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Key messagesպպ
Ɣ Transboundary pollution in the surrounding provinces of Banten and West Java are majorպ

contributors to air pollution in Jakarta Cityϴ JakartaЀs ЁairshedЂ Љ the area where emissionsպ
affect its air quality Љ extends far beyond its bordersϵ regularly including Tangerangϵ Bogorϵպ
Depokϵ Bekasiϵ Puncak and Cianjurϵ and even extending as far as Sumatera Selatanϵպ
Lampungϵ and Central Javaϴ Ж​See ++Ʀ ƝƜƻƝƤ​Зպ

Ɣ Air pollutant emissions both in Jakarta and in surrounding provinces have been increasingϵպ
worsening JakartaϽs air quality and hampering clean air efforts Ж​See ++Ʀ ơƻƣƧ Ɲƥƻƞƞ​Зϴ PM2ϴ5պ
monitoring in Jakarta recorded 101 days with ЁunhealthyЂ air quality in 201ϲ and 172 inպ
201ϳϴ Even with COVIDЉ1ϳϵ air quality in the city did not significantly improve Ж​See +Ʀ ƤǅƦ˓
Satellite images show that the Suralaya power plants in Banten were operating and emittingպ
as usual during COVID restrictionsϴ Winds brought their pollution into Jakartaϵ which mayպ
have contributed to JakartaЀs PM2ϴ5 remaining high despite major reductions in local trafficպ
and urban activityϴ˓

Ɣ Meteorological factors like wind trajectories affect the dispersion of pollutants like NOϵ SO2պ
and PM2ϴ5ϴ In the dry months of May to Octoberϵ when overall pollution levels in the city areպ
highestϵ sources from coalЉfired power and industrial plants to the east of Jakarta Жfromպ
Bekasiϵ Karawangϵ Purwakarta all the way to BandungЗ have more impact on air qualityϴ Inպ
the wet months ЖDecember to MarchЗϵ sources to the west Љ specifically the Banten Suralayaպ
power plants Љ are larger contributorsϴ Ж​See ++Ʀ ƝƜƻƝơ​Зպ

Ɣ There are 136 registered industrial facilities Жincluding power plantsЗ in highlyЉemittingպ
sectors in Jakarta and within a 100km radius of the city bordersϴ 16 are located in DKIպ
JakartaϷ 62 in West Javaϵ 56 in Bantenϵ one in Central Java and the last in Sumatera Selatanպ
Ж​See +Ʀ Ɲƞ​Зϴ Clusters of these industrial facilities coincide with the NOx and SO2 hotspots ofպ
Javaϴ NOx and SO2 oxidize in the atmosphere to form large amounts of secondary PM2ϴ5ϵպ
which can be carried on winds to surrounding areas more than 100km away Ж​See ++Ʀ ƝƜƻƝƞƧ˓
ƝƢƻƝƥǅƦ​ Atmospheric modeling of the worst pollution days in Jakarta shows wind trajectoriesպ
passing through these NOx and SO2 hotspots in Banten and West Javaϵ contributing to allպ
three types of air pollution in the cityϴ Ж​See +Ʀ ƝƞƧ ƝƠ​Зպ

Ɣ Emissions inventories for Bantenϵ West Java and Jakarta show that Banten and West Javaպ
have much higher Жdouble or even quadrupleЗ emissions of PM2ϴ5ϵ SO2 and NOx thanպ
Jakartaϵ in large part due to industries and power plants Ж​See ++Ʀ ƝƢƻƝƣ​Зϴպ

Ɣ Transboundary pollution is imposing major health and economic costs on Jakartansϴպ
CoalЉfired power plants ЖCFPPsЗ within 100km of the city are responsible for an estimatedպ
2ϵ500 premature deaths in the Jabodetabek areaϴ Transboundary pollution is alsoպ

պ



պ

responsible for other negative health impacts related to immunityϵ respiratory andպ
cardiovascular systemsϴ The annual cost of transboundary pollution from CFPPs isպ
estimated at IDR 5ϴ1 trillion per year in Jabodetabekϵ or IDR 1ϲ0ϵ000 per person per yearϴպ
ǄSee ++Ʀ ƞƝƻƞƞǅ˓

Ɣ Policies and frameworks to limit emissions from these sources have been insufficientϴ Theseպ
must be strengthened and implemented to protect the health and wellbeing of IndonesiaЀsպ
citizensϴ Ж​See ++Ʀ ƝƥƻƞƟ​Зպ

պ պ

1պ
պ



պ

պ
Ab*0/ CREAպպ
The Centre for Research on Energy and Clean Air ЖCREAЗ is a new independent researchպ
organisation focused on revealing the trendsϵ causesϵ and health impactsϵ as well as the solutionsպ
to air pollutionϴ CREA uses scientific dataϵ research and evidence to support the efforts ofպ
governmentsϵ companies and campaigning organizations worldwide in their efforts to moveպ
towards clean energy and clean airϵ believing that effective research and communication are theպ
key to successful policiesϵ investment decisions and advocacy effortsϴ CREA was founded inպ
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պ

Overviewպ
Air pollution is a serious problem in Jakartaϴ Rapid industrialization and urbanization has led to aպ
continuous rise in air pollutionϴ It has reached a point where air pollution exceeds theպ
recommended concentrations of the World Health Organization ЖWHOЗ Ж​Fig0-e Ɲ​З threeЉfoldϵպ
resulting in worsening impacts on public healthϴ A 2010 study by Indonesia University found thatպ
nearly 60 percent of JakartaЀs residents suffer from respiratory illnesses associated with poor airպ
quality ЖHaryanto 2017Зϴ Meanwhileϵ the number of known emitters like coalЉfired power plantsϵպ
transport vehiclesϵ and manufacturing facilities has increasedϴ The production and consumption ofպ
coalϵ oil and gas from these sources emit huge amounts of pollutants into the atmosphereϵ whichպ
impacts the air quality of surrounding areas for hundreds of kilometers downwindϴպ պ
պ
Figure 1: Average PM2.5 levels in Jakarta, Indonesia պպ1

