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About CREA

The Centre for Research on Energy and Clean Air (CREA) is an independent research
organisation focused on revealing the trends, causes, and health impacts, as well as the
solutions to air pollution. CREA uses scientific data, research, and evidence to support the
efforts of governments, companies, and campaigning organisations worldwide in their
efforts to move towards clean energy and clean air, believing that effective research and
communication are the keys to successful policies, investment decisions, and advocacy
efforts. CREA was founded in Helsinki and has staff in several Asian and European
countries.

About ACJCE

The Alliance for Climate Justice and Clean Energy (ACJCE) is a coalition of civil society
organizations dedicated to advancing climate justice and a just energy transition across
Pakistan and the Global South. Rooted in an accountability-based framework addressing
historical climate offenders, the Alliance places the rights, needs, wisdom, and lived
experiences of impacted and vulnerable communities at the forefront of its work. ACJCE
includes several member organizations across Pakistan under a three-tiered
organizational structure comprising a Secretariat, an elected Steering Committee, and
thematic working groups dedicated to multilateral development banks (MDBs), gas,
industrial decarbonization, the Thar coal campaign, clean energy and just transition, and
media.

Disclaimer

CREA is politically independent. The designations employed and the presentation of the
material on maps contained in this report do not imply the expression of any opinion
whatsoever concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries.

The views and opinions expressed in this publication are those of the authors and do not
necessarily reflect the official policy or position, or represent the views or opinions, of the
Centre for Research on Energy and Clean Air (CREA), or its members and/or funders. CREA
assumes no responsibility or liability for any errors or omissions in the content of this
publication.
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Analysis of long-term ambient PM2.5
and health impact assessment

of Pakistan’s coal-fired

Jamshoro Power Plant

Key findings

e Long-term satellite observations from 1998 to 2023 show that annual average
PM,. concentrations remain persistently elevated around the coal-fired
Jamshoro Power Generation Project, with pollution extending well beyond
the immediate vicinity of the plant, indicating sustained exposure for
surrounding communities.

e A health impact assessment (HIA) of the one remaining operational unit at the
coal-fired Jamshoro Power Generation Project finds that replacing the current
fuel mix with 100% domestic lignite could nearly double premature deaths,
years of life lost, and several major disease outcomes attributable to PM,
exposure over the 2025-2049 assessment period.

e The 2013 Environmental Impact Assessment (EIA) no longer reflects
present-day environmental conditions. Its reliance on short-term baseline
monitoring limits its ability to represent long-term air quality trends,
population exposure, and associated public health risks.

e Fugitive dust emissions from coal transport, storage, handling, and ash
management may contribute to ambient particulate pollution and should be
considered alongside stack emissions when assessing the plant's
environmental impacts.

e Together, the long-term PM, ; analysis and the HIA demonstrate the need for a
comprehensive reassessment of the EIA to support evidence-based decisions
on future plant operations and fuel use.



Introduction

Thermal power generation is a major source of air pollution, emitting particulate
matter (PM,s and PM,,), sulphur dioxide (SO,), nitrogen oxides (NO,), carbon
monoxide (CO), volatile organic compounds (VOCs), and greenhouse gases. These
pollutants contribute to poor air quality, increase the burden of respiratory and
cardiovascular diseases, and accelerate climate change. Coal-fired power plants are
of particular concern because, in addition to directly emitting particulate matter, they
release precursor gases that form secondary PM, ;, allowing pollution to persist in the
atmosphere and affect communities far beyond the plant boundary (Guttikunda &
Jawahar, 2014).

Jamshoro district hosts one of Pakistan's largest concentrations of thermal power
generation, with coal-, furnace oil-, and gas-fired power plants located within a
relatively small geographic area (Global Energy Monitor, 2026). This has raised
concerns about long-term air quality and population exposure to particulate
pollution in the surrounding region, including nearby rural communities.

