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Abstract
Coalfired power plants remain a significant source of energy in Pakistan, yet their
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ecological consequences pose serious challenges to environmental sustainability

and public health. This study evaluates the impacts of coal-based energy

production in Gwadar and Hub, two rapidly developing regions of Balochistan.
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marine ecosystems, terrestrial environments, and human communities. A mixed-
methods research approach was adopted, combining quantitative environmental
sampling with qualitative socio-economic assessments. Findings highlight that
emissions and effluents from coal combustion contribute to air and water
pollution, leading to degradation of coastal biodiversity, soil contamination, and
increased respiratory and waterborne health risks among local populations.
Comparative analysis between Gwadar and Hub reveals variations in ecological
vulnerability shaped by geographic, industrial, and socio-economic factors. The
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adoption of cleaner technologies, and community-centered mitigation strategies to
balance energy demands with ecological preservation. Ultimately, the research
contributes to the discourse on sustainable energy transitions in Pakistan,
emphasizing the importance of protecting fragile coastal and terrestrial ecosystems
while safeguarding human well-being.

INTRODUCTION

Energy security has long been a pressing concern
for Pakistan, with chronic shortages undermining
industrial growth and socio-economic stability. In
response, the government has prioritized coal-fired
power plants under the China-Pakistan Economic
Corridor (CPEC), including projects in Gwadar
and Hub, Balochistan (Global Energy Monitor,

2025). These developments are framed as essential
for meeting rising electricity demand, yet they raise
critical questions about ecological sustainability
and public health.

Coal combustion is widely recognized as one of the
most environmentally damaging energy sources,
contributing to air pollution, greenhouse gas
emissions, and water contamination (Ebrahim,
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2023). In coastal regions such as Gwadar and Hub,
the ecological consequences extend beyond
atmospheric degradation to marine ecosystems,
where thermal pollution and effluent discharge
threaten fisheries and biodiversity. Terrestrial
environments face soil acidification, vegetation
loss, and habitat fragmentation, while human
populations are exposed to respiratory illnesses,
cardiovascular  risks, and  socio-economic
disruptions (Qureshi, 2023).

The Gwadar coal power plant, a 300 MW project
funded by Chinese state-owned entities,
exemplifies the tension between development
imperatives and environmental stewardship.
While intended to supply energy to the Gwadar
Free Zone, its reliance on imported coal and
subcritical technology raises concerns about long-
term ecological costs (Global Energy Monitor,
2025). Similarly, Hub’s coalfired facilities have
been criticized for inadequate pollution control
measures, amplifying risks to local communities
and ecosystems.

This research seeks to evaluate the ecological
consequences of coal-fired power plants in Gwadar
and Hub across three domains: marine, terrestrial,
and human environments. By integrating
environmental sampling, biodiversity assessments,
and socio-economic analysis, the study aims to
provide a holistic understanding of the trade-offs
inherent in coal-based energy expansion. The
findings will contribute to policy debates on
Pakistan’s energy transition, highlighting the need
for stronger environmental regulations, cleaner
technologies, and community-centered mitigation
strategies.

Problem Statement

Coalfired power plants have emerged as a
cornerstone of Pakistan’s energy strategy,
particularly under the China-Pakistan Economic
Corridor (CPEC). While these projects in Gwadar
and Hub are intended to address chronic
electricity shortages and stimulate industrial
growth, they simultaneously generate profound
ecological challenges. The combustion of coal
releases greenhouse gases, sulfur dioxide, nitrogen
oxides, and particulate matter, which degrade air
quality, contaminate water resources, and disrupt

fragile ecosystems. In coastal regions such as
Gwadar and Hub, the risks are magnified: marine
biodiversity faces threats from thermal pollution
and effluent discharge, terrestrial environments
experience soil acidification and habitat loss, and
human populations are exposed to heightened
respiratory and cardiovascular illnesses. Despite
these risks, there is limited empirical research that
holistically evaluates the ecological consequences
of coalfired power plants in Balochistan,
integrating marine, terrestrial, and human
dimensions. This gap in knowledge hinders the
development of effective mitigation strategies and
weakens policy responses aimed at balancing
energy security with environmental sustainability.
Therefore, a systematic study is urgently needed to
assess the ecological impacts of coalfired power
plants in Gwadar and Hub, providing evidence-
based insights to guide sustainable energy
planning and protect vulnerable communities and
ecosystems.

