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ABSTRACT

Worldwide, mining has become more challenging due to socioeconomic and environmental factors. In many
significant mining regions, there is fierce rivalry from other land uses, and resources like water and electricity are
limited. Although more people are opposing mining, they are not yet prepared to drastically curtail their usage of
products made from minerals. The industry has a lot of work to do to enhance its performance and reputation.

The Green Mining concept (GM) was created as a key tool to establish Finland as a leader in environmentally
friendly mining. It encourages resource, water, and energy efficiency to lessen the environmental impact of the life
cycles of mineral-based products. GM minimises mining waste and enables the recovery of all usable minerals. For
future generations to have access to mineral resources, GM must make substantial long-term investments mineral
exploration is backed by research on mineral systems, geoscientific mapping, and the creation of exploration
methods. At all phases of its operations, GM strives to minimise negative environmental and social effects while
maximising local benefits. GM assists in structuring the activities so that they are safe for workers, meaningful for
them, and safe for the environment. GM assists in restoring the mining areas after mine closure to make them safe
and, ideally, to enable various sorts of land use. Throughout the entire mining life cycle, from early prospecting on,
wide-ranging participation is essential.
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INTRODUCTION

In the future, societies, governments, and investors shouldn't put up with unsustainable mining firms. If the mining
sector wants to maintain its social licence to operate, it will need to adopt holistic concepts, like the Green Mining
concept, to address the growing social, ecological, and technical issues of the future.

Growing interest in natural resources has been sparked by factors such as globalisation, the expansion of the middle
class in most developing economies, and the quickening pace of technological advancement. By 2050, the United
Nations projects that there will be 9 billion people on the planet, 3 billion of whom will live in cities (United
Nations, 2012). Future global population growth and the rise of the middle class will increase the total amount of
metals consumed, but consumption per person will decline due to increased resource efficiency, recycling, better
product design, and the replacement of existing metals with new materials (World Economic Forum, 2015).
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Economic mineral deposits are extremely unique rock types that are uncommon and usually present in limited
quantities in the Earth's crust.

Economic mineral deposits are formed by complicated processes, and large-scale structures and distinctive
geological formations often control where they appear. Minerals are mined, used in downstream industries, or
produced as finished goods primarily in many continents and nations. For instance, whereas metal mine output
within the EU only amounts for a small percentage of global production and certain metals are not produced at all,
EU member countries consume 20-30% of the metals produced internationally (Brown et al., 2016). On the other
hand, industries based on minerals are extremely important to the EU. The construction, chemical, automotive,
aerospace, and machinery and equipment manufacturing industries have a combined yearly economic impact of
nearly 1,300 billion euros, and they give employment to millions.

Resource efficiency will lessen reliance on primary minerals, but for many years to come, EU industries will
continue to be at risk from disruptions in the metal supply and market volatility. Therefore, increasing local
production of traditional ferrous and base metals as well as the key metals is one of the difficulties for the
sustainability of the raw material supply chain in Europe. The European Union (EU) has responded to the situation
by launching the raw materials initiative (European Commission, 2008) and by compiling a list of critical minerals
(European Commission, 2014). These minerals are particularly important for the industries and have potentially
uncertain availability due to their concentrated production in some countries, such as rare earth elements in China
or cobalt in the Democratic Republic of the Congo.

Most people are actively seeking a modern lifestyle and a higher standard of living, thus they are not prepared to
drastically cut back on their consumption. Despite this, a growing number of people reject mining operations that
take place in or close to their villages or in environmentally sensitive locations like the Arctic. Many people appear
to be unaware of the importance of minerals in modern urban life or the fact that mining is the only way to obtain
the minerals required for the production of the necessary infrastructure and desired commodities. Anti-mining
organisations may operate locally or globally. Usually, their zeal for ideologies drives them. They are well-
organized and well-known, in part because of their adept use of social media.

People are also becoming more and more opposed to mineral exploration, and it is very difficult to understand the
difference between mining operations, which may have high impacts but only operate in limited areas, and
exploration projects, which can operate over large areas, have very low impacts and rarely result in mining
operations.