պ

While Indonesia has ambitious renewable energy targetsϵ the country is simultaneously increasingպ
its fossil fuel use ЖUNEP 2015Зϴ Currentlyϵ it has the most coalЉfired power plants ЖCFPPЗ inպ
Southeast Asia with a total of 74ϴ Since 2010ϵ electricity generation from such plants has more thanպ
doubled ЖGreenstone et al 201ϳЗϴ Indonesia also has plans for additional 31ϵ200 MW of coalպ
generation capacityϵ 20Ү of which will be located within a 100 km radius of Jakartaϵ and will haveպ
air quality impacts equal to adding 10 million more cars to Jakarta ЖLowy Institute 201ϳЗϴ  Airպ2

quality could become much worse if adequate safeguards are not in placeϴ A Harvard study foundպ

1 The WHO recommends a 10 μgМm3 annual mean for PM2ϴ5ϴ Annual PM2ϴ5 has risen to four times what theպ
WHO recommends and considers healthyϴպ
2 This includes plants whose status is under constructionϵ permittingϵ or announcedϴ Global Coal Plantպ
Trackerϵ 201ϳϴպ
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that those planned coal plants would cause an additional 2ϵ600 people to die prematurely eachպ
year ЖKoplitz et alϴ 2017Зϴպ
պ
The regulations on emissions have remained lenient with limited enforcement of regulations forպ
industriesϴ In additionϵ IndonesiaЀs lax ambient ЖoutdoorЗ air quality standards do not adequatelyպ
control the accumulation of pollution from all sourcesϴ While the WHO says exposure to fineպ
particulate matter ЖPM2ϴ5З of more than 25 ӔgМm3 over a 24Љhour period is already dangerous toպ
human healthϵ the National Ambient Air Quality Standard ЖNAAQSЗ has a limit of 65 ӔgМm3ϴպպ
The aim of this study is to examine transboundary emissions from industrial facilities and powerպ
plants in western Java and their impacts to air quality and human healthϴպ

Major Air Pollutantsպպ
Fossil fuelЉburning power and industrial plants produce emissions while operatingϵ and theseպ
emissions contain toxic air pollutantsϴ Pollutants Љ including but not limited to NOxϵ SO2ϵպ
particulate matter ЖPMЗϵ and mercury ЖHgЗ Љ spread in the atmosphere and cause harm to humanպ
healthϵ including strokeϵ heart diseaseϵ asthmaϵ respiratory infectionsϵ and chronic obstructiveպ
pulmonary disease ЖWHO 2016Зϴ Impaired health conditions lead to increased hospital visits andպ
premature deathϴպ 
պ
Not only are pollutants emitted directly from the sourceϵ but they also interact in the atmosphereպ
and create new pollutantsϴ NOx gases are emitted whenever fossil fuels are burnedϵ due to the veryպ
high temperatures ЖSEPAЗϴ Similarlyϵ SO2 is formed during fuel combustion in power plants andպ
industrial facilities ЖUS EPA 201ϳЗϴպպ
պ
PM2ϴ5 Љ emitted directly from sources ЖprimaryЗ such as vehiclesϵ heavy equipmentϵ forest firesϵպ
and other burning activitiesϵ or formed in the atmosphere ЖsecondaryЗ Љ can remain airborne forպ
long periods and travel hundreds of milesϴ Secondary formation of PM2ϴ5 and ozone occurs whenպ
NOx reacts with other compounds in the atmosphereϵ generally downwind andМor some distanceպ
from the original emission sources ЖUS EPA 2016Зϴ ShortЉ or longЉterm exposure to the particles canպ
cause adverse cardiovascular effectsϴ Because PM2ϴ5 can get deep into the lungsϵ it has also beenպ
linked to respiratory effectsϵ including the exacerbation of asthma and the impairment of lungպ
developmentϴպ
պ
Mercuryϵ a neurotoxic heavy metalϵ is another pollutant emitted from coal plants and that is easilyպ
transported in the atmosphereϴ It can even travel around the globeϵ depositing in very remoteպ
regions ЖUN Environment 201ϳЗϴ Mercury emissions from power plants lacking adequate airպ
pollution control devicesϵ such as those around Jakartaϵ are readily deposited in the region aroundպ
the power plantϵ creating mercury deposition hotspots  Жsee eϴgϴ Sullivan et al 2006Зϴպ3

3 The equipment used to control SO2ϵ wet flue gas desulfurization devicesϵ are effective at removing theպ
locally depositedϵ divalent mercury from the flue gasϴպ
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պ

State of Air Quality in Jakartaպ
Air quality monitoring of PM2ϴ5 by the US Embassy in Jakarta shows that the city only saw 40 daysպ
of ЁgoodЂ air quality in 2017ϵ mostly in the months of Januaryϵ November and Decemberϴ 201ϲ hadպ
only 25 ЁgoodЂ daysϵ in contrast to the 101 recorded days of air quality within a range consideredպ
ЁunhealthyЂϴ In 201ϳϵ the number of unhealthy days increased to 172 Љ over 50Ү of the yearϴ Earlyպ
2020 monitoring shows that even with the disruption caused by COVIDЉ1ϳϵ air quality from Marchպ
to May remained within moderate to unhealthy levels Ж​See​ ​Fig0-e ƞ​Зϴպ
պ
The dry season ЖMay to OctoberЗ sees the most number of unhealthy air quality daysϴ The rainyպ
season ЖNovember to MarchЗ provides some respite but overall air quality in 201ϲ and 201ϳ showպ
that for most of the year PM2ϴ5 are at levels that are unhealthy to sensitive groupsϵ and for the firstպ
time in the past four yearsϵ not a single day in 2020 has had good quality airϴպ

