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Abstract: The mining industry is very important for the economy around the world because it supplies key materials. Yet, it faces big 

environmental and social issues that require attention to sustainable methods. This paper, called Sustainable Mining Practices and 

Environmental Geology, gives a detailed look at current techniques and their effects on resource extraction and environmental care. It 

looks closely at new ideas created to meet the high needs of mineral production while also working to reduce harm to nature. By 

considering various aspects like new technologies, laws, and how much communities are involved, the paper aims to find the best ways 

to ensure both resource use and fairness in society as well as care for the environment. Through thorough examination, this study 

highlights the pressing need for the mining industry to use sustainable methods that match global sustainability goals. It raises key 

questions about how well current policies and methods are working and ultimately calls for a shift towards responsible resource 

management that responds to the increasing environmental challenges we face today.  
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1. Introduction 
 

The growing need for sustainable mining practices comes 

from the complicated relationship between resource 

extraction and protecting the environment. This balance is 

becoming more important today due to fast industrial growth 

and environmental harm. We must look closely at the factors 

that lead to this problem, as various studies show that 

mining can have serious socio - environmental effects, like 

land damage, water pollution, and pushing communities out 

of their homes. These results point to the urgent need for 

strong measures to reduce these effects effectively 

(Qarahasanlou et al., 2022). Plus, applying sustainability 

principles is not just a small change; it creates a 

comprehensive approach that understands the deep 

connections between economic growth and caring for the 

environment (Alves et al., 2021). Nowadays, methods 

increasingly highlight the significance of using new 

technologies and enhancing community involvement as 

crucial parts in reaching sustainable results (Kokko et al., 

2015). By following best practices in waste management, 

recycling resources, and monitoring the environment 

(Mesquita et al., 2017), the mining sector can align its work 

with broader sustainability objectives. Therefore, reviewing 

existing methods and their effects is a key step toward 

creating a more sustainable and responsible mining industry, 

pushing us to rethink the frameworks that have shaped this 

field (Zou and Lin, 2017).  

 

Sustainable mining practices are about looking at 

environmental, social, and economic factors during the 

entire mining process. This means not just reducing harm to 

nature, but also figuring out how to support local 

communities and use resources wisely. Techniques that fit 

into sustainable mining include better waste management, 

using cleaner technologies, and following strict 

environmental rules, which help lower carbon emissions and 

damage to the environment (Kokko et al., 2015) (Jose et al., 

2024). It's also important to show how much stakeholder 

involvement and openness matter, making sure that mining 

work meets the needs of nearby communities and complies 

with governance guidelines (Onifade et al., 2024) (Nurmi, 

2017). Research shows that a well - rounded approach is 

needed to effectively balance these aspects, which helps the 

mineral industry and promotes sustainable development 

goals (Laurence et al., 2011) (Gorman and Dzombak, 2018). 

By evaluating and adopting these ideas, the mining industry 

can move toward responsible practices that protect natural 

resources for the future and create lasting environmental and 

social benefits, leading to a stronger and fairer system for 

both present and future stakeholders (Qarahasanlou et al., 

2022) (Georgieva, 2015).  

 

Environmental geology is important for getting minerals in a 

way that is good for the planet. It helps us understand how 

geological formations and mining activities interact. This 

field helps predict environmental effects caused by getting 

resources, like managing waste and restoring land, and 

encourages us to find ways to reduce these effects. For 

example, using geological studies in mining helps with land 

use and reclamation, while also promoting a closer look at 

how mining impacts local ecosystems over time, leading to 

better resource management (Mesquita et al., 2017). 

Moreover, research shows that there is a need to place 

sustainability principles in the mining industry, pointing out 

gaps in following environmental rules and prompting 

discussions about new technologies that can help reduce 

negative impacts (Kokko et al., 2015). Also, focusing on 

things like waste management, energy use, and conserving 

resources—key parts of environmental geology—makes the 

industry more responsive to both societal and ecological 

needs, leading to a review of current practices and 
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encouraging responsible methods in the extraction process 

(Vidal et al., 2013) (Battaia et al., 2024).  

 

2. Current Methodologies in Sustainable 

Mining 
 

In modern sustainable mining, methods aim to reduce 

environmental harm and look closely at how resources are 

used and how to engage communities properly. It is 

necessary to look into the use of circular economy ideas, as 

pointed out by (Mukhopadhyay and Tyagi, 2016), which 

supports turning waste into useful materials and recovering 

resources from mining leftovers. Still, it is crucial to think 

about the wider effects on local ecosystems and economic 

health. Also, the Sustainable Development Framework 

mentioned in (Jose et al., 2024) not only highlights the need 

for better rules and involvement from different groups but 

also looks at the challenges these groups might encounter in 

addressing social and environmental issues connected to 

mining. This framework promotes careful land reclamation 

efforts that connect with the United Nations Sustainable 

Development Goals, as shown in (Mesquita et al., 2017), but 

it also raises questions about how well these goals can be 

achieved in real life. New technologies, such as green 

mining methods noted in (Nurmi, 2017), support sustainable 

practices but should be examined to see if they really reduce 

environmental impacts or just move the sustainability issues 

elsewhere. Together, these methods showcase a thorough 

approach that aims to balance resource extraction and 

environmental care, while also encouraging constant 

evaluation of how closely these efforts follow the missions 

outlined in (Qarahasanlou et al., 2022) and (Vidal et al., 

2013).  

 

Best practices in mining operations are very important not 

just for encouraging sustainability but also for reducing 

environmental damage and supporting ethical practices. 

These methods include various strategies, such as thorough 

environmental assessments, community engagement, and 

using modern technologies to ensure efficient resource 

extraction (Kokko et al., 2015). It is important to understand 

that sustainability principles need to be applied throughout 

all mining stages—from exploration to closure—so that 

decision - making aligns with the United Nations 

Sustainable Development Goals (Jose et al., 2024). 