The mining sector has a negative reputation. It is primarily based on past errors and ignoring the opinions of local
communities, or on numerous more recent conflicts and serious accidents that have attracted international
attention.Although the majority of mines run sustainably and the sector has generally advanced, the failures can
actively be used as examples to prevent the development of new mines in any region. The mining sector as a whole
has also failed to reduce the problems caused by earlier mining activities that are still present today, such as pollution
and human rights violations (such as conflict minerals and poor working conditions in artisanal mines). The general
public's mistrust of mining is based on this fact.

THE GREEN MINING CONCEPT

The idea of "Green Mining" was created in Finland in 2011 as a key strategy for elevating the country to the
forefront of sustainable mining (Nurmi and Wiklund, 2012). This idea is supported by these five pillars (Fig. 1).

1) Promoting sustainable materials and energy use.

Green mining encourages resource and energy efficiency, which lessens the environmental impact of the life cycles
of mineral-based products.It is necessary to create techniques for mining and mineral enrichment that conserve
resources and energy.
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These innovative approaches are meant to minimise waste while enabling the recovery of all valuable byproducts
and minerals. Energy and water use reduction strategies are being developed.There needs to be a trustworthy
method of assessing the material and energy efficiency as well as the environmental footprint throughout the life
cycle in order to produce a result that is best for the overall mining operation.

Many products made of minerals have a long shelf life, and most uses for commodities allow for recycling. Metals
and minerals are thus available for future generations once they are produced, and sustainable societies will develop
efficient systems for recycling and lowering the rising demand for primary resources.

2) Ensuring the future supply of mineral resources.

Different geological processes result in an unequal distribution of mineral raw materials over the planet and their
concentration in confined areas of the crust. Ore reserves at currently operating metal mines are limited and mineral
resources as a whole are nonrenewable. Although many mines will have a far longer lifespan than can be projected
based on current ore reserves, the majority of existing mines will run out of ore due to the continuously growing
demand for natural resources during the next several decades.

In order to guarantee the availability of potential future mineral resources

Our current usage of mineral resources cannot put the ability of future generations to meet their requirements in
jeopardy, according to sustainable development. We must continue geoscientific mapping and research, make
investments in mineral exploration, and pay off the so-called "mineral debt" in order to guarantee the availability
of natural resources for future demands.To be able to find and exploit new types of deposits, exploration, mining,
and processing processes must be developed.

Economic mineral exploration should be conducted with as little negative influence on the environment and
neighbouring communities as possible. Without thorough understanding of the reserves in a region or the viability
of the mineral deposit, society cannot make an objective evaluation of competing land use purposes or a decision
on potential mine development.

3) Eliminating negative effects on the environment and society

The natural environment, local economy, and social structure are always impacted by mining operations. Green
mining aims to minimise negative environmental and social effects at every level of the process.The operations
work to maximise social and local advantages at the same time.

The improvement of control and measurement techniques that take into account the unique characteristics of mining
operations and the regional natural circumstances is necessary to reduce the negative environmental effects.
Research, communication, and techniques that encourage widespread community involvement are necessary to
maximise the societal, economic, and cultural impacts in a sustainable fashion.

Participation is particularly crucial at the regional level since it enables the mines' corporate social obligation to be
carried out as effectively as possible. The distribution of benefits is a significant issue. Fair benefit distribution is
the goal of green mining. Mining must be profitable for all parties involved and should have a beneficial long-term
effect on local development.

4) Enhancing organisational and work practises

Mining involves using powerful gear in challenging environments, frequently underground, and a variety of
explosives and chemicals, always with possible safety risks. Work must be planned so that it is secure and fulfilling
for employees. This can be done by streamlining and automating operations, as well as by creating new procedures
and working ways in collaboration with the entire staff. It goes without saying that there must be strong health and
safety laws and regulations as well as education aimed at a good work environment. An essential first step in any
development is workplace safety, with the goal of zero accidents. Additionally, operations must be secure for the
environment and the local populace. The necessity for a staff is decreasing as a result of increased automation and
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technological advancement, which also increases safety. The mining organisation will become smaller, and the
majority of operations will be carried out remotely in mines and enrichment facilities.After the mine is closed,
making sure sustainable land use. The duration of operation for specific mines might range

5) Over a century, but it is constantly constrained.

