Air quality, health and toxics impacts
of the proposed coal power cluster in
Chattogram, Bangladesh
Key findings
● Bangladesh and Chattogram are already suffering from high levels of air pollution,
increasing the risk of many chronic diseases, lowering life expectancy and making
the country more vulnerable to the COVID-19 pandemic.
● The eight coal-fired power projects proposed in Cox’s Bazar constitute the largest
proposed coal-fired power cluster anywhere in the world, in a location with very
high population density and that is the tourism capital of Bangladesh.
● The plants would emit an estimated 1600 kg of mercury per year into the air, of
which one third would be deposited into land and freshwater ecosystems in
Bangladesh. Most of the deposition takes place onto cropland and into waterways,
increasing the mercury concentrations in food. The levels of mercury deposition
are potentially dangerous in an area with 7.4 million inhabitants. This does not
include releases into water which would add to the impact.
● The air pollutant emissions from the plants would be responsible for a projected
30,000 air pollution-related deaths over an operating life of 30 years. Other health
impacts include 41,000 asthma emergency room visits, 32,000 new cases of asthma
in children, 24,000 preterm births, 17 million days of work absence (sick leave) and
47,000 years lived with disability related to chronic obstructive pulmonary disease,
diabetes and stroke.
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Abstract
Bangladesh is among the countries most affected by air pollution, with the life expectancy
in the country reduced by almost 2 years due to the impacts of pollution exposure on
health (Apte et al 2018). Dhaka was ranked as the second most polluted capital city in the
world, after New Delhi, with average PM2.5 pollution levels more than 8 times as high as
the World Health Organization guideline and 6 times the country’s national standards
(IQAir 2020).
The high levels of air pollution are currently putting the Bangladeshi population at an
elevated risk from the unfolding COVID-19 epidemic. Air pollution increases the risk of
many pre-existing conditions that make COVID-19 more severe and deadly, including
diabetes, lung diseases, asthma, heart disease and cancer. These health conditions
substantially increase the risk of hospitalization and death for COVID-19 patients.
Hundreds of thousands of Bangladesh citizens were already suffering from chronic
diseases and disabilities or undergoing treatments like chemotherapy because of their
past exposure to air pollution, and this is making them more vulnerable to COVID-19. It's
also likely that the risk of infection is affected by the impact of air pollution on the immune
system, and the respiratory symptoms for infected people are made worse by air pollution
- there is evidence of this for respiratory infections in general but not yet specifically for
COVID-19.
Threatening to worsen this situation are the numerous proposed coal-fired power plants,
the sixth largest pipeline in the world, combined with very lax emission standards for such
plants.
A hotspot for these emissions intensive plans is a massive concentration of coal-fired
power plants, with a total of 8 power plants with 14 boilers and a total capacity of 10
gigawatts is being proposed in Cox’s Bazar and Mirsarai, in the Chattogram District1. Out of
these, the plants planned in Cox’s Bazar constitute the largest concentration of proposed
coal-fired capacity anywhere in the world, on an area less than 10km across (see Table 1).

1

Chattogram was previously spelt Chittagong; this spelling is still used on Google Earth and is seen in some of the maps in
this report.

Table 1. Largest concentrations of proposed coal-fired power plants in the world (within a

maximum distance of 10km of each other)2
Country

MW

Province

population density,
people/km2

Bangladesh

8720 Chattogram

714

Turkey

7000 Kahramanmaras

Bangladesh

6000 Rangpur

China

6000 Gansu

218

Bangladesh

5940 Barisal

460

China

5320 Gansu

274

China

5320 Shaanxi

121

Mongolia

5280 Govisumber

Turkey

5000 Konya

Vietnam

4320 Nghe An

52
1180

3
19
242

SO2 emissions from the plants would expose an estimated 20 million people to
exceedances of the WHO 24-hour guideline level for SO2 concentrations, and 1.6 million
people to exceedances of 1-hour NO2 guideline. As PM2.5 concentrations in the area likely
already exceed both Bangladesh national air quality standards and WHO guidelines, the
plants would worsen the air quality compliance situation in both emissions scenarios.
The increased air pollutant concentrations resulting from all the plants being built and
operated would result in a projected 650 deaths per year, due to increased risk of stroke,
heart disease, lung cancer and respiratory diseases, including lower respiratory infections
in children. Other impacts include 1,200 asthma emergency room visits, 1,300 new cases

