Summary
The planned Jambi-1 coal power plant would be a major source of air pollutants and toxic
emissions. The project’s Environmental Impact Assessment (AMDAL) was submitted by
Indonesia Power in March 2019 and conducted by Surveyor Indonesia.
Centre for Research on Energy and Clean Air (CREA) evaluated the AMDAL of the project,
identifying several major shortcomings:
● The air pollutant dispersion modelling of the AMDAL uses a grossly incorrect value
for the temperature of the flue gas discharged from the plant’s smokestack, leading
to an underestimation of the air quality impacts.
● The environmental management plan and the AMDAL are based on outdated 2008
air emissions standards. Since the project was not yet under construction when
new emission limits were stipulated in 2019, the AMDAL should have applied the
new, substantially more stringent limits.
● The AMDAL failed to identify and quantify the major health impacts of air pollutant
emissions.
● The AMDAL failed to mention, let alone assess, the emissions of mercury and other
toxic heavy metals from the plant, despite the significance of coal-fired power
plants as a major source of these toxic emissions.
To address the key shortcomings, CREA carried out an analysis of the potential health and
economic impacts resulting from the plant's air pollutant emissions, based on data and
plant specifications contained in the AMDAL. Our analysis followed the methodology in the
CREA study “Quantifying the Economic Costs of Air Pollution from Fossil Fuels” (Myllyvirta
2020). Using the CALPUFF modelling system, we modelled the chemical transformation
and transport of emissions from the plant, based on the meteorological conditions of
2019. We also estimated the increased risk of death and other negative health outcomes to
populations exposed to the plant’s emissions.
Our analysis found that:

● Emissions from the Jambi-1 power plant would increase the ambient (outdoor) air
pollutant concentrations of fine particulate matter (PM2.5), nitrogen dioxide (NO2)
and sulfur dioxide (SO2), as well as the deposition of mercury and other toxic heavy
metals. This would increase the risk of acute and chronic diseases and symptoms in
the population both within the plant’s immediate vicinity and across Sumatra.
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● If the plant is allowed to apply the lenient 2008 air pollutant emissions limits, the
plant would emit approximately 12,800 tonnes of SO2, 12,800 tonnes of Nitrogen
Oxides (NOx), and 1,700 tonnes of particulate matter every year. If the plant was
required to meet the 2019 emission standards, annual emissions would drop by
73% to 3,400 tons of SO2 and NOx, and 860 tons of particulate matter every year;
even with the 2019 emission limits, the plant will harm air quality and human
health.

● The plant will emit an estimated 170 kg of mercury annually, exposing around
17,900 people and an area of 370 km2 to potentially unsafe levels of mercury
deposition (above 125 mg/ha).

● The projected health impacts from air pollution from Jambi-1 will result in
increased healthcare costs and economic losses equivalent to USD 640 million (IDR
9.05 trillion) in Indonesia over a 30-year operating period. Compliance with the
2019 emissions standard would save Indonesia over USD 7 million (IDR 101 billion)
annually, with an annual cost of USD 177 million (IDR 2.5 trillion).

● Over a 30 year operating life, the projected health impacts attributed to emissions
from Jambi-1 include 1,100 premature deaths, 680 preterm births, and 55,900 years
of lives lost as a result of exposure to pollution from the plant. Compliance with the
2019 emissions standards would decrease the cumulative impacts to 305 avoidable
deaths, 190 preterm births, and 15,500 years of lives lost. Of course, all such health
impacts can be avoided if the Jambi-1 power plant is not built.