Additionally, it is necessary to carefully consider using a 

circular economy framework, which focuses on recycling, 

waste reuse, and recovering resources, as these methods can 

help decrease the environmental impact of mining activities 

(Zou and Lin, 2017). Moreover, collaboration with 

stakeholders should not be seen as just a formal process; it is 

crucial for tackling complex socio - economic challenges 

and ensuring transparency in operations, which helps gain 

the social license to operate (Chatterjee et al., 2018). 

Ongoing monitoring and adaptive management are also 

essential, as they improve reclamation efforts and work 

toward restoring mined areas (Ganguly and Pandit, 2021). 

Together, these best practices create a strong basis for 

responsible mining that seeks to balance resource extraction 

with environmental care, underscoring the need for constant 

evaluation and enhancement of these practices 

(Qarahasanlou et al., 2022) (Vidal et al., 2013).  

Good water and waste management is very important in 

mining to protect the environment and keep communities 

healthy. It is also important to look closely at how these 

management plans are carried out and what long - term 

effects they have. Using methods like water recycling and 

treatment can help reduce too much water use and pollution 

from mining, but this raises questions about how effective 

and sustainable they are over time, especially in different 

geographical areas. This idea goes along with the circular 

economy principles (Kokko et al., 2015), but it needs 

constant review to prove its worth. Sustainable methods also 

highlight the importance of monitoring and controlling 

wastewater to stop acid mine drainage, which is a major 

issue noted in several studies (Jose et al., 2024) (Zou and 

Lin, 2017). It is essential to analyze data about wastewater 

management strategies to grasp their real effects on local 

ecosystems. Moreover, properly reclaiming mining sites 

through good waste management can boost biodiversity and 

engage the community, which can improve how the public 

views mining operations (Ganguly and Pandit, 2021); 

however, it is crucial to consider how communities can be 

involved for the long term in these efforts. There are still 

issues to tackle, especially with the differences in resource 

use between developed and developing countries, making it 

harder to put sustainable practices into place (Gorman and 

Dzombak, 2018). Thus, it is key for global efforts and 

frameworks to enhance collaboration among relevant parties 

and also to thoroughly evaluate the success of suggested 

strategies to encourage responsible water use and waste 

reduction. This will help follow environmental laws while 

also improving community well - being (Battaia et al., 2024) 

(Baldassarre and Marini, 2024).  

 

Good reclamation and rehab methods are very important for 

reducing the harm from mining while also helping to keep 

the industry sustainable. It is important to look closely at 

how well these methods work, which include various 

strategies like planting new vegetation, fixing soil, and using 

waste materials again. These activities are not just steps to 

follow; they are necessary for bringing back ecosystems to 

what they were before mining happened. Studies show that 

getting local communities involved in making reclamation 

plans helps a lot because it builds trust and matches with 

what the community wants (Jose et al., 2024). This brings up 

the question of whether top - down methods are as good as 

those that include local people. Also, new technologies like 

monitored natural recovery and bioremediation have been 

shown to work well for fixing contamination and handling 

tailings (Kokko et al., 2015) (Chatterjee et al., 2018). Still, it 

is important to keep checking these methods to make sure 

they fit different situations and consider the complex 

ecosystems that might be affected. Furthermore, ideas from 

a circular economy are becoming more important in rehab 

methods, stressing the need for using resources wisely and 

encouraging us to think about how we can apply these ideas 

in various projects (Zou and Lin, 2017) (Gorman and 

Dzombak, 2018). All in all, these reclamation and rehab 

methods not only show the chance to turn post - mining 

areas into thriving ecosystems, but they also raise significant 

questions about their long - term effects on local 

communities and biodiversity (Musando and Cáceres, 2023). 

Therefore, putting in continuous efforts in these areas is 

critical for promoting a good balance between extracting 
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resources and protecting the environment, calling for 

ongoing thought about the practices we choose to use.  

 

Advanced monitoring and remote sensing technologies have 

become important tools for sustainable mining and reducing 

environmental damage, but their effectiveness needs careful 

review. These technologies allow for detailed data gathering 

and immediate analysis, which are key for proper resource 

management and in - depth environmental evaluations. For 

example, satellite imaging and Geographic Information 

Systems (GIS) can track land - use changes, identify 

deforestation, and evaluate the ecological effects of mining 

operations, yet it is important to be aware of the limitations 

and possible biases present in these data sources. These 

methods aid in meeting environmental rules, as shown in 

studies of Finland's regulations that stress the importance of 

strong environmental impact assessments and community 

involvement in decision - making (Kokko et al., 2015). 

However, it is vital to question whether current frameworks 

are inclusive enough and if they truly represent the opinions 

of affected communities. Additionally, these technologies 

help to meet the United Nations Sustainable Development 

Goals (SDGs) by promoting accountability and teamwork 

among involved parties (Jose et al., 2024), but the actual 

execution of these efforts can vary greatly depending on the 

context. In Canada, advanced methods improve operational 

sustainability by incorporating environmental measures into 

mining activities, thus enabling a shift toward responsible 

mineral extraction and site rehabilitation (Onifade et al., 

2024). This raises the issue of whether such approaches 

work as effectively in different geographical and socio - 

economic settings. Ultimately, successfully using these 

technologies marks a major step toward balancing resource 

extraction with environmental conservation, as pointed out 

in various industry reports that highlight the need for 

ongoing evaluation and sustainable practices in mining 

(Ganguly and Pandit, 2021) (Mesquita et al., 2017). 

