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INTRODUCTION

DKI (Daerah Khusus Ibukota) – literally: spe-
cial area of the capital city Jakarta – is one of the 
top cities with the worst air pollution in Southeast 
Asian countries and Asia in 2021. The particulate 
matter (PM10), ozone (O3), and carbon monoxide 
(CO) values in 2018 were above the international 
standardized limits based on the WHO standards 

(Kusumaningtyas et al., 2018). From 2001 to 
2015, the index of PM10 concentration in Jakarta, 
according to the Air Quality Management System 
(AQMS), had a yearly average about three times 
higher than the WHO standard values, which was 
20 µg/m3 on average (Rita et al., 2016). Although 
the WHO recommends an annual mean value 
of less than 20 µg/m3 for PM10 and 10 µg/m3 for 

PM2.5, the latest data retrieved in April 2018 for 
Jakarta demonstrated that PM10 was 82 and PM2.5 
was 45 µg/m3. On the basis of the air quality data 
from Open Data Jakarta from January to October 
2018, the CO, PM10, and O3 concentrations were 
above the WHO standards limit (Kusumaningtyas 
et al., 2018). Vehicles burn gasoline or diesel fuel 
in their engines and emit CO, nitrogen oxides 
(NOx), unburned hydrocarbons (HC), as well as 
air toxics. The amount of PM is higher in diesel 
engines than in gasoline ones (Rita et al., 2016).

The transportation sector is the primary source 
of air pollution in cities, because it emits nitric 
oxide (NO) and carbon dioxide (CO2) in amounts 
corresponding to at least 30% and 14% of the 
total global air pollution emissions, respectively 
(Réquia et al., 2015). Jiang et al. (2016) revealed 
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that vehicular emissions are the most significant 
contributors to air pollution in China, which has 
arisen due to the increasing number of vehicles in 
the last decade owing to economic development 
and urbanization. Moreover, the PM emissions 
from vehicles are produced during fuel burning 
in vehicle machines. While the increase in the 
population (approximately 1%) and road length 
(less than 1%) is low, the number of vehicles has 
increased significantly (approximately 10%) in 
DKI Jakarta (BPS Catalogue, 2010-2017). The 
total number of vehicles in DKI Jakarta exceeds 
the total human population, as shown in Figure 1 
and Figure 2 (BPS Catalogue, 2010, 2013, 2018).

Energy consumption in the transportation 
sector is estimated to increase at an average rate 
of 5.9% per year in 2012–2035, driven by the ris-
ing demand for mobility and subsidies. The low 
quality of public transport is expected to underlie 
the significant expansion in vehicle ownership. 

According to previous studies, transportation has 
the highest contribution to the emission inventory 
of CO2 in DKI Jakarta, in particular (Rahmawati, 
2009 and Mungkasa et al., 2018). An emission 
test conducted in Jakarta in 2005 found that 57% 
of vehicles did not pass the emission standard. In 
2017, the emission tests conducted on approxi-
mately 12,024 vehicles in DKI Jakarta (92% with 
a vehicle age range of 1–10 years, 7% 11–20 
years, and 1% over 20 years old) found that al-
most 12% (approximately 1,400) of vehicles did 
not pass the standard. More than 50% of the cars 
tested with over 10 years of age failed the test. 
Vehicles aged > 40 years were also observed on 
the road (Open Data Jakarta). 

The Government attempted to reduce air pol-
lutants by introducing Euro 4 to replace Euro 2 
fuel for passenger cars starting in October 2018, 
as stated in the Environment Minister’s Regulation 
No. 20/Setjen/Kum.1/3/2017, and by implementing 

Figure 1. Total number of population, vehicle, and gross domestic product (GDP) of DKI Jakarta (2007–2017) 
derived from Badan Pusat Statistik/National Statistical Agency (BPS) and Samsat Polda Metro Jaya