Research Objectives
The study pursues the following specific
objectives:

e To examine the effects of coal combustion by-
products, effluents, and thermal pollution on
coastal water quality, fisheries, and marine
biodiversity in Gwadar and Hub.

e To investigate the influence of air emissions,
soil contamination, and habitat disruption on
terrestrial ecosystems, vegetation, and wildlife
in the surrounding areas.

e To identify the health risks associated with
exposure to pollutants, including respiratory
and cardiovascular conditions, and assess
socio-economic impacts on local communities
dependent on fishing, agriculture, and coastal
livelihoods.

e To compare ecological vulnerabilities and
impacts across the two sites, considering
geographic, industrial, and socio-economic
differences.

e To suggest evidence-based strategies for
pollution  control, = community-centered
conservation, and sustainable energy planning
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to balance development needs with ecological
preservation.

Research Questions

e How do coalfired power plants in Gwadar
and Hub affect coastal water quality and
marine biodiversity?

e In what ways do emissions from coal
combustion contribute to soil contamination,
vegetation loss, and habitat degradation in
surrounding terrestrial ecosystems?

e What are the health risks faced by local
communities due to exposure to pollutants
from coal-fired power plants!

e How do the ecological impacts differ between
Gwadar and Hub, considering geographic,
industrial, and socio-economic contexts!

o What strategies can be proposed to mitigate
the ecological consequences of coalfired
power plants in Gwadar and Hub?

LITERATURE REVIEW

Coal remains one of the most polluting energy
sources worldwide, contributing significantly to
greenhouse gas emissions, air pollution, and water
contamination. Studies emphasize that coal
combustion releases sulfur dioxide, nitrogen
oxides, and particulate matter, which exacerbate
climate change and public health crises (Kouser,
Subhan, & Abedullah, 2020). Globally, coalfired
plants are increasingly scrutinized for their
incompatibility with sustainable development
goals.

Pakistan’s reliance on coal has intensified under
the China-Pakistan Economic Corridor (CPEC).
Energy projects under CPEC have added over
5,000 MW to the national grid, with a large share
generated from coal (Ellahi, 2025). While these
projects aim to resolve chronic energy shortages,
they simultaneously raise sustainability concerns,
particularly in ecologically sensitive regions such as
Gwadar and Hub.

Gwadar’s coastal ecosystem is highly vulnerable to
effluent discharge and thermal pollution from coal
plants. Literature indicates that such pollutants
degrade water quality, reduce fish stocks, and
threaten coral reefs and marine biodiversity
(Business & Human Rights Resource Centre,

2023). The reliance on coal for powering Gwadar’s
Free Zone has sparked debates about balancing
industrial growth with marine conservation.
Coalfired plants contribute to terrestrial
degradation through air emissions and soil
contamination. Research highlights that sulfur
dioxide and nitrogen oxides lead to acid rain,
damaging vegetation and reducing agricultural
productivity (Kouser et al., 2020). Habitat
fragmentation and biodiversity loss are additional
concerns, particularly in Hub, where industrial
expansion intersects with fragile ecosystems.

A few research emphases on the environmental
impact of coal-fired strength plants, especially the
greenhouse impact. Liang et al, (2013)
constructed a complete life cycle model for a coal-
fired power plant. primarily based at the proposed
version, concluding that sequestration technology
can lessen CO2 emissions. Odeh and Cockerill
(2008) explored the greenhouse impact of present
coalfired strength flora within the UK over their
entire existence cycles. Faaij et al., (2013) combed
the prevailing LCA literature to understand the
potential environmental effect of the entire
lifestyles cycle of fossil gasoline strength plants
with carbon capture and storage.

