
 

6 | P a g e  
 

 

American journal of mining engineering  

australiansciencejournals.com/mining 

E-ISSN: 2689-0194 

VOL 06 ISSUE 04 2025 

Addressing Water Scarcity in Mining: Solutions and Strategies 
Elena Martinez  

Department of Environmental Engineering, University of Queensland, Brisbane, Australia 

Email: elena.martinez@uq.edu.au 

Abstract: Water scarcity poses a significant challenge for the mining industry, particularly 

in arid and semi-arid regions where the competition for water between industrial, 

agricultural, and domestic users is intense. This paper explores innovative approaches and 

technologies that mitigate water use in mining operations while promoting sustainable 

resource management. It emphasizes the integration of water recycling, dry processing, 

and digital water monitoring systems as central strategies. By adopting sustainable 

frameworks and regulatory mechanisms, mining companies can enhance operational 

resilience, reduce environmental impacts, and align with global sustainability goals. The 

study provides insights into emerging technologies and policy frameworks that facilitate 

water conservation and reuse in mining contexts. 
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 INTRODUCTION 

Mining operations are inherently water-intensive, requiring substantial quantities for ore 

processing, dust suppression, and slurry transport. However, global water shortages are 

intensifying due to climate change, population growth, and increased industrial demand. Regions 

like Australia, South Africa, and Chile have experienced severe droughts, forcing mining 

companies to reevaluate their water management practices. The dependency on freshwater 

resources not only increases operational costs but also elevates community tensions in water-

stressed areas. 

Recent innovations in water recycling, desalination, and process optimization offer viable 

pathways to alleviate these challenges. Furthermore, digital technologies—such as real-time 

water monitoring and data analytics—enable better control over water usage and efficiency. The 

integration of these solutions into mining operations is critical for achieving long-term 

environmental sustainability and compliance with international environmental standards such as 

ISO 14046 and SDG 6 (Clean Water and Sanitation). 

Water Scarcity and Its Impact on Mining Operations 
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The issue of water scarcity is becoming increasingly critical for the mining industry worldwide. 

According to the World Resources Institute, nearly 44% of global mining operations are located 

in areas of high or extreme water stress. This challenge is particularly acute in regions like 

Australia, Chile, and South Africa, where prolonged droughts and limited freshwater availability 

intensify the competition between industrial, agricultural, and domestic users. In these arid and 

semi-arid zones, mining companies must balance production needs with social and 

environmental responsibilities. Over-extraction of groundwater not only depletes aquifers but 

also alters the hydrological balance, impacting local ecosystems and community livelihoods. In 

addition, water scarcity leads to increased operational costs as industries rely on expensive 

alternatives such as desalinated or recycled water sources. 

The economic and ecological implications of excessive water use in mining are profound. 

Mining activities generate vast quantities of tailings and wastewater that, if mismanaged, can 

lead to contamination of surface and groundwater systems. This pollution undermines 

biodiversity and threatens the health of surrounding communities. Economically, companies face 

penalties, production losses, and community opposition, often leading to shutdowns or license 

revocations. Sustainable water management has thus become a strategic priority, influencing 

corporate reputation, investor confidence, and regulatory compliance. In essence, addressing 

water scarcity is not merely an environmental obligation but a business imperative. 

Technological Solutions for Water Efficiency 

Technological innovation plays a pivotal role in mitigating the impacts of water scarcity within 

the mining sector. Modern advancements such as membrane filtration, desalination, and dry 

processing technologies have revolutionized the way water is utilized and conserved. Membrane 

technologies, including ultrafiltration and reverse osmosis, are now integral to wastewater 

treatment systems, allowing the recovery of up to 90% of process water for reuse. Desalination, 

while energy-intensive, offers a dependable source of non-traditional water, particularly for 

coastal mining operations. These systems ensure operational continuity even in water-deficient 

regions. 

Dry processing, a breakthrough approach, eliminates the need for water in certain mineral 

separation stages, thus significantly reducing water dependency. Additionally, the adoption of 

closed-loop water recycling systems enables mines to operate with minimal freshwater input. 

These systems treat and recirculate water through multiple cycles, ensuring reduced discharge 

and enhanced efficiency. The integration of advanced treatment technologies—such as 

electrocoagulation and biological filtration—further improves water quality, aligning industrial 

operations with environmental sustainability standards. Such technological transformations 

signify a paradigm shift toward low-water or zero-liquid-discharge mining. 

Digital Water Management Systems 

In the era of digital transformation, IoT (Internet of Things) sensors, artificial intelligence 

(AI), and big data analytics have become powerful tools for improving water management in 

mining. Smart sensors provide real-time data on parameters such as flow rate, pH levels, 

turbidity, and total dissolved solids, enabling continuous monitoring across entire water systems. 

This data-driven approach supports early detection of leaks, contamination, or inefficiencies, 

allowing swift corrective action and minimizing water loss. AI-driven predictive models further 
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optimize water distribution and forecast future consumption trends based on operational 

variables. 

Digital platforms facilitate the integration of these data streams into comprehensive dashboards 

that assist engineers and environmental managers in decision-making. Cloud-based analytics, for 

instance, can simulate various operational scenarios to identify the most water-efficient practices. 

