
IMPACT OF ACCIDENTS ON THE SUS …       Uktam and Carsten FJS 

FUDMA Journal of Sciences (FJS) Vol. 10 No. 6, March, 2026, pp 134 – 139 134 

8 

 

IMPACT OF ACCIDENTS ON THE SUSTAINABLE DEVELOPMENT OF A MINING COMPANY 

 

*Uktam Norenov and Carsten Drebenstedt 

 

Department of Mining and Special Civil Engineering, Technical University Bergakademie Gustav-Zeuner-Str.1A, 09599 

Freiberg, Germany. 

 

*Corresponding authors’ email: Uktam.Norenov@doktorand.tu-freiberg.de  

 

ABSTRACT 

Industrial accidents constitute a persistent impediment to sustainable mining, systematically disrupting the 

interconnected economic, social, and environmental dimensions of mining operations. Despite considerable 

scholarship addressing mine safety and sustainable development independently, the relationship between these 

domains remains insufficiently theorized, with existing literature offering only fragmented perspectives on how 

accident dynamics shape long-term sustainability performance at the organizational level. This study addresses 

that gap through a systematic qualitative review of peer-reviewed academic literature, institutional reports, and 

case-based empirical sources encompassing mining accidents, safety culture, emergency response, and 

sustainable development frameworks. Employing thematic analysis, the paper synthesizes current knowledge 

on the principal determinants of mining accidents and examines the mechanisms through which such accidents 

affect each pillar of sustainability. The review demonstrates that accident consequences are fundamentally 

systemic: deficiencies in safety management precipitate operational disruption and financial losses, erode 

worker well-being and community trust, and exacerbate long-term environmental risk. The study contributes 

theoretically by integrating accident causation frameworks with sustainability outcomes within a unified 

analytical perspective, establishing that accident prevention must be reconceptualized not merely as an 

operational function but as a strategic precondition for sustainable mining practice. The findings indicate that 

effective safety culture, preventive maintenance, workforce training, emergency preparedness, and 

organizational learning are critical determinants of risk reduction and long-term resilience. Overall, the 

realization of sustainable mining is contingent upon the systematic embedding of accident prevention within 

broader corporate management and sustainability governance frameworks. 
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INTRODUCTION 

Mining represents a foundational sector of modern economic 

development, supplying the raw materials essential for 

industrial production, infrastructure expansion, and energy 

systems. Concurrently, it remains among the most hazardous 

industrial sectors globally, owing to its dependence on heavy 

machinery, geotechnical instability, underground operations, 

blasting activities, and occupational exposure to toxic 

substances. Consequently, mining accidents continue to occur 

across a spectrum ranging from localized incidents to large-

scale disasters with protracted economic, social, and 

environmental consequences. Within this context, accidents 

cannot be adequately understood as isolated safety failures; 

rather, they constitute events capable of destabilizing the 

broader systems upon which mining operations depend. 

Sustainable development has emerged as a central principle 

in both mining governance and corporate strategy. In the 

mining context, sustainable development may be understood 

as the capacity to maintain economic viability, protect 

environmental systems, and safeguard the well-being of 

workers and surrounding communities over the long term 

(Choi et al., 2020; Endl et al., 2021). This framing implies that 

mining companies are expected not only to generate profit, 

but also to minimize ecological damage, enhance 

occupational safety, and sustain constructive stakeholder 

relationships. Accordingly, sustainability performance in 

mining must be assessed not solely through production and 

environmental indicators, but also through the resilience of 

operational systems in the face of persistent safety risks. 

Industrial accidents directly threaten these sustainability 

objectives. A serious accident can interrupt production, 

damage critical infrastructure, elevate operational costs, and 

precipitate litigation and regulatory sanctions, while 

simultaneously reducing investor confidence and eroding 

community trust. Beyond the organizational sphere, accidents 

may result in fatalities and injuries, diminish workforce 

morale, and compromise the social legitimacy of mining 

enterprises. Environmentally, such events may cause land 

degradation, water contamination, atmospheric pollution, and 

broader ecological disturbance. Accident prevention is 

therefore not reducible to occupational health and safety 

compliance; it constitutes a strategic condition for sustaining 

the economic, social, and environmental performance of 

mining companies (Fraser, 2021; Ismail et al., 2021). 