Moreover, local best practices and frameworks that support 

sustainability in mining highlight the need to combine 

advanced monitoring with community participation to tackle 

socio - environmental issues effectively (Chatterjee et al., 

2018). Nonetheless, it is necessary to critically evaluate 

whether these community engagements are superficial or 

truly empower local stakeholders. The use of these 

technologies not only improves resource efficiency but also 

makes sure that mining activities are conducted in a manner 

that honors ecological integrity (Zou and Lin, 2017) (Basu 

and Mishra, 2024), thereby strengthening the vital link 

between technological advancement and sustainable 

development in the mining industry (Björn et al., 2014) 

(Ababio et al., 2023). Understanding and addressing these 

complexities is key to promoting both the use of technology 

and effective sustainability efforts in the mining sector.  

 

Environmental Impact Assessments (EIA) and management 

systems are very important for dealing with the complex 

problems related to sustainable mining practices. They offer 

a structured way to look at possible environmental effects 

before starting a project. It is important to understand that 

good EIAs do not just focus on environmental issues alone; 

they also encourage cooperation and involvement from 

various stakeholders, including local communities. This 

participation is vital for promoting inclusive decision - 

making, as pointed out in (Zou and Lin, 2017). Moreover, 

having a thorough grasp of the whole mining operation life 

cycle is crucial, as it helps decision - makers see not just the 

harmful impacts on the environment but also on social 

systems and community interactions (Kokko et al., 2015). 

By incorporating sustainability concepts into these 

assessments, we can more effectively tackle existing 

inequalities in resource use and environmental effects, 

ensuring all situations are taken into account. This method 

requires strict frameworks that emphasize the importance of 

protecting the ecosystem and promoting economic fairness 

(Mesquita et al., 2017) (Ganguly and Pandit, 2021). Also, 

new recycling and waste management techniques are 

becoming key practices to reduce environmental harm while 

also meeting operational needs (Chatterjee et al., 2018) (Jose 

et al., 2024) (Onifade et al., 2024). In the end, effectively 

integrating EIAs in mining operations not only supports 

wider efforts to reduce environmental threats but also greatly 

improves community well - being, as shown by different 

case studies that highlight successful practices and results 

(Basu and Mishra, 2024) (Laurence et al., 2011).  

 

Technological innovations are key to promoting 

sustainability in mining, addressing environmental issues 

and meeting society's changing expectations for responsible 

resource extraction. It is important to examine how new 

technologies, like better waste management systems and 

circular economy practices, help reduce the ecological 

impact of resource extraction while considering their long - 

term effectiveness and possible negative effects (Onifade et 

al., 2024) (Jose et al., 2024). For example, using 

hydrometallurgical processes can recover metals more 

efficiently while producing less waste; however, we must 

evaluate the total environmental effects of these methods to 

confirm they are indeed better than traditional ones, as is 

increasingly required in modern mining practices focused on 

lowering carbon emissions (Gorman and Dzombak, 2018). 

Additionally, using renewable energy sources, such as solar 

and wind, in mining significantly decreases dependence on 

fossil fuels and enhances energy efficiency. Still, it is crucial 

to explore the lifecycle impacts of renewable energy 

technologies and how they fit with various mining 

operations to fully assess their sustainability (Zou and Lin, 

2017). Countries prioritizing sustainable mining, like 

Finland with its Green Mining initiative, provide examples 

of how community engagement and responsible practices 

can promote a more sustainable mineral industry, leading to 

questions about how these models can fit different cultural 

and regulatory environments (Nurmi, 2017). By encouraging 

technology and regulatory innovation, the mining industry 

can align with global sustainability goals, but it must be 

careful to balance economic interests with environmental 

care, ensuring this balance reflects true sustainability instead 

of being just a reaction to regulations or market pressures 

(Qarahasanlou et al., 2022) (Battaia et al., 2024).  

 

Environmental Impacts of Mining Activities 

Mining is important for economy and getting resources, but 

it also causes big environmental problems that make us 

question if it can keep going in the long run. The way we 

extract minerals often destroys habitats, harms soil, and 

pollutes water with harmful chemicals, affecting not only 

nearby communities but also global ecosystems. A review of 
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literature on sustainable mining shows a worrying trend: 

environmental issues often take priority over social and 

economic factors, indicating a need for fairer evaluations of 

mining's impact ((Zou and Lin, 2017)). Successful examples 

from Canada and India show that including sustainability 

rules and involving local communities can significantly 

reduce these negative effects, promoting a balance between 

ecological health and economic interests ((Mesquita et al., 

2017), (Chatterjee et al., 2018)). Nonetheless, using 

restorative methods is crucial; programs like planting trees 

and developing eco - parks can be good ways to restore 

mined areas and revive nature, countering the idea that 

making money has to harm the environment ((Ganguly and 

Pandit, 2021)). Therefore, it is essential to adopt new 

approaches that focus on caring for the environment while 

still meeting the needs of resource extraction, which is vital 

for the future of mining operations ((Kokko et al., 2015)). 

This highlights the need for ongoing consideration of the 

trade - offs and the values we have concerning our natural 

resources.  

 

The socio - economic effects of mining are complicated, 

affecting local communities, economies, and environmental 

conditions in ways that need careful study. While mining 

can bring important economic advantages like job creation 

and infrastructure improvement that raise living standards in 

areas with resources, it is important to see that these benefits 

often come with environmental harm and social conflict. 

This struggle is particularly visible in places where local 

residents feel left out and poorly compensated for the 

resource extraction on their lands. Studies indicate that good 

governance, which includes strong regulatory systems and 

real community involvement, is key to lessening harmful 

effects and ensuring fair wealth sharing (Kokko et al., 2015). 

Additionally, incorporating sustainability practices into 

mining operations, as pointed out in recent studies, is vital 

for balancing economic growth with environmental 

conservation goals (Jose et al., 2024). Also, looking into the 

shift toward circular economy models can help tackle these 

problems by improving resource use and minimizing waste. 