Figure 2: Daily average of PM2.5 concentrations in Jakarta from 2017 to 2020պ

պ
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In addition to PM2ϴ5ϵ satelliteЉbased imaging shows that Jakarta and parts of Banten and Westպ
Java are major ambient NO2 hotspots Ж​Fig0-e Ɵ​Зϴ Over the past decadeϵ NO2 levels increased inպ
Bantenϵ West Java and southern Lampungϴ There was also a big increase in NO2 further away inպ
Jepara due to coal expansionϴ This indicates an increasing trend in fossil fuel use and emissionsպ
outside Jakartaϵ which also means an increased transboundary impact on air quality in Jakartaϴպ
NO2 levels are an indicator of increased fossil fuel emissions of both NOx and PM2ϴ5ϵ as the sameպ
emissions sources produce both types of emissionsϴ ЖNOx emissions contribute to PM2ϴ5պ
formationϵ because some NOx is converted into PM2ϴ5 particles ЖnitratesЗ before reaching the cityϴЗպ
This has contributed to the worsening measurements of ambient PM2ϴ5 concentrations in Jakartaպ
Ж​Fig0-e ƞ​Зϵ as secondary PM2ϴ5 circulates with meteorological conditions resulting in their longպ
range transferϴ Together with pollution from local sourcesϵ this can result in episodes of higherպ
pollutionϴպպ պ
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Figure 3: NO2 Hotspots over Jakarta, Banten and West Javaպ պ
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Related Literatureպ
Regulations for industrial emissions have remained lenient although the country has implementedպ
stricter standards on other emission sources such as the transport sectorϴ Jakarta has facedպ
several situations where traffic has eased but air pollution has not significantly droppedϵ leading toպ
the conclusion that controlling emissions from transportation is not enoughϴպպ
 
An inЉdepth study on the effects of sea and land breezes shows how air pollutants are transferredպ
by these winds into Jakarta ЖSofyan et alϴ 200ϲЗϴ The results of the study indicate that before dailyպ
land and sea breezesϵ NO2 and SO2 concentrations are highest in the emissionЉsource areas inպ
central Jakarta and coastal industriesϴ Sea breeze increases the concentration of the pollutants inպ
the city by transporting them from the coast to southern Jakarta and into the mountainous areaպ
beyondϴպ պ
պ
CREA analyses on the impact of COVIDЉ1ϳ around the world found that ​unlike many otherպ
countries​ϵ the workЉfromЉhome and Pembatasan Sosial Berskala Besar ЖPSBBЗ in Indonesia did notպ
improve air quality despite a decrease in urban activityϴ Atmospheric NO2 in Jakartaϵ Banten andպ
West Java decreased in comparison to 201ϳ levels due to a slowdown in emissions from major NO2պ
sources like transport and industry Ж​See A++e)di3​Зϴ Howeverϵ PM2ϴ5 concentrations in Jakartaպ
increased from late March to early Juneϴ PM2ϴ5 travels farther than NO2 and can pollute fartherպ
away from its original sourceϵ suggesting that transboundary pollution from outside the city was aպ
factor in the lack of change in PM2ϴ5ϴ TROPOMI Satellite images showed that the Suralaya powerպ
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plants in Banten were operating and emitting as usualϴ Wind trajectories on April 12ϵ 2020 Љ whenպ
PM2ϴ5 in Jakarta spiked Љ showed that air was traveling in a northЉeast directionϵ passing across orպ
close to the Suralaya plants and carrying pollution to Jakartaϵ preventing PM2ϴ5 in the city fromպ
dropping substantiallyϴպ պ
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Modeling transboundary pollution from the sourceպ

Meteorology plays a role in the build up of air pollutionպ
Meteorological conditions in western Java are a factor in the transboundary movement ofպ
pollutantsϴ Wind speedϵ temperatureϵ humidity and rainfall can affect the concentration andպ
dispersion of air pollution away from its original sourceϴպպ
պ
We used the HYSPLIT model developed by the UϴSϴ NOAAϵ driven by weather data from 2017 toպ
2020ϵ to generate the distinct patterns of air flow and wind trajectories for IndonesiaЀs two seasonsպ
Ж​Fig0-e Ơ​Зϴ HYSPLIT modeling is at a receptor height of 10 meters Љ a level where pollution isպ
ЁwellЉmixedЂ and thusϵ transported and easily inhalable by humansϴ The modeling shows that inպ
the seven months of the wet season ЖNovember to MayЗϵ winds come from both northeast andպ
southeast directionsϵ bringing emissions from sources in South Sumatraϵ Lampungϵ Bantenϵ andպ
Bogor in West Javaϴ In the dry season ЖJune to OctoberЗϵ wind trajectories are more frequentlyպ
coming from West Javaϵ indicating that emissions sources in the east and southeast of Jakarta Љ asպ
far away as Cirebon and Bandung Љ have a greater impact on air quality in the dry seasonϴպ
SatelliteЉbased analysis shows that emissions in these provinces have been increasing over theպ
yearsϵ which will have increased JakartaЀs pollutionϵ as well as local pollution levels Ж​See A++e)di3​Зϴպ
Controlling these emissions sources is essential for improving air quality in the Jakarta regionϴպ
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Figure 4: Most representative wind trajectories that reached Jakarta during the wet and dryպ
seasons Ж2017Љ2020З