Although prior scholarship has addressed mine safety, safety 

culture, emergency preparedness, and sustainable 

development, these themes are frequently examined in 

parallel rather than within a unified analytical framework. 

Existing research has demonstrated that communication 

practices, safety culture, and risk management are significant 

determinants of accident prevention in mining environments 

(Haas & Yorio, 2021; Jiskani et al., 2020; Sundström & 

Nygren, 2023), while other studies indicate that poor safety 

performance can undermine productivity, impose financial 

burdens, and weaken the social legitimacy of mining 

operations (Karlsson et al., 2020; Tetzlaff et al., 2020). 

Nevertheless, the literature lacks a sufficiently integrated 

account of how accident dynamics affect sustainable 

development at the organizational level across all three 

sustainability pillars simultaneously. In particular, the 

relationship between accident causation, accident 

consequences, and sustainability outcomes remains 

inadequately synthesized. 
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To address this gap, the present study adopts a socio-technical 

perspective, treating mining operations as systems shaped by 

interactions among human behavior, technical infrastructure, 

organizational processes, and environmental conditions. This 

perspective is analytically appropriate given that mining 

accidents rarely arise from singular causes; rather, they 

emerge from compounding failures in training, supervision, 

equipment integrity, communication, planning, and site 

conditions. Such a framework supports movement beyond 

descriptive accident accounts and provides a stronger basis for 

understanding why accident prevention must be considered an 

intrinsic component of sustainable mining strategy rather than 

a discrete operational concern. 

The aim of this paper is to examine the impact of industrial 

accidents on the sustainable development of mining 

companies. The specific objectives are threefold: to identify 

the principal causes and typologies of mining accidents; to 

analyze their economic, social, and environmental 

consequences; and to discuss measures capable of mitigating 

these effects and strengthening long-term sustainability 

performance. The paper contributes to the literature by linking 

accident prevention more explicitly to sustainable mining and 

by demonstrating that safety performance is not peripheral to 

sustainability, but constitutes one of its strategic foundations. 

 

MATERIALS AND METHODS 

This study employed a structured qualitative review design to 

examine the relationship between industrial accidents and the 

sustainable development of mining companies. The review 

was interpretive rather than statistical in orientation, aimed at 

synthesizing existing knowledge on accident causation, 

accident consequences, and their implications for the 

economic, social, and environmental dimensions of 

sustainability in mining. A review-based approach was 

considered methodologically appropriate given that the 

relevant scholarship is dispersed across discrete research 

domains — including safety culture, hazard identification, 

emergency response, and risk management — rather than 

consolidated within a unified analytical framework (Ismail et 

al., 2021; Naeini & Badri, 2023; Sundström & Nygren, 2023). 

The corpus of materials comprised peer-reviewed journal 

articles, institutional reports, and selected case-related 

publications addressing mining accidents, mine safety, safety 

culture, emergency preparedness, and sustainable 

development. Literature identification was guided by 

systematic keyword combinations, including: mining 

accidents, mine safety, safety culture, sustainable mining, 

sustainable development in mining, emergency response in 

mining, risk management in mining, and environmental 

impacts of mining accidents. The review prioritized 

publications from 2020 to 2024 in order to capture recent 

developments in mining safety and sustainability research; 

earlier works were incorporated selectively where they 

provided foundational insights into emergency response, 

accident analysis, and occupational safety (Kowalski-

Trakofler et al., 2010; Ismail et al., 2021; Tetzlaff et al., 2020). 

Inclusion criteria required that sources satisfy at least one of 

the following conditions: they addressed the causes or 

typologies of mining accidents; examined accident 

consequences for workers, operations, communities, or the 

environment; discussed safety culture, organizational 

learning, or emergency preparedness in mining contexts; or 

contributed substantively to understanding sustainability 

performance in extractive industries. Sources were excluded 

where they lacked direct relevance to mining operations, did 

not engage with accident or sustainability themes, or offered 

insufficient analytical utility relative to the study objectives. 

This selection logic was designed to ensure that the review 

remained focused on literature capable of elucidating how 

accident dynamics influence sustainable mining performance 

(Fraser, 2021; Endl et al., 2021; Jiskani et al., 2020). 