This strategy seeks not just to build a more sustainable 

mining sector but also to push for a serious look at the long - 

term social and economic benefits compared to the short - 

term economic profits from mining activities (Mesquita et 

al., 2017) (Blasenbauer et al., 2020) (Björn et al., 2014).  

 

Mining activities cause land damage and harm ecosystems, 

which create long - lasting environmental and social 

problems and raise important issues about current methods. 

The bad practices found in mining lead to soil erosion, tree 

loss, and decreased animal and plant variety, mostly through 

habitat destruction and pollution (Onifade et al., 2024). It is 

important to examine if these methods are mainly based on 

economic rewards that ignore environmental issues. In 

addition, poor environmental rules and a lack of community 

involvement worsen these problems, as shown in many 

studies (Kokko et al., 2015), (Ganguly and Pandit, 2021). 

This brings up how local communities can be more included 

in decision - making to protect their needs. Tackling these 

problems requires a broad approach that focuses on adopting 

sustainable methods and strong regulations to lessen 

environmental harm (Gerner et al., 2023). For example, 

creating community - driven projects and including 

ecological recovery in mining plans can reduce negative 

impacts. Still, it is crucial to evaluate how well these 

methods work and improve them as needed to keep a real 

balance between resource extraction and environmental 

conservation (Chatterjee et al., 2018). Thus, understanding 

the links between social and environmental issues in mining 

is key to supporting sustainable growth and increasing 

ecosystem strength (Mesquita et al., 2017). Finally, 

advancing mining should not just look at new technologies 

but also think about the wider effects of these changes, 

leading to more sustainable results that fit into larger 

sustainability aims (Battaia et al., 2024) (Qarahasanlou et al., 

2022).  

 

Acid mine drainage (AMD) is a big environmental issue tied 

to mining work, especially with water pollution, and needs a 

closer look at its causes and effects. This problem happens 

when sulfide minerals in exposed rocks interact with oxygen 

and water, producing sulfuric acid that leaches heavy metals 

into nearby water supplies. This pollution can greatly harm 

aquatic life and human health, raising concerns about how 

sustainable current mining methods are. To effectively 

handle and reduce AMD, it is important to investigate new 

technologies and eco - friendly practices that support 

environmental goals. For example, using waste management 

strategies that encourage recycling and recovery, as noted in 

(Gorman and Dzombak, 2018), could greatly lower the 

creation of harmful acidic waste. Additionally, better 

regulatory systems that require detailed environmental 

assessments, along with the solid implementation of the 7QS 

framework and active community involvement in decision - 

making, as mentioned in (Jose et al., 2024), are crucial for 

tackling the complex challenges posed by AMD. In the end, 

taking a comprehensive approach to mining that includes 

advanced methods and thorough analysis can help protect 

water resources while ensuring responsible mineral 

extraction practices (Battaia et al., 2024) (Qarahasanlou et 

al., 2022).  

 

Airborne emissions and greenhouse gases (GHGs) are big 

problems in the mining industry. They harm the 

environment and worsen climate change. Resource 

extraction mostly depends on fossil fuels, which produce 

lots of greenhouse gases like carbon dioxide and methane. 

This raises concerns about how sustainable current methods 

are. For instance, emissions from making bentonite and 

perlite are noted at 1.52% and 2.18% of CO2 per ton of 

product, respectively, making it necessary to review these 

numbers and their environmental effects (Goudouva et al., 

2018). To reduce these emissions effectively, the industry 

needs to adopt new practices such as better waste 

management, energy efficiency programs, and using 

alternative energy sources (Jose et al., 2024) (Laurence et al., 

2011). Moreover, it's important to implement strategies that 

consider lifecycle assessments and sustainable land 

reclamation to reduce air pollution (Kokko et al., 2015) 

(Ganguly and Pandit, 2021). By using advanced 

technologies and following environmental laws, the mining 

sector can significantly lessen its carbon footprint while 

ensuring resource extraction goes hand in hand with 

environmental protection (Gerner et al., 2023) 

(Mukhopadhyay and Tyagi, 2016). This not only protects the 

health of the environment but also encourages wider 
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conversations about the mining industry's responsibility in 

the fight against climate change.  

 

Mining practices have a big impact on biodiversity and 

ecosystems, and this impact is complex. There is a strong 

need for a change to sustainable methods that can protect 

and improve ecological health. The mining industry is 

important for economic growth and essential materials, yet it 

often causes habitat destruction, moves species, and harms 

important ecological processes ((Kokko et al., 2015)). For 

example, traditional mining methods can disturb local plants 

and animals, leading to reduced biodiversity, which 

negatively affects ecosystem services and people’s 

livelihoods. This destruction disrupts the fragile balance of 

local ecosystems and decreases the resources that 

communities depend on for food, clean water, and shelter. 

Moreover, the mining lifecycle—which includes exploration, 

operation, and closure—creates serious risks, particularly for 

water quality, soil health, and ecosystem resilience ((Jose et 

al., 2024)). Water bodies can become polluted from runoff 

and toxins used during mining, harming aquatic life and the 

plants and animals that rely on these water sources. New 

approaches, like using circular economy principles, can help 

lessen these negative impacts by encouraging recycling, 

reducing waste, and reconsidering product life spans 

((Mesquita et al., 2017)). Good reclamation plans and strong 

community involvement are vital for building resilience in 

ecosystems while complying with strict environmental rules 

((Nurmi, 2017)). These approaches not only help fix the 

damage from mining but also allow local communities to 

engage in restoration efforts. In the end, using a 

comprehensive approach that considers the ecological 

effects of all mining activities is crucial for balancing 

resource extraction with biodiversity conservation and 

meeting the needs of people while protecting environmental 

health ((Battaia et al., 2024), (Besiktepe et al., 2019)).  

