 Contribution of This Dissertation
My dissertation makes several contributions—methodological, empirical, and contextual.
Methodologically, I integrated three frameworks (ESG, CSRD/ESRS, and TCFD) into a single analytical tool adapted specifically for mining operations. To my knowledge, no previous study has applied this combined framework to the Balkan copper sector. This tool allowed for deeper comparison and could be used by future researchers or practitioners.
Empirically, I provide one of the first structured comparisons of sustainability performance among key mining companies in Bulgaria, Serbia, Greece, and Romania. Existing academic literature primarily focuses on individual case studies or broader industry perspectives, whereas my work brings these companies into a unified evaluative structure.
Contextually, I contribute to understanding the importance of the Balkans for the European decarbonisation agenda. By emphasising the long historical tradition of copper extraction—from the earliest prehistoric mines to modern industrial-scale operations—I provide a narrative that links Europe’s earliest metallurgy with its future need for critical minerals. This broader perspective enriches the sustainability discourse and adds depth to the analysis.

[bookmark: _Toc214615851]5.4 Limitations of the Research
While the comparative methodology was effective, several limitations influenced the depth of interpretation.
First, the research relied entirely on secondary data. Although this ensured feasibility and objectivity, it limited my ability to obtain internal perspectives from company staff or regulatory authorities. Some datasets differed in detail or reporting quality, particularly for non-EU or early-stage projects such as Rovina Valley.
Second, sustainability reporting across the companies is not standardised, which affects comparability. While ESRS aims to address this gap, current disclosures still vary significantly in structure and transparency.
Third, the environmental performance of developing projects is based on projections, not on measurable outcomes. This limits the conclusions that can be drawn about their long-term sustainability.
Despite these limitations, the analysis remains valid as a structured evaluation of publicly available information and is consistent with similar research designs in sustainability studies.
[bookmark: _Toc214615852]5.5 Reflection Against Initial Assumptions
Before conducting the research, I expected that differences in sustainability performance would exist between companies, but I underestimated the extent to which regulatory exposure, ownership structure, and technological investment shape these differences. My initial assumption was that all companies in the region were generally “behind” Western standards, but the research demonstrated that Ellatzite and Dundee in fact operate at a level comparable to European and global leaders in their segment.
I also expected climate risk management to be one of the weakest areas for all companies. However, the analysis revealed meaningful progress in some organisations—particularly Ellatzite—where modern water treatment systems, digitalisation, and AI-assisted process optimisation directly support climate resilience.
Conversely, some initial expectations were confirmed. Reporting inconsistency, limited transparency in certain companies, and the absence of structured ESG governance were challenges I anticipated, and the findings validated these assumptions.
Overall, the research process reshaped and refined my perspectives rather than fully confirming my initial expectations.

[bookmark: _Toc214615853]5.6 Final Conclusion
Through this dissertation I examined how copper mining companies in the Balkans adapt to sustainability requirements and what this reveals about the region’s role in the European green transition. By applying a multi-layer analytical framework and performing a systematic cross-company comparison, I was able to identify performance patterns, regulatory gaps, and levels of technological maturity that were not clearly visible before conducting the study.
The findings show that sustainability adaptation in Balkan mining is highly uneven but progressing, with clear leaders and emerging laggards. My research contributes by clarifying these distinctions, highlighting the significance of the region for the EU’s critical raw materials strategy, and providing a structured evaluation tool that can be used in future analyses.
This dissertation strengthened my understanding of sustainability regulation in practice, challenged several of my initial assumptions, and provided new insights into the dynamics of the mining industry in the Balkans. Ultimately, the research demonstrates that while challenges remain, the region possesses both the capacity and strategic potential to support Europe’s decarbonisation goals—and this conclusion was made possible through the analytical work I conducted.
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Appendix A: Analytical Framework Used in This Study
This appendix outlines the three-layer analytical framework developed for the dissertation:
A1. ESG Evaluation Matrix

	ESG Dimension
	Indicators Used
	Source Type

	Environmental
	Water management; emissions; waste/tailings; biodiversity; energy efficiency
	Company reports; media releases; environmental audits

	Social
	Occupational safety; community engagement; employee development; social investments
	Company reports; news articles; industry publications

	Governance
	Transparency; reporting quality; ethics structures; board oversight
	ESG reports; CSRD/ESRS alignment indicators



A2. CSRD / ESRS Alignment Criteria
The following ESRS categories were assessed:
· ESRS 1 — General Principles
· ESRS 2 — General Disclosures
· ESRS E1 — Climate Change
· ESRS E2 — Pollution
· ESRS E3 — Water and Marine Resources
· ESRS E5 — Resource Use and Circular Economy
· ESRS S1 — Own Workforce
· ESRS G1 — Governance, Risk Management and Internal Control
Each company was evaluated based on publicly available information and structured into a qualitative compliance assessment (strong, moderate, limited).