Following literature assembly, the selected materials were 

subjected to thematic analysis conducted in three sequential 

stages. In the first stage, the literature was systematically read 

and coded according to recurring topics pertaining to accident 

causation, accident consequences, and preventive strategies. 

In the second stage, initial codes were consolidated into 

broader analytical categories. In the third stage, these 

categories were interpreted in relation to the three pillars of 

sustainable development. Through this iterative process, six 

core themes were identified: the concept and typologies of 

mining accidents; causes of accidents; social impacts; 

economic impacts; environmental implications; and measures 

to mitigate accident effects and strengthen sustainable mining 

performance. The thematic structure was derived through 

repeated cross-comparison of the reviewed literature and 

alignment with the study objectives, rather than through 

descriptive summary alone (Ismail et al., 2021; Naeini & 

Badri, 2023; Sundström & Nygren, 2023). 

To strengthen analytical coherence, the study was conducted 

within a socio-technical perspective, according to which 

mining accidents are understood not as isolated technical 

failures but as outcomes produced by interactions among 

human behavior, technical systems, organizational processes, 

and environmental conditions. This perspective is consistent 

with the broader reviewed literature, which demonstrates that 

accident occurrence in mining is typically shaped by 

compounding deficiencies in training, safety culture, 

supervision, equipment integrity, and site conditions (Haas & 

Yorio, 2021; Jiskani et al., 2020; Tetzlaff et al., 2020). The 

socio-technical framework thereby provided the conceptual 

foundation for linking accident dynamics to sustainability 

outcomes across the economic, social, and environmental 

dimensions. 

Illustrative case examples drawn from the reviewed literature 

were employed to support interpretive analysis rather than to 

function as independent empirical case studies. Their purpose 

was to illuminate how broader patterns identified in the 

literature manifest in operational mining contexts, particularly 

with respect to emergency preparedness, safety system 

failures, and organizational response. The inclusion of case-

based evidence is consistent with established practice in 

mining safety research, where such material has been widely 

used to render visible the operational and organizational 

dimensions of accidents that broader generalizations may not 

fully capture (Karlsson et al., 2020; Kowalski-Trakofler et al., 

2010). 

This study did not involve fieldwork, laboratory 

experimentation, interviews, or direct quantitative 

measurement; its findings are accordingly grounded in 

secondary sources and interpretive synthesis. Several 

methodological limitations warrant acknowledgment. First, 

the review does not claim exhaustive coverage of the mining 

safety literature. Second, given its qualitative nature, the 

findings should be understood as conceptually rather than 

statistically generalizable. Third, while case-related sources 

enrich the analysis, they do not constitute comparative 

empirical validation. Notwithstanding these limitations, the 

adopted methodology is appropriate for identifying 

overarching patterns in the literature and for clarifying the 

relationship between accident prevention and sustainable 

development in mining organizations (Endl et al., 2021; 

Fraser, 2021; Tetzlaff et al., 2020). 
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RESULTS AND DISCUSSION 

Accident Causation in Mining: From Isolated Hazards to 

Interacting Failure Mechanisms 

The reviewed literature consistently demonstrates that mining 

accidents rarely result from singular hazardous events; rather, 

they emerge from the compounding interaction of human, 

technical, organizational, and environmental failures. Across 

the examined studies, several recurrent risk drivers are 

identified, including inadequate training, deficient safety 

culture, ineffective communication, insufficient supervision, 

equipment malfunction, and unstable site conditions such as 

geotechnical instability, methane accumulation, inadequate 

ventilation, and water ingress (Ismail et al., 2021; Jiskani et 

al., 2020; Naeini & Badri, 2023; Sundström & Nygren, 2023). 

Although these antecedents are frequently examined in 

isolation within the literature, their operational significance 

derives from their cumulative effect. A technical defect, for 

instance, does not necessarily precipitate an accident unless it 

is compounded by organizational deficiencies such as 

deferred maintenance, inadequate hazard reporting, or 

insufficient operational oversight. 

This pattern is consistent with a socio-technical interpretation 

of accident occurrence. Human error is frequently identified 

as a proximate cause in mining incidents; however, the 

reviewed studies indicate that such error is typically 

conditioned by broader structural deficiencies rather than 

individual negligence in isolation. Analogously, 

environmental hazards in mining cannot be managed through 

technical controls alone, as their consequences are mediated 

by organizational preparedness, monitoring capacity, and 

workforce competence. Accordingly, mining accidents are 

more accurately understood not as discrete compliance 

failures, but as systemic breakdowns in the coordination of 

interdependent operational systems. 