Despite these concerns, assessments of how ambient PM, , concentrations around
the coal-fired Jamshoro Power Generation Project have evolved over time, or their
associated public health implications, remain limited. Previous EIAs relied primarily
on short-term baseline monitoring conducted before project implementation.
Therefore, they do not reflect current air quality conditions or long-term population
exposure (Asian Development Bank [ADB], 2012, 2024). Moreover, actual operating
conditions differed from those envisaged when the project was developed; the
existing generating units continued to operate long after the new coal-fired power
plant was approved.

This assessment addresses that gap by combining more than two decades of
satellite-derived PM,. observations around the coal-fired Jamshoro Power
Generation Project with a quantitative HIA to evaluate the long-term public health
implications of different fuel-use scenarios. Together, these analyses provide updated
evidence to inform future environmental decision-making and the need for
reassessing the existing EIA (ADB, 2012, 2024).

Five units are located within the coal-fired Jamshoro Power Generation Project.
However, four of them have been delicensed. This analysis focuses on the remaining
operational unit at the coal-fired Jamshoro Power Generation Project.



The study uses the coordinates of this specific plant, where a higher proportion of
lignite is considered in the fuel blend, to assess annual average PM2.5 concentrations
within 5 km, 25 km, and 50 km, from 1998 to 2023.

The distance buffers are measured from the coordinates of the specific remaining
operational unit assessed, hereafter referred to as the Jamshoro Thermal Power
Plant.

Methodology

Estimating ambient PM,, concentration around Jamshoro
thermal power plant

Annual average PM,; concentration data for 1998-2023 were obtained from the
Atmospheric Composition Analysis Group at Washington University in St. Louis,
based on the global PM,; estimation dataset developed by van Donkelaar et al.
(2021), to assess long-term pollution patterns around the Jamshoro Thermal Power
Plant. We selected three buffer zones of 5 km, 25 km, and 50 km to provide a
multi-scale spatial assessment of pollution patterns in the plant’s immediate vicinity,
surrounding area, and wider region. We extracted annual mean concentrations from
NetCDF files in QGIS and independently replicated the analysis in RStudio using the
terra, sf, and exactextractr packages. We compared results year-wise and buffer-wise,
with no discrepancies between the two methods.

Estimating population exposure to power plant emissions

Population exposure to PM,; from power plant emissions was estimated using the
regression model developed by Zhou et al. (2006), based on atmospheric dispersion
modelling and subsequently applied by Cropper et al. (2012). The model accounts for
S02 and NOx emissions, secondary PM, ; formation, population distribution (CIESIN,
2018) and precipitation (Fick & Hijmans, 2017).

Estimating health impacts

The HIA estimates the additional health burden associated with PM, , exposure from
the sources assessed in this study. We selected health outcomes based on available
established concentration-response relationships, evidence from peer-reviewed
epidemiological studies, and national-level baseline incidence data.

CREA's health impact assessment framework (Myllyvirta, 2020) incorporates health



outcomes identified in peer-reviewed meta-analyses across multiple populations,
while seeking to minimise overlap between outcomes. The framework uses
concentration-response relationships applied in peer-reviewed studies to estimate
the global health burden attributable to air pollution.

For each health outcome, we estimated attributable cases using a standard
epidemiological approach that accounts for population size, age distribution,
baseline incidence rates, and the relative risk associated with PM, o exposure. The
calculation compares health risks at the baseline concentration with those at the
concentration including emissions from the sources assessed in this study.

The calculation can be expressed as:

RR
Acases = Pop X ) |Frac X Incidence X (ﬁﬂe—— 1|,
age age age chase, age

Where:

Pop is the total population in the grid cell;

age is the specific age group for which the epidemiological studies have
established a health risk;

Frac,gis the fraction of the population belonging to the specific age group;

Incidence,, is the baseline rate of occurrence of the health outcome for the
population belonging to the specific age group;

¢ is the pollutant concentration from the baseline combined with pollution
from the sources that had been discussed in this work, with ¢, referring to
the baseline concentration or current ambient concentration; and

RR, o4 is the function giving the risk ratio of the health outcome at the given
concentration for the given age group.

In the case of a log-linear, non-age-specific concentration-response function, the RR
function becomes:

(=)

RR(c) = RR 0 ' whenc > ¢ . 1 otherwise




Where:

RR,is the risk ratio found in epidemiological research;
Ac, is the concentration change that RR, refers to; and,

¢, is the assumed no-harm threshold concentration.