The mining areas must then be cleaned up and made safe so that other types of land use are permitted. Planning for
the controlled termination of mining activities and the appropriate countermeasures is initiated well in advance of
the start of mining operations, and it is developed over the course of the project's life cycle with widespread
involvement of local stakeholders.

SIGNIFICANCE OF GREEN MINING

The phrase "green mining" refers to a mining technique that has as little detrimental influence as possible on the
environment, wildlife, and people. This process entails the creation and application of fresh, eco-friendly
technology, as well as a concentration on waste minimization and resource conservation. The importance of green
mining is enormous and has broad ramifications for the economy, the environment, and human health.

First and foremost, green mining lessens the damaging effects that conventional mining methods have on the
environment. Traditional mining practises frequently result in the discharge of dangerous chemicals and pollutants
into the air and water, which can have a major negative impact on the health of the surrounding population as well
as wildlife.On the other side, green mining emphasises increasing resource usage while minimising waste. This
includes the application of technologies that can effectively extract minerals while using less water and energy
during mining operations.

The health of people is significantly impacted by green mining. Local communities are frequently exposed to
hazardous chemicals and contaminants as a result of conventional mining practises. Serious health difficulties
include respiratory conditions, skin irritations, and other conditions can result from this. On the other side, green
mining reduces the amount of time that local communities are exposed to these dangerous chemicals, which can
enhance their quality of life and health.

Green mining also has a favourable effect on the economy.Green mining also has a favourable effect on the
economy. For the mining sector to be long-lasting and for the environment and human health to be protected, green
mining practises and technologies must be used. New employment prospects and economic potential in the mining
industry may result from the development and application of environmentally friendly technology and procedures.
Green mining can also save mining companies money, which can increase their profits and competitiveness on the
global market. Green mining reduces waste and improves resource conservation.

In conclusion, green mining is an important step towards sustainable development and has significant effects on the
economy, the environment, and human health. It aids in minimising the detrimental effects of conventional mining
methods, protecting the environment, and resources, boost wellbeing, and open up fresh business prospects.

THE IMPORTANCE OF GREEN MINING IN MINING SECTOR

(1) The advancement of technology is necessary for the use of green mining. For a very long time, China's coal
sector hasn't even followed the road of substantial development. The production level is really low. Utilizing and
developing multi-dimensional and multi-angle technology the essential prerequisite for green mining

(2) The effective utilisation of resources is crucial for green mining systems. In the context of the coal mining area,
water, coal-bed methane, and other resources, Greenpeace calls for their extensive use. When using land, coal
gangue, adjacent deposits, and other resources, we should try to have as little of a negative influence on the
environment as possible while yet achieving the best possible economic and social outcomes.

(3) Green mining demands a thorough assessment of the businesses taking into account the natural environment. In
order to achieve sustainable growth of the ecological system, large green employs the ecological system's
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perspective to observe and assess the economic operations of businesses. This exhorts them to pursue their own
financial gain, it demands that they fully consider the advantages to society and the environment.

The following explanations will help you comprehend the relevance of green mining:

Environmental protection: By cutting back on waste, pollutants, and energy use, green mining techniques try to
lessen the harm that mining causes to the environment. This aids in protecting species and their habitats, lowering
pollution and greenhouse gas emissions, and conserving natural resources.

Sustainable development: By ensuring that resources are harvested in a way that supports the long-term well-being
of communities and the environment, green mining contributes to sustainable development. Additionally, it offers
chances for regional economic development and job generation.

Green mining ensures that natural resources are harvested in a way that reduces waste and maximises efficiency in
order to promote the responsible use of resources. This ensures that there are resources available for future
generations.