A comparative reading of the literature further indicates that 

organizational and cultural deficiencies are particularly 

consequential, as they amplify the effects of both technical 

and environmental risk factors. Research on safety culture and 

communication demonstrates that where reporting 

mechanisms are inadequate, procedural compliance is 

inconsistent, and supervisory trust is limited, accident risk 

increases in both frequency and severity (Haas & Yorio, 2021; 

Tetzlaff et al., 2020). The evidence thus points toward a 

layered model of accident causation in which unsafe 

conditions and unsafe acts are embedded within broader 

managerial and structural contexts, rather than constituting 

self-contained phenomena. 

 

Linking Accident Mechanisms to Sustainability Outcomes 

A central finding of this review is that the consequences of 

mining accidents do not distribute neatly across discrete 

social, economic, and environmental categories; rather, these 

dimensions interact dynamically, and disruption within one 

domain frequently generates secondary consequences across 

the others. For analytical purposes, the reviewed evidence 

may be organized within a sequential conceptual framework: 

risk drivers → accident occurrence → operational disruption 

→ sustainability consequences. Within this structure, risk 

drivers such as inadequate training, deferred maintenance, 

deficient safety culture, and hazardous site conditions elevate 

accident probability; once an accident occurs, it disrupts 

operations and precipitates cascading effects across the three 

pillars of sustainability. 

From a social perspective, accidents directly affect workers 

through injury, fatality, psychological trauma, diminished 

morale, and eroded confidence in organizational 

management. These effects, however, extend beyond the 

immediate workforce. Repeated incidents may undermine 

community trust, attract adverse public attention, and weaken 

the social license to operate, particularly where affected 

communities perceive that risks are inadequately managed or 

that organizational learning is absent (Fraser, 2021; Karlsson 

et al., 2020). Social sustainability in mining therefore 

encompasses not only workforce protection but also the 

broader legitimacy of the mining enterprise within its social 

environment. 

Economic impacts are similarly interconnected. The literature 

consistently documents that accidents impose both direct and 

indirect costs, encompassing medical treatment, 

compensation payments, rescue expenditure, equipment 

repair, environmental remediation, production downtime, 

schedule delays, legal liabilities, and elevated insurance 

burdens (Khodani Matshusa & Leonard, 2022; Tetzlaff et al., 

2020). The reviewed studies further indicate that these costs 

are compounded where accidents coincide with reputational 

damage or regulatory non-compliance, rendering financial 

losses not merely operational but strategic — affecting 

investment confidence, permitting conditions, and long-term 

business continuity. 

Environmental impacts, though sometimes treated as 

analytically discrete within sustainability scholarship, are 

deeply entangled with social and economic consequences. 

Accidents involving spills, fires, explosions, tailings failures, 

or other emergency events can intensify land degradation, 

contaminate water systems, degrade air quality, and generate 

longer-term ecological instability (Kalisz et al., 2022). Such 

environmental disturbances may in turn produce remediation 

costs, provoke community conflict, and heighten regulatory 

scrutiny. The reviewed literature therefore supports the 

conclusion that accident consequences in mining are most 

accurately understood as systemic rather than sectoral in 

character. 

 

Comparative Interpretation of the Reviewed Literature 

A critical comparative reading of the literature reveals that 

different research traditions emphasize distinct aspects of the 

accident-sustainability relationship. Studies on safety culture 

tend to foreground behavioral compliance, communication 

practices, and management commitment (Haas & Yorio, 

2021; Ismail et al., 2021), whereas research on hazard 

identification and accident typology affords greater attention 

to technical and environmental risk conditions (Jiskani et al., 

2020; Naeini & Badri, 2023). Sustainability-oriented 

scholarship, by contrast, is typically more concerned with 

environmental stewardship, technological innovation, and 

stakeholder legitimacy than with the internal mechanisms 

through which accident risk affects sustainability 

performance (Endl et al., 2021; Fraser, 2021). 