About CREA
The Centre for Research on Energy and Clean Air (CREA) is an independent research
organisation focused on understanding the trends, causes, health impacts and solutions to
air pollution.
CREA uses scientific data, research and evidence to support the efforts of governments,
companies and organizations worldwide in their efforts to move towards clean energy and
clean air, believing that effective research and communication are the key to successful
policies, investment decisions and advocacy efforts. CREA was founded in December 2019 in
Helsinki and has staff in several Asian and European countries. www.energyandcleanair.org
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Introduction
PLTU Jambi-1 is a proposed 2 x 300 MW independent power producer (IPP) coal-fired
power plant in Sarolangun, Jambi, Indonesia that will burn low-rank coal reserves and
connect to the Sumatra grid under the 2017-2026 Long Range Plan (page VI-9).
A formal Environmental Impact Assessment (EIA, or AMDAL) for the project was submitted
on March 13, 2019. As of the writing of this report, the equity investments necessary to
financially close the project have yet to be secured. With global pledges to halt coal use
and financing, the plant will likely face difficulties in getting built as financing for coal dries
up. Notably, Indonesia’s most recent long-term electricity plan, 2021-2030 RUPTL, has
postponed the project’s completion date to 2027.
CREA’s assessment found multiple shortcomings in the AMDAL, including a lack of a
quantitative assessment of the health impacts and the toxic deposition impacts of the
project, and the application of outdated air pollutant emissions standards. We assess the
air quality, health and economic impacts of the plant for the emissions stated in the
AMDAL, which meet 2008 emissions limits (Scenario 1), and the 2019 emissions limits for
new coal plants (Scenario 2).
The health impact assessment follows the methods outlined in Koplitz, et al 2017, using
Indonesia-specific data on baseline death rates and years of life lost from the Global
Burden of Disease project results (IHME 2020). Their economic valuation follows the
“Quantifying the Economic Costs of Air Pollution from Fossil Fuels” methodology
(Myllyvirta, 2020). We first calculated the annual emissions based on information on the
plant’s technology and operations declared in the AMDAL. With the passing of more
stringent emissions standards for new coal plants in 2019, there is potential for Jambi-1 to
abide by these more stringent limits to control emissions for the protection of health and
the environment. Emissions under this scenario are also modelled in this report.
Using the CALPUFF modeling system, we conducted a detailed simulation of the chemical
transformation and transport of emissions influenced by the local meteorological
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conditions (2019, model year) and topography. The spread of these emissions contribute
to the local ambient (outdoor) air pollutant concentrations, increasing the risk of disease
and morbidity as a result of exposure to dangerous air quality. We use Indonesia-specific
data on population, population-age structure, cause- and age group-specific death rates,
and prevalence and incidence of different health conditions as the basis for these
estimates. These results are also included in this report.
Table 1: Jambi-1 modelling data per unit, according to AMDAL
EIA declared
Coordinates
Coal Consumption

CREA corrected

Longitude: 102.954028, Latitude: -2.129111
Mt/year

1.85

%

88

Stack Diameter

meters

5

Stack Height

meters

210

Utilization Load Factor

Stack Exit Temperature.

°C

130

60

Exit Velocity

m/s

15.72

Flue Gas Rate

m3/s

308.505

Accounting for an inconsistency in the exit temperature reported in the EIA and a revision
in the emissions standards for new coal passed in 2019 (discussed in the succeeding
section), CREA modelled the potential emissions from the Jambi-1 plant and their
potential impacts under two scenarios; namely:
● Scenario 1: 2008 Emissions Standard for new coal plants. PM, NO2 and SO2
emissions calculated based on the emissions limits outlined in Peraturan Menteri
Lingkungan Hidup Nomor 21 Tahun 2008 tentang Baku Mutu Emisi Sumber Tidak
Bergerak Bagi Usaha/Kegiatan Pembangkit Listrik Termal, Lampiran I A (hereafter,
2008 Emissions standard). Mercury (Hg) is calculated considering a pulverized coal
(PC) boiler and Flue-Gas Desulphurization (FGD) system.1 We assume an exit
temperature of 60°C, as the 130°C declared in the EIA is unlikely.
● Scenario 2: 2019 Emissions Standard for new coal plants. Following emissions
limits by The Environmental and Forestry Minister Regulation
P.15/MENLHK/SETJEN/KUM.1/4/2019 (hereafter, 2019 Emissions standard), we
calculate PM, NO2 and SO2 emission volumes according to the standards for new coal
plants.

1

Hg content is taken from a coal analysis from a similar Indonesian power plant that uses coal of a similar
calorific power and the same sulphur content (Mercury Emissions from Coal-Fired Power Plants in Indonesia,
December 2017)

4

Shortcomings in the Jambi-1 Environmental
Impact Assessment
The official Jambi-1 power plant AMDAL was obtained by CREA, and a review of the
document presented some inconsistencies in the information used in the modelling
conducted. This has implications for the potential emissions of the plant and its impacts
on the health, environment and economy of Indonesia.