պ
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To further illustrate that wind trajectories are a factor in transboundary pollutionϵ we modeled theպ
individual wind trajectories on some of the days with the worst air pollution readings in Jakartaպ
Жwhen PM2ϴ5 was over ϲ0 ӔgМm3Зϴ ​Fig0-e ơ​ shows the wind trajectories that entered Jakarta duringպ
these peak pollution days between 2017 and 2020ϴ These winds brought in pollutants fromպ
industries in Suralaya and Tangerang in Bantenϵ as well as from industries in West Javaϵ startingպ
from the cluster of facilities on the eastern border of Jakarta and extending to West Karawangϵպ
Purwakartaϵ and Bandungϴպ պ
պ
Figure 5: Wind trajectories flowing into Jakarta during Ͽpollution peaksЀ Ж2017Љ2020Зպ
P*2e- +la)/. a)d i)d0./-ial facili/ie. ƝƜƜ k( f-*( Jaka-/a˓

 
CREA ba.ed HYSPLIT (*deli)g a)d PROPER ƞƜƝƥ˓
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պ

Power plants & industrial facilities in western Javaպ
A tally of facilities from the 201ϳ Program for Pollution Control Evaluation and Rating ЖPROPERЗպ
shows that a total of 41ϲ industrial facilities are found within a 100 km radius of the greater Jakartaպ
areaϴ Of these facilitiesϵ 136 are in highly emitting sectors like cement and steelϵ glassϵ oil and gasպ
refiningϵ power and energy Жwhich includes CFPPsЗϵ metalsϵ and petrochemicals and plasticsպ
Ж​Fig0-e Ƣ​Зϴ ϲ6 percent of these highly emitting facilities operate outside of JakartaЀs bordersϷ thereպ
are 62 facilities in West Javaϵ 56 in Bantenϵ 1 in Central Java and 1 in Sumatera Selatan which fallպ
within 100 km of Jakartaϴպպ
պ
Figure 6: Distribution of power and industrial plants in Jakarta and within 100km of the cityպ

պ
The cluster of power plants and industries that run along northern Java are hotspots for SO2 andպ
NO2 emissions Љ both indicators of fossil fuel pollutionϴ They also overlap with the areas whereպ
industrial facilities are located Ж​-efe- /* b*/h​ ​Fig0-e Ɵ a)d Fig0-e Ƣ​Зϴպպ
պ

պ պ
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Concentration & Distribution range of pollutantsպ
To assess the contribution of large point sources to air pollution in Jakartaϵ we carried out detailedպ
atmospheric modeling of pollutant dispersion from the coalЉfired power plants surrounding theպ
cityϴ We developed 3Љdimensional meteorological data for every hour of the modeling year Ж2014Зϵպ
including wind speedsϵ directionsϵ humidityϵ temperatureϵ atmospheric stability and other relevantպ
variables using the TAPM meteorological model developed by AustraliaЀs national science agencyպ
CSIROϴ We then used the CALPUFF dispersion modelϵ the most widely used longЉrange model inպ
the worldϵ to simulate the pollution from the coalЉfired power plantsϴ The model tracksպ
groundЉlevel pollution dispersionϵ chemical transformation and deposition in the atmosphere toպ
assess the impact of the modeled sources on air quality across the modeling areaϴպ
պ
TAPMМCALPUFF modeling of surfaceЉconcentrations of pollutants emitted from coalЉfired powerպ
plants shows that large emissions sources up to 100km away from Jakarta have a significantպ
impact on the cityЀs air qualityϴ Figure 7 shows examples of the worstЉcase pollution dispersion inպ
Jakartaϵ when air masses arrived in the city from the Suralaya industrial zoneϵ where five largeպ
CFPPs are locatedϴ PM2ϴ5 pollutant concentration Ж​-igh/ƻ(*./ i) Fig0-e ƣ​З caused by the coal plantsպ
in this case is higher in DKI Jakarta than in Bantenϴ This is partly due to the transformation of largeպ
SO2 and NOx emissions from coal plants in Banten Љ where the two pollutants are most highlyպ
concentrated Ж​ce)/e- a)d lef/ƻ(*./ i(age. i) Fig0-e ƣ​З Љ into secondary PM2ϴ5 downwind and closerպ
to Jakartaϴպպ
պ
Figure 7: NO2, SO2 and PM2.5 concentrations over Jakarta on the Ёworst daysЂ of pollutionպ

պ
We also used TAPMМCALPUFF to model emissions of the three pollutants from the six coalЉfiredպ
power plants within 100km of Jakarta averaged for each month to demonstrate differences in theպ
dispersion and concentrations of pollutants Ж​Fig0-e ƤƻƝƜ​Зϴ The concentration of pollution in theպ
northernmost area of Bantenϵ where the Suralaya plants are locatedϵ remains consistently highϵպ
and contributes to air pollution in Jakarta in all monthsϵ with highest impacts from Decemberպ
through Aprilϴպ
պ
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Figure 8: Monthly Average of NO2 concentrations from coalЉfired power plantsպ
պ պ
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Figure 9: Monthly Average of SO2 concentrations from coalЉfired power plantsպ

պ
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Figure 10: Monthly Average of PM2.5 concentrations from coalЉfired power plantsպ

պ
 

Emission sources in the areas affecting JakartaЀs air qualityպ
The figures above make it clear that JakartaЀs ЁairshedЂ Љ the area within which air is frequentlyպ
confined or channeledϵ and thus the area where emissions affect JakartaЀs air quality Љ extends farպ
outside the cityЀs borders to include Bantenϵ West Javaϵ Sumatera Selatanϵ Lampungϵ and Centralպ
Javaϴ Because of their proximityϵ the Kabupatens of Serangϵ Tengerangϵ Kota Cilegon and Kotaպ
Tangerang in Bantenϵ as well as Kota Depokϵ Kabϴ Bekasi and Kabϴ Karawang in West Java all fallպ
within the airshed and regularly contribute to transboundary pollution into Jakartaϴ Many otherպ
Kabupatens located more than 100km from JakartaϽs border are also part of the airshed Ж​Fig0-e.˓
ƤƻƝƜ​Зϵ but their contributions to transboundary pollution have not yet been analyzed in detailϴպ
պ
This is in line with experiences in other countries and citiesϴ For exampleϵ in New Delhiϵ Indiaϵ airպ
quality measures target the ЁNational Capital RegionЂ which extends 300 km outside the cityϵ whileպ
for Beijing and Shanghai in Chinaϵ the ЁNational Key Control RegionsЂ designated around theseպ
cities extend up to 500 km awayϴպ
պ
Analysis of emissions in Javaϵ based on the EDGAR 5ϴ0 emissions inventory for 2015ϵ prepared byպ
the European Union Joint Research Committeeϵ shows that Central Javaϵ West Java and Bantenպ