Figure 2. Total number of vehicles registered in DKI Jakarta (2007–2018) 
based on data from Samsat Polda Metro Jaya (received Aug 2019)
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massive vehicle emission tests. Therefore, apply-
ing strict policy standards for vehicle emissions 
could reduce these levels (Huo et al., 2012). Con-
verting to the Euro standard for all vehicles, in-
cluding those over ten years old, the CO, NOx, HC, 
and PM emissions will be significantly decreased 
(Batjargal, 2017). The change from Euro 2 to Euro 
4 is considered an essential solution for decreasing 
air pollutants. The emission level declines signifi-
cantly as vehicle technology improves (Huo et al., 
2012). The better the technology and the newer the 
vehicles, the better the emission levels. Therefore, 
vehicle emission tests are also essential for reduc-
ing the pollutants released by vehicles to preserve 
the air quality of the environment. 

Before moving forward on whether the 
change from Euro 2 to Euro 4 will result in bet-
ter air quality in DKI Jakarta, identifying and 
understanding the significant contributors to the 
current air pollution is crucial. Most studies in In-
donesia calculated CO2 emissions using total fuel 
consumption (Batjargal, 2017, Adhi et al., 2018, 
and PT. Delima Laksana Tata, 2012). The vehicle 
age is rarely included as a critical factor in calcu-
lating CO2 emissions. Therefore, this study used 
dynamic models that imply the vehicle age co-
hort using the STELLA application to calculate 
the total emissions of key air pollutants. With this 
model, the emissions inventory for important air 
pollutants, particularly CO, HC, NOx, and PM10, 
could be calculated in more detail. Air pollutant 
emissions in 2040 were also predicted. To assess 
whether the current strategy is effective enough 
and to identify a possible new strategy to enable 
the local Government of DKI Jakarta to reach 
its goal in CO2 emission and other essential air 
pollutant reduction, this study aimed to (1) deter-
mine the main contributor of air pollution from 
road transportation sources in DKI Jakarta from 
2007 to 2018; (2) analyze the total air pollutant 
emissions from road transportation sources in 
DKI Jakarta in 2040 under the business-as-usual 
(BAU) scenario; and (3) understand the current 
implementation of the Euro 4 standard emissions.

METHODS

Mobile emissions are influenced by several 
factors, including machine characteristics, driving 
patterns, and vehicle usage (maintenance and fuel 
characteristics). Developing models for emission 
inventories can help predict the total emissions 

from mobile sources. These models should test 
and evaluate regulatory mechanisms for mobile 
source pollution control (Rita et al., 2016).

There are several ways to calculate vehicle 
emissions. However, in this study, a bottom-up 
approach using the vehicle kilometer traveled 
(VKT) was used to calculate the total vehicle 
emissions in DKI Jakarta. Vehicle emissions were 
estimated by calculating the sum of the aggregate 
emissions using vehicle population statistical 
data, average annual VKT, or average annual ve-
hicle miles traveled (VMT) as emission factors 
of key air pollutants. The following formula was 
used to calculate the emissions:

 

1 
 

𝐸𝐸𝑖𝑖 = ∑𝑗𝑗 𝑉𝑉𝑗𝑗. 𝑉𝑉𝑉𝑉𝑉𝑉𝑗𝑗𝐸𝐸𝐸𝐸𝑖𝑖𝑗𝑗   (1) 
 

 (1)

where Ei – the total emissions of pollutant i 
(grams/year); Vj – the total number of 
vehicles of type j on the road during that 
year (vehicles); VMTj or VKTj – the aver-
age annual miles/km traveled by vehicles 
of type j (mile/vehicle/year or kilometer/
vehicle/year); EFij – the average emis-
sions of pollutant i for vehicle type j (g/
mile or g/km). EF – often referred to as 
the vehicle “emission factor” (Deaton et 
al., 2000).

