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Abstract 
Traditional mining practices have resulted in significant environmental and operational challenges the has driven the need for green mining technology, and sustainability. Innovations which have integrated renewable energy sources, including solar, wind and hydroelectric power are reducing the carbon footprint of the mining operations. Some of these green technologies that reduce environmental impact while improving operational safety, are low-carbon processing, where technologies that cut off greenhouse gas emissions. The net-zero mining practice is also aimed at balancing carbon emissions with carbon removal. Another green mining technology is the dry processing technologies, which are methods used to reduce the need for water in the minerals processing, thereby lowering water contamination. The adoption of autonomous haul trucks, AI powered exploration, and remote operation centers to improve efficiency and safety and contribute to emission reduction. Steps have been taken to reduce water pollution and recycle waste materials. Circular economy and waste valorization recycles mining waste and repurpose tailings into usable products. The future prospect of the mining industry indicates that the focus is more geared towards developing integration of renewable energy sources, eco-friendly extraction methods, the adoption of the Internet of Things, implementing carbon capture and storage (CCS) technologies and adopting low impact mining techniques such as the use of sensor -based sorting are being developed to minimized land disturbance and waste generation. These technologies and practices aim to increase profitability while protecting the environment, ensuring a more sustainable future for the mining industry.
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1	Introduction (mandatory; font size: 12 pt) 

The mining industry has supplied many raw materials essential for countless sectors of the global economy. It supplies minerals and metals used the manufacturing industry, construction, energy production and transportation. In many developing countries, it is a source of revenue since they can generate foreign exchange and provide employment. The demand for these resources is very high due to population increase and urbanization. 

2	Resources and Methodology 

2.1	Resources

The search was able to source 24 books, articles, and journals published by different authors from the start of 1901 to the end of 2023 and were obtained via popular online Scopus databases such as Google Scholar, Research Gate, Research Rabbit, and JSTOR. All currently available articles worldwide were reviewed and considered (peer-reviewed and non-reviewed; published and non-published). The majority of the evidence reviewed in this report was obtained from studies undertaken nationwide. The search also identified a case study that was used in the review.

2.2	Methodology

The review was conducted in two stages. In the first stage, articles were retrieved via online Scopus database searching such as Google Scholar, Research Gate, etc. The following keywords and combinations of keywords were used: “Resource efficiency”, “Sustainability”, “Construction project”, and “Building information modeling”. Boolean words like “AND”, “OR”, and “NOT”. The search for articles and journals was limited to those that were published in English-language journals. In the second stage, titles, abstracts, and contents of articles were independently reviewed to assess eligibility for inclusion. If there was any uncertainty, the full-text article was retrieved. Primary articles and journals on silicones about building construction were the pivot of this review. After compiling our information, we did a presentation of our work to a panel of Judges and they gave their evaluation, after which we got to know the information that was relevant to our work but left and those that were irrelevant but included, and thereafter the necessary changes were made.

3	Literature Review

3.1 Introduction

The mining industry has played a vital role in providing the factories and manufacturers with all kinds of mineral resources, generating foreign exchange for the economy. Nonetheless, the mining sector is one of the contributing factors to environmental challenges, such as deforestation, soil erosion, water pollution, and greenhouse gas emissions. To rectify this issue, there was a need to venture towards sustainable and green mining technologies to mitigate negative environmental impact while ensuring economic viability. This literature review explores current trends in sustainable mining, advancements in green technologies, and future directions for the industry.

3.2	Current Trends in Sustainable and Green Mining Technologies, and their Future Direction

There is a paradigm shift in the mining industry towards sustainability, driven by regulatory pressures, corporate responsibility, and technological advancements. Current trends reveal a significant improvement in energy efficiency, waste management, water conservation, and digitalization, while future directions emphasize carbon sequestration, biomining, and responsible deep-sea and space mining.

3.3	Waste management and circular Economy
‘A country can significantly reduce its environmental impact and support international efforts to prevent climate change by adopting sustainable agricultural practices, introducing renewable energy sources and upgrading waste management systems.’ (Feruza Askarova, Green Technologies and Innovations for Sustainable Development (2024). The concept of circular economy, which emphasizes recycling and reusing materials, is gaining traction within the industry. Furthermore, initiatives like Phyto mining, which involve the use of hyperaccumulator plants to extract metals from the soil, offer a sustainable alternative to traditional mining methods.
 

4	Discussion 

4.1 Environmental Stewardship

I believe that mining should not be prohibited but must be practiced with caution. One of the well-known stages in the development of mine is reclamation. Short-term steps can be taken during and after mining to stabilize the land. This is rehabilitation. Filling pits, replacing the topsoil, planting vegetation, and controlling water drainage are all examples of rehabilitation practices. It is important because it reduces environmental damage, soil and water pollution. It also improves the social image of mining companies and complies with the legal and regulatory frameworks. In Ghana, the Environmental Protection Agency requires mining companies to have a reclamation plan before starting operation and ensures that those mining have legal permit and license to mine. ‘Many miners have continued to buy retorts from the Ghana Minerals Commission to reduce negative effects of mercury, the main chemical used by miners for gold…’ (https://doi.org/10.1108/IJOA-01-2020-2011) . 