Better social and economic results: Local communities may experience better social and economic results as a result
of green mining. For instance, it might result in more access to resources, better infrastructure, and the creation of
new jobs.

Lower risk: Green mining techniques reduce the possibility of environmental spills and accidents, which can have
detrimental effects on the environment and nearby communities. This aids in making sure that minerals and other
resources are extracted safely and responsibly.

Green mining companies typically enjoy a higher reputation and are better able to draw clients, investors, and staff
members who are dedicated to environmental sustainability. They may be more successful in the long run and more
competitive overall as a result.

Regulation compliance: Green mining techniques assist businesses in adhering to environmental laws and
standards, lowering the possibility of fines and reputational harm.

Innovation: Sustainable and ecologically friendly new technologies and production methods are encouraged by
green mining practises. This may contribute to raising the general effectiveness and efficiency of mining operations.

Improved health and safety: By lowering worker exposure to potentially harmful. compounds and encouraging safe
working conditions, green mining methods can help to enhance worker health and safety conditions.

Biodiversity conservation: By minimising the effects of mining on ecosystems and wildlife habitats, green mining
techniques aid in biodiversity preservation. This can support the preservation of the diversity of species and the
stability of natural systems for upcoming generations.

In conclusion, green mining is crucial because it promotes sustainable development, lessens the damaging effects
of mining activities on the environment, and promotes the wise use of natural resources.

CHALLENGES TO THE MINING SECTOR

The mining sector is dealing with a number of issues, which makes it challenging for individual businesses,
governments, or the world to plan for sustainable mineral production over the long term and estimate the supply of
different commodities (Ali et al., 2017). The occurrence of ore deposits is determined by geology. The remaining
ore bodies are situated deeper in the earth's crust because the majority of traditional mining regions have been
explored and mined for decades. This makes exploration expensive and discoveries much more challenging.
Geologists must travel to new locations, many of which are isolated locales with underdeveloped infrastructure and
challenging working conditions.
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Furthermore, new deposits typically have a lower grade and/or are more challenging to process.

Investment decisions related to exploration are never made purely on the basis of geological potential but rather
take into account a variety of other factors. The availability of land and the legal system are important aspects of
the mining sector. Mineral exploration is facing more and more obstacles due to competition with other land use
reasons (such as agriculture, the preservation of natural or historic landscapes, and infrastructure building).

Future mineral exploration studies might only be conducted in a small number of locations.The development of
mines is likewise become more and more challenging for sociological and environmental reasons. Competition
from other societal interests including tourism, recreation, and ecological diversity is escalating.Future mining will
be more challenging in many nations due to tighter laws and regulations. It may be impossible to obtain enough
water and electricity in some areas, and it may be challenging to locate workable transportation options.

The mining sector appears to have lost a lot of appeal among younger generations. It conjures up images of a
dangerous, outdated, and polluted industry. For instance, many institutions discontinued their mining-related
curriculum in the 1990s, and it is currently challenging to reinstate them due to a shortage of qualified instructors
and declining student interest.

The mining sector demands long-term planning, significant funding, and substantial risks. Sustainable mining is
built on effective mineral prospecting. Exploration requires high-risk investment in endeavours that hardly ever
result in commercial finds. From the beginning of the exploration project, it can easily take 10 to 15 years to put a
new deposit into production.Due of the extreme volatility of commaodity prices, there are many ups and downs when
a large mine is operating. The timing of the initial investment to be able to turn the cash flow positive within the
first few years is one of the challenges. When commodity prices are low, few businesses are ready to make
investments. Since mine construction normally takes several years, making investments at a time when demand is
highest may imply that when production begins, the good times may have passed for several years. Long-term
investments in the high-tech commaodities sector are risky since the use of many essential minerals varies with time
and with advancements in technology.Additionally, the growing demands of resource nationalism threaten
investors.