1ϲպ
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պ

each have much higher air pollutant emissions than the Greater Jakarta area Ж​(e/h*d*l*g4 i) /he˓
A++e)di3​Зϴ In terms of emitting sectorsϵ energy Жpower plantsЗϵ industryϵ road transportϵ agricultureպ
and residential fuel use are all important sources of pollutionϴ The emissions inventory by provinceպ
and sector in ​Fig0-e ƝƝ​ show that the provinces of West Javaϵ Bantenϵ and Central Java have theպ
highest emissions among the provinces found within JakartaЀs airshedϷ higher than Jakarta itselfϴպ
The extent to which each province contributes to transboundary air pollution in Jakarta has notպ
yet been analyzedϴպ
պ
Figure 11: Air pollutant emissions around Jakarta by province Ж2015Зպ

 
 
Figure 12 is a combined emissions inventories of Jakartaϵ West Java and Banten that shows theպ
amount of pollutants from each sectorϴ SO2 and NOx emissions from the energy and industrialպ
sectors are highestϵ while primary PM 2ϴ5 is more heavily emitted from agricultural burning and theպ
residential and commercial sectorsϴ It is important to note that these emission inventories do notպ
calculate how large amounts of SO2 and NOx in the atmosphere transform into ЁsecondaryЂ PM2ϴ5պ
and ozoneϴ While industrial and energy sources of primary PM2ϴ5 are smallϵ large amounts ofպ
secondary PM2ϴ5 can be very significantϵ especially as wind trajectories carry them from oneպ
province to anotherϵ as shown in the sections aboveϴ Thusϵ it is important to address all sources ofպ
pollution that may impact Jakartaϵ particularly from the industry and energy sources in Bantenպ
and West Javaϴպ
պ
պ
պ
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Figure 12: Air pollutant emissions by sector in Jakarta, West Java and Banten Ж2015Зպ

 
While EDGAR data shows how emissions by province and sector contribute to the regional airshedϵպ
it is not a replacement for local emissions inventoriesϵ which provide specificity to the sources ofպ
pollution and their contributions to a smaller geographic areaϴ Emissions inventories conducted atպ
a city level across the three provinces should be part of air quality management plansϴպպ
 

պ պ
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Estimated risk of air pollution without regulationsպ
on emissionsպ 
 
According to IndonesiaЀs National Energy Councilϵ the country has a projected 5Ү average annualպ
growth rate in national energy demand under a businessЉasЉusual scenarioϵ where demand in 2050պ
is almost four times that of 201ϳ ЖIndonesia Energy Outlookϵ 201ϳЗϴ Despite plans to increaseպ
renewable energyϵ an increase in fossil fuel supply and consumption is expected in order to meetպ
projected demand in the energyϵ transportationϵ industrialϵ and commercial sectorsϴ Unlessպ
stronger standards and policies are introduced and enforcedϵ the already unhealthy air quality willպ
continue to worsenϴպ
 
There are 7600 megawatts ЖMWЗ of operating coalЉfired capacity within 100km of JakartaЀsպ
bordersϵ with another 6000 MW in developmentϴ This is more than any other national capitalպ
airshed in the worldϵ and currently the highest stationary source of emissions Ж​Fig0-e ƝƟ​Зϴ Inպ
additionϵ the air pollutant emissions standards applied to these plants are very weakϵ allowingպ
10Љ20 times more air pollution than the recommended standards Жeϴgϴ in Chinaϵ the Europeanպ
Unionϵ Japan or South KoreaЗϴ More than half of current capacity within 100 km of Jakarta is in theպ
Banten Suralaya power plant complexϵ the most polluting industrial complex in all of Southeastպ
Asia based on satellite measurements ЖNASA ​2020​Зϴպպ
պ

պ պ
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պ

Emissions Standards for thermal power plantsպ
In 201ϳϵ the MoEF issued new emission standards that substantially strengthened the limits forպ
ЁnewЂ coalЉfired power plantsϵ but the ministry has stated that these new plant limits wonЀt beպ
applied to the new projects coming up around Jakarta since they already have power purchaseպ
agreements or permitsϴ In additionϵ old plants can emit  levels of NOx and SO2 of up to 550պ
milligrams per cubic metre ЖmgМNm3З Љ which are significantly higher than standards of most otherպ
major coal consuming countriesϵ and not limiting enough to incentivize retrofitting of such plantsպ
with effective pollution controlsϴ The enormous planned expansion of coalЉfired power generationϵպ
combined with the failure to require compliance with new plant emission limitsϵ is a distinct threatպ
to the air quality of Jakartaϴ 
 
FLgXUe 13: CRPSaULVRQ Rf IQdRQeVLa¶V RSeUaWLQg aQd QeZ ePLVVLRQ VWaQdaUdV fRU 
WheUPaO SRZeU SOaQWV WR ChLQa, IQdLa, aQd Whe EXURSeaQ UQLRQ  