The clusters are identified from Global Coal Plant Tracker data (Global Energy Monitor 2020), with the
status for Chattogram projects updated in line with the Bangladesh power development plan.
2

of asthma in children, 1,000 preterm births, 410,000 days of work absence (sick leave), and
1,000 person-years of disability related to strokes and chronic respiratory disease.
Over 30 years of operation, the emissions from the plants are projected to contribute to
30,000 deaths, of which 4,100 due to chronic obstructive pulmonary disease, 7,700 to
ischaemic heart disease, 2,900 due to lower respiratory infections of which 200 in children,
1,300 due to lung cancer and 6,400 due to stroke. 5,900 deaths are due to deaths related to
NO2 exposure.
Other health impacts include 41,000 asthma emergency room visits, 32,000 new cases of
asthma in children, 24,000 preterm births, 17 million days of work absence (sick leave) and
47,000 years lived with disability related to chronic obstructive pulmonary disease,
diabetes and stroke.
These projects would emit an estimated 1600 kg of mercury per year into the air, of which
40% would be deposited into land and freshwater ecosystems in Bangladesh, affecting
cropland and fisheries in particular. The levels of mercury deposition are potentially
dangerous in an area with 7.4 million inhabitants. This does not include mercury releases
into water which would add to the impact.

Results: Emissions
There are a total of eight proposed coal power projects in Cox’s Bazar, with a total of 14
units and 8720 MW of generating capacity, and additionally a 2x660MW project in nearby
Mirsarai which is likely to have cumulative impacts (Table 2).
Out of the coal power projects in the area, specific information on expected emissions
levels was only available for the Matarbari (CPGCB-Sumitomo) Phase 1 project, which
already has an Environmental Impact Assessment report. Emission control technologies
and emission limit values as well as stack characteristics were generalized from this
information to all the projects, as it is expected to represent the approach taken by the
regulator and project developers more generally. Stack cross section was adjusted in
proportion to plant capacity.
In all the emissions projections, the plants are assumed to fully and properly operate their
emissions controls. If there are gaps in operation & maintenance or enforcement, the
emissions and impacts could be considerably higher.

In the modeled scenarios, all plants were assumed to run at a capacity factor of 80%, as in
the Matarbari Phase 1 EIA.
As is common in Bangladesh, the Matarbari Phase 1 EIA failed to provide data on mercury
emissions. These emissions were estimated using the UNEP (2017) mercury toolkit. The
coal used in the plants was assumed to be a mix of sub-bituminous Indonesian coal and
bituminous coal from Australia and South Africa, as per the Matarbari Phase 1 EIA. The
mercury content of the coal was estimated as the average for these three types of coal, as
given by UNEP, and the mercury capture efficiency was taken as the average of the values
for plants burning sub-bituminous and bituminous coal, taking into account mercury
capture with wet flue gas desulfurization devices and dust controls. As the plants’ mercury
emissions are not being limited in any way, unlike their counterparts in many other
countries, they have no incentive to buy low mercury coal or install emission control
devices that reduce mercury emissions into the air.
Furthermore, mercury captured by emissions control devices, estimated at 1,900
kilograms per year, would not disappear but would end up in the coal combustion wastes,
which are typically disposed into a coal ash dump - this entails further potential for
contamination through routine discharges, leakage, flooding or catastrophic failure of the
ash ponds, all of which are common occurrences.
Table 2. Modeled Chattogram Region Coal Power Projects

Chattogram Region Coal Power Projects
Plant

Capacity,
MW

Lat

Lon

Matarbari (CPGCB-Sumitomo) Phase 1

2x600

21.702

91.883

Matarbari (CPGCB-Sumitomo) Phase 2

2x600

21.702

91.883

Moheshkhali (BPDB/TNB)

2x600

21.629

91.900

Moheshkhali (Huadian)

2x660

21.634

91.898

Moheshkhali (KEPCO)

2x600

21.633

91.902

Moheshkhali (PowerChina)

2x600

21.623

91.904

Kohelia (Symcorp/CPGCBL) Phase 1

1x700

21.707

91.891

Kohelia (Symcorp/CPGCBL) Phase 2

1x700

21.707

91.891

Mirsarai (Hangzhou Jinjiang)

2x660

22.758

91.470

Table 3. Stack Properties of the Coal Power Projects

Stack Data of Chattogram Region Coal Power Projects
Plant name

Stack
Height, m

Exit velocity,
m/s

Temperature of
flue gas, o C

Inner
Diameter, m

Matarbari (CPGCB-Sumitomo) Phase 1

275

15.4

75

10.1

Matarbari (CPGCB-Sumitomo) Phase 2

275

15.4

75

10.1

Moheshkhali (BPDB/TNB)

275

15.4

75

9.8

Moheshkhali (Huadian)

275

15.4

75

10.6

Moheshkhali (KEPCO)