Mining is a worldwide industry, and in many nations, foreign firms are engaged in the exploration and development
of mines. People are inquiring about the advantages for their nation and nearby towns. A new legal system, taxing
system, or, in the worst case scenario, a national takeover, might all have unanticipated effects on how things are
done in a certain area.

DOWNFALL OF GREEN MINING

The goal of green mining, often referred to as sustainable mining, is to lessen the damaging effects of mining on
the environment and local communities. Green mining has certain drawbacks despite its advantages:

* High costs: Putting sustainable mining practises into place frequently necessitates considerable investments in
new infrastructure and technologies, which can be costly for mining businesses.

» Technological constraints: Some of the technologies needed for sustainable mining are still in development and
may not be widely accessible or economically feasible to use.

* Resistance from conventional mining businesses: Conventional mining corporations may be reluctant to adopt
new technologies or alter long-standing methods, especially if they believe that doing so could harm their profit
line.

» Regulatory obstacles: In some instances, regulatory obstacles may make it difficult for mining businesses to
implement sustainable mining techniques. For instance, a lack of precise guidelines or standards for sustainable
mining might make it challenging for businesses to adhere to best practises.
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* Monitoring and enforcement difficulties: Ensuring that sustainable mining methods are being used can be difficult,
especially in remote areas or nations with lax government structures.

Overall, even though green mining has the potential to reduce the detrimental effects of mining on the environment
and communities, there are still big obstacles to be addressed before sustainable mining techniques are widely
adopted.

DISCUSSION

Primary mineral mining will continue to expand for at least
decades.Although a strong circular economy is unavoidable, it cannot by itself address the expanding mineral req

uirements of billions of newly urbanised people, as well as emerging technologies. In contrast to the present, the e
conomy, society, energy, infrastructure, transportation, and materials will all appear very different in the second h
alf of the twenty-first century.

Due to population growth and an increase in the number of middleclass individuals, metal consumption will incre
ase globally even while perperson consumption would decline (World Economic Forum, 2015). Thus, the mining
and metals sector will play an important part in societies of the future (Ali et al., 2017). Future manufacturing will
place a high priority on product design, enabling efficient recycling of all materials.The advancement of technolo
gy will make it possible to replace some essential metals with alternative molecules. On the other hand, due to the
quick pace of technological advancement and the need for fresh raw materials for the next generation of lowcarb
on, technological societies, it is exceedingly challenging to predict the crucial parts of the future (Vidal et al., 201
3). As aresult, it is impossible to accurately predict the future worldwide demand for a variety of mineral raw res
ources.In addition to geological accessibility, the availability of water and energy is increasingly influencing the a
vailability of commodities, as are social restraints, politics, legal frameworks, and environmental laws.
Exploration and extraction require technical advancements that will change the game. Future intelligent mines wil
| use less energy and water and will incorporate the ideas of zero waste and zero accidents. Many of these mines
will be based on safe robotics, digital technologies, and safe automatic processes.The majority of mining activitie
S up to this point have made use of materials on or near the surface. The more challenging ore discovery process
will present a significant barrier to future mineral output. Deepseated deposits are still mostly unknown, and it's li
kely that the majority of them are hidden deep inside the crust, beneath a lot of overburden or water, or in isolated
or delicate areas like the Arctic.Improved geological understanding, including that of mapping, geophysics, and
mineral systems, will be essential for managing raw materials in a sustainable way. The foundation for mineral ex
ploration is longterm investment in geoscientific mapping and research, which is crucial to ensuring an adequate s
upply of economically valuable minerals in the future.

Many lucrative mineral resources are yet untapped, according to certain research (Herrington, 2013; Singer, 2017)
Although it will be challenging to locate and economically extract all the commaodities needed by future commun
ities from deep within the crust, large, lowgrade openpit deposits cannot be avoided. In the future, mining will inc
reasingly involve deep underground operations (e.g., Sahu et al., 2015).

In the distant future, resources from uncharted regions like the oceans and seafloor could be added to the existing
global resource base and/or extra-terrestrial sources.
With a commitment to providing shared benefit to business, governments, and communities, businesses need to st
rengthen their stakeholder alliances and interactions.