Another point under this section is managing tailings and mine waste. Tailings are slurry-like materials left after the desired mineral is extracted from the ore. Mine waste is the rock removed during mining that do not contain any sufficient valuable mineral for processing. Tailing and mine waste should be managed properly because it can pollute water bodies with toxic substances, cause land degradation, and even lead to collapse of tailings dam. To prevent all these issues, we can securely engineer tailings damp to prevent leaching, overflow, and collapse. Even better, sensors can be installed, and period inspections can be carried out to detect dam stress, seepage and movement.


4.2	 Future trends and direction 
Some of the future directions of sustainable and green mining technology are the circular economy, The carbon neutral mining operations , Block chain for ethical minerals source, and advance data analytics for environmental risk prediction.
4.2 Future direction and trends	

‘Green technologies are not just a collection of isolated technologies. The world is experiencing a number of serious challenges, such as extreme climate changes, energy and resource depletion, global impacts of multiple diseases, extensive environmental pollution, and serious food crises, which demand the need for various interdisciplinary green technologies. The future of sustainable development will depend on practical green solutions for extensive areas, which promote the development of green technologies. Green technologies will help create new relationships between humans and nature as well as the new world.’, (https://doi.org/10.1016/j.grets.2023.100008. )

4.2.1	 Green and sustainable water processing 

According to the news on the British Broadcast Corporation, BBC Inside Science on the 23 June 2016, the green mining headline stated that Wales’s rivers were polluted by heavy metals such as lead, zinc, and copper, caused by heavy mining. To clean up the rivers, they were to search for technology the would be best. One of the winners was Steve Skill from Swansea University, came up with a green biotechnology that uses algae to suck the poison out of the rivers. 

4.2.2 other future technologies that are yet to be explored are:
‘1.
Concept, theory, fundamental, metric, analysis
· (a)
Green and sustainable systems analysis
· (b)
Green metrics
· (c)
Green and sustainable environments
· (d)
Novel green and sustainability concepts
· (e)
Carbon neutrality
· (f)
Energy efficiency and resource efficiency
· (g)
Mathematical models for green and sustainable technologies
· (h)
Life cycle analysis, assessment, and approaches
· (i)
Green and sustainable engineering
· (j)
Modeling and theory for green and sustainable management
· (k)
Circular economy
· (l)
Green and sustainable complex, dynamic environmental/economic/social systems
· (m)
Issues for sustainable development goals
· 2.
Architecture, designs, algorithms, approaches
· (a)
Green and sustainable architecture, strategies, algorithms, protocols, scheduling, and/or designs
· (b)
Measurement and profiling of green issues
· (c)
Low cost and energy-efficient designs
· (d)
Performance characterization, evaluation, optimization and design Trade-Offs
· (e)
Use of cognitive principles to achieve green objectives
· (f)
Relevant experimental test-beds and results
· (g)
Relevant standardization, policy, and regulation
· (h)
Pollution control technologies
· (i)
Recycling and reuse
· (j)
Strategic management for sustainability
· (k)
Approaches to achieve sustainable development goals
· 3.
Domain technologies
· (a)
Environmental engineering
· i.
Air and water pollution and control, including sustainable wastewater treatment
· ii.
Green and sustainable waste generation, separation, processing, and disposal
· iii.
Sustainable waste management technologies promoting the reuse and recycling of waste
· iv.
Green and sustainable manufacturing
· v.
Green and sustainable chemical engineering
· vi.
Sustainable transportation and logistics
· vii.
Environmental management and decision making for sustainability
· viii.
Carbon neutrality technologies
· ix.
Noise pollution detection, assessment, and control
· x.
Ocean and coastal pollution and mitigation
· xi.
Green and sustainable supply chain management
· xii.
Green electronics, devices, and systems
· (b)
Environmental science
· i.
Green chemistry
· ii.
Soil, land pollution and remediation
· iii.
Environmental modelling
· iv.
Life cycle impact assessment and sustainability assessment
· v.
Green and sustainable water processing
· (c)
Green energy technologies
· i.
Renewable and sustainable energy, including solar, wind, hydropower, geothermal, biomass and o- cean energy, and renewable hydrogen and energy systems
· ii.
Green and sustainable energy for transportation, including biofuels, electric vehicles and hydrogen- powered vehicles solution
· iii.
Green, clean, and sustainable power generation and transmission
· iv.
Energy storage and battery technologies
· v.
High-performance sustainable energy systems
· vi.
Smart grids and smart grid networks
· vii.
Advanced metering infrastructure and smart meter technologies
· viii.
Energy harvesting, recycling, and wireless power transfer
· (d)
Green digital and information technologies
· i.
Green and sustainable communications, computing, and systems
· ii.
Big data and artificial intelligence meet green challenges
· iii.
Artificial intelligence aided environmental image or data analysis and decision making
· iv.
Information and communications technologies for sustainable development goals
· v.
Electromagnetic pollution mitigation
· vi.
Sustainable security and privacy
· vii.
Security and privacy Issues for green and sustainable technologies
· viii.
Green and sustainable intelligent transportation systems
· ix.
Green data centers and cloud computing
· (e)
Green finance and economics
· (f)
Green and sustainable materials
· (g)
Green and sustainable civil engineering and building
· (h)
Green and sustainable cities’
According to https://doi.org/10.1016/j.grets.2023.100008


5	Conclusions (Mandatory) and Recommendations (Optional; font size: 12 pt)

I highly approve that participation in green mining and sustainability would not only just help us to protect the environment but also speed up efficiency in the mining sector.
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