Deaton (2000) stated that vehicle age could sig-
nificantly impact emissions because when the ve-
hicle ages, the chances of the efficiency loss of the 
catalytic converters increase, which may produce 
higher emissions. The increase in emissions over 
the lifetime of a vehicle is called emissions deterio-
ration (Deaton et al., 2000). Age cohorts were used 
to capture the relationship between vehicle age and 
dynamic modeling. VKT was used according to the 
cohort models since vehicle emissions are mainly 
influenced by the emission factor of the vehicle 
and the frequency of vehicle usage. However, sev-
eral other factors also influence vehicle emissions, 
which are included in the dynamic model, such as 
the emission standards in the studied areas, vehicle 
speed, fuel quality, and vehicle type.

The total vehicle population data was collected 
from SAMSAT Polda Metro Jaya from 2007 to 
2018, whereas the vehicle categories in DKI Jakar-
ta were retrieved from the Badan Pusat Statistik/
National Statistical Agency (BPS). On the basis of 
the local regulation, the vehicle categories consist-
ed of passenger cars (gasoline and diesel), motor-
bikes (gasoline), trucks (diesel), and buses (diesel). 
The vehicle population and the scrapped rate were 
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divided into three cohorts, including “age type 1” 
(from 2018 to 2014), “age type 2” (from 2013 to 
2010), and “age type 3” (from 2009 to 2007). These 
cohorts of the vehicle population were determined 
based on the study conducted by Batjargal et al. 
(2017) in Ulaanbaatar. The emission standards 
utilized for this study derived from references in 
Japan. Given the underlying data for the vehicle 
population spanned from 2007 to 2018 (refer 
to Fig.2), the emission standards selected were 
anchored to three basis years in the Japan emission 
standards, namely 2005, 2009 and 2018. Because 
finding the annual VKT and purchase rate data is 
difficult, it was determined by the average value of 
VKT and purchase rate in the studied years.

In this study, vehicle population, age, and 
leakage (moved out of DKI Jakarta) were ac-
quired from the Sistem Administrasi Manung-
gal Satu Atap/One Roof Administration System 
(SAMSAT Office) of Polda Metro Jaya or the 
Police Corps of the DKI Jakarta area. Owing to 
the lack of data on detailed vehicle accidents or 
scrapped vehicles, only the total number of vehi-
cles that moved out from DKI Jakarta were used 
(Data Information on Vehicles in DKI Jakarta, 
SAMSAT). A constant VKT across all cohorts 
was used to determine VKT owing to the lack of 
data on VKT for each vehicle cohort category. 
The VKT number for passenger cars and motor-
bikes was acquired from the website of a major 
car dealer called Carmudi Indonesia (Carmudi.
co.id), focusing on used cars and motorbikes sold 
in DKI Jakarta. VKT of buses and trucks was 
derived from the previous research conducted 
by Adhi (2018). Under the regulations of the In-
donesian Government, emissions standards are 
differentiated only by vehicle category and not 
by vehicle age. Therefore, Emission Standards 
of Japan from dieselnet.com were used as emis-
sion standards for cars, buses, and trucks (Die-
selNet). The motorbike emission standards were 

obtained from the transport policy.net. The accu-
racy of vehicle emissions calculations is highly 
dependent on the age distribution of the vehicle. 
Some regulations state vehicle scrappage when 
vehicles reach a certain age or have been used for 
a specific number of kilometers in certain areas. 
An increase in the number of scrapped vehicles 
usually follows an increase in the vehicle popula-
tion. Changes in the population of vehicles result 
in changes in the vehicle age distribution annu-
ally. In this study, STELLA, utilized as a dynamic 
modelling software, has played an important role 
to understand the influence of the environment 
and make predictions of how it will evolve in the 
future. Leveraging the available vehicle popula-
tion data and emission inventories, the software 
supported the development of vehicle age cohort 
modelling when estimating emissions. The emis-
sions sub model in the analysis was used to calcu-
late the total emissions produced by each type of 
vehicle more accurately. For this study, STELLA 
used 20 similar dynamic models (five vehicle cat-
egories assessing four key pollutants). 