 

Soil and water pollution issues are important in talks about 

sustainable mining practices, showing a strong need for 

good management plans that can reduce environmental 

damage. Heavy metals, which often come from mining, pose 

big risks to ecosystems and human health; studies show a 

concerning link between city soil pollution and negative 

health effects on people (Monib et al., 2024). Also, a 

thorough sustainable mining plan should focus on managing 

tailings and waste, which are often ignored, leading to 

severe soil and water quality problems (Kokko et al., 2015). 

The link between mining practices and pollution is complex, 

requiring a combined approach that includes community 

input and strong legal frameworks aimed at cleanup and 

restoration efforts (Mesquita et al., 2017). To create new 

plans that properly balance resource extraction and 

environmental care, it is crucial to develop a broad 

understanding of how contamination occurs. This 

understanding will help ensure a sustainable future for local 

communities and the health of ecosystems, urging us to 

rethink the long - term effects of existing mining practices 

and their sustainability (Zou and Lin, 2017).  

 

Innovative Strategies for Balancing Extraction and 

Protection 

New ways to balance mining extraction with environmental 

protection are really important to keep mining sustainable 

while also protecting nature. It’s important to look closely at 

which strategies work best and examine the basic ideas 

behind the wide - ranging frameworks discussed in (Kokko 

et al., 2015) and (Jose et al., 2024). We need to consider 

strong regulations and active community involvement 

throughout the mining process and see how these work in 

different situations. Also, using new technologies for 

handling waste and recovering resources, as shown in 

(Chatterjee et al., 2018) and (Gorman and Dzombak, 2018), 

can improve efficiency, but we have to think about their 

long - term effects on the environment to avoid just moving 

problems around. A complete approach, suggested in 

(Ganguly and Pandit, 2021) and (Mesquita et al., 2017), 

needs good cooperation among all parties; however, it’s 

critical to recognize and deal with any power differences 

that could disrupt true community involvement in decisions. 

By applying circular economy ideas and better transparency, 

mining companies can meet global sustainability goals, but 

they also need strict monitoring and responsibility to ensure 

these goals lead to real results. The push for new solutions 

mentioned in (Basu and Mishra, 2024) and (Nurmi, 2017) 

shows the mining industry's capability for managing 

resources responsibly and achieving sustainable growth, yet 

we must keep assessing these solutions against changing 

social and environmental standards and align them with 

criteria found in (Qarahasanlou et al., 2022) and (Battaia et 

al., 2024).  

 

Using renewable energy in mining is very important for 

being sustainable and less damaging to the environment, but 

it also brings up big questions about how long these energy 

sources can last and how well they work. This change not 

only meets energy needs but also tackles the big problem of 

reducing greenhouse gas emissions, thus encouraging 

responsible ways to extract resources. For example, new 

technologies like solar panels, shown in successful case 

studies, demonstrate the ability to use renewable energy in 

remote mining areas, which helps lessen the negative effects 

on local environments (Zeid, 2024). Still, it's crucial to 

evaluate how well these technologies can scale and be 

dependable in different situations. Moreover, projects that 

promote cleaner energy use, along with getting the 

community involved and following environmental rules, 

support a more sustainable mining model (Zou and Lin, 

2017) (Mesquita et al., 2017) (Kokko et al., 2015). While the 

mining sector faces difficulties in balancing energy 

efficiency with protecting the environment, it is necessary to 

thoroughly examine these issues to find a balance between 

making money and being environmentally responsible. 

Moving to renewable energy truly provides a way to work 

toward achieving Sustainable Development Goals, 

highlighting the importance of ongoing innovation and 

teamwork among all parties to ensure that these actions are 

fair and effective (Ganguly and Pandit, 2021) (Chatterjee et 

al., 2018).  

 

Using a circular economy (CE) model in mining gives a new 

way to deal with waste and aims to improve sustainability 

through better resource use. Still, this model brings up key 

questions about how it can be applied in practice and if it 

will work well in the long run. It promotes reducing waste 

and recovering materials from mining but we need to think 

about how these actions meet global sustainability aims and 
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if they really create environmentally friendly results. Some 

research shows that CE ideas can help reduce the negative 

impacts of mining, but we must closely look at how 

effective these ideas are in real life, especially regarding 

resource use, new recycling methods, and including 

communities in decision - making (Baldassarre et al., 2024), 

(Serpe et al., 2024). For example, managing waste properly 

throughout the mining process can cut down greenhouse gas 

emissions and help restore ecosystems (Kokko et al., 2015), 

but we need to review the methods that lead to these 

improvements. Additionally, having strong guidelines for 

mine reclamation that look at both social and environmental 

factors is vital to gaining public support and promoting local 

growth (Zou and Lin, 2017), (Mesquita et al., 2017); 

however, we should check if these guidelines take into 

account the views of all involved parties. Involving 

stakeholders in these efforts not only improves 

accountability but also creates sustainable economic 

opportunities, showing a need for new ideas in the mining 

sector (Basu and Mishra, 2024), (Gorman and Dzombak, 

2018). Still, it is important to assess how well stakeholder 

engagement strategies work to make sure they result in real 

participation and fair outcomes.  

 

The use of automation and digital tools in mining is very 

important for improving sustainability and reducing 

environmental harm, but it is important to look at both the 

good and bad sides of these technologies. By using new 

technologies like artificial intelligence, data analysis, and 

robots, mining companies can make resource extraction 

better, which helps use less material and energy. Still, while 

using automated systems can lower greenhouse gas 

emissions and waste, it is vital to evaluate how these 

reductions are calculated and if they truly show an overall 

improvement in environmental sustainability. Furthermore, 

technologies that monitor environments in real time help 

manage environmental impacts better, allowing for quick 

responses to potential damage; however, this relies a lot on 

how accurate and dependable the data is. Research shows 

that these new methods not only improve efficiency but also 

support sustainability goals by encouraging resource reuse 

and reducing environmental effects (Creutzig et al., 2022). 

