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ABSTRACT

The mining sector is a fundamental engine of economic development in Tanzania; however, it remains 
one of the most environmentally and socially intensive industries. While global discourse emphasizes 
the integration of emerging technologies and low-impact practices to align mining with the 
Sustainable Development Goals (SDGs), a significant knowledge gap exists regarding the localized 
adoption and impact of these innovations in Tanzania. Grounded in the Theory of Technological 
Innovation, Sustainable Development Theory, and Stakeholder Theory, this study investigates the role 
of emerging technologies and low-impact methods in enhancing operational efficiency and 
environmental sustainability in Tanzanian mining operations.

Employing a mixed-methods research design, the study collected data from 100 diverse mining 
stakeholders including government officials, mining employees, community members, and technical 
experts through structured surveys and key informant interviews (KIIs). Quantitative data were analyzed 
using descriptive statistics, while qualitative data underwent thematic analysis.

Findings reveal a strong stakeholder consensus (Mean scores > 4.0) that automation, real-time safety 
monitoring, and renewable energy integration significantly improve operational efficiency, reduce 
downtime, and enhance worker safety. Similarly, low-impact practices such as controlled blasting, 
mechanized excavation, and water recycling are proven to lower operational costs and mitigate 
environmental footprints. Despite these recognized benefits, the widespread adoption of sustainable 
practices is severely constrained by financial limitations (75%), limited technical capacity (72%), 
regulatory bottlenecks (70%), and restricted access to modern technology (68%). Qualitative insights 
confirm that without government-backed incentives and targeted capacity building, these 
technologies remain underutilized, particularly among artisanal and small-scale miners. The study 
concludes that while technological innovations offer a viable pathway for sustainable mining, realizing 
their full potential requires strategic interventions, including financial support mechanisms, 
comprehensive training programs, and the harmonization of regulatory frameworks.

1. INTRODUCTION

Tanzania’s mining sector has experienced tremendous growth over the last two decades, driving 

government revenues and employment. However, this expansion has concurrently accelerated 

environmental degradation, social tensions, and operational inefficiencies. Globally, the industry is 
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leveraging emerging technologies such as automated machinery, digital monitoring, and renewable 

energy to mitigate these impacts. In Tanzania, however, the adoption of these technologies remains 

sporadic. Existing literature highlights the broader need for sustainable mining in Africa, yet empirical 

evidence detailing how technological innovations and low-impact practices are specifically integrated 

into the Tanzanian socio-economic and regulatory context remains scarce. This study addresses this 

gap by evaluating the actual impact of these innovations and identifying the structural barriers 

hindering their scalable adoption.

2. METHODOLOGY

The study utilized a mixed-methods approach to ensure comprehensive data triangulation. A stratified 

random sampling technique was used to select 100 respondents for a quantitative survey, representing 

government officials, mining company personnel, local community members, and technical experts. 

Surveys utilized 5-point Likert scales to measure perceptions of technology impact and adoption 

barriers. Complementing this, purposive sampling was used to conduct semi-structured Key Informant 

Interviews (KIIs) with senior mining managers and government regulators. Quantitative data were 

analyzed using means and standard deviations, while qualitative data were processed using thematic 

analysis to identify recurring patterns regarding operational challenges and strategic needs.

3. KEY FINDINGS

Role of Emerging Technologies: Survey results indicate high stakeholder approval for technological 

interventions. Real-time safety monitoring technologies (wearables and sensors) recorded the highest 

impact (Mean = 4.3, SD = 0.6), followed closely by automation technologies like autonomous drilling 

(Mean = 4.2, SD = 0.8). Stakeholders confirmed that renewable energy integration (Mean = 4.1) effectively 

reduces carbon emissions, though advanced ore processing technologies showed lower adoption rates 

(Mean = 3.7) due to complexity and cost.

Impact of Low-Impact Practices: Low-impact methods were highly regarded for their dual economic 

and environmental benefits. Controlled blasting (Mean = 4.2) and mechanized excavation (Mean = 4.1) 

were identified as critical for reducing land degradation and soil disturbance. Efficient water 

management systems (Mean = 4.1) and the use of biodegradable chemicals (Mean = 4.0) were also 

recognized for minimizing water contamination and lowering long-term operational costs.

Challenges to Adoption: Despite recognized benefits, adoption is bottlenecked by six primary 

challenges: Financial constraints (75%), limited technical capacity (72%), regulatory barriers (70%), 

restricted access to modern technology (68%), institutional support gaps (65%), and high operational 

costs (63%). KIIs revealed that regulatory inconsistencies and a lack of government-backed financial 

schemes deter mining operators especially small-scale and artisanal miners from making the high initial 

capital investments required for sustainable technologies.

4. CONCLUSION AND RECOMMENDATIONS

Emerging technologies and low-impact practices possess demonstrable potential to transform 

Tanzania's mining sector into a more efficient, safe, and environmentally sustainable industry. However, 

the transition from conventional to sustainable mining cannot rely on technological solutions alone; it 

requires an enabling ecosystem. The study recommends that policymakers and industry actors establish 

targeted financial subsidies and credit facilities for green mining technologies. Furthermore, regulatory 

frameworks must be stabilized and strictly enforced to incentivize long-term sustainable investments. 

Finally, institutionalizing technical capacity-building and training programs is critical to equipping the 

local workforce to operate and maintain advanced mining technologies.
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