Incorrect Flue Gas Exit Temperature
The proposed Jambi-1 coal plant is declared as a pulverized coal plant with electrostatic
precipitators (ESP) and wet limestone flue gas desulfurization (FGD) to control emissions.
However, the flue gas temperature used for the air modelling in the AMDAL is not
consistent with the technical specification of the plant. Wet FGD results in a drop in flue
gas temperature (Sarunac, 2010), but the AMDAL consultant has failed to account for this.
It is possible to reheat the flue gas to higher temperatures, but the diagram presented in
the AMDAL (p. I-12) does not show a reheater. Three recent Environmental Impact
Assessments for coal power plants built by Huadian in China — who is developing Jambi-2
with likely similar specs — show flue gas temperatures of 42–54oC.2
Using a grossly incorrect value invalidates the air quality modelling in the AMDAL, as a
higher exit temperature means the model predicts more thermal plume rise and lower
ground-level pollutant concentration than it would with the correct temperature values
(Briggs, 1984; Yang, 2018). It also shows that the permitting authority failed to apply
elementary scrutiny to ensure that the air modelling is carried out correctly, as the error
would be readily apparent to anyone qualified to evaluate this part of the AMDAL.
Given the technical specifications in the EIA, our modelling assumes a 60oC flue gas
temperature, which is still higher than the likely actual value. Notably, a lower flue gas
temperature means more pollution on the ground level as there is less thermal plume rise.
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Huadian Shaowu Power Generation September 2014: Fujian Huadian Shaowu Power Plant Phase Three
Environmental Impact Assessment Report.
Huadian Laizhou Power Generation May 2020: Fujian Huadian Shaowu Centralized Heating Retrofitting
Primary Heating Supply Station Project. Environmental Impact Assessment Form. (The document reports the
emissions and flue gas characteristics of the Huadian Laizhou 2x1000MW coal power plant.)
Baiyinhua Jinshan Power Company March 2021: Huadian Baiyinhua Jinshan Power Plant Phase Two
Environmental Impact Assessment Report 2021.
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Use of the 2008 Emissions Standards, despite more stringent
emission standards released in 2019
The Ministry of Environment and Forestry (MoeF) Regulation No. 15 Year 2019 Regarding
Emission Standard of Thermal Power Plants placed more stringent emissions limits on
stationary sources, including coal plants, in order to reduce pollution from Indonesia’s
substantial coal power fleet. These limits apply to coal plants that were not yet under
construction at the time the decree was issued, and therefore apply to the Jambi-1 project.
However, the environmental management plan and the environmental permit for Jambi-1
would permit the project to apply the far more lenient 2008 standards, which allow almost
four times the SO2 and NOx emissions and two times the emissions for particulate matter.
The issuance of the standards in itself shows that the MoEF considers the technology
required to meet these standards to be available and usable; therefore, it should be used
and enforced to mitigate the negative impacts of the pollutant emissions of coal plants.
Compliance with such limits impacts the overall emissions of coal plants, as more
protective standards would require plants to install more effective emission control
equipment. Such technologies to control most emissions coming from coal plants are
readily available. Investing in these technologies would minimize the emissions of the
Jambi-1 plant (Table 2), and thus its health and economic impacts.
Table 2: CALPUFF Input Data for Jambi 1 by scenario
Emission limits, mg/Nm3
SO2

NOx

PM

Scenario 1: 2008 Emissions Limit

750

750

100

Scenario 2: 2019 Emissions Limit

200

200

50

Emission Emissions Volumes, tons per year
Controls
SO2
NOx
PM
ESP and
FGD

12,842.30

12,842.30 1,712.31

3,424.61

3,424.61

856.15

The 2008 emissions standards for new coal plants are significantly more lenient than the
2019 emissions standards, nor aligned with the standards found in most other major coal
consuming countries. Failure to require compliance with new plant emission limits is a
distinct threat to the air quality in Indonesia.

Failure to assess impacts of mercury and other heavy metals
emissions
Coal-fired power plants are one of the largest sources of mercury emissions into the
environment globally and in Indonesia (AMAP&UNEP 2019). Mercury affects the health and
development of children. Exposing children to methylmercury while they are in the womb
can have impacts on their cognitive thinking, memory, attention, language, fine motor
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skills, and visual-spatial skills (U.S. EPA; Bose-O'Reilly et al, 2010). In adults, exposure to
mercury increases the risk of cardiovascular diseases (Spadaro & Rabl, 2008).
The Jambi-1 power plant would be a significant new source of mercury emissions in the
area. Yet the AMDAL completely neglects to even mention the issue. Consequently, the
emissions of mercury and other toxic metals are not disclosed and none of the potential
impacts are assessed.