Yet, even with these improvements, the industry must stay 

alert to challenges like regulatory issues and public 

acceptance of automated methods, which can slow down 

their ability to achieve sustainable mining practices (Costa, 

2022). Therefore, a careful approach that assesses the effects 

of these technologies is crucial for the future of the mining 

field.  

 

Bioremediation and green chemistry are key parts of mining 

that are sustainable and help deal with rising worries about 

environmental damage from mining activities. Using 

biological agents like bacteria and plants in bioremediation 

is a good way to clean polluted soil and water, aiding in the 

recovery and health of ecosystems. It is important to look 

closely at how well these biological agents work in different 

situations, as the success of bioremediation often relies on 

specific environmental factors. This method supports green 

chemistry principles, which focus on creating processes that 

reduce hazardous materials and lessen environmental impact 

throughout mining activities. For example, using 

bioremediation can greatly reduce heavy metal pollution that 

is often seen in urban mining, as mentioned by (Monib et al., 

2024). Furthermore, looking into how circular economy 

ideas are used in mining shows their ability to promote 

waste recycling and resource recovery, which can lower 

ecological impacts and improve sustainability efforts (Jose 

et al., 2024). As the mining sector faces increased demands 

for environmental responsibility, it is crucial to investigate 

how bioremediation and green chemistry work together as a 

promising approach to balance resource extraction with 

environmental care, supporting sustainable development 

goals in a thoughtful way (Chatterjee et al., 2018) (Ganguly 

and Pandit, 2021).  

 

Community engagement and stakeholder involvement are 

very important for promoting good mining practices and for 

dealing with difficult environmental issues we see today. 

Good stakeholder engagement builds trust, makes things 

more open, and helps in making better decisions. It is 

important to closely look at how these processes work and 

how they affect different groups of stakeholders. For 

example, the SUMILCERE project highlights the 

importance of ongoing community involvement in Finland, 

Norway, Russia, and Sweden, aiming for a balance between 

growing the economy and protecting the environment 

(Gerner et al., 2023). However, we must ask if the current 

methods of participation truly meet community needs or just 

check regulatory boxes. Likewise, studying mining practices 

in the Democratic Republic of the Congo shows the need for 

working together to address social and economic gaps and 

environmental issues (Kokko et al., 2015). Including local 

communities in decision - making helps manage natural 

resources better, reduces social conflicts, and ensures fair 

benefits from mining operations (Chatterjee et al., 2018). 

Additionally, successful examples, like those mentioned in 

the Mining Association of Canada’s guidelines, show that 

regular communication with communities improves 

compliance and operational success (Laurence et al., 2011). 

This highlights the need to assess how well these 

conversations work to reach goals. Therefore, including 

community engagement in mining plans is key for long - 

term viability and acceptance of mining projects, making 

sure future practices are regularly reviewed and improved 

based on community input and changing environmental 

standards (Mishr, 2023) (Śmieszek et al., 2014).  

 

The success of policy rules and regulatory methods is 

important for promoting sustainable mining that balances 

resource extraction and environmental care; nevertheless, it 

is necessary to closely examine how these rules are created 

and carried out. Different countries have put in place various 

regulatory methods to improve sustainability in mining, but 

how well these methods work often relies on the dedication 

to real enforcement and continuous review of their effects. 

For example, in Finland, strong environmental rules and 

public involvement are not just formalities; they are crucial 

for achieving overall economic, social, and environmental 

sustainability, as shown by studies on the SUMILCERE 

projects (Zou and Lin, 2017). It is also important to assess 

whether these rules are applied equally and adjusted to local 

situations. In the same way, including the Sustainable 

Development Goals (SDGs) in mining activities shows big 

gaps in current practices, mainly concerning socio - 

economic factors that go beyond just environmental issues 
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(Mesquita et al., 2017). Canada’s regulations that require 

thorough Environmental Impact Assessments underline the 

need for careful mine planning that follows legal rules and 

also thoughtfully addresses ecological restoration and real 

community development (Kokko et al., 2015). In summary, 

improving governance rules and boosting local involvement 

are key not only for tackling environmental issues in the 

mining sector but also for making sure these frameworks are 

strong, flexible, and truly helpful for all parties involved 

(Ganguly and Pandit, 2021) (Chatterjee et al., 2018) (Jose et 

al., 2024).  

 

3. Discussion 
 

Studying sustainable mining practices shows a complex 

relationship between getting resources and protecting the 

environment, making it clear that a mixed approach to 

mining management is needed. It is important to remember, 

as stated by (Zou and Lin, 2017), that just encouraging 

cooperation among stakeholders, engaging communities, 

and having strong regulations is not enough by itself; we 

must also look at how well these methods actually work in 

real - life situations, particularly their impacts on the 

environment and local communities. Additionally, research 

mentioned in (Kokko et al., 2015) points out that while there 

is more focus on the environmental effects of mining, there 

is also a notable lack of understanding regarding the socio - 

economic aspects of sustainability. This gap makes a strong 

case for exploring how mining truly affects local people and 

ecosystems, especially the issues highlighted in (Mesquita et 

al., 2017). To tackle these complex challenges, new 

strategies should be explored, as suggested in (Ganguly and 

Pandit, 2021), which might not only help the mining 

industry align with the United Nations Sustainable 

Development Goals but also support fair development. In 

the end, (Barbhuiya and Das, 2023) and (Björn et al., 2014) 

stress the need to weave sustainability practices throughout 

all stages of mining, requiring careful examination to create 

a more resilient and responsible resource extraction 

approach.  