պ

պ պ

22պ
պ



պ

Economic & Health Costs of air pollution from surrounding coalպ
plants on Jakartaպ
The energy sector is the largest source of SO2 and NOx pollutant emissions in the provincesպ
surrounding Jakarta Љ although not the only source Ж​Fig0-e. ƝƝ a)d Ɲƞ ab*1e​Зϴ To illustrate theպ
importance of transboundary pollutionϵ we present a further analysis of the health and economicպ
impacts of this sectorϴպ
պ
Dangerous air pollution from power plants in Banten and West Java is made worse by weakպ
emissions standardsϵ severely impacting both the health of Jakartans and the cityЀs economyϴպ
CoalЉfired power plants expose people to toxic particles Жsome microscopic like PM2ϴ5Зϵ ozoneպ
Жfrom NOxЗ and heavy metals like mercuryϴ In addition to the direct effects on human healthϵպ
exposure to such particles indirectly impacts healthcare systemsϵ economic productivityϵ andպ
social welfareϴ With the COVIDЉ1ϳ pandemicϵ such stresses on the countryЀs systems will onlyպ
worsenϴ New studies show links between long term exposure to poor air quality and vulnerabilityպ
to the virus ЖCREAϵ 2020Ϸ Harvardϵ 2020Зϴպ
պ
CREA modeled the health impacts of the coal power plants surrounding Jakartaϵ following theպ
methodology of the Harvard study Ё​Burden of Disease from Rising CoalЉFired Power Plantպ
Emissions in Southeast Asia​Ђϵ updated to the current situation of operating coalЉfired power plantsպ
ЖThis model does not include PLTU Jawa 7 Unit 1ϵ which began operations in December 201ϳϴ​ ​See˓
A++e)di3​ f*- li./ *f +la)/. i)cl0ded​Зϴ The air quality modeling was done with the CALMETЉCALPUFFպ
modeling system that allows higher local resolution than the original studyϴ We found thatպ
transboundary air pollution from coalЉfired power plants alone is responsible for an estimatedպ
2500 air pollutionЉrelated deaths in Jabodetabek annuallyϴ  This transboundary pollution is alsoպ4

responsible for other negative health impactsϵ including new cases of asthmaϵ asthma emergencyպ
visitsϵ preterm birthsϵ increased prevalence of disabilities related to strokeϵ respiratory diseasesպ
and diabetesϵ as well as increased sick leavesϴպ
պ
Table 1: Estimated health impact of transboundary air pollution from operating coalЉfiredպ
power plants on Jabodetabek ​Ǆe3cluding PLTU Jawaƻƣǅ​, using 2019 standards.պպ

Health effectsպ Operatingպ 95Ү confidenceպ
intervalպ

PM2ϴ5պ
deathsպ

Lower respiratory infections ЖinfantsЗպ 40պ Ж10Љϳ0Зպ

Lung cancerպ 60պ Ж20Љϳ0Зպ

Other cardiovascular diseasesպ 170պ Ж100Љ230Зպ

4 Jabodetabek includes the city of Jakarta and the surrounding regions of Tangerangϵ Bogorϵ Depokϵ Bekasiϵպ
Puncakϵ and Cianjurϴպ
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Ischemic heart diseaseպ 4ϲ0պ Ж310Љ650Зպ

Strokeպ 550պ Ж340Љ760Зպ

Other respiratory diseasesպ 60պ Ж40Љϲ0Зպ

Chronic obstructive pulmonary diseaseպ ϲ0պ Ж50Љ110Зպ

PM2ϴ5 Totalպ 1430պ Жϲ70Љ2020Зպ

NO2պ
deathsպ

All causesպ 1020պ Ж5ϳ0Љ21ϲ0Зպ

Total premature deathsպ 2450պ Ж1260Љ3470Зպ

 
The economic costs of these health impacts on Jabodetabek were assessed following theպ
methodology of the CREA report Ё​Quantifying the Economic Costs of Air Pollution from Fossilպ
Fuels​Ђϴ Currentlyϵ transboundary pollution from coal power plants causes estimated annual costsպ
of IDR 5ϴ1 trillion in Jabodetabekϴ This is currently equivalent to IDR 1ϲ0ϵ000 per person per year inպ
the cityϴպ
պ
Table 2: Estimated economic cost of transboundary air pollution from operating coalЉfiredպ
power plants on Jabodetabek ​Ǆe3cluding PLTU Jawaƻƣǅ​, using 2019 emissions standards.պ 

Outcomeպ Number of casesպ Cost ЖIDR billionЗպ

asthma emergency room visitsպ 1ϵ772 Ж1ϵ1ϲ0 Љ 2ϵ427Зպ 1ϴ6 Ж1 Љ 2ϴ1Зպ

new cases of asthma in childrenպ 3ϵ1ϲ0 Ж1ϵ4ϲ5 Љ 4ϵ013Зպ 51 Ж24 Љ 65Зպ

preterm birthsպ 71ϲ Ж416 Љ 746Зպ 264 Ж153 Љ 275Зպ

work absence Жsick leave daysϵպ
millionЗպ

0ϴ65 Ж0ϴ56 Љ 0ϴ73Зպ 1ϳ1 Ж166 Љ 215Зպ

years lived with disabilityպ ϳϵ616 Ж7ϵ67ϲ Љ 11ϵ275Зպ 1ϵ040 Жϲ30 Љ 121ϳЗպ

years of life lostպ 24ϵϳ53 Ж1ϲϵ432 Љ 34ϵϲ55Зպ 3ϵ52ϲ Ж2ϵ606 Љ 4ϵϳ27Зպ

total economic costպ պ 5,076 Ж3,781 Љ 6,703Зպ

 
 պ
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պ

Recommendationsպ
Air pollution is a manageable problemϴ Prioritizing the necessary measures to protect Indonesianպ
citizensЀ right to clean air will require the appropriate policies to regulate and monitor bothպ
ambient air quality and pollution from major sourcesϴ These policies must be accompanied byպ
enforcement mechanisms to hold large polluters accountable whilst protecting IndonesiaЀsպ
environment and citizensϴ Considerable efforts have been made to establish a national energyպ
planϵ which must be supported by reforms to the countryЀs air quality management systemϴ Thisպ
should include϶պ