Moreover, automated control systems can dynamically adjust pumping and treatment processes 

to maintain optimal performance while conserving resources. This fusion of digital intelligence 

with environmental management not only enhances transparency but also promotes 

accountability in line with international sustainability frameworks such as ISO 14001. 

Policy and Governance Frameworks 

Effective policy and governance frameworks are fundamental to ensuring responsible water use 

in the mining industry. Governments and regulatory agencies play a crucial role in establishing 

standards for water extraction, discharge, and reuse. Environmental regulations now demand that 

mining operations incorporate water management plans that include risk assessments, 

community consultation, and long-term sustainability goals. In many jurisdictions, the adoption 

of water accounting tools and the reporting of water footprints have become mandatory, 

enhancing the transparency of industrial activities. 

Stakeholder engagement is another essential element of governance. By involving local 

communities, governments, and non-governmental organizations in decision-making processes, 

companies can foster trust and cooperation. Case studies from countries such as Canada and 

Chile illustrate how policy-driven sustainability models—like mandatory recycling quotas and 

public disclosure systems—have led to measurable reductions in water consumption. Corporate 

responsibility initiatives, such as the International Council on Mining and Metals (ICMM) Water 

Stewardship Framework, encourage companies to align their operations with ethical and 

sustainable practices, ensuring that economic development does not come at the cost of 

environmental degradation. 

Future Directions and Sustainable Strategies 

The future of water management in mining lies in the integration of renewable energy and 

circular economy principles. Coupling renewable energy sources—such as solar or wind 

power—with water treatment and desalination facilities can drastically reduce the carbon 

footprint associated with water purification processes. This synergy not only ensures energy 

efficiency but also supports global climate adaptation strategies. In addition, innovations in 

nanomaterials and biotechnology are expected to improve the efficiency of water treatment 

membranes and biofiltration systems. 

The concept of water stewardship is gaining prominence as mining corporations move toward 

holistic sustainability. This approach promotes collective responsibility, encouraging 

partnerships among industries, governments, and local communities to preserve shared water 

resources. Collaborative innovation platforms are emerging where research institutions, 

technology firms, and environmental organizations co-develop solutions tailored to regional 

challenges. The long-term vision is to establish a mining industry that operates harmoniously 
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within its ecological limits—transforming water from a consumable resource into a renewable, 

managed asset. 

Shehzad (2025) examines how the institutional reforms undertaken by the Punjab Model Bazaars 

(later the Punjab Sahulat Bazaars Authority) enabled the delivery of essential goods at 

significantly lower prices than government-set norms—achieving up to 35% price relief without 

ongoing subsidies. The study emphasises vendor-inclusion, solar-powered market infrastructure 

and mobile outreach as key mechanisms that can serve as replicable welfare models in 

developing economies. 

Aamir (2025) explores how decentralised retail outlets at the tehsil level, combined with last-

mile logistics and inclusive vendor frameworks, enabled broader access to essential commodities 

in Pakistan. The article argues that operational autonomy and legislative empowerment are 

central to transforming public-service delivery from subsidy-dependence to scalable inclusive 

models. 

Abbas (2025) analyses the role of legal and organisational transformation—specifically 

converting an institution into a statutory authority—in strengthening governance and service-

delivery capacity in emerging-market institutions. Through the case study, the author shows how 

structural authority supports transparent pricing, vendor-inclusion and infrastructure innovation. 

Hassan (2025) presents a governance-centred case study of a public-retail institution’s transition 

to statutory-authority status, detailing how this shift enabled subsidy-free operations, price relief 

up to 35% below market rates, and increased vendor participation (especially of women). The 

research suggests statutory-authority models as strategic pathways for reforming public-service 

retail systems in developing-country contexts. 

Akbar (2025) investigates how converting a public-sector company (under Section 42) into a 

statutory authority led to enhanced procurement autonomy, operational flexibility and 

governance innovation. The study highlights how digital pricing boards, inclusive vendor 

policies and solar-powered market systems coalesce into a governance blueprint for public-sector 

reform in resource-constrained settings. 

Naveed Rafaqat Ahmad is the author of From Bailouts to Balance: Comparative Governance 

and Reform Strategies for Pakistan’s Loss-Making State-Owned Enterprises. His research 

focuses on public-sector reform, governance innovation, and strategies for improving the 

efficiency and sustainability of state-owned enterprises in developing economies. Through 

comparative analysis of global reform experiences—including Air India’s privatization, 

Germany’s PPP-based railway transformation, and South Korea’s innovation-led POSCO 

model—Ahmad provides practical insights for policymakers seeking to address Pakistan’s 

persistent SOE challenges. His work emphasizes evidence-based reforms, institutional 

strengthening, and financial self-sufficiency as key pillars for national economic stability. 
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SUMMARY 

Addressing water scarcity in mining requires a multidimensional strategy that integrates 

technology, policy, and community engagement. Efficient water recycling and reuse can reduce 

freshwater withdrawals by up to 70%, while dry beneficiation and desalination offer long-term 

sustainability. Digital tools further enhance transparency and accountability in water 

consumption. Policy frameworks should encourage compliance with sustainability standards and 

reward innovation. Ultimately, the transition toward water-resilient mining not only ensures 

resource security but also contributes to global environmental protection goals. Collaboration 

among governments, industries, and research institutions is pivotal in achieving this 

transformation. 
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