RESULTS AND DISCUSSION

The contributors of air pollution 
from road transportation

Table 1 lists the input data of the STELLA ap-
plication for each vehicle classification. The data 
in Table 2 were used to estimate the number of 
emissions emitted by each vehicle type and age. 
As shown in Table 1, the highest VKT values were 
from bus. However, this was not as significant as 
that for motorbikes and gasoline cars. Therefore, 
motorbikes have the highest purchase rate among 
vehicles. The older the vehicle, the higher the scrap 
rate. The three cohorts were determined based on 
the available vehicle data and chosen emission 

Table 1. Vehicle population by age cohort, and purchased and scrapped rates by age cohort

Vehicle 
Classification

VKT (km/
year)

Vehicle population by age cohort (V) Purchased 
rate

Scrapped rate by age cohort

Type 1 Type 2 Type 3 Type 1 Type 2 Type 3

Motorbike 2,203.24 37,111,977 26,432,833 7,548,371 0.075 0.00015 0.00153 0.00291
Passenger car - 
gasoline 10,631.06 11,962,622 8,987,522 2,954,544 0.053 -0.00042 0.00137 0.00317

Passenger car - 
diesel 12,741.47 824,788 619,663 203,707 0.053 0.00048 0.00187 0.00326

Bus 60,590.00 1,178,379 1,180,049 1,045,830 0.013 0.00048 0.00187 0.00326

Truck 12,775.00 2,642,949 2,255,341 841,637 0.024 0.00106 0.00163 0.00220
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standards. “Flow 1,” “Flow 2,” and “Final scrap” 
are the leakage fraction, meaning the number of 
vehicles being scrapped either due to accidents or 
breakdown or moved to other areas. On the basis 
of the age cohorts, the youngest vehicles contrib-
uted to emissions per kilometer. For instance, type 
1 motorbikes produce half the lower emissions of 
CO, NOx, and HC than types 2 and 3 motorbikes. 
The type 1 gasoline cars, diesel cars, buses, and 
trucks have lower NOx emissions. These vehicles 
have lower PM emissions than motorbikes. The 
dynamic model presented in Figure 3 was used to 

determine and connect the impact of each factor on 
the pollutants emitted. In this study, the key pol-
lutants emitted from vehicles, including CO, HC, 
NOx, and PMx were calculated. Table 3 summa-
rizes the contributions of each vehicle category/
classification level to the key pollutant emissions.

Table 3 shows that the significant contributors 
to the air pollutants measured from 2007 to 2018 
were motorbikes for CO, HC, and PM as well as 
buses for NO pollutants. The major contributors 
for CO in Jakarta among all types of vehicles 
from 2007 to 2018 were motorbike, a type 1 or 

Table 2. Emission factor by vehicle type and age

Vehicle classification Type of age
Emission factor (g/km)

CO NOx HC PM

Motorbike

Type 1 2.000 0.150 0.800 0.100

Type 2 5.500 0.300 1.200 0.100

Type 3 5.500 0.300 1.200 0.200

Passenger car – gasoline

Type 1 1.150 0.050 0.100 0.005

Type 2 1.150 0.050 0.050 0.005

Type 3 1.150 0.050 0.050 0.005

Passenger car – diesel

Type 1 0.630 0.150 0.024 0.005

Type 2 0.630 0.080 0.024 0.005

Type 3 0.630 0.150 0.024 0.014

Bus

Type 1 2.220 0.400 0.170 0.010

Type 2 2.220 0.700 0.170 0.010

Type 3 2.220 2.000 0.170 0.027

Truck

Type 1 2.220 0.400 0.170 0.010

Type 2 2.220 0.700 0.170 0.010

Type 3 2.220 2.000 0.170 0.027

Figure 3. The dynamics sub-models of a vehicle using carbon monoxide (CO) as the key pollutant 
(similar models are drawn for other types of pollutants and vehicle categorization)
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Figure 4. Predicted CO emission in DKI Jakarta from 2018 to 2040

Table 3. Order of vehicles types contributing to air pollution in DKI Jakarta

Order
2018 2040

CO HC NO PM CO HC NO PM

1st Motorbike Motorbike Bus Motorbike Motorbike Motorbike Bus Motorbike

2nd Car gasoline Bus Motorbike Car gasoline Car gasoline Car gasoline Motorbike Car gasoline

