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Abstract

This review looks at coal mining’s two effects, emphasizing
both its major environmental consequences and social advantages. Since
the Industrial Revolution, coal has been a vital energy source that powers
industry and produces electricity, especially in developing countries.
Through taxes and royalties, the coal mining sector boosts local
economies and sustains millions of employment. However, there are
significant obstacles due to the environmental effects, which include
biodiversity loss, water pollution, air quality degradation, and land
degradation. In areas with abundant coal resources, where
socioeconomic gains do not always result in better living standards, the
paradox of growth is clearly seen. In order to reduce the negative
environmental effects of coal mining and promote sustainable transitions
to alternate energy sources, this analysis highlights the necessity of
efficient regulations, technological advancements, and community-
centric strategies.
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Coal has been a vital energy source
since ancient times, but its widespread use
began in the 18th century during the Industrial
Revolution. This period marked the rise of coal
as a driving force behind factories, steam
engines, and eventually electricity generation.
Today, coal remains a crucial energy resource,
especially in developing countries. One of the
primary applications of coal is in electricity
generation. According to the U.S. Energy
Information Administration (EIA), coal
accounted for approximately 23% of the total

electricity produced in the United States in
2020 14. Coal-fired power plants generate
energy by combusting coal to produce steam,
which then drives turbines. This method of
electricity generation is prevalent in countries
with significant coal reserves, such as China,
India, and the United States. In fact, coal
remains the dominant energy source in China,
contributing to over 60% of the country’s
electricity production68. Beyond electricity, coal
plays a vital role in various industrial processes,
with steel manufacturing being one of its most
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significant uses. Metallurgical coal, also known
as coking coal, is converted into coke, a porous
carbon material that serves as a reducing
agent in iron ore smelting within blast furnaces.
The World Steel Association reports that coke
produced from metallurgical coal is responsible
for generating more than 70% of the steel
produced globally55.  Additionally, coal is
utilized in the cement industry, where it serves
as a raw material for clinker production and
as fuel for kilns. The International Energy
Agency estimates that coal accounts for about
30% of the energy needed in cement
manufacturing, making it one of the largest
consumers of coal22. Coal is also an important
feedstock for the chemical industry, where it
is used to produce a variety of compounds,
including methanol, ammonia, and synthetic
fuels. Through the process of coal gasification,
coal is converted into syngas, a mixture of
carbon monoxide and hydrogen that can be
utilized to create fuels and chemicals. This
method is particularly valuable in countries with
limited access to natural gas, as it provides an
alternative source of hydrocarbons32,68. In
many regions, especially in developing
countries, coal continues to be used for cooking
and home heating. While its use in residential
settings has declined in wealthier nations due
to environmental concerns and the emergence
of cleaner alternatives, it remains a crucial
energy source in rural areas with limited electricity
access2,12. The coal mining industry significantly
contributes to the global economy by creating
millions of jobs and generating substantial
revenue. The World Coal Association estimates
that the coal sector directly supports around 7
million jobs worldwide, encompassing roles in
mining, transportation, and power generation35.
Furthermore, coal mining stimulates local

economies by providing employment opportunities
and generating taxes and royalties that can be
invested in infrastructure and public services.

Socioeconomic Benefits of Coal Mining:

Coal mining has historically played a
crucial role in shaping the socioeconomic
landscape of many regions, particularly where
it serves as the primary industry. The benefits
of coal mining can be categorized into several
key areas, including job creation, economic
growth, community development, and government
revenue. One of the most significant socioeco-
nomic benefits of coal mining is job creation.
Mining operations provide direct employment
opportunities for thousands of individuals,
especially in areas with limited job prospects.
For instance, a study conducted in Queensland,
Australia, found that coal mining jobs often
come with salaries that are above the regional
average, thereby stimulating local economies65.
Additionally, the industry generates indirect
employment in sectors such as transportation,
equipment manufacturing, and various services,
further bolstering local job markets. Historically,
the coal mining industry in Appalachia has
contributed to economic stability and job
creation. However, recent studies indicate that
economic diversification is becoming increasingly
necessary as the sector faces challenges such
as market fluctuations and environmental
regulations66. Research highlights that while
coal mining has provided economic benefits
and job opportunities in Central Appalachia, it
has also raised health and environmental
concerns, emphasizing the need for a balanced
approach to resource management37. Despite
the numerous socioeconomic advantages
associated with coal mining, it is essential to
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consider the potential drawbacks, particularly
regarding environmental impacts and the long-
term sustainability of coal as an energy source.
The industry’s environmental footprint is under
increasing scrutiny, especially concerning air
quality and climate change. For policymakers
and industry leaders, finding a balance between
economic benefits and environmental
responsibilities is a critical challenge. Coal
mining significantly contributes to both regional
and national economies through exports and
government royalties. The revenue generated
from coal exports can be substantial, providing
funds for public services and infrastructure
development. A comprehensive report on the
economic benefits of coal mining suggests that
these revenues can foster greater economic
diversity and enhance community services34.
This diversification is particularly vital for
regions that might otherwise rely heavily on a
single industry. The presence of coal mining
companies often leads to improvements in
community services, including infrastructure,
healthcare, and education. Investments made
by mining firms can enhance the quality of life
for local residents. Case studies from the
Appalachian region of the United States
illustrate how coal mining has historically
supported local economies by funding
community services and initiatives66. Governments
also benefit significantly from coal mining
through taxes and royalties. The reinvestment
of these funds into social programs, infrastructure
projects, and public services can benefit the
community as a whole. The economic impact
of coal extraction is particularly pronounced
in areas where mining serves as a key economic
driver, providing essential revenue for municipal
and state governments. In India, coal mining
plays a vital role in shaping the socioeconomic

landscape as well. It not only creates jobs and
builds infrastructure but also enhances energy
security and improves access to healthcare and
education for local populations33,38,39.

Environmental consequences of Coal
mining :

Land degradation and Habitat loss :

The loss of habitat and land degradation
caused by coal mining are pressing environmental
issues that significantly affect local communities,
ecosystem services, and biodiversity. Large-
scale land degradation is particularly pronounced
with mining methods such as open-pit mining
and mountaintop removal. These practices lead
to the removal of vegetation, alteration of
landforms, and disruption of soil profiles, all of
which contribute to the loss of habitats for
numerous species. The consequences of land
degradation extend beyond the immediate
impact on local flora and fauna, affecting the
overall resilience and health of ecosystems.
In addition to the visible destruction of land,
coal mining also exacerbates habitat loss
through air and water pollution. A comprehensive
study on the environmental impacts of coal
mining indicates that the release of greenhouse
gases and particulate matter disrupts local
ecosystems and poses risks to human health16.
Furthermore, mining activities can alter
hydrological systems, leading to changes in
water availability and quality that further
threaten habitats. Recent research has highlighted
alarming rates of land degradation associated
with coal mining. For instance, a study
examining land use changes in the Sohagpur
and Bishrampur coal mines in central India
from 2001 to 2020 found significant forest
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degradation, with forest areas decreasing by
5.25 km² and 6.02 km², respectively. The study
noted an increase in mine and overburden
dumps, alongside a reduction in water bodies
due to the conversion of forest land into
agricultural fields. It also reported higher levels
of nitrogen, phosphorus, potassium, and soil
organic carbon in Sohagpur compared to
Bishrampur, suggesting that sustainable eco-
restoration strategies could help mitigate soil
loss and land degradation36. The expansion of
mining operations is closely tied to the loss of
forest land, resulting in diminished wildlife
habitats. In Paschim Bardhaman, research by
Biswas and Ghosh11 indicates that mining
activities, particularly in the Jamuria, Barabani,
Raniganj, and Pandabeswar blocks, have led
to significant forest cover loss and a reduction
in vegetation. The mining area expanded from
25.56 km² in 1990 to 70.79 km² in 2020, impacting
over ten villages and contributing to environ-
mental degradation. The study found that open-
cast coal mining significantly contributes to
forest cover loss and fragmentation, particularly
in areas surrounding major mines. Mishra et
al.27 quantified forest cover loss in Odisha due
to mining activities, analyzing Hansen Global
Forest Change data from 2001 to 2019. Districts
such as Nabarangpur, Puri, Kendrapara, and
Kalahandi experienced over a 20% reduction
in forest cover, with Rayagada and Koraput
showing the highest losses. The study proposed
a cost-effective approach to monitor forest
cover loss and protect biodiversity. The decline
in forest cover has led to decreased biodiversity,
with many species facing habitat fragmentation
and increased vulnerability36,37. In Santa
Catarina, Brazil, located in the southern
Atlantic Forest region, coal mining has caused
significant ecological damage. Poor restoration