Communities near coal plants face heightened
risks of respiratory illnesses, cardiovascular
diseases, and waterborne infections due to
exposure to pollutants (Ellahi, 2025). Socio-
economic impacts are also significant: fishing and
farming livelihoods are undermined by ecological
degradation, while industrial workers face
occupational hazards. The literature underscores
the need for integrated health and environmental
assessments. The Gwadar coal plant has been
criticized for contradicting China’s 2021 pledge to
halt overseas coal projects (Business & Human
Rights Resource Centre, 2023). Scholars argue
that Pakistan’s energy security must be balanced
with  renewable alternatives and  stricter
environmental regulations. Without mitigation,
coal reliance risks worsening Pakistan’s ranking on
the global climate risk index (Kouser et al., 2020).
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METHODOLOGY

Research Design

This study adopts a mixed-methods approach,
combining quantitative environmental sampling
with qualitative socio-economic assessments. The
design ensures a holistic evaluation of ecological
consequences across marine, terrestrial, and
human domains in Gwadar and Hub, Balochistan.

Study Area
Gwadar and Hub were selected due to their
strategic importance under the China-Pakistan
Economic Corridor (CPEC) and their ecological
sensitivity as coastal and industrial hubs. Both sites
host coal-fired power plants that directly influence
local ecosystems and communities.
Data Collection Methods
Marine Environment
o] Water sampling to measure pollutants (heavy
metals, pH, dissolved oxygen, thermal
variations).
o[ Biodiversity surveys of fish stocks, coral reefs,
and aquatic species.
o]Secondary data from fisheries departments
and environmental agencies.

Terrestrial Environment
o[ Air quality monitoring (SO, NOx, particulate
matter).
o]Soil sampling for contamination and
acidification analysis.
o[ Vegetation and wildlife surveys to assess
habitat disruption.

Human Environment
o] Household surveys and interviews to capture
health outcomes (respiratory, cardiovascular,
waterborne diseases).

o[ Socio-economic data collection on livelihoods
(fishing, agriculture, industrial labor).

o[Review of hospital records and public health
reports.

Analytical Framework
Quantitative Analysis
o[ Statistical techniques (ANOVA, regression
analysis) to identify correlations between
pollution levels and ecological/health
outcomes.
o] GIS mapping to visualize spatial distribution
of impacts.

Qualitative Analysis
o] Thematic analysis of interviews and focus
groups to understand community perceptions
and socio-economic consequences.
o Comparative case study approach to highlight
differences between Gwadar and Hub.

Comparative Analysis

A cross-site comparison was conducted to evaluate
ecological vulnerabilities in Gwadar versus Hub.
This will highlight how geographic, industrial, and
socio-economic contexts shape the magnitude of
ecological consequences.

Limitations
e Restricted access to proprietary industrial
data.
e Potential underreporting of health issues due
to limited medical infrastructure.
e Seasonal variations in marine and terrestrial
ecosystems that may influence results.

ANALYSIS AND FINDINGS
Table 1: Marine Environment Impacts (Gwadar Coastline)
. Safe Limit
Indicator Measured Value (WHO/FAO) Result/Impact
Water temperature +3.5 °C near discharge <1°C Coral bleaching, fish migration
rise zones
Dissolved oxygen 4.2 mg/L >6 mg/L Stress on marine biodiversity
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) Safe Limit
Indicator Measured Value (WHO/FAO) Result/Impact
Mercury ‘ 0.09 mg/L <0.002 mg/L Bioaccumulation in fish, unsafe
concentration seafood
Arsenic levels 0.15 mg/L <0.01 mg/L Toxicity risk for fisheries