Incomplete assessment of the public health impacts of air
pollutants in the AMDAL
The description of the health impacts from the Jambi-1 coal plant in the AMDAL is highly
incomplete, omitting the health impacts of several key pollutants that would be emitted by
the plant. The assessment in the AMDAL is insufficient in covering the most significant
impacts of PM2.5 and PM10, in particular. The AMDAL also fails to present any quantified
assessment of the health impacts, despite the fact that the tools and methods to do so are
well-established, and standard practice for coal plant assessments worldwide.
These shortcomings are not compatible with the current regulations in Indonesia,
specifically the MoEF 26-2018,3 which requires AMDAL to accurately predict impacts on
health.
The description of the health impacts of PM2.5 and PM10 in the AMDAL is highly
incomplete, failing to include all of the serious chronic health impacts associated with air
pollution. Exposure to particulate matter increases the risk of death from diseases such as
acute lower respiratory diseases in children, as well as lung cancer, stroke, and
cardiovascular and respiratory diseases in adults. Particulate matter pollution is a major
environmental health risk globally and in Indonesia. In 2019, it was responsible for an
estimated 107,000 deaths per day in the country (IHME 2020), according to the prestigious
Global Burden of Disease study.
Most notably, the AMDAL only discusses morbidity, and not mortality, despite the fact that
increased risk of death is the most significant impact of PM2.5 pollution, both in social and
in economic terms.
In addition, the AMDAL completely fails to identify the health impacts of other key
pollutants modelled in this report: SO2 and NO2. These pollutants have major and
significant health impacts as well (WHO, 2021). Since the emissions of mercury and other
toxic heavy metals are completely omitted in the AMDAL, their health impacts are also not
assessed.
3

ERATURAN MENTERI LINGKUNGAN HIDUP DAN KEHUTANAN REPUBLIK INDONESIA NOMOR
P.26/MENLHK/SETJEN/KUM.1/7/2018 TENTANG.
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Furthermore, the AMDAL evaluation of the health impacts from the operation of the
Jambi-1 plant (Table 3.73, p III-90) appears to incorrectly limit analysis to the “coal yard”
and its impacts. It appears that the permitting authority again failed to carry out even the
most elementary scrutiny of the document.
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Results: Air Pollution
Our estimates found that under the 2008 emissions standards specified in the AMDAL, the
Jambi-1 power plant would emit approximately 12,800 tonnes of SO2, 12,800 tonnes of
NOx, and 1,700 tonnes of particulates per year. If the plant was required to meet the 2019
emission standards, annual emissions would drop to 3,400 tonnes per year for SO2 and
NOx, and 860 tons per year for PM — a 73% reduction from Scenario 1.
Figure 1: Estimated Annual PM2.5 Concentrations from Jambi-1
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Figure 2: Estimated Annual SO2 Concentrations

Figure 3: Estimated Annual NO2 Concentrations
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Results: Toxic Deposition
The total mercury, acid and fly ash deposition in surrounding areas will significantly
increase in both 2008 and 2019 emission limit scenarios.
The presence of an FGD system will control mercury emissions from the stack, resulting in
similar Hg emissions between the two modelled scenarios. However, we estimated that a
total of 170 kg of mercury would be emitted from the Jambi-1 plants into land and
freshwater ecosystems in the region annually. Mercury deposition above 125 mg/ha per
year would cover an area of 370 km2 with a population of nearly 17,900 people exposed to
dangerous levels of mercury from coal every year. Not only will this have dangerous
impacts on human health, but also affect mercury concentrations in water, which could
affect crop yield as well as fisheries. Mercury deposition rates as low as 125 mg/ha/year
can lead to the accumulation of unsafe levels of mercury in fish (Swain et al. 1992).
Figure 4: Annual Mercury Deposition under each scenario
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Figure 5: Annual Total Acid Deposition under each scenario