Data sources and temporal coverage

We obtained baseline incidence rates from multiple sources, including the Global
Burden of Disease results for 2023 (GBD, 2025), accessed through the Institute for
Health Metrics and Evaluation (IHME, 2025). Population data were obtained from the
Gridded Population of the World, version 4 (GPWv4), produced by the Centre for
International Earth Science Information Network (CIESIN). The latest population grid
used was for 2020, which was adjusted to the study year using population and
mortality changes from the United Nations Department of Economic and Social
Affairs' World Population Prospects dataset (UN DESA, 2024).

Interpretation of health impacts

The assessment estimates the health impacts associated with pollutant exposure
during the study year. Some outcomes, such as asthma exacerbations and work
absences, may occur over short periods, while others associated with chronic
exposure may involve latency over several vyears. We derived the
concentration-response relationships for asthma emergency room visits and work
absences from studies examining daily variations in pollutant concentrations and
health outcomes, but applied them to changes in annual average concentrations.
Consider this distinction when interpreting the resulting estimates.

Results

Long-term PM, trends around the Jamshoro thermal power
cluster
The analysis reveals a clear spatial gradient in PM,; concentrations. The highest

long-term concentrations occurred within the 5 km buffer surrounding the power
plant, where the mean annual PM, s concentration was approximately 61 ug/m?>.



Concentrations gradually declined to 56 pg/m? within the 25 km buffer and 53 ug/m?3
within the 50 km buffer, indicating that emissions are most intense near the plant but
remain elevated across the wider region.
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Figure 1 — Buffer-wise PM, ; annual mean trend at the Jamshoro Thermal Power Plant

Although pollutant concentrations decrease with distance, the reduction is relatively
modest. Annual average PM, concentrations across all three buffer zones remain
substantially above the World Health Organisation (WHO) annual guideline of 5
ug/m? (WHO, 2021). They also exceed Pakistan's national annual PM, ; standard of 15
ug/m?3, which was already in effect when the 2013 EIA was prepared (Government of
Pakistan, Pakistan Environmental Protection Agency, 2010). The Sindh province
subsequently introduced its own ambient air quality standards in 2014, including an
annual PM,. limit of 40 ug/m® (Government of Sindh, 2014). The observed
concentrations therefore also exceed this Sindh benchmark, indicating that elevated
particulate pollution extends beyond the immediate vicinity of the plant and across
surrounding communities. These concentrations reflect the combined influence of
sources within and beyond the study area, and the present analysis does not
attribute across the three scenarios. Mortality among children under five due to lower
respiratory infections also increases progressively from 65 deaths under the base
case to 79 under the 60:40 blend and 122 under 100% domestic lignite.
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Figure 2 — Estimated mortality cases related to PM, ;emissions based on coal
type utilised at Jamshoro Thermal Power Plant (2025-2049)

The assessment also projects progressively higher morbidity under the two
alternative fuel scenarios. Cumulative asthma-related emergency room visits among
children aged 0-17 increase from 1,354 under the base case to 1,652 under the 60:40
blend and 2,547 under 100% domestic lignite, while estimates of asthma-related
emergency room visits among adults increase from 1,937 to 2,366 and 3,655,
respectively. Similarly, low birthweight births increase from 3,218 to 3,935 and 6,083,
while preterm births increase from 2,793 to 3,411 and 5,264 across the three
scenarios. The estimated number of work absence days attributable to PM,.
pollution also increases substantially, from approximately 1.63 million days under
the base case to 1.99 million days under the 60:40 blend and 3.08 million days under
100% domestic lignite. Thus, even the intermediate 60:40 blend is associated with an
approximately 22% higher morbidity burden than the current fuel mix, while
complete reliance on domestic lignite increases it by approximately 88-89%.