Problems in transforming the abundance of natural resources into longterm mining region development and sustai
nable economic growth must be resolved.Resource nationalism, which calls for domestic, frequently public invol
vement in the mining industry and particular mining taxes, is becoming louder in a number of different countries.
Many also want mandatory export levies, prohibitions on foreign ownership, and limits on beneficiation. The min
ing industry has mainly failed in its efforts to persuade people of the need for their continued development. In the
future, societies, governments, and investors will not put up with unsustainable mining firms. Using comprehensi
ve ideas like Green Mining, the mining industry must address the growing social, ecological, and technical issues.
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CONCLUSION

Primary mineral mining will develop for a few decades at the very least. Although a strong circular economy is u
navoidable, it cannot by itself address the expanding mineral requirements of billions of newly urbanised people,
as well as emerging technologies. In contrast to the present, the economy, society, energy, infrastructure, transport
ation, and materials will all appear very different in the second half of the twentyfirst century.Global metal consu
mption will rise even while perperson consumption declines due to population growth, middle class growth, and o
ther factors (World Economic Forum, 2015).

Thus, the mining and metals sector will play an important part in societies of the future (Ali et al., 2017).Thus, the

mining and metals sector will play an important part in societies of the future (Ali et al., 2017).Future manufactur
ing will place a high priority on product design, enabling efficient recycling of all materials.The advancement of t
echnology will make it possible to replace some essential metals with alternative molecules.On the other hand, it i
s incredibly difficult to forecast the key aspects of the future due to the rapid rate of technological improvement a
nd the demand for new raw materials for the next generation of low carbon, technological societies (Vidal et al., 2
013).As a result, it is impossible to accurately predict the future worldwide demand for a variety of mineral raw re
sources.

In addition to geological accessibility,the availability of water and energy is increasingly influencing the availabili
ty of commodities, as are social restraints, politics, legal frameworks, and environmental laws.Exploration and ext
raction require technical advancements that will change the game.

Future intelligent mines will use less energy and water and will incorporate the ideas of zero waste and zero accid
ent.

Many of these mines will be based on safe robotics, digital technologies, and safe automatic processes.The majori
ty of mining activities up to this point have made use of materials on or near the surface.The more challenging ore
discovery process will present a significant barrier to future mineral output. The bulk of deepseated deposits are s
till undiscovered, and it's likely that they are buried deep below the crust, submerged under a lot of overburden or
water, or located in remote or vulnerable regions like the Arctic. Improved geological understanding, including th
at of mapping, geophysics, and mineral systems, will be essential for managing raw materials in a sustainable way

Longterm investment in geoscientific mapping and research, which is essential to assuring an adequate supply of
economically useful minerals in the future, serves as the foundation for mineral exploration.Many lucrative miner
al resources are yet untapped, according to certain research (Herrington, 2013; Singer, 2017).Although it will be ¢
hallenging to locate and economically extract all the commaodities needed by future communities from deep withi
n the crust, large, low-

grade openpit deposits cannot be avoided.In the future, mining will increasingly involve deep underground operat
ions (e.g., Sahu et al., 2015).Resources from unexplored areas like the oceans and seafloor may be added to the
existing  global resource  base and/or  extraterrestrial  sources in  the distant  future.
With a commitment to providing shared benefit to business, governments, and communities, businesses need to st
rengthen their stakeholder alliances and interactions. There are issues that need to be fixed in order to convert the
richness of natural resources into long-term mining region development and sustainable economic
growth.Resource nationalism, which calls for domestic, frequently public involvement in the mining industry and
particular mining taxes, is becoming louder in a number of different countries.Many also want mandatory export |
evies, prohibitions on foreign ownership, and limits on beneficiation.The mining industry has mainly failed in its
efforts to persuade people of the need for their continued development.In the future, societies, governments, and i
nvestors will not put up with unsustainable mining firms.Using comprehensive ideas like Green Mining, the mini
ng industry must address the growing social, ecological, and technical issues.
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