This disciplinary fragmentation helps explain why the 

literature is descriptively rich yet analytically underdeveloped 

in synthesis. Numerous studies identify factors associated 

with accident prevention, and numerous others examine 

sustainability outcomes, but relatively few integrate these into 

a coherent account of how operational failure translates into 

multi-dimensional sustainability loss. The present review 

accordingly contributes not through novel empirical evidence, 

but by synthesizing previously discrete research traditions 

within a systems-oriented interpretive framework. The 

literature demonstrates greatest explanatory strength when 

addressing individual components of the problem, and 

considerably less when accounting for their interaction. 

At an interpretive level, the reviewed studies converge on a 

limited set of recurring patterns: unsafe organizational 

climates increase the probability of human and technical 
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failure; inadequate preparedness amplifies the severity of 

accidents once they occur; and unresolved accident risk 

compromises long-term social legitimacy and economic 

resilience. While the review is qualitative and generates no 

statistical meta-analytic estimates, the consistency of these 

themes across diverse publication types and geographic 

contexts strengthens the credibility of the synthesis. 

 

Case-Based Insights and Their Analytical Significance 

Case-based evidence, while not constituting the primary 

evidentiary basis of this review, serves to clarify how the 

relationships identified in the broader literature manifest 

under operational conditions. The 2010 Copiapó mining 

accident in Chile remains analytically instructive, as it 

exposed not only the physical risks inherent to underground 

mining but also the institutional consequences of insufficient 

preparedness, regulatory deficiency, and systemic 

vulnerability. The event demonstrated that accident 

consequences extend well beyond the immediate technical 

failure, generating sustained public scrutiny, organizational 

disruption, and enduring reputational damage. Its analytical 

significance lies not in the circumstances of the rescue 

operation per se, but in its revelation of sustainable mining's 

dependence on preparedness, governance quality, and 

operational resilience. 

Conversely, studies foregrounding proactive safety systems 

indicate that mining organizations with more robust safety 

cultures, systematic training programs, and deeper integration 

of safety into management decision-making tend to exhibit 

greater operational resilience and more stable stakeholder 

confidence (Haas & Yorio, 2021; Tetzlaff et al., 2020). These 

comparative observations suggest that the distinction between 

sustainable and unsustainable mining practice resides less in 

the inherent presence of risk — which is irreducible in mining 

contexts — than in the quality of organizational response to 

that risk. 

 

Preventive Measures Aligned with Identified Failure 

Mechanisms 

The literature indicates that preventive strategies are most 

effective when they correspond directly to the mechanisms 

through which accidents arise. Where accident risk is driven 

by inadequate workforce competence and ineffective 

communication, repeated and context-specific training is 

essential. Such training should extend beyond procedural 

instruction to encompass hazard recognition, emergency 

awareness, and reporting behavior, particularly within high-

risk operational environments (Novoselov et al., 2020; Yang 

et al., 2021). 

Where risk is amplified by equipment-related failures and 

deferred maintenance, preventive measures should prioritize 

systematic inspection regimes, maintenance planning, and 

real-time monitoring systems capable of detecting 

deterioration prior to operational failure (Sundström & 

Nygren, 2023). Where organizational deficiencies — 

including inadequate supervision, poor reporting culture, and 

fragmented decision-making — constitute the primary risk 

drivers, the literature points to the necessity of comprehensive 

safety management systems that integrate hazard 

identification, performance evaluation, incident reporting, 

and corrective action within routine operational governance 

(Tetzlaff et al., 2020). 

Emergency preparedness assumes particular importance 

given that even well-designed preventive systems cannot 

eliminate residual risk entirely. The reviewed evidence 

demonstrates that preparedness capacity influences not only 

the immediacy of accident response but also the eventual 

scale of social, economic, and environmental damage. 

Effective emergency systems therefore function as a critical 

interface between safety management and sustainability 

protection, attenuating both immediate harm and longer-term 

operational disruption (Karlsson et al., 2020; Kowalski-

Trakofler et al., 2010). 

More broadly, the findings indicate that accident prevention 

must be embedded within sustainability strategy rather than 

administered as a discrete compliance function. This 

necessitates linking safety performance to broader 

organizational objectives, including workforce retention, 

community trust, environmental protection, and business 

continuity. The most consistent finding across the reviewed 

literature is that sustainable mining depends not merely on 

efficient resource extraction, but on the governance of 

operational risk in ways that preserve systemic resilience 

across all three dimensions of sustainability. 