275

15.4

75

10.1

Moheshkhali (PowerChina)

275

15.4

75

10.1

Kohelia (Symcorp/CPGCBL) Phase 1

275

15.4

75

7.7

Kohelia (Symcorp/CPGCBL) Phase 2

275

15.4

75

7.7

Mirsarai (Hangzhou Jinjiang)

275

15.4

75

10.6

Table 4. Projected Annual Pollutant Emissions from the Chattogram Region Coal Power

Projects

Pollutants Emitted from Chattogram Region Coal Power Projects
Plant name

SO2
(t/a)

NOx
(t/a)

PM10
(t/a)

PM2.5
(t/a)

Hg
(kg/a)

Matarbari (CPGCB-Sumitomo) Phase 1

27226.08

15277.44

1123.47

499.32

182

Matarbari (CPGCB-Sumitomo) Phase 2

27226.08

15277.44

1123.47

499.32

182

Moheshkhali (BPDB/TNB)

27226.08

15277.44

1123.47

499.32

301

Moheshkhali (Huadian)

29948.69

16805.18

1235.817

549.252

201

Moheshkhali (KEPCO)

27226.08

15277.44

1123.47

499.32

182

Moheshkhali (PowerChina)

27226.08

15277.44

1123.47

499.32

182

Kohelia (Symcorp/CPGCBL) Phase 1

15881.88

8911.84

655.3575

291.27

106

Kohelia (Symcorp/CPGCBL) Phase 2

15881.88

8911.84

655.3575

291.27

106

Mirsarai (Hangzhou Jinjiang)

29948.69

16805.18

1235.817

549.252

201

Results: Air Quality and Health
This case study provides a detailed analysis of the air quality, toxic and health impacts of
the coal power plant cluster in Chattogram, combining best available emissions estimates
for the projects with detailed atmospheric modeling and existing epidemiological data
and literature. It is the first study to model and predict air pollution impacts for proposed
coal plants in the region, thus providing the first quantitative cumulative impact analysis.
The air quality impacts of emissions from the plants were modeled using the CALPUFF
dispersion model, which uses detailed hourly data on wind and other atmospheric
conditions to track the transport, chemical transformation and deposition of pollutants,
and is widely used to assess the short and long range impacts of emissions from industrial
point sources and area sources. The model predicts the increases in hourly, daily and
annual pollutant concentrations caused by emissions from the studied source.
Emissions from the power plants contribute to ambient concentrations of PM2.5, NO2 and
SO2, increasing the risk of death and illness from both acute and chronic diseases. We
project the annual impacts using latest population and health data, assuming all the
proposed plants are in operation (Table 5) and the cumulative health impacts over an
assumed 30-year operating lifetime (Table 6), taking into account projected population
growth, changes in population age structure and health status (see Materials and
methods).

Table 5. Projected annual health impacts associated with emissions from the Chattogram power plants.
Cause

Pollut
ant

deaths

All

Matarbari Phases
1&2

Kohelia Phases 1&2

All Chattogram
projects

143

(99 - 215)

87

(60 - 131)

645

(445 - 972)

of which due to3:
chronic obstructive
pulmonary disease

PM2.5

20

(7 - 37)

12

(4 - 22)

88

(31 - 163)

diabetes

PM2.5

1

(0 - 2)

1

(0 - 1)

4

(1 - 8)

ischaemic heart disease

PM2.5

36

(28 - 45)

22

(17 - 27)

166

(130 - 207)

lower respiratory infections

PM2.5

14

(5 - 26)

8

(3 - 16)

58

(21 - 112)

lower respiratory infections
in children

PM2.5

4

(2 - 5)

2

(1 - 3)

17

(10 - 24)

lung cancer

PM2.5

6

(3 - 11)

4

(2 - 7)

28

(13 - 50)

stroke

PM2.5

30

(12 - 52)

18

(7 - 32)

136

(56 - 236)

all causes

NO2

27

(14 - 63)

17

(9 - 40)

126

(65 - 293)

asthma emergency room
visits, adults

PM2.5

139

(91 - 187)

84

(55 - 113)

641

(420 - 861)

asthma emergency room
visits, children

PM2.5

120

(63 - 177)

72

(38 - 106)

551

(288 - 811)

new cases of asthma in
children

NO2

290

(77 - 575)

180

(48 - 357)

1,270

(337 - 2,514)

preterm births

PM2.5

212

(103 - 225)

128

(62 - 136)

991

(480 - 1,053)

work absence (sick leave
days)

PM2.5

88,942

(75,664 102,132)

53,348

(45,384 61,259)