3rd Bus Car Gasoline Truck Bus Bus Bus Truck Bus

4th Truck Truck Car Gasoline Truck Truck Truck Car Gasoline Truck

5th Car diesel Car diesel Car diesel Car diesel Car diesel Car diesel Car diesel Car diesel

the youngest age group due to their greatest unit 
number compared to other vehicle age cohorts. 
Réquia et al. (2015) showed that light-duty ve-
hicles (LDV) were the major contributor to CO 
emissions, resulting in as much as 68.9%, and 
heavy-duty vehicles (HDV) were the major con-
tributor for NO emission, resulting in as much as 
90.7%. Therefore, the primary contributor to air 
pollutants in DKI Jakarta will be CO, among the 
other pollutants in 2040, using the BAU scenario. 
Gasoline cars will be the second contributor to 
CO, HC, and PM pollutants until 2040. Diesel 
cars have the lowest number of emissions com-
pared to other vehicle categories. Therefore, they 
will be the minor contributor to all pollutants.

From 2007 to 2018, the CO emissions from 
motorbikes were the highest of the total CO emis-
sions in DKI Jakarta, followed by those from gaso-
line, buses, trucks, and diesel cars. The relation-
ship between the total number of vehicles and their 
contribution to air pollution was relatively strong. 
Between 2007 and 2018, motorbikes accounted for 

almost 67% of all vehicles in DKI Jakarta, followed 
by gasoline cars (approximately 23%), trucks, bus-
es, and diesel cars, consecutively. Among all types 
of vehicles, the major contributors were motor-
bikes and buses, followed by trucks. In 2040, buses 
will be the primary contributor to NO emissions. 
However, car gasoline is predicted to produce 
higher HC emissions in 2040 than buses in 2018. 
This situation may be due to the annual increasing 
number of gasoline-passenger cars as well as the 
decreasing number of buses, because most buses 
are considered public transportation, and they need 
to follow the regulation on age limitation for the 
bus to operate, which is a maximum of 10 years. 
Table 4 shows the significant contributors of air 
pollutants in 2007, 2018, and 2040.

Total emission estimation  
from transportation sources

From 2007 to 2040, LDVs, such as cars and 
motorbikes, are significant contributors to CO 
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emissions (61.29%). The significant contributors 
to NO pollutant emissions were HDV, such as 
buses, accounting for 44.70% (Wang et al., 2019). 
Previous studies also showed similar results, 
where HDV contributed to 50% of NO pollutant 
emissions. Air emissions are directly correlated 
with the dominant vehicle type (Jiang et al., 2016 
and Tao et al., 2018). If the vehicle type with the 
highest number of vehicles is HDV, the highest 
emissions will be from the pollutants NOx and 
PM. Souza et al. (2013) stated that gasoline vehi-
cles were the most significant contributors to CO 
pollutants (74%), whereas diesel vehicles were 
the most significant contributors to PM (91%). 

These vehicles were the most significant contrib-
utors to total hydrocarbons (THC) by as much as 
61.4%. Bellagio et al. (2007) stated that gasoline-
fueled cars were the most significant contributors 
to CO pollutant (72.7%), PM (36.5%), and NOx 
(32.1%), whereas motorbikes were minor con-
tributors to CO pollutants. 

However, the use of alternative fuels does 
not significantly reduce the number of pollutants. 
Gasoline-fueled LDVs were minor contributors 
of NOx pollutants, and passenger cars with lique-
fied petroleum gas (LPG) as a fuel were minor 
contributors of PM (Bellagio et al., 2007). Mishra 
et al. (2014) concluded that cars with alternative 

Table 4. Major contributors to CO, HC, NO, and PM in DKI Jakarta in 2007, 2018, and 2040
Year Parameter Bus Car Diesel Car Gasoline Motorbike Truck