efforts in abandoned mining areas have
resulted in long-term habitat degradation and
challenges in biodiversity regeneration42. This
situation underscores the importance of
effective restoration planning to mitigate the
impacts of mining. In Central Appalachia,
USA, mountaintop removal mining has led to
extensive habitat degradation. Research
indicates that this method results in significant
biodiversity loss by burying streams, uprooting
entire mountain summits, and disrupting local
ecosystems69.  The long-term ecological
consequences of such practices necessitate
immediate attention and action.

Water pollution and Scarcity :

Water pollution and scarcity linked to
coal mining are critical environmental issues
that pose significant risks to ecosystems, public
health, and local communities. Activities
associated with coal mining, particularly open-
pit and underground methods, often lead to
substantial water contamination and shortages.
The extraction process frequently introduces
heavy metals, sediments, and toxic chemicals
into both surface and groundwater. Additionally,
the diversion of water sources for mining
exacerbates local water shortages, affecting
supplies for drinking and agriculture. The
environmental impact of coal mining extends
beyond mere water pollution. Alterations to
hydrological systems caused by mining can
lead to reduced water availability, which in turn
affects nearby ecosystems and the communities
that depend on them. A comprehensive study
of coal-fired power plants in India found that
these facilities significantly pollute water
resources, compromising the quality of both
surface and groundwater62. Communities
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reliant on these water sources for daily needs
and farming face increasing challenges due to
their depletion. Recent research has highlighted
alarming levels of water pollution associated
with coal mining. For instance, a study
conducted in the Talcher coalfield in India
revealed that mining activities severely
compromised the quality of groundwater and
surface water, with elevated levels of heavy
metals such as lead and arsenic29.  This
contamination poses serious health risks to both
aquatic life and local populations. Residents in
the Talcher area have reported health issues,
including gastrointestinal disorders and skin
problems, linked to the polluted water sources29.
The decline in water quality has also adversely
affected local agriculture, leading to reduced
crop yields. In the Jharia coalfield, severe
water scarcity has emerged as a significant issue.
A case study indicated that local communities
are now forced to rely on distant water sources
due to the depletion of groundwater levels
caused by coal mining activities18. This
situation has resulted in a water crisis,
particularly during dry seasons. Mountaintop
removal mining has led to extensive water
contamination in Central Appalachia. Research
indicates that this method has harmed aquatic
ecosystems by increasing sedimentation and
polluting streams with heavy metals13,69. The
long-term ecological consequences of such
practices require urgent attention and action.
In Santa Catarina, Brazil, coal mining has
significantly degraded water quality. Studies
have shown that local rivers have been
contaminated by mining runoff, adversely
affecting aquatic habitats and drinking water
supplies30. The region continues to face
persistent water quality issues, exacerbated by
ineffective restoration efforts.

Air Quality :

The impact of coal mining on air quality
and climate change represents a pressing
environmental challenge that significantly
affects human health and contributes to global
warming. Coal mining operations release a
variety of pollutants into the atmosphere,
including particulate matter (PM), sulfur
dioxide (SO2), nitrogen oxides (NOx), and
volatile organic compounds (VOCs). These
emissions can lead to deteriorating air quality,
which is linked to respiratory diseases and other
health complications. For instance, particulate
matter (PM2.5) generated from coal dust and
combustion is a known contributor to
respiratory issues. Additionally, coal mining is
responsible for approximately 10% of global
anthropogenic methane emissions5. Recent
studies have highlighted the detrimental effects
of coal mining on air quality. In India’s Jharia
coalfield, research indicates that while vehicle
emissions contribute to air pollution, the primary
culprits are active mine fires and ongoing
mining activities8,26,44,45,47,59. Similarly, in
Talcher, coal mining has led to a marked decline
in air quality, with studies showing increased
levels of PM and other pollutants that adversely
affect the health of nearby communities28,29,46.
In Central Appalachia, the practice of mountaintop
removal has resulted in severe air quality
issues. Research indicates that this method of
mining has significantly contributed to air
pollution in the region23. In Santa Catarina,
Brazil, coal mining has similarly degraded air
quality, with studies revealing that emissions
from mining operations lead to smog formation
and respiratory ailments in surrounding
communities1.
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Biodiversity Loss :