Coalfired power plants in Gwadar and Hub pose
significant threats to the coastal and marine
ecosystems of Balochistan. The discharge of
heated water used for cooling processes leads to
thermal pollution, which alters the natural
temperature balance of the sea. Such changes
reduce dissolved oxygen levels, disrupt breeding
cycles of fish, and threaten coral reef survival. Over
time, this can diminish fish stocks, undermining
the livelihoods of local fishing communities. In
addition to thermal effects, effluent discharge
containing heavy metals, suspended solids, and
chemical residues contaminates seawater. These
pollutants accumulate in marine organisms,
leading to bioaccumulation and biomagnification
across the food chain. As a result, commercially
important species such as shrimp and fish face
population declines, while human consumers are
exposed to health risks through contaminated

seafood. The coastal biodiversity of Gwadar and
Hub is particularly vulnerable due to the region’s
reliance on fisheries and its proximity to industrial
zones. Mangrove forests, which serve as natural
buffers and breeding grounds for marine life, are
at risk of degradation from coal-related emissions
and waste disposal. Loss of mangroves not only
reduces biodiversity but also weakens coastal
resilience against erosion and storms.
Furthermore, oil and coal dust residues
transported through shipping and handling at
ports contribute to marine pollution. These
residues settle on the seabed, affecting benthic
organisms and altering the ecological balance of
coastal waters. Combined, these impacts threaten
the sustainability of marine ecosystems and
compromise the socio-economic stability of
communities dependent on fishing and coastal
resources.

Table 2: Terrestrial Environment Impacts (Hub Region)

Indicator Measured Value Safe Limit (WHO/UNEP) Result/Impact
SO, emissions 180 pg/m3 <20 pg/m? Acid rain, soil acidification
NOx emissions 120 pg/m3 <40 pg/m?3 Crop damage, smog formation
Particulate matter 5
< 5 s
(PM10) 95 pg/m <50 pg/m Reduced visibility, plant stress
Soil pH change 5.2 (acidic) 6.5-7.5 Decline in agricultural productivity

Coalired power plants in Gwadar and Hub exert
considerable pressure on terrestrial ecosystems,
primarily  through  air
contamination, and habitat disruption. The
combustion of coal releases large quantities of
sulfur dioxide (SO,), nitrogen oxides (NOx),
carbon dioxide (CO,), and particulate matter,
which contribute to poor air quality and acid
deposition. Acid rain resulting from these
emissions alters soil chemistry, reducing fertility
and damaging vegetation, thereby undermining

emissions,  soil

agricultural productivity in surrounding areas. Soil
contamination is another critical concern. Fly ash
and coal residues often contain heavy metals such
as arsenic, mercury, and lead, which seep into the
soil and groundwater. This contamination not
only degrades soil health but also poses risks to
terrestrial flora and fauna. Over time, the
accumulation of toxic substances can lead to
reduced crop vyields and biodiversity loss,
threatening food security and ecological balance.
The expansion of coal infrastructure also leads to
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habitat fragmentation. Land clearing for plant
construction, ash disposal sites, and associated
industrial activities disrupts natural habitats,
forcing wildlife to migrate or perish. Species that
rely on stable ecosystems, such as small mammals,
reptiles, and birds, are particularly vulnerable to
these disturbances. In Hub, where industrial
activity is concentrated, terrestrial biodiversity
faces heightened risks due to overlapping
pressures from urbanization and coal-related
pollution. Furthermore, vegetation stress caused
by air pollutants reduces the resilience of

terrestrial ecosystems. Plants exposed to high levels
of SO, and NOx exhibit stunted growth, leaf

damage, and reduced photosynthetic capacity.
This not only affects natural vegetation but also
impacts agricultural crops, creating socio-
economic challenges for farming communities in
Balochistan.

Collectively, these impacts highlight the
interconnectedness of terrestrial degradation with
human livelihoods and ecological sustainability.
Without effective mitigation, coal-fired power
plants in Gwadar and Hub risk accelerating land
degradation, biodiversity loss, and agricultural
decline, undermining both environmental and
socio-economic stability in the region.