The disability burden (YLD) follows the same health impact pattern. COPD-related
YLD increases from 1,621 under the base case to 1,983 under the 60:40 blend and
3,066 under 100% domestic lignite. Stroke-related YLD increases from 1,033 to 1,262



and 1,951, and diabetes-related YLD increases from 352 to 430 and 663, respectively.
Overall, the 60:40 blend results in approximately 22% higher YLD estimates than the
current 80:20 fuel mix, whereas the 100% domestic lignite scenario results in
approximately 89% higher estimates. This progressive increase shows that the
disability burden also rises as the share of domestic lignite in the fuel mix increases.

@ Imported coal 80% + Domestic Lignite 20% @ Imported coal 60% + Domestic Lignite 40%
@ Domestic Lignite 100%

6083
6000

4000

2000

Estimated number of Morbidity

&
) ) H )
)
0‘@ %‘@Q -@.‘@ &
> o 2 &
D
& & < &

Health Outcomes

Figure 3 — Estimated morbidity cases related to PM, ; emissions based on coal type
utilised at Jamshoro Thermal Power Plant (2025-2049)

A similar pattern is observed for YLL, representing the burden associated with
premature mortality. Total YLL increases from 56,499 under the base case to 69,055
under the 60:40 blend and 106,723 under 100% domestic lignite. This corresponds to
an increase of approximately 22% under the 60:40 blend and approximately 89%
under the 100% domestic lignite scenario compared with the base case. Ischaemic
heart disease accounts for the largest share of this burden, with YLL increasing from
25,186 to 30,778 and 47,554, followed by stroke, which increases from 12,199 to



14,916 and 23,067. COPD-related YLL increases from 8,206 to 10,037 and 15,527, while
YLL associated with lower respiratory infections increases from 3,859 to 4,719 and
7,300. Among children under five, YLL due to lower respiratory infections increases
from 5,802 under the base case to 7,085 under the 60:40 blend and 10,934
under100% domestic lignite. Lung cancer-related YLL similarly increases from 1,624
to 1,984 and 3,067 across the three scenarios.
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Figure 4 — Estimated cases with years of life lost related to PM, ; emissions based on
coal type utilised at Jamshoro Thermal Power Plant (2025-2049)

Collectively, the HIA demonstrates a consistent increase in the projected public
health burden as the share of domestic lignite increases from 20% in the current base
blend to 40% and 100%. Across mortality, morbidity, disability, and premature
life-loss indicators, the 60% imported coal + 40% domestic lignite scenario produces
approximately 22% higher cumulative health outcomes than the current 80:20 blend,
while the 100% domestic lignite scenario produces approximately 88-89% higher
outcomes. These findings show that fuel procurement decisions should consider not
only operational and economic factors but also the long-term health costs imposed
on surrounding communities. Incorporating quantitative health assessments into
environmental decision-making provides a more comprehensive understanding of



the true societal costs of coal-fired power generation and highlights the importance
of minimising emissions in an already polluted airshed.

The case for reassessing the Environmental Impact Assessment

The findings presented in this assessment demonstrate that the EIA prepared for the
Jamshoro Thermal Power Plant in 2013 no longer provides an adequate basis for
evaluating the project's environmental and public health impacts. The original
assessment relied on a 48-hour baseline air quality survey conducted at three
monitoring locations, providing only a short-term snapshot of environmental
conditions before project implementation (ADB, 2013). This baseline does not
provide information on long-term air quality trends, chronic population exposure, or
changes in operating conditions over subsequent years.

The operating context also evolved differently from that envisaged when the project
was developed. The project was intended to contribute to a transition away from
existing HFO-based generation; however, the existing Jamshoro units continued to
operate alongside the new coal-fired capacity for several years. As a result, actual
operating conditions differed from the transition scenario underlying the project
rationale.

This assessment combines more than two decades of satellite-derived PM,.
observations with a quantitative HIA to provide a longer-term assessment of ambient
air quality and the potential public health implications of different fuel-use scenarios.
The findings show that elevated PM, ; concentrations persist across the surrounding
region and that increasing the share of domestic lignite could nearly double the
health burden associated with PM, ;exposure compared with the current fuel mix.

Taken together, the findings indicate that the assumptions underpinning the 2013 EIA
should be revisited. In particular, the EIA should be reassessed against current
operating conditions and the longer-term air quality and health evidence now
available. Any future decisions on fuel switching, continued operation, or plant
modifications should be informed by this updated assessment, including
consideration of fugitive dust emissions.