Coal mining poses significant threats
to ecosystems, wildlife habitats, and overall
environmental health, making it a key factor
in the global decline of biodiversity. The
extraction and processing of coal lead to
pollution, habitat destruction, and climate
change, all of which contribute to the decline
of numerous species. One of the most visible
impacts of coal mining is habitat destruction.
Techniques such as open-pit mining and
mountaintop removal result in the complete
removal of soil and vegetation, disrupting local
ecosystems. This not only destroys habitats
for many species but also fragments the
remaining habitats, making survival increasingly
difficult for wildlife.

During coal mining operations,
pollutants are released into the air, water, and
soil. Heavy metals like arsenic and mercury
can leach into water bodies, adversely affecting
aquatic life and the animals that depend on
these ecosystems. Additionally, air pollution
from coal dust and emissions can harm terrestrial
species. The mining and combustion of coal
are significant contributors to greenhouse gas
emissions, which drive climate change. Altered
climate conditions can affect breeding patterns,
increase disease susceptibility, and shift
species distributions. Furthermore, mining
activities often divert water supplies, reducing
the availability of water for local flora and
fauna. This scarcity can exacerbate the stress
on already vulnerable ecosystems and species.

Case studies from Brazil, the United
States, and India illustrate the profound impacts
of mining on biodiversity and ecosystems.
Research by Sonter et al.54 indicates that coal

mining significantly diminishes biodiversity,
particularly in regions with endemic species.
The study highlighted that the effects of coal
mining extend beyond the immediate extraction
sites, influencing larger ecological networks.
In Jharkhand, India, the Jharia coalfield, one
of the country’s oldest and most significant
coal mining regions, has experienced severe
habitat degradation due to mining activities. A
study found that local wildlife and plant life
have suffered greatly, with many species
facing the threat of extinction due to pollution
and habitat loss41,58. The decline of these
ecosystems has also adversely affected local
communities that rely on these natural
resources for their livelihoods. In the Talcher
coalfield, mining operations have led to
significant biodiversity loss, particularly in
adjacent marshes and forests. Research
indicates that various species, including birds
and amphibians, have declined due to the
degradation of these habitats29. This situation
underscores the urgent need for conservation
efforts to protect the remaining biodiversity in
the region. In Central Appalachia, mountaintop
removal mining has drastically reduced
biodiversity. This method involves blasting off
mountain tops to access coal seams, resulting
in the destruction of entire ecosystems. A study
found that this practice has led to the loss of
numerous species, including many that are
endemic to the region63. The long-term ecological
consequences of such actions require immediate
attention and intervention. In the Atlantic Forest
region of Santa Catarina, coal mining has
caused significant habitat destruction and
biodiversity loss. Research indicates that
mining activities have led to declines in various
species, including those that are threatened or
endangered42,43. Ineffective restoration efforts
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have resulted in lasting ecological damage,
highlighting the need for improved management
practices in mining operations.

The Development Paradox :

The complex relationship between
resource wealth and social challenges is
underscored by the development paradox found
in coal mining regions. For instance, despite
the historical wealth generated by coal in
Appalachia, USA, the area continues to
experience high poverty rates, illustrating the
“resource curse”—where communities
struggle to benefit from their natural resources36.
Similarly, in Jharkhand, India, severe
malnutrition and water shortages exist alongside
abundant coal reserves, raising critical questions
about resource management and governance50.

In Queensland, Australia, the conflict
between the need to conserve the Great Barrier
Reef and the financial gains from mining further
highlights the environmental repercussions of coal
extraction, presenting a significant challenge
to sustainable development17,25.  These
examples illustrate that having coal wealth does
not guarantee improved living standards,
emphasizing the necessity for effective policies
and fair distribution of resources to tackle the
development paradox.