Ɣ Revising the National Ambient Air Quality Standard to meet the WHO guidelines forպ
healthy air quality. ​This requires timeЉbound targets to reduce pollutants like PMϵ NOxϵպ
and SO2 at both the national and provincial levelϴպ

○ To ensure accuracy of information about air quality  and compliance withպ
environmental standardsϵ the government must also improve monitoringպ
networks both within Jakarta and in all major citiesϴ Monitoring stations shouldպ
measure for emissions in realЉtimeϵ and data from these stations should be readilyպ
available to the publicϴ The data should also be reported electronically acrossպ
different levels of government Жeϴgϴ cityϵ province and centralЗ to prevent dataպ
manipulationϴպ

Ɣ Enforcing the updated 2019 emissions standards on all planned thermal power plantsպ
ЖFigure 13Зϵ​ including ones currently under construction to ensure that plants can stillպ
be retrofitted to fit stricter and safer emissions standards.պպ

○ To ensure complianceϵ such facilities should also be responsible for installingպ
continuous emission monitoring systems ЖCEMSЗ for all major pollutants Жeϴgϴպ
PM2ϴ5ϵ PM10ϵ SO2ϵ NOxϵ ozone and carbon monoxideЗϴ This will also allowպ
regulators and monitoring bodies to track whether such standards are sufficientlyպ
mitigating emissionsϴպ

Ɣ Updating the emissions standards for other polluting industries based onպ
industryЉspecific ЁBest Available TechnologyЂ to minimize their environmental andպ
health impacts.​ Jakarta already has stricter controls on air pollution sourcesϵ but as thisպ
analysis showsϵ emissions from sources outside of the city greatly affect Jakarta air qualityպ
and public healthϴ Working with neighboring jurisdictions and the national government toպ
monitor and reduce pollution outside city borders will ensure that efforts in oneպ
municipality are not undermined by lack of effective pollution reduction elsewhereϴպ

○ All power plants and industrial facilities in JakartaЀs multiЉprovince airshedպ
contribute to pollution in Jakartaϴ Given the crossЉprovince reach of stationaryպ
source emissions in western Javaϵ the provinces of Jakartaϵ Banten and West Javaպ
should collaborate on setting emissions control targetsϴ This can begin with aպ
baseline emissions inventory analysis to analyze cumulative air pollution fromպ
various sources across the regionϴպ
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պ

Appendixպ
Data for modeled coal power plantsպ
Table AƝƨ O+e-a/i)g a)d +la))ed c*alƻfi-ed +*2e- +la)/. 2i/hi) ƝƜƜ k( *f Ce)/-al Jaka-/a˓

Plantպ Latitudeպ Longitudeպ Unitsպ Capacity ЖMWЗպ Statusպ

PLTU Suralayaպ Љ5ϴϲϳ274պ 106ϴ030ϲպ ϲպ 4025պ Operatingպ

PLTU Labuan Unit 1Љ2պ Љ6ϴ3ϳ212պ 105ϴϲ2ϲ5պ 2պ 600պ Operatingպ

PLTU Lontar Unit 1Љ3պ Љ6ϴ05ϳ41պ 106ϴ461ϳպ 3պ ϳ45պ Operatingպ

PLTU Babelan Unit 1Љ2պ Љ6ϴ11607պ 107ϴ052պ 2պ 2ϲ0պ Operatingպ

PLTU Banten Unit 1պ
ЖLestari Banten EnergiЗպ

Љ5ϴϲϲ2ϳ7պ 106ϴ045ϳպ 1պ 670պ Operatingպ

PLTU Pelabuhan Ratuպ Љ7ϴ0242պ 106ϴ5464պ 3պ 1050պ Operatingպ

PLTU Jawa 7 Unit 1պ Љ5ϴϳϳ6ϳ1պ 106ϴ0ϳ17պ 1պ 1000պ Operating ​Ǆb0/ )*/˓
i)cl0ded i) (*deli)gǅ˓

PLTU Jawa 7 Unit 2պ Љ5ϴϳϳ6ϳ1պ 106ϴ0ϳ17պ 1պ 1000պ Constructionպ

PLTU Lontar Expansionպ Љ6ϴ05ϳ41պ 106ϴ461ϳպ 1պ 315պ Constructionպ

PLTU Jawa 9պ Љ5ϴϲϳ3ϲ4պ 106ϴ0227պ Љպ 1000պ Financingպ

PLTU Jawa 10պ Љ5ϴϲϳ3ϲ4պ 106ϴ0227պ Љպ 1000պ Financingպ

PLTU Banten Unit 2պ Љ5ϴϲϲ2ϳ7պ 106ϴ045ϳպ Љպ 660պ Plannedպ

PLTU Jawa 5պ Љ5ϴϲϳ274պ 106ϴ030ϲպ Љպ 1000պ Plannedպ

պ
Table Aƞƨ E./i(a/ed ai- +*ll0/a)/ e(i..i*). f-*( *+e-a/i)g +*2e- +la)/. ǄCALPUFF M*deli)g I)+0/ǅ˓