 

Synthesis of Findings 

Taken together, the reviewed literature supports three 

principal conclusions. First, mining accidents are generated 

through interacting socio-technical failures rather than 

isolated hazards, necessitating multi-level preventive 

responses. Second, accident impacts are systemic in character, 

producing linked social, economic, and environmental 

consequences rather than discrete, bounded categories of loss. 

Third, preventive measures demonstrate greatest 

effectiveness when explicitly aligned with the organizational, 

technical, and environmental drivers of accident risk. 

The relationship between accident prevention and sustainable 

mining is consequently neither indirect nor peripheral — it is 

structural. Safety failures compromise sustainability 

performance across all three pillars, while effective 

prevention strengthens organizational resilience, stakeholder 

legitimacy, and long-term operational continuity. This 

systems-level interpretation constitutes the principal 

analytical contribution of the present review and provides a 

more rigorous basis for understanding why accident 

prevention should be treated as a strategic foundation of 

sustainable mining rather than a subordinate operational 

concern. 

 

CONCLUSION 

This study has examined the relationship between industrial 

accidents and the sustainable development of mining 

companies through a structured qualitative review of the 

pertinent literature. The analysis demonstrates that mining 

accidents cannot be adequately understood as isolated safety 

events; rather, they constitute systemic disruptions that 

simultaneously compromise the economic viability, social 

legitimacy, and environmental performance of mining 

operations. By synthesizing scholarship that is typically 

dispersed across safety, organizational, and sustainability 

research domains, the study establishes that accident 

prevention is not peripheral to sustainable mining but 

constitutes one of its core strategic foundations. 

The principal theoretical contribution of the paper lies in 

integrating accident causation and sustainability outcomes 

within a socio-technical, systems-oriented interpretive 

framework. This approach enables movement beyond 

descriptive accounts of accident frequency or consequence 

toward an explanatory account of how interacting failures in 

training, safety culture, supervision, equipment integrity, 

communication, and site conditions generate cascading 

impacts across all three pillars of sustainability. In this regard, 

the study advances the literature by clarifying that the 

relationship between accident prevention and sustainable 
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mining performance is structural rather than incidental — a 

distinction with significant implications for both research and 

organizational practice. 

The findings further indicate that the effectiveness of 

preventive measures is contingent upon their alignment with 

specific risk drivers. Training interventions demonstrate 

greatest efficacy where competence and communication 

deficits are the dominant sources of vulnerability; 

maintenance and real-time monitoring are most critical where 

technical deterioration constitutes the primary risk pathway; 

and integrated safety management systems are essential 

where organizational fragmentation undermines hazard 

control and emergency preparedness. Collectively, these 

observations imply that sustainable mining cannot be 

advanced through generic safety interventions alone, but 

requires risk-informed, context-specific governance strategies 

embedded within broader organizational decision-making. 

Several limitations of the present study warrant explicit 

acknowledgment. As a review-based analysis grounded in 

secondary literature, the paper does not provide direct 

empirical validation or afford statistical generalization. Its 

conclusions are interpretive and conceptual in character, and 

the scope of the reviewed literature, while structured and 

purposive, does not claim exhaustiveness. Furthermore, 

although selected case-based evidence enriches the 

interpretive analysis, it does not substitute for systematic 

comparative field investigation. Future research could 

productively extend this study through multi-case empirical 

analysis, longitudinal assessment of safety-performance 

relationships, and the development of quantifiable indicators 

linking accident prevention more explicitly to sustainability 

outcomes at the organizational level. 

A forward-looking implication of the study concerns the 

growing convergence between accident prevention and digital 

governance in the mining sector. As organizations 

increasingly adopt digital monitoring systems, predictive 

maintenance technologies, automated inspection tools, and 

ESG-oriented reporting frameworks, new opportunities 

emerge to strengthen organizational learning, enhance hazard 

anticipation, and integrate safety performance more directly 

into sustainability accountability structures. These 

developments suggest that the long-term sustainability of 

mining companies will depend not only on efficient resource 

extraction and regulatory environmental compliance, but also 

on their institutional capacity to govern operational risk 

through adaptive, data-informed, and systemically integrated 

safety strategies. In this sense, the trajectory of sustainable 

mining is inseparable from the trajectory of safety governance 

itself. 
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