Sustainable transitions and mitigation
Approaches :

Technological Upgradation :

Clean coal technologies (CCT) aim to
harness the economic advantages of coal while
minimizing its environmental impact. Two key
advancements in this field are methane

recovery and carbon capture and storage
(CCS). CCS involves capturing carbon dioxide
emissions produced from burning fossil fuels
for energy and securely storing them
underground to prevent their release into the
atmosphere. The International Energy Agency
(IEA) estimates that CCS could potentially
capture up to 2.5 billion tons of CO2 each year
by 2030, which would make a significant dent
in global carbon emissions22.  Methane
recovery focuses on capturing methane, a
potent greenhouse gas released during coal
mining operations. Technologies designed for
methane capture and utilization can lead to
substantial reductions in emissions. According
to the U.S. Environmental Protection Agency
(EPA), capturing methane from coal mines
could cut greenhouse gas emissions by as
much as 50% 16. Additionally, the adoption of
automated mining technologies is on the rise,
enhancing both the efficiency and safety of
coal mining operations. Automation not only
boosts productivity but also reduces workers’
exposure to hazardous conditions, such as dust
and toxic gases. Companies like Rio Tinto and
BHP are investing in autonomous trucks and
drilling equipment to optimize resource extraction
and improve safety standards24,40,48,64.

Legislation and Policy :

To mitigate the environmental impacts
associated with coal mining, it is essential for
governments to implement effective regulations.
Stricter environmental impact assessments
(EIAs) are crucial to ensure that mining
activities do not harm surrounding ecosystems
or local communities. These assessments
should provide comprehensive evaluations of
potential adverse effects on both the environment



and society, along with strategies for reclamation
and mitigation. Reclamation regulations require
mining companies to restore land after mining
operations cease, allowing the land to be
repurposed for agriculture, recreation, or other
uses. In the United States, the Surface Mining
Control and Reclamation Act enforces this
requirement, mandating that coal mining
companies return the land to its original
condition or better. A notable example of
proactive policy is Germany’s commitment to
phasing out coal by 2038 as part of its
“Energiewende,” or energy transition initiative.
The German government has allocated $45
billion to support this transition, which includes
retraining programs for workers affected by
the coal phase-out. This approach not only
addresses environmental concerns but also
ensures that displaced workers have access
to new job opportunities in the renewable
energy sector9,57.

Community-Based Solutions :

Regions that have traditionally depended
on coal mining need to explore ways to
diversify their economies to reduce reliance
on this sector. Investing in renewable energy
initiatives, such as solar and wind farms, can
stimulate local economies and create new
employment opportunities. For example, in the
Appalachian region of the United States, there
is a strong focus on developing solar energy
projects aimed at providing alternative job
options for former coal miners7. Moreover,
community-focused approaches highlight the
importance of inclusive governance in the
decision-making processes related to coal
mining and economic transitions. Engaging local
communities in discussions about economic
diversification and resource management

ensures that their voices are heard and that
new initiatives are designed to benefit them
equitably. This could involve setting up community
advisory boards or holding public consultations
to gather feedback on development projects.

The complex interplay between the
socioeconomic benefits and environmental
consequences of coal mining necessitates
careful examination and balanced policy
development. Historically, coal mining has
been instrumental in driving community growth,
economic development, and job creation. It
generates substantial revenue for local and
national economies through taxes and royalties,
supporting millions of jobs globally. This
industry has also contributed to industrial
advancement and energy stability, particularly
in developing nations where coal remains a
primary energy source. However, despite its
economic advantages, coal mining is associated
with significant environmental challenges,
including habitat destruction, air quality
deterioration, water contamination, and land
degradation. These issues pose serious threats
to ecosystem sustainability, public health, and
biodiversity. To tackle these environmental
challenges effectively, robust management
strategies are essential, as highlighted by
various regional case studies. As the global
energy landscape evolves, it is crucial to
implement policies that facilitate sustainable
transitions. This includes investing in clean
technologies, enforcing stricter environmental
regulations, and promoting community-driven
approaches that ensure equitable resource
distribution. Addressing the dual challenges
posed by coal mining requires a commitment
to both environmental protection and economic
growth, ensuring that marginalized communities
are not overlooked in the shift toward more
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sustainable energy solutions. Ultimately, the
future of coal mining must be navigated with
a focus on equity, sustainability, and the well-
being of both people and the planet.
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