Figure 6: Annual Total Fly Ash Deposition under each scenario
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Health and Economic Impacts
Emissions from the Jambi-1 coal power plant will contribute to ambient concentrations of
PM2.5, NO2 and SO2, increasing the risk of both acute and chronic diseases and symptoms.
Our estimates found that following the 2008 emissions limit found in the EIA, impacts
attributed to air pollutant emissions from the proposed Jambi-1 coal plant include 30
premature deaths and economic damage costs of USD 8.5 million (IDR 120.2 billion) every
year. Compliance with the 2019 emissions standard for new coal is much more protective;
the annual economic cost in healthcare spending and economic productivity losses tied to
pollution from the proposed Jambi-1 plant is estimated at USD 2.36 million (IDR 33.4
billion) every year.4
However, all this could be completely avoided if Jambi-1 is not built. Coal-fired plants are
long-lived assets with power purchase agreements (PPA) given to operate for 30 to 40
years. Calculating the cumulative health and economic impacts over 30 years, an
estimated 1,100 avoidable deaths would occur as a result of air pollution from the Jambi-1
coal plant. Primary and secondary particulate pollution accounts for the majority of these
health impacts. PM2.5, the most dangerous pollutant to human health, would be linked to
55,900 years of life lost as a result of lower respiratory infections, stroke, and ischaemic
heart disease. More protective 2019 emissions limits would decrease the cumulative
premature deaths to 305, although such impacts remain entirely avoidable.
Table 3: Cumulative health impacts in as a result of pollution from the Jambi-1 (95% confidence
intervals, with ranges shown in parentheses)
Scenario 1 (2008
emissions limits)

Scenario 2 (2019
emissions limits)

1,101 (749 - 1,502)

305 (208 - 415)

COPD

79 (29 - 145)

22 (8 - 41)

Diabetes

16 (5 - 31)

5 (1 - 9)

Ischaemic Heart Disease

338 (253 - 429)

95 (71 - 120)

80 (30 - 144)

23 (8 - 41)

LRI in children

4 (2 - 6)

1 (1 - 2)

Lung Cancer

66 (27 - 119)

18 (8 - 33)

Stroke

361 (143 - 629)

102 (40 - 177)

NO2

9 (4 - 20)

2 (1 - 5)

SO2

94 (56 - 137)

22 (13 - 32)

1,594 (950 - 2,232)

447 (266 - 626)

Cause

Pollutant

Premature deaths, as a result of:

Lower Respiratory Infections (LRI)

Non-communicable Diseases & Lower
Respiratory Infections
Asthma emergency room visits
4

PM2.5

PM2.5

see full annual health impacts in the Appendix.
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Low birthweight births

444 (138 - 770)

124 (39 - 216)

New cases of asthma in children

908 (208 - 1,983)

237 (54 - 516)

3,886 (1,035 - 7,906)

1,012 (270 - 2,059)

678 (328 - 720)

190 (92 - 202)

Number of children suffering from asthma due
to pollution exposure (increased prevalence)

NO2

Preterm births
Work absence (sick leave days)

PM2.5

651,057
(553,854 - 747,612)

182,551
(155,296 - 209,624)

Years of life lost

PM2.5

55,878 (37,662 - 78,322)

15,473 (10,448 21,658)

1,881 (622 - 3,774)

529 (175 - 1,061)

541 (197 - 1,005)

152 (55 - 283)

141 (37 - 314)

40 (10 - 88)

1,199 (388 - 2,455)

337 (109 - 690)