408,527

(347,564 469,071)

years lived with disability,
chronic obstructive
pulmonary disease

PM2.5

146

(52 - 280)

87

(31 - 167)

649

(234 - 1,246)

years lived with disability,
diabetes

PM2.5

20

(6 - 51)

12

(3 - 30)

86

(25 - 208)

years lived with disability,
stroke

PM2.5

62

(21 - 124)

37

(12 - 75)

278

(93 - 556)

Total deaths from PM2.5 are projected using the Burnett et al 2018 risk function for all non-communicable
diseases, which includes other causes besides the ones listed in the breakdown.
3

Table 6. Projected cumulative health impacts associated with the emissions from the Chattogram power plants,

over 30 years of operation
Cause

Pollutant

deaths

All

Matarbari Phases
1&2

Kohelia Phases 1&2

All Chattogram
projects

6,689

(4,619 - 10,064)

4,043

(2,785 - 6,116)

30,139

(20,789 - 45,467)

of which due to:
chronic obstructive
pulmonary disease

PM2.5

921

(324 - 1,715)

548

(193 - 1,022)

4,076

(1,443 - 7,584)

diabetes

PM2.5

43

(14 - 96)

26

(9 - 58)

185

(64 - 393)

ischaemic heart disease

PM2.5

1,694

(1,330 - 2,115)

1,014

(795 - 1,269)

7,739

(6,081 - 9,654)

lower respiratory infections

PM2.5

634

(234 - 1,218)

377

(139 - 726)

2,694

(996 - 5,174)

lower respiratory infections
in children

PM2.5

51

(33 - 74)

31

(20 - 44)

226

(144 - 326)

lung cancer

PM2.5

292

(134 - 518)

178

(82 - 315)

1,315

(604 - 2,331)

stroke

PM2.5

1,397

(573 - 2,432)

851

(349 - 1,483)

6,351

(2,604 - 11,055)

all causes

NO2

1,281

(662 - 2,991)

802

(415 - 1,873)

5,914

(3,059 - 13,801)

asthma emergency room
visits, adults

PM2.5

5,803

(3,800 - 7,791)

3,497

(2,290 - 4,694)

26,787

(17,541 - 35,960)

asthma emergency room
visits, children

PM2.5

3,103

(1,623 - 4,566)

1,867

(977 - 2,748)

14,230

(7,444 - 20,934)

new cases of asthma in
children

NO2

7,389

(1,953 - 14,653)

4,593

(1,214 - 9,106)

32,409

(8,593 - 64,152)

preterm births

PM2.5

5,237

(2,536 - 5,562)

3,154

(1,527 - 3,349)

24,431

(11,840 - 25,941)

work absence (sick leave
days, million)

PM2.5

3.70

(3.15 - 4.25)

2.22

(1.89 - 2.55)

17.04

(14.49 - 1.,56)

years lived with disability,
chronic obstructive
pulmonary disease

PM2.5

6,787

(2,440 - 13,031)

4,047

(1,454 - 7,774)

30,244

(10,879 - 58,047)

years lived with disability,
diabetes

PM2.5

937

(261 - 2,354)

564

(158 - 1,407)

4,007

(1,178 - 9,645)

years lived with disability,
stroke

PM2.5

2,890

(964 - 5,788)

1,749

(584 - 3,504)

12,969

(4,326 - 25,992)

Highly insufficient and misleading air quality data
The Matarbari Phase 1 project EIA reveals an alarming lack of air quality data from the
area, and a total disregard for air quality monitoring by the project proponent. The EIA
consultant monitored air quality for a total of two days during the rainy season and the dry
season. This amount of data is essentially useless for the purpose of evaluating whether
ambient air quality standards are being met in the area, as those standards - both
short-term and annual average - have to be met over a full year for the area to be in
compliance. Day-to-day air pollution levels typically vary by a factor of 10 or more.
Furthermore, the most dangerous pollutant in terms of public health impact, PM2.5, was
not monitored at all. The recorded level of total suspended particulates, 42-56µg/m3
during the rainy season and 45-62µg/m3 during the dry season, makes it likely that the
Bangladesh annual air quality standard for PM2.5, 15µg/m3, is violated. The State of Global
Air report (HEI 2019) estimates, using satellite data, that the annual average PM2.5 around
Cox’s Bazar is 63µg/m3, with a confidence interval 4 4-86µg/m3, or 3-6 times the national
ambient air quality standard.
The anecdotal air quality data renders the claims in the Environmental Impact Assessment
about the project not leading to violations of air quality standards completely baseless,
and necessitates a proper baseline air quality monitoring effort. How an EIA that bases
claims about compliance with annual air quality standards on a total of four days of
monitoring and lacks data on key pollutants could be accepted by environmental
regulator is incomprehensible.
The claim in the EIA about the project’s targeted emission levels (flue gas concentrations)
being below International Finance Corporation guidelines also rests on the worthless air
quality monitoring data - if the air quality in the area was classified as “degraded”,
significantly stricter emissions levels would need to be applied to comply with the
guidelines.
The Cox’s Bazar coal plants would generate PM2.5 and NO2 pollution over a large
area of Bangladesh and the Bay of Bengal extending to Dhaka, the Sundarbans
World Heritage site and well beyond the borders of India and Myanmar (Figures
1 and 2).