Unitsպ Thermalպ
Efficiencyպ

Flue Gasպ
Concentrationպ
ЖmgМNm​3​Зպ

Annual Emissions ЖTonnesЗպ

SO ​2պ NOxպ PMպ PM10պ PM2.5պ Hg ​Ǆkg ​Зպ

PLTU Suralaya Љպ
Banten 1Љ4պ

Subcriticalպ
pulverizedպ

combustionպ
Ж34Үպ

efficiencyЗպպ

պ
SO2϶ 550պ
NOx϶ 550պ
Dust϶ 100պ

1ϲϵϲ06պ 1ϲϵϲ06պ 3ϵ41ϳպ  2ϵ30ϲպ 1ϵ026պ ϳ0պ

PLTU Suralaya Љպ
Banten 5Љ7պ

21ϵ157պ 21ϵ157պ 3ϵϲ47պ 2ϵ5ϳ6պ 1ϵ154պ 101պ

PLTU Suralaya Љպ
Banten 8պ

Subcriticalպ
Ж37ҮЗպ

ϲϵ016պ ϲϵ016պ 1ϵ457պ ϳϲ4պ 437պ 3ϲպ

2ϲպ
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PLTU Labuanպ
Unit 1Љ2պ

SubЉcriticalպ
circulatingպ
fluidizedպ

Ж37ҮЗպ

7ϵ6ϳ5պ 7ϵ6ϳ5պ 1ϵ3ϳϳպ ϳ44պ 420պ 37պ

PLTU Lontarպ
Unit 1Љ3պ

Subcriticalպ
Ж3ϲҮЗպ

11ϵϲ01պ 11ϵϲ01պ 2ϵ146պ 1ϵ44ϲպ 644պ 56պ

PLTU Babelanպ
Unit 1Љ2պ

Subcriticalպ
Ж3ϲҮЗպ

3ϵ4ϳ7պ 3ϵ4ϳ7պ 636պ 42ϳպ 1ϳ1պ 17պ

PLTU Bantenպ
Unit 1 ЖLestariպ
Banten EnergiЗպ

Supercriticalպ
Ж3ϲҮЗպ

ϲϵ367պ ϲϵ367պ 1ϵ521պ  1ϵ027պ 456պ 40պ

PLTU Pelabuhanպ
Ratuպ

Subcriticalպ
Ж3ϲҮЗպ

13ϵ113պ 13ϵ113պ 2ϵ3ϲ4պ   1ϵ60ϳպ  715պ 63պ

պ
Table AƟƨ Ba.ic Pla)/ Da/a ǄCALPUFF M*deli)g I)+0/ǅ˓

Plantsպ Stack Heightպ
ЖmЗպ

Stack Innerպ
Diameter ЖmЗպ

Flue Gasպ
Velocity ЖmМsЗպ

Flue Gasպ
Temperature ЖCЗպ

PLTU Suralaya Љ Banten 1Љ4պ 200պ 5ϴ5պ 21ϴ5պ 72պ

PLTU Suralaya Љ Banten 5Љ7պ 275պ 6ϴ5պ Љպ Љպ

PLTU Suralaya Љ Banten 8պ 275պ Љպ Љպ Љպ

PLTU Labuan Unit 1Љ2պ 215պ 7ϴ5պ Љպ ϳ4ϴϲ5պ

PLTU Lontar Unit 1Љ3պ 127պ 4ϴ6պ 25պ 131պ

PLTU Babelan Unit 1Љ2պ 235պ 6ϴ3պ 17ϴ4պ ϳ0պ

PLTU Banten Unit 1պ
ЖLestari Banten EnergiЗպ

235պ 6ϴ3պ 17ϴ4պ ϳ0պ

PLTU Pelabuhan Ratuպ 235պ 6ϴ3պ 17ϴ4պ ϳ0պ

պ
պ պ
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Methodology of EDGAR 5.0պ
The Emissions Database for Global Atmospheric Research ЖEDGAR v5Зϵ used to generate findings onպ
the emissions sources in JakartaЀs airshedϵ provides data on past and present day Ж1ϳ70Љ2015Зպ
anthropogenic emissions of air pollutants by country and sector on a spatial 0ϴ1 degree by 0ϴ1պ
degree gridϴ The emissions inventories found in Figures 11 and 12 feature emissions Љ not ambientպ
concentrations Љ for three major pollutants available with EDGARϴ These emissions are calculatedպ
using a technologyЉbased emission factor approachϵ checked for abatement measures and qualityպ
controlledϴ This is applied consistently across all countries on an annual basisϴ In additionϵ EDGARպ
uses a geographical database built using spatial proxies to plot the location of energy andպ
manufacturing facilitiesϵ road networksϵ shipping routesϵ human and animal population densityϵպ
and agricultural land useϵ which can vary and change significantly over timeϴ This gives us theպ
ability to aggregate approximate emissions down to the city levelϵ and disaggregate by pollutantպ
and sectorϴ EDGAR relies on various proxies to allocate emissions from the national levelϴ Whereպ
they are not availableϵ it relies on population densityϴ As a resultϵ some emissions for sectors likeպ
industry Љ though very often significantly high emitter Љ can be overestimated over urban areasպ
with large populationsϴ  Howeverϵ in combining the emissions of Bantenϵ West Java and DKIպ
Jakarta in Figure 12ϵ we are able to better understand how facilities even outside the 100km focusպ
of this study emitϵ and therefore become a factor in JakartaЀs airshed and the cityЀs overall airպ
pollutionϴպ
պ

Example of EDGAR emissions data: road transport emissionsպ

պ
պ
պ
պ
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պ
30Љday running average of daily PM2.5 concentrations in Jakarta, Indonesiaպպ
U)i/ƨ ɜgǊ(Ɵ˓

պ
SOURCEƨ CREA A)al4.i. *f US E(ba..4 (*)i/*-i)g ./a/i*). i) Jaka-/aƧ acce..ed /h-*0gh O+e)AQ˓

պ
Change in NO2 levels over the last decadeպպ
U)i/ƨ D*b.*) U)i/ ǄDUǅ˓

պ
 SOURCEƨ CREA A)al4.i. *f ​NASA OMI Dail4 Da/aպ

պ
պ
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պ

Atmospheric NO2 from 12 March to 4 June 2020 ЖleftЗ vs 2019 ЖrightЗ during COVIDЉ19 WFHպ
and PSBB show a decrease in NO2 over Jakarta, Banten and West Java and no change inպ
Suralaya˓

պ
S*0-ceƨ CREA A)al4.i. *f TROPOMI Se)/i)elƻơP Sa/elli/e da/a˓

˓
պ
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