 

4. Conclusion 
 

In conclusion, sustainable mining practices are very 

important for both economic growth and caring for the 

environment in the mining sector. This requires a careful 

look at how current operations affect the environment. This 

review emphasizes the need to incorporate sustainability at 

every stage of mining, from looking for resources to after 

mining is finished, to reduce environmental harm while 

efficiently using resources (Kokko et al., 2015). Achieving 

this balance needs not only understanding the principles but 

also a commitment to seriously assess how they are applied. 

The literature shows that there is agreement on the need for 

new strategies, like the circular economy, better waste 

management, and involving communities, to deal with the 

complex effects of mining (Jose et al., 2024) (Zou and Lin, 

2017). However, it is important to reflect on whether these 

strategies are being effectively practiced and any challenges 

that might arise. Additionally, rules and practices that 

support transparency and responsibility are necessary for 

achieving lasting sustainability and obtaining public support 

to operate (Mesquita et al., 2017) (Chatterjee et al., 2018). It 

has been emphasized that working together with 

stakeholders—including local communities, industry leaders, 

and government officials—is crucial for successfully 

applying these sustainable methods (Gorman and Dzombak, 

2018). This teamwork must include ongoing discussions and 

flexibility to ensure that all viewpoints are included, leading 

to solutions that help everyone involved. Ultimately, the 

future of mining depends on creating thorough strategies that 

balance extracting resources with protecting the environment, 

ensuring that mineral wealth benefits society as a whole and 

not only provides short - term economic benefits 

(Qarahasanlou et al., 2022) (Alves et al., 2021).  

 

The summary of findings on sustainable mining practices 

shows important information about the industry's impact on 

the environment and the effectiveness of rules in place. This 

discussion brings up doubts about current methods of 

sustainability and asks professionals to think about whether 

following existing rules is enough or if more creative 

solutions are needed. New strategies stress the importance of 

applying sustainability ideas throughout the mining process, 

from exploration to the restoration after operations end. This 

leads us to consider how these ideas can be put into practice. 

Research that looks at different regulations in Finland, 

Norway, and Sweden shows that strong environmental 

policies can improve community support and promote 

economic fairness (Kokko et al., 2015). However, we also 

need to think about whether these rules can be adjusted to fit 

other cultural and economic settings. Additionally, the 

analysis points out the gap between environmental and 

social sustainability in mining, especially in less developed 

countries. This observation is particularly significant when 

connected to literature that links mining to the United 

Nations Sustainable Development Goals (Jose et al., 2024), 

raising deeper questions about how mining can align with 

these international aims. Innovations in technology, 

especially regarding resource use and waste management, 

are vital for modern mining operations to reduce negative 

effects, as shown by successful examples in Canada 

(Mesquita et al., 2017). This leads us to evaluate not just the 

technologies, but also the obstacles to their wider use. Also, 

adaptive management and ongoing involvement of 

stakeholders are crucial for achieving lasting sustainability, 

as noted in different reports (Ganguly and Pandit, 2021) 

(Chatterjee et al., 2018) (Zou and Lin, 2017). This 

continuous conversation raises important questions about 

who is being listened to and how much all stakeholders are 

truly part of the process. The overall results highlight a 

strong need for a coordinated effort to align mining practices 

with larger environmental protection initiatives (Blasenbauer 

et al., 2020) (Franks et al., 2020), pushing us to think 

critically about how these initiatives can be structured and 

applied effectively in various regions and situations.  

 

As the mining industry faces more scrutiny about its 

environmental effects, future sustainable practices must 

focus on broad frameworks that combine social, economic, 

and ecological aspects. This change is not just a reaction to 

outside pressures; it shows an increasing awareness of the 

connection between different stakeholder needs and the long 

- term success of mining activities. The rise of various 

regulations and stakeholder involvement methods around the 

world does not only seek to balance resource extraction with 
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the needs of communities and ecological recovery (Zou and 

Lin, 2017); it also emphasizes the need for mining 

companies to tackle public concerns head - on and adjust to 

changing expectations. Additionally, while principles of the 

circular economy, like waste reuse and resource recovery, 

can notably lessen the environmental impact of the mining 

sector (Kokko et al., 2015), it is crucial to carefully evaluate 

how effective and practical these methods are in different 

situations. Advanced technologies and practices, such as real 

- time tracking of environmental effects and better 

management of tailings, are critical for supporting 

sustainable practices (Mesquita et al., 2017), but their use 

needs to be paired with thorough assessments of their long - 

term effects and possible trade - offs. Moreover, cooperation 

among industries, government entities, and local 

communities is vital not just for applying effective 

sustainability measurements (Ganguly and Pandit, 2021) but 

also for ensuring that these measurements show real 

progress and not just surface - level success. The ongoing 

development of these practices is key to aligning mining 

actions with the United Nations Sustainable Development 

Goals, leading to a fairer and more environmentally 

responsible future that carefully weighs the benefits and 

challenges of sustainable mining (Qarahasanlou et al., 2022) 

(Vidal et al., 2013).  

 

5. Future Research Directions 
 

Looking at future research directions, it is very important for 

the mining industry to carefully look into and adopt new 

methods that not only improve sustainability but also 

address various environmental and social issues it faces. 

There is a strong need to explore how circular economy 

ideas can fit into mining practices; existing literature shows 

that there is a serious lack of attention to the social and 

economic factors that go along with environmental impacts 

(Onifade et al., 2024). Additionally, it is crucial to examine 

how different regulatory systems in various countries work, 

which will allow for a detailed review of best practices that 

can support sustainable development in different cultural 

settings, particularly in areas like the Kolarctic, where good 

governance is very important (Kokko et al., 2015). 

Moreover, advanced technologies—like automated waste 

management systems and community engagement 

strategies—should be seen as key research topics. This 

requires a careful look at how collaboration between 

stakeholders can help reduce the harmful effects of mining 

activities (Mesquita et al., 2017). Future research should 

focus on interdisciplinary methods to fully assess 

sustainability in mining operations, which can greatly aid in 

improving resource management (Gorman and Dzombak, 

2018), while also fitting with broader global sustainability 

targets (Qarahasanlou et al., 2022) (Vidal et al., 2013).  