2007

CO 30.2% 0.9% 19.4% 38.8% 10.7%

HC 15.8% 0.2% 8.6% 69.8% 5.6%

NO 65.9% 0.8% 4.1% 11.4% 17.7%

PM 13.5% 0.5% 5.5% 76.5% 3.9%

2018

CO 20.9% 0.8% 17.5% 52.7% 8.2%

HC 10.8% 0.2% 5.1% 79.6% 4.2%

NO 63.9% 0.6% 2.6% 10.0% 23.0%

PM 0.4% 0.0% 24.8% 74.7% 0.1%

2040

CO 7.4% 1.0% 21.3% 70.2% 8.9%

HC 3.2% 0.1% 3.6% 91.4% 1.6%

NO 44.7% 1.1% 4.4% 27.4% 22.4%

PM 0.1% 0.0% 17.0% 82.9% 0.1%

Note: CO, carbon monoxide; HC, hydrocarbons; NO, nitric oxide; PM, particulate matter.

Figure 5. Predicted HC emission in DKI Jakarta from 2018 to 2040
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fuels to methane, such as compressed natural gas 
(CNG), were the most significant contributors to 
NOx pollutant (29.38%) in 2012. In this research, 
the total number of motorbikes (LDV) increased 
significantly compared to buses (HDV) and other 
vehicle types (see Fig. 4(a–d)); it can be predicted 
that the most significant contributor of air pollut-
ants in DKI Jakarta will be motorbikes until the 
end of the predicted year.

From 2007 to 2018, the major contributor to 
CO in the motorbike category among the three 
age cohorts was type 1 or the younger/newest 
motorbikes. Younger motorbikes had enormous 
numbers among the other two age cohorts, based 
on vehicle population data. If there are no inter-
ventions for the population, the air pollution con-
tributors will be the same. Dill (2004) stated that a 
scrapping program for vehicles based on vehicle 
age could reduce emissions, but not as much as 
it was predicted. In the worst-case scenario, the 
CO emissions reduction could only reach 20%. 
In DKI Jakarta, there was already a local regula-
tion issued in 2019 by the governor on limiting 
the age of vehicles to 10 years for private vehicles 
starting in 2025. If implemented, this regulation 
will undoubtedly help reduce the CO emissions 
in DKI Jakarta. However, national laws need to 
be revised to enable the implementation of local 
regulations in the field.

Moral et al. (2019) demonstrated that the 
emission of NOx from a new vehicle was lower 
than that from a scrapped vehicle (assumed to 

be the same as that of 10-year-old cars). The 
total emission of NOx for a new car was 12.63 
tons while that for the scrapped car was 18.65 
ton (Moral et al., 2019). Lumbreras et al. (2008) 
also mentioned that vehicle renewal was the 
most effective alternative policy for decreasing 
NOx emissions (24.70%), PM10 (17.63%), PM2.5 
(21.19%), and CO (21.19%). The older the ve-
hicle, the higher the emissions which will be re-
leased by the vehicle. Wang et al. (2019) found 
that a policy for scrapping yellow tags decreased 
air pollution emissions. The yellow-tagged ve-
hicle (TVs) is an LDV that fulfills the emission 
standards of China III. The implementation of 
TVs saw decreased emission of PM2.5, PM10, 
NOx, CO, and HC as much as 16.46 kt (kilotons), 
18.12 kt, 174.44 kt, 669.11 kt, and 91.64 kt, re-
spectively, from year 2008 to 2015 (Wang et al., 
2019). Wee et al. (2011) demonstrated that the 
scrappage policy for vehicles is effective because 
of its the low cost. This policy can be applied to 
the areas with a high population and to vehicles 
with old technology for emission control. Limit-
ing old private vehicles running on the streets of 
DKI Jakarta would be an excellent intervention 
for improving air quality.