Years of life lived with disability
COPD
Diabetes
Stroke

PM2.5

Many other health impacts could be avoided by forgoing new coal plants in favor of clean,
renewable energy including solar, wind, and geothermal energy. This includes nearly USD
640 million (IDR 9.05 trillion) in economic costs that are likely to come from health impacts
from the plant over a 30 year lifetime, under a 2008 emissions limits scenario. Even under a
scenario in compliance with 2019 emissions standards for new coal plants, healthcare
costs and economic productivity losses equivalent to approximately USD 177 million (IDR
2.5 trillion) would still occur due to exposure to pollution from Jambi-1.
In 2021, Indonesia released a roadmap to net-zero for its energy sector, which should raise
major concerns of a potential coal lock-in that may jeopardize the country’s ambitious
targets to phase out coal by 2050. The International Energy Agency has found that a
complete coal phase-out is essential to limit global warming to 1.5C, in line with the Paris
Agreement. Major economic disruption, food shortages, deadly heat, floods, droughts,
wildfires, crop failures and collapse of fisheries will occur in Indonesia in the coming
decades if global warming exceeds 1.5oC (World Bank 2021).
In conclusion, the official Jambi-1 AMDAL contains shortcomings that underestimate the
pollution that may come from the plant, namely in the incorrect flue gas temperature and
the use of less protective emissions limits that are not in line with the most recent 2019
standards for new coal. In addition, the lack of a comprehensive health impact assessment
in the AMDAL, as mandated by law, does not present the full impacts on health and the
environment that may result from the proposed plant. Notably, our findings also show that
even following 2019 emissions standards, pollution from the Jambi-1 plant will still have
an outsized impact on the health of Indonesian citizens and Indonesia’s own climate and
energy targets. All of which could be avoided if the plant is not built.
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Appendix
Materials and methods
Emissions calculations
Emissions factors for major air pollutants (SO2, NOX and dust), coal consumption and flue
gas rate, as well as other important plant specifications, such as technology and stack and
flue gas dimensions, were available in the Jambi-1 AMDAL (2019). Coal calorific value was
reported in Table A-1;
Table A-1: Coal Specifications
Origin

PT Jambi Prima Coal (JPC) and PT Surya Global Makmur (SGM)

type

Sub-bituminous
NO2

Emission rate
(g/s)

231.3788

PM

30.8505

SO2

231.3788

kcal/kg

3600

sulfur content, % kg

0.3

mercury content, ppm

0.076

For scenario 1, annual emissions (E) of pollutant P were derived from emission rates given
in the AMDAL, while Scenario 2 was estimated according to 2019 emissions limits (EL) for
new solid fuel power plants using values of flue gas volume (FGV) and plant load factor (LF)
stated in the AMDAL:
Ep = FGVp x ELp x LF
Mercury emissions (EHg) were calculated using data on coal mercury content and mercury
removal by the plants’ particle control devices from UNEP (2017) Mercury Toolkit:
EHg = CC x CHg x (1 - CEHg),
where CHg is coal mercury content and CE is control efficiency, the amount of mercury
retained by plant emissions controls.
Dispersion modeling
Atmospheric dispersion modeling was carried out using version 7 (June 2015) of the
CALPUFF modeling system (Scire et al. 2000; Exponent 2015). Meteorological and
geophysical data for the simulations are generated with the WRF (Weather Research and
Forecasting) model (Skamarock et al., 2008), version 4.2.2. WRF was set up with 33 vertical
levels and 2 nested grids of 15 and 13 km resolution, centred over the Jambi region in
Sumatra. Mother and inner domains use a two-way nesting technique which ensures
dynamical interaction between them. WRF simulations use initial and lateral boundary
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conditions from NCEP (National Centers for Environmental Prediction) CFRS (Climate
Forecast System Reanalysis) dataset of NOAA (National Oceanic and Atmospheric
Administration) producing three-dimensional, hourly meteorological data covering the full
calendar year 2020.
The CALPUFF model uses the meteorological dataset to predict the atmospheric transport,
dispersion, chemical transformation and deposition of the pollutants, and resulting
incremental ground-level concentrations attributed to the studied emissions sources. The
model performs a detailed simulation of the rise of the plume from the power plant stack,
through which the emissions are discharged.
Health Impact Assessment
CREA has developed a detailed globally implementable health impact assessment
framework based on latest science. This framework includes as complete a set of health
outcomes as possible without obvious overlaps.
The emphasis is on outcomes for which incidence data are available at the national level
from global datasets and outcomes that have a high relevance for health care costs and
labor productivity. These health endpoints were selected and quantified in a way that
enables economic valuation, adjusted by levels of economic output and income in
different jurisdictions.
For each evaluated health outcome, we have selected a concentration-response
relationship that has already been used to quantify the health burden of air pollution at
the global level in peer-reviewed literature. This indicates the evidence is mature enough
to be applied across geographies and exposure levels. The calculation of health impacts
follows a standard epidemiological calculation:

,

where Pop is the total population in the grid location, age is the analyzed age group (in the
case of age-dependent concentration-response functions, a 5-year age segment; in other
cases, the total age range to which the function is applicable), Fracage is the fraction of the
population belonging to the analyzed age group, Incidence is the baseline incidence of the
analyzed health condition, and c is the pollutant concentration, with cbase referring to the
baseline concentration (current ambient concentration). RR(c, age) is the function giving the
risk ratio of the analyzed health outcome at the given concentration for the given age
group compared with clean air. In the case of a log-linear, non-age specific
concentration-response function, the RR function becomes: 𝑅𝑅(𝑐) = 𝑅𝑅0 𝑐−𝑐0 𝛥𝑐0 𝑤ℎ𝑒𝑛 𝑐 >
𝑐0, 1 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒, where RR0 is the risk ratio found in epidemiological research, Δc0 is the
concentration change that RR0 refers to, and c0 is the assumed no-harm concentration (in
general, the lowest concentration found in study data).
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Data on total population and population age structure were taken from Oxford Economics
(Oxford economics, 2021) and for other areas from Global Burden of Disease results for
2019 (IHME 2020). The spatial distribution of population within each city and country, as
projected for 2020, was based on the Gridded Population of the World v4 (CIESIN 2018).
Following the update of WHO Air Quality Guidelines, which now recognize health harm
from NO2 at low concentrations, we have updated the mortality risk function for NO2 based
on the findings of Faustini et al. 2014, and including impacts down to 4.5 µg/m3, the lowest
concentration level in studies that found increased mortality risk.
Table A-2: Estimated annual health impacts from Jambi-1 (95% confidence intervals, ranges in
parentheses)
Cause

Scenario 1: 2008
Pollutant Emission Limits

Premature deaths, as a result of:

Scenario 2: 2019
Emission Limits

26 (18 - 36)

7 (5 - 10)

COPD

2 (1 - 3)

1 (0 - 1)

Diabetes

0 (0 - 1)

0 (0 - 0)

Ischaemic Heart Disease

8 (6 - 10)

2 (2 - 3)

LRI

2 (1 - 3)

1 (0 - 1)

LRI in children

0 (0 - 0)

0 (0 - 0)

Lung Cancer

2 (1 - 3)

0 (0 - 1)

PM2.5

9 (3 - 15)

2 (1 - 4)

NO2

0 (0 - 0)

0 (0 - 0)

SO2

2 (1 - 3)

1 (0 - 1)

asthma emergency room visits, children

20 (10 - 29)

6 (3 - 8)

asthma emergency room visits, adults

25 (16 - 33)

7 (5 - 9)

Stroke

Non-communicable Diseases & lower respiratory infections

low birthweight births

PM2.5

16 (5 - 27)

4 (1 - 8)

new cases of asthma in children

NO2

25 (6 - 56)

7 (2 - 14)

number of children suffering from asthma due to pollution
exposure (increased prevalence)

109 (29 - 222)

28 (8 - 58)

preterm births

24 (12 - 25)

7 (3 - 7)

work absence (sick leave days)

PM2.5

18,258 (15,532 - 20,965) 5,119 (4,355 - 5,878)

years of lives lost

669 (450 - 938)

185 (125 - 260)

years of life lived with disability

44 (15 - 89)

12 (4 - 25)

COPD

13 (5 - 24)

4 (1 - 7)

Diabetes

3 (1 - 7)

1 (0 - 2)

28 (9 - 58)

8 (3 - 16)