 

Long - term monitoring is very important for better mining 

practices. It helps keep track of how mining affects the 

environment and society over time. This brings up the issue 

of how well these assessments lead to real changes in the 

mining industry. Using continuous monitoring systems can 

improve rehabilitation efforts, as shown by several studies 

that highlight the need for flexible management in mining 

(Kokko et al., 2015) (Jose et al., 2024). Yet, we should 

closely examine whether current monitoring methods truly 

reflect the complicated nature of ecological changes and 

socio - economic conditions. Long - term monitoring looks 

at both ecological changes and the benefits to local 

communities, especially when it involves engaging 

stakeholders and gaining community support for mining 

activities (Mukhopadhyay and Tyagi, 2016) (Ganguly and 

Pandit, 2021). To ensure effective long - term monitoring, it 

is important for various stakeholders—including 

government entities and local populations—to work together 

to promote transparency and responsibility in decisions that 

affect sustainability (Mesquita et al., 2017) (Nurmi, 2017). 

Additionally, research indicates that using advanced 

technologies like remote sensing and real - time data 

analysis can enhance monitoring efforts, but we must also 

consider any biases these technologies might create and how 

they affect the resilience of the environment after mining 

ends (Chatterjee et al., 2018) (Gorman and Dzombak, 2018) 

(Drake et al., 2015) (Foster et al., 2015). By encouraging 

ongoing communication among stakeholders, we can 

evaluate how well long - term monitoring efforts are 

working and adjust them to better meet the needs of both the 

environment and the community.  

 

Economic analysis is important for checking if sustainable 

mining practices can work, especially where social and 

environmental issues are present, along with regulations. 

This analysis looks not just at possible economic gains but 

also at whether mining can really protect the environment, 

especially in line with the United Nations Sustainable 

Development Goals. Studies highlight the need for involving 

stakeholders and strong governance to improve 

sustainability, as seen in the SUMILCERE project in the 

Kolarctic region, which addresses local community 

acceptance and cultural rights (Mesquita et al., 2017). 

Moreover, it is crucial to assess how mining affects socio - 

economic development while also weighing the risks of 

harming the environment. Research shows there are serious 

gaps in how we look at sustainability, stressing that we 

should think beyond just environmental impacts to include 

social and economic factors (Jose et al., 2024) (Ganguly and 

Pandit, 2021). By using economic frameworks that consider 

the entire lifecycle of minerals and circular economy 

principles, the mining industry can better achieve a balance 

between extracting resources and caring for the environment, 

allowing for new practices that support long - term 

sustainability (Zou and Lin, 2017) (Chatterjee et al., 2018). 

Additionally, findings from Canada indicate that careful 

reclamation and responsible actions can improve ecosystems 

and community well - being, showing the important link 

between economic and environmental goals (Kokko et al., 

2015) (Nurmi, 2017). This connected approach is essential 

since it pushes us to rethink traditional economic measures 

and to embrace a broader view that covers all aspects of 

sustainability in the mining sector.  

 

Good policy impact is important not just for improving 

sustainable mining practices but also for making sure 

environmental protection is considered as important as 

resource extraction. When we look at how regulations match 

up with the United Nations Sustainable Development Goals, 

it becomes clear that this alignment is key for creating 

accountability and encouraging new ideas in the mining 

industry. As noted in (Chatterjee et al., 2018), combining 
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thorough environmental rules with strong community 

involvement greatly enhances mining sustainability, 

particularly in areas where local approval is necessary. 

Additionally, (Kokko et al., 2015) points out the need to deal 

with socio - economic aspects within the mining structure; 

this approach helps balance environmental sustainability and 

economic growth. The current changes in mining 

governance show the need for strong policies that enable 

stakeholder participation and focus on using cleaner 

technologies, as shown by results in (Ganguly and Pandit, 

2021) and (Mesquita et al., 2017). In the end, clear and 

inclusive policies will be essential for promoting sustainable 

mining practices, lessening harmful impacts on ecosystems 

and local communities, while also ensuring economic 

feasibility and regulatory adherence, as highlighted by 

(Qarahasanlou et al., 2022) and (Battaia et al., 2024). This 

important look at policy impact helps to understand how 

environmental protection, community involvement, and 

economic strategy are connected in creating a sustainable 

future for mining.  

 

Technological progress is important in changing mining 

practices to be more sustainable, helping with environmental 

issues from resource extraction. However, it is vital to 

carefully assess if these new technologies truly bring long - 

lasting sustainability or if they just provide short - term fixes. 

Innovations like automation, artificial intelligence, and 

remote sensing have greatly improved mining efficiency, 

cutting down on waste and reducing environmental harm; 

still, we must think about the possible trade - offs and 

negative effects of using these technologies. For example, 

even though self - operating machines can make resource 

extraction better in tough areas, we need to evaluate how 

this technology affects workers and local communities, in 

addition to its advantages of saving energy and reducing 

greenhouse gas emissions. Furthermore, new tools in data 

analysis and machine learning help with tracking 

environmental conditions in real - time, allowing for quick 

reactions to dangers and better adherence to regulations; 

however, we should question how effective and precise 

these systems are across various environments. Also, 

methods like hydrometallurgy and bioremediation show how 

mining can change to use less harmful extraction techniques, 

supporting a circular economy in the field, but we must 

seriously consider their scalability and environmental effects. 

As these technologies become more common, they not only 

lead to better operational efficiency but also align mining 

activities with wider goals of sustainable development and 

environmental responsibility, raising important questions 

about whether these advancements can be maintained both 

economically and ecologically over time.  
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