A3. TCFD Climate Risk Framework
The following four pillars were applied:
1. Governance
2. Strategy (scenario analysis, long-term planning)
3. Risk Management (transition + physical risks)
4. Metrics and Targets

Appendix B: Case Study Data Matrix (Secondary Data)
This matrix summarises the secondary sources used in the multi-case study

	Company
	Data Sources Used
	Type of Data
	Reliability Assessment

	Ellatzite
	Company publications, GEOTECHMIN news, industry articles, EnviroChemie/Mitsubishi technology documentation
	ESG, environmental performance, technology, safety
	High

	Assarel-Medet
	Company news, Bulgarian business media, industry magazines
	ESG/social performance, technological updates
	Moderate

	Dundee Precious Metals
	2022 Sustainability Report, climate disclosures
	Full ESG dataset, climate strategy
	High

	Zijin Bor
	Corporate sustainability report, media updates
	ESG (corporate level), environmental/social issues
	Moderate

	Skouries
	Eldorado Gold sustainability and project documentation
	Planned ESG performance
	Moderate

	Rovina Valley
	Euro Sun Mining project documentation
	Planned ESG performance
	Moderate



Appendix C: Climate Risk Mapping (TCFD Matrix)
C1. Physical Climate Risks
· Increased rainfall affecting tailings stability
· Heatwaves impacting worker health and processing efficiency
· Seasonal water scarcity
· Extreme weather events
C2. Transition Risks
· Regulatory tightening (CSRD, ESRS, EU Taxonomy)
· Carbon pricing
· Technology shifts
· Stakeholder expectations
C3. Company Readiness Overview
	Company
	Physical Risk Preparedness
	Transition Risk Preparedness

	Ellatzite
	Strong
	Strong

	Dundee
	Strong
	Strong

	Assarel-Medet
	Moderate
	Moderate

	Zijin Bor
	Moderate
	Limited

	Skouries
	Planned
	Planned

	Rovina Valley
	Planned
	Planned



Appendix D: Summary of Relevant EU Regulations
D1. CSRD (Corporate Sustainability Reporting Directive)
· Mandatory sustainability reporting
· Double materiality
· Digital tagging of sustainability data
· Expanded scope across Europe
D2. ESRS (European Sustainability Reporting Standards)
Key thematic areas:
· Climate
· Pollution
· Water
· Circular economy
· Workforce
· Governance
D3. EU Taxonomy Regulation
Defines environmentally sustainable economic activities under:
· Climate mitigation
· Climate adaptation
· Water and circularity criteria
· Pollution and biodiversity standards

Appendix E: Technological Systems Used by Ellatzite
This appendix provides technical details supporting Chapter 4.
E1. Wastewater Treatment System
Ellatzite uses:
· Mitsubishi industrial wastewater system architecture
· EnviroChemie modular water treatment engineering
· Multi-stage purification including:
· membrane filtration
· ion-exchange
· physico-chemical treatment
· continuous digital monitoring sensors
E2. Digitalisation and AI Tools
· Real-time operational dashboards
· Automated process control
· AI-assisted predictive maintenance
· Digital tailings monitoring
· Integrated energy/water optimisation systems

Appendix F: Ethical Considerations
Because this research relied exclusively on secondary data, no human participants were involved.
Ethical compliance steps included:
· Ensuring transparency of sources
· Evaluating credibility of all secondary datasets
· Respecting intellectual property rights
· Avoiding misinformation by cross-verifying corporate claims with independent reporting
No ethical risks were identified.

Appendix G: Research Timeline
	Phase
	Activities
	Period

	Topic Selection
	Identification of research gap
	June 2025

	Literature Review
	Academic + regulatory review
	June – Sept 2025

	Framework Design
	ESG + CSRD/ESRS + TCFD
	August 2025

	Data Collection
	Secondary company datasets
	Aug – Sept 2025

	Analysis
	Cross-case analysis, Ellatzite case study
	Sept – Nov 2025

	Writing
	Chapters 1–5, abstract, references
	Sept - Oct 2025

	Finalisation
	Editing, formatting, submission
	November 2025



7