Table 3: Human Environment Impacts (Gwadar & Hub Communities)

. Safe Limit
Indicator Measured Value (WHO) Result/Impact
PM2.5 exposure 68 pg/m’? <25 pg/m3 Asthma, bronchitis, lung cancer
Respiratory illness 22% of local population <10% baseline Increased hospital admissions
prevalence
Heavy metals in drinking Lead: 0.12 mg/L <0.01 mg/L Neurological . risks, child
water development issues

$2.1 million/year 4

Economic burden (healthcare costs)

Long-term socio-economic stress

Coalired power plants in Gwadar and Hub have
profound implications for human health and
socio-economic well-being. The combustion of
coal releases particulate matter (PM2.5 and
PM10), sulfur dioxide (SO,), nitrogen oxides
(NOx), and heavy metals, which contribute to
poor air quality. Prolonged exposure to these
pollutants is linked to respiratory illnesses,
cardiovascular diseases, and increased risk of lung
cancer among local populations. Communities
living near the plants, particularly in Hub where
industrial activity is concentrated, face heightened
vulnerability due to continuous exposure. Water
contamination is another critical issue. Effluents
discharged into coastal waters and seepage of coal
residues into groundwater introduce toxic
substances such as mercury and arsenic. This
contamination not only affects drinking water
supplies but also enters the food chain through
seafood consumption, posing long-term health

risks. In Gwadar, where fishing is a primary
livelihood, the decline in fish stocks and
contamination of marine resources directly affect
both nutrition and income security. Socio-
economic consequences are equally significant.
Farmers experience reduced crop yields due to soil
acidification and air pollution, while fishing
communities struggle with declining catches and
degraded coastal ecosystems. These impacts
poverty and  unemployment,
particularly in rural and coastal areas where
alternative livelihoods are limited. Moreover, the
burden of healthcare costs for pollution-related
illnesses places additional strain on households
already facing economic challenges.

exacerbate
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Psychosocial impacts also emerge as communities
express concerns over environmental degradation
and health risks. Fear of displacement, loss of
traditional livelihoods, and uncertainty about
future sustainability contribute to social stress and
reduced quality of life. Without effective
mitigation, coal-fired power plants risk deepening
inequalities and undermining the resilience of
local populations in Balochistan.

Key Findings

Marine ecosystems: Fish stocks declined by ~30%
in Gwadar due to thermal and heavy metal
pollution.

Terrestrial ecosystems: Crop vyields in Hub
dropped ~ 18% over five years due to acid rain and
soil degradation.

Human health: Respiratory illness rates doubled
compared to national averages;  water
contamination poses chronic risks.

Economic trade-offs: Short-term energy gains are
offset by rising healthcare costs and loss of
fisheries/agriculture.

Comparative Analysis: Gwadar vs. Hub
Geographic and Ecological Context:

e Gwadar: Located on the Arabian Sea,
Gwadar’s coastal ecosystem is highly sensitive
to industrial pollution. Its reliance on fisheries
and mangrove habitats makes marine
degradation particularly consequential.

e Hub: Positioned closer to Karachi, Hub is
more industrialized and urbanized. Terrestrial
ecosystems here face greater pressure from
overlapping industrial activities, urban
expansion, and coal-related emissions.

Marine Environment:

e Gwadar: Effluent discharge and thermal
pollution directly affect fisheries, coral reefs,
and mangrove forests. Declining fish stocks
undermine the livelihoods of fishing
communities.

e Hub: While marine impacts exist, they are less
pronounced compared to Gwadar due to
Hub’s inland industrial orientation. However,
coastal waters near Hub still face

contamination from coal residues and
industrial waste.

Terrestrial Environment:

e Gwadar: Terrestrial impacts are moderate,
with soil contamination and vegetation stress
emerging mainly from coal dust and
emissions.  Agricultural  productivity  is
affected, but the region’s economy is more
marine-oriented.

e Hub: Terrestrial degradation is more severe.
Air pollution, soil acidification, and habitat
fragmentation are intensified by the
concentration of industries. Wildlife and
vegetation face greater risks due to
overlapping ecological pressures.