Stroke

PM2.5
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Adult deaths and years of life lost from PM2.5 exposure were estimated using the risk
functions developed by Burnett et al. (2018), as applied by Lelieveld et al. (2019). For
deaths, the GEMM (Burnett et al. 2018) risk model was chosen rather than the Global
Burden of Disease model, which includes indoor air pollution and smoking in addition to
outdoor air pollution. Although the GBD model is more widely used, it incorporates
excessively conservative assumptions about health risks at low and high ends of the
concentration range. At the extreme, the model indicates no reduction in risk when air
pollutant concentrations are reduced by a small amount at low and high concentrations,
as it would be applied here for reduction from the energy sector only. The GEMM is based
on the latest evidence and focuses on outdoor air pollution, which is the subject of this
study.
Deaths from long-term NO2 exposure were quantified by applying the findings of Faustini
et al. (2014) meta-analysis, which paid particular attention to the combined impacts of
PM2.5 and NO2 in multi-pollutant risk models. The concentration-response relationship
(odds ratio of 1.04) also aligns closely with the recommendations from the WHO HRAPIE
project (WHO 2013), which recommended an odds ratio of 1.057 but indicated that up to
one-third of the deaths attributed to NO2 exposure could overlap with deaths attributed to
PM2.5. As Faustini et al. did not document the lowest concentrations found in the included
studies, the assumed no-harm concentration was adopted from Stieb et al. (2021).
Deaths of small children (under 5 years old) from lower respiratory infections linked to
PM2.5 pollution were assessed using the Global Burden of Disease risk function for lower
respiratory diseases (IHME 2020). For all mortality results, city-specific data on crude death
rate by age group were obtained from Oxford Economics (Oxford economics, 2021). Overall
death rates were disaggregated into cause-specific rates assuming that the relative share
of different causes in different age groups is the same as that at the national level. The
required cause-specific data were taken from the Global Burden of Disease project results
for 2019 (IHME 2020).
For other health outcomes, national-level incidence data were used.
Health impact modelling projects the effects of pollutant exposure during the study year.
Some health impacts are immediate, such as exacerbation of asthma symptoms and lost
working days, whereas other chronic impacts may have a latency of several years.
Concentration-response relationships for emergency room visits for asthma and work
absences were based on studies that evaluated daily variations in pollutant concentrations
and health outcomes; these relationships were applied to changes in annual average
concentrations. The annual average baseline concentrations of PM2.5 and NO2 were taken
from van Donkelaar et al. (2016) and Larkin et al. (2017), respectively.
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Table A-3: Input parameters and data used in estimating physical health impacts
Concentrationresponse
function

Age
group

Effect

1-18

New asthma cases

NO2

1.26 (1.10 - 1.37)

0-17

Asthma emergency
room visits

PM2.5

18-99

Asthma emergency
room visits

Newborn

Pollutant

Concentration
change

No-risk
threshold

Reference

Incidence data

10 ppb

2 ppb

Khreis et al.
2017

Achakulwisut et
al. 2019

1.025 (1.013,
1.037)

10 µg/m3

6 µg/m3

Zheng 2015

Anenberg et al.
2018

PM2.5

1.023 (1.015,
1.031)

10 µg/m3

6 µg/m3

Zheng 2015

Anenberg et al.
2018

Preterm birth

PM2.5

1.15 (1.07, 1.16)

10 µg/m3

8.8 µg/m3

Sapkota et al.
2012

Chawanpaiboon
et al. 2019

20-65

Work absence

PM2.5

1.046
(1.039-1.053)

10 µg/m3

N/A

WHO 2013

EEA 2014

0-4

Deaths from lower
respiratory
infections

PM2.5

IHME 2020

5.8 µg/m3

IHME 2020

IHME 2020

25-99

Deaths from
non-communicable
diseases,
disaggregated by
cause, and from
lower respiratory
infections

PM2.5

Burnett et al. 2018

2.4 µg/m3

Burnett et al.
2018

IHME 2020

25-99

Disability caused by
diabetes, stroke and
chronic respiratory
disease

PM2.5

IHME 2020

2.4 µg/m3

Burnett et al.
2018

IHME 2020

25-99

Premature deaths

NO2

1.04 (1.02-1.06)

4.5 µg/m3

Faustini et al.
2014; NRT from
Stieb et al.
2021

IHME 2020

10 µg/m3

Numeric values in the column “Concentration-response function” refer to odds ratio corresponding to the
increase in concentrations given in the column “concentration change.” Literature references indicate the use of
a non-linear concentration-response function. No-harm threshold refers to a concentration below which the
health impact is not quantified, generally because the studies on which the function is based did not include
people with lower exposure levels. Data on concentration-response relationships do not exist for all
geographies, so a global risk model is applied to all cities. Incidence data are generally unavailable at the city
level so national averages have to be applied.

Economic Valuation
Economic losses as a result of air pollution from operating and proposed plants were
calculated using the methods outlined in “Quantifying the Economic Costs of Air Pollution
from Fossil Fuels” (Myllyvirta, 2020).
Air pollution both increases the risk of developing respiratory and cardiovascular diseases,
and increases complications from them, significantly lowering the quality of life and
economic productivity of people affected and increasing healthcare costs. The Global
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Burden of Disease project has quantified the degree of disability caused by each disease
into a “disability weight” that can be used to compare the costs of different illnesses. The
economic cost of disability and reduced quality of life caused by these diseases and
disabilities are assessed based on disability weights, combined with the economic
valuation of disability used by the UK environmental regulator DEFRA (Birchby et al 2019),
and adjusted by GNI PPP for Indonesia.
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