Figure 1. Projected contributions from the Chattogram power plants to ambient PM2.5 levels

Figure 2. Projected contributions from the Chattogram power plants to ambient NO2 levels

Results: Toxic Deposition
The Chattogram cluster would emit approximately 1,600kg of mercury and 6,000 tonnes of
fly ash per year into the air. Fly ash contains toxic and radioactive heavy metals. The air
emissions do not include intentional discharges or possible leakage or accidental
discharge into water from coal ash ponds, coal ash landfills, coal storage and other
sources. Such releases are hard to project ahead of time but could add significantly to the
heavy metal load into the environment.
Approximately 40% of the mercury emitted by the plants is estimated to be deposited into
land and freshwater ecosystems in the region, amounting to approximately 690 kg per
year. Mercury deposition rates as low as 125mg/ha/year can lead to accumulation of
unsafe levels of mercury in fish (Swain et al 1992).

© Joey Rozier
The plants are estimated to cause mercury deposition above 125mg/ha/yr in an area of
3,300km2 from Cox’s Bazar in the south to Bandarban northeast of the plants and all the
way to the outskirts of Chattogram in the North. There is a second cluster of high mercury
emissions that extend from the coastline where the Feni River flows into the Bay of Bengal
to Mirsharai in the east and Baraiyarhat in the Northeast. The population exposed to
potentially dangerous mercury deposition from the plants is approximately 7.4 million
people (Figure 3).

Figure 3. Projected mercury deposition from the Chattogram power plants

Of the 690kg of projected annual mercury deposition, approximately 40% takes place onto
cropland, 35% on forest and scrubland, 5% onto mangrove and freshwater ecosystems
and 20% into built-up areas. Deposition onto cropland is of particular concern, because
rice paddies can produce methylmercury which is easily taken up by the rice plant (see e.g.
Zhang et al 2010).
Atmospheric deposition of mercury has a dual impact on water bodies (Figure 4). Direct
deposition occurs when mercury particles fall on water and additional accumulation
occurs when some of the mercury deposited on land is washed downstream by rain and
runoff into streams, rivers, lakes, wetlands, estuaries and oceans (UNEP 2018).

Figure 4. Volumes of Release and Deposition from the Principal Contributors to the Global

Mercury Cycle (UNEP 2018)

While actual mercury uptake and biomagnification depends very strongly on local
chemistry, hydrology and biology, the predicted mercury deposition rates are a cause for
serious concern.

Although this report focuses on the toxic emissions from Chattogram region coal plants,
an earlier CREA report published in May 2020 demonstrated the toxic emissions from the
Payra cluster of coal fired power plants in southwest Bangladesh. Modeling results from
both coal plant clusters show that the mercury, PM 2.5 and NOx emissions from Payra
plants will deposit on some of the same land, water and populated areas as the
Chattogram coal plants. The combined plumes of toxic air emissions from both the Payra
and Chattogram coal plants overlap for 70 kilometers - from the Feni River all the way
down the Bangladesh coastline through Chattogram to just offshore of Moheshkhali
island. Therefore the Chattogram region will not only suffer health and fisheries impacts
from the largest proposed coal plant cluster in the world located on Moheshkhali and
Matarbari islands but it will then receive even more pollution from the Payra cluster as
well (Figure 5).

Figure 5. Cumulative impact from the Chattogram and Payra coal power clusters

Cox’s Bazar is the most important tourist area of Bangladesh. It is surrounded by great
natural beauty, kilometers of unbroken sandy beaches, public parks and wildlife
sanctuaries (Figure 6).