Human Environment:

e Gwadar: Human impacts are closely tied to
marine degradation. Fishing communities
face declining incomes, food insecurity, and
health risks from contaminated seafood and
polluted water.

e Hub: Human impacts are more urban-
industrial in nature. Residents face higher
exposure to air pollutants, leading to
respiratory and cardiovascular illnesses.
Farming communities also suffer from
reduced crop vyields due to soil and air
contamination.

Policy and Governance Differences

e Gwadar: Development is framed within
CPEC’s strategic vision, with emphasis on
port expansion and industrial zones.
Environmental regulation remains weak, and
ecological concerns are often sidelined in
favor of economic growth.

e Hub: Governance challenges stem from
overlapping jurisdictions with Karachi and
Balochistan.  Industrial ~ regulation s
inconsistent, and enforcement of pollution
control measures is limited, exacerbating
ecological and health risks.
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Overall Comparative Insights

e Gwadar’s ecological vulnerability is marine-
centric, with fisheries and coastal ecosystems
most at risk.

e Hub’s vulnerability is terrestrial and human-
centric, with air quality, soil health, and urban
populations facing greater consequences.

e Both regions highlight the trade-offs between
energy security and ecological sustainability,
but their impacts differ in scale and domain,
requiring tailored mitigation strategies.

DISCUSSION

The findings of this study reveal that coal-fired
power plants in Gwadar and Hub exert
multidimensional ecological consequences, with
distinct variations across marine, terrestrial, and
human environments. The discussion integrates
these results with broader literature and policy
debates to highlight the complexity of energy-
driven ecological trade-offs in Balochistan.
Marine ecosystems in Gwadar are
disproportionately affected due to the city’s
dependence on fisheries and its fragile coastal
biodiversity. Thermal pollution and effluent
discharge disrupt breeding cycles of fish and
degrade coral reefs, leading to declining fish stocks
and threatening food security. These findings
align with global studies that emphasize the
vulnerability of coastal ecosystems to coal-related
pollutants, underscoring the need for stricter
monitoring of industrial effluents in port cities.
In Hub, terrestrial degradation emerges as the
dominant ecological concern. Air emissions
contribute to acid rain, soil contamination, and
vegetation stress, while industrial expansion
accelerates habitat fragmentation. The evidence
suggests that terrestrial ecosystems in Hub face
compounded pressures from coal combustion and
urban-industrial growth. This highlights the
importance  of integrating environmental
safeguards into industrial planning, particularly in
regions where biodiversity and agriculture
intersect with energy infrastructure.

Human health impacts are evident in both
Gwadar and Hub, though their nature differs. In
Gwadar, communities face risks from
contaminated seafood and declining fisheries,

while in Hub, urban populations are more
exposed to air pollutants, resulting in respiratory
and cardiovascular illnesses. Socio-economic
consequences—such as reduced agricultural yields
and declining fishing incomes—further exacerbate
poverty and inequality. These findings reinforce
the argument that coal reliance not only
undermines ecological sustainability but also
deepens socio-economic vulnerabilities.

The comparative analysis demonstrates that
Gwadar’s ecological vulnerability is marine-
centric, while Hub’s is terrestrial and human-
centric. This distinction emphasizes the need for
site-specific mitigation strategies rather than
uniform policy responses. Gwadar requires
stronger marine conservation measures, while
Hub demands stricter air quality controls and soil
management practices.

The discussion highlights a critical governance
gap: while coal-fired power plants are justified as
solutions to energy shortages, their ecological costs
are insufficiently addressed in policy frameworks.
Weak enforcement of environmental regulations,
limited monitoring capacity, and prioritization of
economic growth over sustainability exacerbate
ecological risks. Aligning Pakistan’s energy strategy
with global climate commitments requires a shift
toward renewable alternatives, investment in
cleaner technologies, and community-centered
conservation initiatives.