Fugitive dust emissions: An overlooked source of particulate
pollution

In addition to stack emissions, coal-fired power plants generate fugitive dust from
coal transportation, unloading, storage, conveyor systems, ash handling, and vehicle
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movement. Unlike stack emissions, emissions from these diffused sources are
released close to ground level and can contribute primarily to ambient PM,,, and, to a
lesser extent, PM, . concentrations. Under dry and windy conditions, dust can be
dispersed more easily into surrounding areas, potentially exacerbating particulate
pollution and population exposure in an area where PM, ; concentrations are already
persistently elevated. Effective management of fugitive dust is therefore an important
component of controlling particulate emissions from the plant.

Fugitive dust emissions may increase if the Jamshoro Thermal Power Plant relies
more heavily on domestic lignite. The original EIA shows that Thar lignite has a
substantially lower heating value (2,231 kcal/kg compared with 4,780 kcal/kg for
imported sub-bituminous coal) and a higher ash content (15.1% compared with 9%).
As the lignite share in the fuel blend increases from 10% to 20%, the blended fuel
heating value decreases from 4,525 to 4,270 kcal/kg, requiring annual coal
consumption to increase from 4.38 million tonnes to 4.67 million tonnes for the 1,200
MW design. Over the same range, annual ash generation increases by around 54,000
tonnes, including about 46,000 tonnes of additional fly ash, increasing the material
that must be transported, stored, handled, and disposed of.

These operational changes could increase fugitive dust emissions from coal handling
and ash management if not effectively controlled. Future revisions of the EIA should
therefore explicitly quantify fugitive dust sources, incorporate them into air quality
modelling, and evaluate the adequacy of existing mitigation measures. This would
provide a more comprehensive assessment of the plant's potential contribution to
local air pollution and associated health risks.

Conclusion

This assessment provides new evidence on the long-term air quality and public
health implications of the Jamshoro Thermal Power Plant. Long-term
satellite-derived PM, ; observations show that elevated particulate pollution extends
across the wider study area, indicating sustained exposure among surrounding
communities.

The HIA further demonstrates that fuel choice has significant implications for public
health. Compared with the current fuel mix, transitioning to a higher domestic lignite
blend is projected to substantially increase premature mortality, disease burden, and
years of life lost attributable to PM,; exposure. These findings highlight that fuel
procurement decisions should consider not only energy security and operational
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costs but also long-term health and environmental consequences.

Together, the long-term PM, analysis, quantitative HIA, and evidence on fugitive
emissions indicate that the environmental baseline established in the 2013 EIA does
not reflect present-day conditions. Updating the EIA with contemporary air quality
data, a quantitative HIA, current operating conditions, and assessment of fugitive
emissions would provide a more robust basis for future operational and policy
decisions.

Recommendations

Based on the findings of this assessment, the following actions are recommended for
consideration by the relevant project and regulatory authorities:

1. Undertake a comprehensive revision of the 2013 EIA to incorporate long-term
baseline air quality data, a quantitative HIA, and current operational
conditions, ensuring that future decisions are informed by present-day
environmental and public health evidence.

2. In future environmental assessments, consider emissions from other major
sources in the surrounding airshed and explicitly quantify fugitive dust
emissions from coal transport, storage, handling, and ash management
alongside stack emissions, while assessing the adequacy of existing
mitigation measures.

3. Expand long-term ambient air quality monitoring in communities surrounding
the Jamshoro Thermal Power Plant, including continuous monitoring of PM, .,
PM,,, and other priority pollutants, to improve exposure assessment and
evaluate mitigation effectiveness.

4. Future decisions on fuel switching, plant modifications, or operational
changes should explicitly consider public health impacts alongside technical,
environmental, and economic factors to support more informed and
sustainable decision-making.

Implementing these recommendations would support a more comprehensive
understanding of the environmental and public health impacts of thermal power
generation in Jamshoro and help ensure that future energy decisions are informed by
the best available scientific evidence.
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