Figure 6. The locations of the protected areas and the Cox’s Bazar Sea Beach around the

proposed power plants

There will be direct deposition of mercury and fly ash on 11 wildlife sanctuaries, parks and
the Cox’s Bazar sea beach at the rates shown in Table 7.
Table 7. Projected mercury and fly ash deposition rates on protected areas

Area

Mercury
deposition,
mg/ha/year

Mercury
deposition
total, kg/year

Fly ash
deposition,
kg/ha/year

Fly ash
deposition,
t/year

Chunati Wildlife Sanctuary

235.0

1.9

4.3

34.9

Fasiakhali Wildlife Sanctuary

208.8

0.4

3.2

6.8

Bangabandhu Safari Park

161.9

0.1

2.8

1.9

Medhakachhapia National Park

157.7

0.1

3.0

1.8

Cox’s Bazar Sea Beach

121.3

0.1

2.2

1.5

Himchari National Park

105.4

1.4

1.5

19.5

Sangu Wildlife Sanctuary

100.1

0.6

1.6

8.7

Dudpukuria-Dhopachari Wildlife Sanctuary

84.9

0.4

1.2

5.5

Inoni National Park

77.2

0.6

1.0

7.7

Kaptai National Park

76.1

0.4

0.9

5.1

Baroiyadhala National Park

54.0

0.1

0.7

1.8

Total all areas

32.6

182.4

Fishing and Dried Fish Industry
Around 100,000 fishermen (registered 48,393) are dependent on fishing in the coastal area
of Cox’s Bazar. According to the Yearbook of Fisheries Statistics of Bangladesh 2017-2018,
a total of 36,800 tonnes of marine fish were caught and 12,733 tonnes of shrimp were
produced in different shrimp farms in Cox’s Bazar (DoF 2018). In 2017-18, Bangladesh
earned BDT4,309 crore (US$525 million) by exporting 68.94kt of fish and fishery products.
Cox's Bazar produces dried fish, called shutki in Bangla, worth around BDT300 crore
(US$37 million) every year, with about 100,000 directly involved in the trade (Zinnat 2015).
The biggest hub for the dried fish industry is located in Kutubdiapara in Cox’s Bazar
(Najirartek, South side of the Cox’s Bazar Airport).
The Ministry of Fisheries and Livestock said the dried fish industrial zone is being
constructed at a budget of US$222 million, under the Fisheries Department’s “Sustainable
Coastal and Marine Fisheries Project” initiative, which will also set up a landing station for
fish (Acharjee 2020).

The 690 kg per year of projected mercury deposition onto the Cox’s Bazar watersheds only
show the amount of mercury directly deposited on land and water. This does not include
the additional mercury washed into waterways from the land upstream of these areas.
Thus, the total mercury levels are likely to be higher than the rates determined by air
deposition alone - most of the projected 40-400 mg/ha/yr mercury deposited on land falls

into the catchments of the Cox’s Bazar fisheries. When combined with the Payra hub
mercury deposition rates, the mercury levels rise even higher.

How air pollution worsens the COVID-19
pandemic
The high levels of air pollution in Bangladesh are currently putting the population at an
elevated risk from the unfolding COVID-19 epidemic. Air pollution increases the risk of
many pre-existing conditions that make COVID-19 more severe and deadly, including
diabetes, lung diseases, asthma, heart disease and cancer. These health conditions
substantially increase the risk of hospitalization and death for COVID-19 patients.
Hundreds of thousands of Bangladesh citizens were already suffering from chronic
diseases and disabilities or undergoing treatments like chemotherapy because of their
past exposure to air pollution, and this is making them more vulnerable to COVID-19. It's
also likely that the risk of infection is affected by the impact of air pollution on the immune
system, and the respiratory symptoms for infected people are made worse by air pollution
- there is evidence of this for respiratory infections in general but not yet specifically for
COVID-19.
Air pollution is a major risk factor and contributor to the major chronic diseases that
increase the severity and risk of death from COVID-19, including chronic respiratory
diseases, cardiovascular diseases, hypertension, diabetes, strokes and cancers. People
undergoing cancer treatments are at a higher risk because their immune system is
compromised. (CDC 2020.)
A study on Chinese patients found that the risk of severe symptoms requiring intensive
care or ventilation, and the risk of death was elevated by 170% for people with chronic
respiratory disease, by 60% for people with hypertension or diabetes, by 250% for people
with cancer and by 80% for people with any of the pre-existing conditions listed above
(Guan et al 2020). Another analysis of data from eight different studies on Chinese patients
found that severely ill COVID-19 patients were 2.4 times as likely to suffer from
hypertension, 2.5 times as likely to suffer from respiratory diseases and 3.4 times as likely
to have cardiovascular diseases (Yang et al 2020).
In Bangladesh, air pollution is responsible for about 11% of the disease burden from
diabetes, 16% of lung cancer, 15% of chronic obstructive pulmonary disease, 10% of
deaths from ischemic heart disease and 6% from stroke (Table 8). Studies in China (Lin et
al 2017) and the U.S. (Coogan et al 2016) have found strong associations between air
pollution exposure and hypertension. This means that past air pollution exposure has

made people around the world much more vulnerable to COVID-19 and is now
contributing to the death toll and the enormous pressure on healthcare systems from the
disease.
Table 8. Contribution of air pollution to selected COVID-19 risk factors in Bangladesh (Global