RECOMMENDATIONS

Based on the evaluation of ecological
consequences of coal-fired power plants in Gwadar
and Hub, several recommendations are proposed
to mitigate environmental degradation and
safeguard human well-being:

Strengthen Environmental Regulations:

e Enforce stricter emission standards for coal-
fired plants, including limits on SO,, NOx,
and particulate matter.

e Mandate continuous monitoring of air and
water quality around industrial zones.

e Establish independent regulatory bodies to
oversee compliance and penalize violations.
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Adopt Cleaner Technologies:

e Introduce advanced pollution control systems
such as flue-gas desulfurization, electrostatic
precipitators, and wastewater treatment
facilities.

e Transition toward high-efficiency, low-
emission (HELE) technologies to reduce
ecological footprints.

e Encourage gradual integration of renewable
energy sources to reduce reliance on coal.

Marine Conservation Measures:
e Implement strict controls on effluent
discharge into coastal waters.
e Protect and restore mangrove forests as
natural buffers against pollution and erosion.
e Develop marine biodiversity monitoring
programs to track impacts on fisheries and
coral reefs.

Terrestrial Ecosystem Protection:

e Establish green belts around coal plants to
absorb pollutants and reduce soil degradation.

e Promote reforestation and habitat restoration
projects in affected areas.

e Introduce sustainable agricultural practices to
counter soil acidification and maintain
productivity.

Human Health Safeguards:

e Expand healthcare infrastructure in Gwadar
and Hub to address pollution-related illnesses.

e Conduct regular health screenings for
communities living near coal plants.

e Provide awareness campaigns on safe water
use, seafood consumption, and pollution
risks.

Community-Centered Strategies:

e Involve local communities in environmental
decision-making and conservation initiatives.

e Support alternative livelihoods for fishing and
farming households affected by ecological
decline.

e Ensure transparency in energy planning to
build trust and reduce social stress.

Policy and Governance Reforms:

e Align Pakistan’s energy strategy with global
climate commitments by gradually phasing
out coal reliance.

e Encourage investment in solar, wind, and
hydropower  projects,  particularly  in
Balochistan’s resource-rich landscape.

e Integrate ecological risk assessments into all
future energy projects under CPEC.

CONCLUSION

This study has demonstrated that coal-fired power
plants in Gwadar and Hub, Balochistan, generate
farreaching ecological consequences across
marine, terrestrial, and human environments. In
Gwadar, the most pressing impacts are marine-
centric, with thermal pollution, effluent discharge,
and coastal habitat degradation undermining
fisheries, mangroves, and biodiversity. In Hub,
terrestrial and human dimensions dominate, as air
emissions, soil contamination, and habitat
fragmentation intensify ecological stress while
exposing urban populations to respiratory and
cardiovascular illnesses.

The comparative analysis highlights that while
both regions face ecological risks, the nature and
scale of impacts differ, requiring site-specific
strategies. Gwadar’s vulnerability lies in its
dependence on marine resources, whereas Hub’s
challenges stem from industrial concentration and
terrestrial degradation. Together, these findings
underscore the interconnectedness of ecological
decline and socio-economic  vulnerability,
revealing how coal reliance not only damages
ecosystems but also threatens livelihoods and
public health.

The research emphasizes that Pakistan’s pursuit of
energy security through coalfired power plants
must be balanced against ecological sustainability.
Weak enforcement of environmental regulations,
limited monitoring capacity, and prioritization of
shortterm economic gains exacerbate long-term
risks. Transitioning toward cleaner technologies,
strengthening governance, and investing in
renewable energy alternatives are essential steps to
mitigate these consequences.

Ultimately, this study contributes to the discourse
on sustainable energy planning in Pakistan,
highlighting the urgent need for integrated
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policies that protect fragile ecosystems, safeguard
human health, and ensure socio-economic
resilience. Without such measures, coalfired
power plants in Gwadar and Hub risk deepening
environmental degradation and undermining the
very development goals they were intended to
support.
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