Burden of Disease Study 2017)
Disease

Deaths

Years Lived with Disability

Chronic obstructive pulmonary disease

30.5%

15.0%

Diabetes mellitus

8.5%

11.2%

Ischemic heart disease

9.7%

2.0%

Lower respiratory infections

18.1%

18.0%

Stroke

6.0%

4.2%

Lung cancer

15.7%

15.5%

This impact is highlighted by a pre-print study on COVID-19 deaths in the U.S., indicating
dramatically higher risk of death in areas with higher past average PM2.5 pollution levels
(Wu et al 2020).
Multiple studies suggest that short-term exposure to elevated levels of air pollution
increases the likelihood of infection with viruses that cause respiratory illness. A large
study of more than 100,000 patients in the U.S. found that short-term spikes in PM2.5 air
pollution increased acute lower respiratory infections requiring medical care, in both
children and adults (Horne et al 2018). The same effect has been observed during smog
episodes in e.g. in Beijing (Feng et al 2016, Liang et al 2014), Rome, Italy (Nenna et al 2017)
and Brunei (Yadav et al 2003).
The suggested mechanisms that may link air pollution to virus transmission and likelihood
of infection include damage to human airways and epithelial barriers (Donaldson and Tran
2002, Li et al 1996, Lee et al 2014), and pollution acting as “condensation nuclei” to which
virus droplets attach allowing them to be transported in the air (Lee et al 2014) among
others. These mechanisms are hypothesised, not certain, however early experimental
evidence suggests that SARS-CoV-2 may remain viable as an aerosol for a number of hours
(van Doremalen 2020).

Multiple studies exist that show that elevated levels of air pollution affects cells in a way
that makes it easier for a virus to infect humans and start spreading (Harrod et al 2003,
Jaspers et al 2005, Lee et al 2014). Studies concerning previous pandemics indicate that
air pollution can cause severe symptoms or eventually death for some patients who have
contracted the viral disease. For instance, when analyzing the early 2000s SARS outbreak,
a positive association was found between air pollution and the SARS (SARS-CoV-1) fatality
within the Chinese population (Cui et al 2003).
A study by Clay et al (2018) focused on the relationship between air pollution and the 1918
Spanish influenza mortality. They found that American cities that burned more coal saw
higher mortality rates during the 1918 pandemic than neighboring cities that burned less
coal.
In another study, mice were exposed to high levels of pollutants and then infected with
influenza. The researchers found that PM caused increased levels of pulmonary oxidative
stress in the mice and a compromised immune system to fight off the virus. Ultimately,
this resulted in higher mortality rates (Lee et al 2014).

Materials and methods
Since none of the EIAs contained information about mercury emissions, they were
projected using the formula:
EHg = CC x MC x (1 - CE),
where CC is the coal consumption of the plant in tonnes per year, MC is the mercury
content of the coal, and CE is the capture efficiency. The Payra project EIA indicated
Indonesia as the coal source so the UNEP default MC value was used. Patuakhali project’s
EIA stated that the plant would burn a mixture of Australian and Indonesian coal, so MC
was estimated as the average of the UNEP default values for the two countries; the same
was done for all the other projects with no information about coal origin. Default capture
efficiencies for ESP and wet FGD, or ESP only were used, as appropriate.
When information on CC was not available, it was estimated as:
CC = CAP / EFF x CF / CV,
where CAP is the electric capacity of the plant, EFF is the thermal efficiency (assumed 42%
for supercritical and 44% for ultra-supercritical when data was not available), CF is the
capacity factor of the plant and CV is the calorific value of the coal, per physical tonne. The
CV value for coal used in Patuakhali plant was calculated from the EIA using the above
formula, and this value was applied on the other projects.
Short-term air quality impacts were modeled assuming all plants are running at full
capacity, while annual average impacts were modeled with the assumed average capacity
factor of 74%.
Atmospheric dispersion modeling was carried out using version 7 (June 2015) of the
CALPUFF modeling system. Meteorological and geophysical data for the simulations was
generated with the TAPM model, developed by Australia’s national science agency CSIRO.
A set of nested grids with a 37x37 grid size and 40km, 20km, 10km and 5km horizontal
resolutions and 12 vertical levels was used, centered on the power plant cluster.
The CALPUFF model performs a detailed simulation of the rise of the plume from the
power plant stack, through which the emissions are discharged; the characteristics of the
modeled stacks are given in Table 3.
For emissions from main boilers of the power plants, 30% of emitted fly ash was assumed
to be PM2.5, and 37.5% PM10, in line with the U.S. EPA (1998) AP-42 default value for

electrostatic precipitators. Chemical transformation of sulphur and nitrogen species was
modeled using the ISORROPIA chemistry module within CALPUFF, and required
atmospheric chemistry parameters (monthly average ozone, ammonia and H2O2 levels)
for the modeling domain were imported into the model from baseline simulations using
the Geos-Chem atmospheric model (Koplitz et al 2017). The CALPUFF results were
reprocessed using the POSTUTIL utility to repartition different nitrogen species (NO, NO2,
NO3 and HNO3) based on background ammonia concentrations.
The health impacts resulting from the increase in PM2.5 concentrations were evaluated by
assessing the resulting population exposure, based on high-resolution gridded population
data for 2020 from CIESIN (2017), and then applying the Global Burden of Disease (IHME
2018) risk model for PM2.5, and health impact assessment recommendations of WHO
HRAPIE (2013) for NO2, as implemented in Huscher et al ( 2017). Other health impacts were
quantified using GBD incidence data (IHME 2018) and concentration-response
relationships compiled from latest scientific literature (Table 9).
As the concentration-response relationships used include non-linear functions and
no-harm thresholds, information on baseline air pollutant concentrations is needed for
the health impact assessment. This data was obtained from van Donkelaar et al (2016) for
PM2.5 and Larkin (2017) for NO2.
Projections of future health impacts take into account projected population growth on the
national level, and for mortality impacts, on projected changes in age-specific death rates
based on UNPD (2019) medium variant. Importantly, use of age-specific death rates
captures the impact of expected improvements in population health status and health
services, which results in lower mortality for children, while increasing the susceptibility of
the adult population to non-communicable diseases associated with air pollution.
To summarize, the health impact assessment takes into account:
● local population density derived from census data and high-resolution satellite
imagery
● local background pollutant concentrations
● national-level population health status, baseline incidence of different diseases
and population age structure
● projected future population growth and changes in health status on the national
level
Deposition results were differentiated by land use type using the European Space Agency
global land use map for the year 2015 at 300m resolution (ESA 2018). Land use codes 10-30
were mapped as cropland; codes 50-100 were mapped as forest and code 170 as
mangrove.

Table 9. Input parameters and data used in estimating health impacts.
Age
group

Effect

Pollutant

Concentrationresponse
function4

Concentration
change

No-risk
threshold
5

Reference

Incidence data

Achakulwisut
et al 2019

Achakulwisut et al
2019

1-18

New asthma cases

NO2

1.26 (1.10 - 1.37)

10 ppb

2 ppb

0-17

Asthma emergency
room visits

PM2.5

1.03 (1.01–1.04)

10 ug/m3

6 ug/m3

Zheng 2015

Anenberg et al 2018

18-99

Asthma emergency
room visits

PM2.5

1.02 (1.02–1.03)

10 ug/m3

6 ug/m3

Zheng 2015

Anenberg et al 2018

Newborn

Preterm birth

PM2.5

1.15 (1.07, 1.16)

10 ug/m3

8.8 ug/m3

Trasande et
al 2016

Chawanpaiboon et al
2019

0-4

Deaths from lower
respiratory infections

PM2.5

GBD 2017

5.8 ug/m3

IHME 2018

IHME 2018

25-99

Deaths from lower
respiratory infections

PM2.5

GBD 2017

5.8 ug/m3

IHME 2018

IHME 2018

25-99

Deaths from
non-communicable
diseases

PM2.5

Burnett et al 2018

2.4 ug/m3

Burnett et al
2018

IHME 2018

25-99

Disability caused by
diabetes, stroke and
chronic respiratory
disease

PM2.5

GBD 2017

5.8 ug/m3

IHME 2018

IHME 2018

30-99

Premature deaths

NO2

1.037 (1.021-1.080)

20 ug/m3

WHO HRAPIE
2013

IHME 2018

6

10 ug/m3

Numeric values refer to relative risk corresponding to the increase in concentrations given in the column
“concentration change”. Literature references indicate the use of a non-linear concentration-response
function.
5
No-harm threshold refers to a concentration below which the health impact is not quantified, generally due
to lack of evidence in the studies on which the function is based.
6
Central and low values for NO2 are scaled down by 1/3 to remove possible overlap with PM2.5 impacts, as
indicated by WHO (2013).
4
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