From 2007 to 2040, gasoline cars will be 
the second-largest contributors to CO and PM 
pollutants after motorbikes (Figure 7). The total 
number of cars using gasoline was considerably 
lower than that of motorbikes. The total number 
of cars in DKI Jakarta in 2018 was four times 

Figure 6. Predicted NO emission in DKI Jakarta from 2018 to 2040
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that in 2007, whereas the number of motorbikes 
was five. The percentage of motorbikes increas-
ing annually is also much higher than that of 
gasoline-powered cars. Therefore, even though 
car emissions are more significant than those of 
motorbikes, the total number of pollutants from 
motorbikes remains far higher than that of gaso-
line cars. If there is no intervention to decrease 
the number of vehicles (cars or motorbikes), pol-
lution in DKI Jakarta will worsen.

Vehicle age and number are significant fac-
tors when recommending policies to reduce emis-
sions. Pastorello et al. (2017) stated that the PM 
emissions from vehicles with gasoline and diesel 
as fuels would decrease by approximately 20% 
after applying the vehicle scrapping policy with a 
certain VKT. They also found in their study that 
the average mileage traveled for a 10-year-old car 
was approximately 40% of the same car (gasoline 
or diesel) in its first year or decreased to 10% of 
the 20-year-old car (Pastorello et al., 2017). Con-
sequently, the PM emissions of a passenger vehi-
cle decrease by more than 20% because the aver-
age kilometers traveled by an older car decreases. 
This finding demonstrates the importance of esti-
mating the average kilometers traveled for every 
vehicle category and age.

Several policies have been implemented to 
improve the air quality and reduce air pollution 

in cities. These policies are implemented by limit-
ing the number of vehicles on the streets, applying 
odd and even vehicle plate numbers, limiting the 
type of vehicles passing on certain roads, improv-
ing fuel quality, limiting vehicle age, or applying 
scrappage policies. Li et al. (2018) explained the 
policy to limit the number of vehicles in Langfang, 
China, based on vehicle plate numbers or License 
plate recognition (LPR), which was implemented 
by two methods, one-day-per-week (ODPW) and 
odd-and-even (OAE). The shift from the ODPW 
policy to the OAE has significantly increased 
the vehicle speed on the more prominent streets, 
whether during peak hours or not. This policy 
has also directly influenced a reduction in traffic 
volumes. Traffic volume was reduced by approxi-
mately 8.74% after the implementation of the 
OAE policy (replacing the previous ODPW pol-
icy). DKI Jakarta has already regulated odd and 
even numbers of vehicles since 2016. This is due 
to the increasing number of vehicles, particularly 
LDV. DKI Jakarta may need to learn from other 
countries, such as Brazil, and their programs. Sz-
warcfiter et al. (2005) demonstrated that the Bra-
zilian Motor Vehicle Air Pollution Control Pro-
gram (PROCONVE) policy implemented from 
2003 to 2010 targeted LDV. The program reduced 
the CO, HC, and NOx emissions by 51%, 47%, 
and 50%, respectively (Szwarcfiter et al., 2005).

Figure 7. Predicted PM emission in DKI Jakarta from 2018 to 2040
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The current situation of euro 4 
implementation in Jakarta

Full implementation of the Euro 4 standard 
fuel was postponed until 2022 in DKI Jakarta. Al-
though all gas stations in DKI Jakarta have Euro 
4, there is insufficient fuel to meet this demand. 
Moreover, a facility for conducting emission tests 
on vehicles is under construction. The residents 
of DKI Jakarta are not following the local gov-
ernment regulation to switch to Euro 4 gasoline, 
because its promotion by the local government 
is lacking; there are many residents who do not 
know the emission impact of using Euro 4 gaso-
line on air quality and weak law enforcement by 
the local government (Purwanto, 2021). 

As reported by Hirota and Kashima (2020), 
the introduction of Euro 4 was postponed twice: 
in 2013 and 2017. The implementation of Euro 4 
standard vehicles was also postponed twice, from 
2018 to 2022. Simultaneously, the share of pro-
duction was relatively low. It seems impossible 
for only 1.4% of the Indonesian fuel market to 
achieve the national target in the following years 
(Hirota, 2020). Therefore, if the total number of 
gasoline cars and motorcycles used the Euro 4 
standard in DKI Jakarta in 2018 and the emission 
factors were collected from Huo et al. (2012), then 
the CO, HC, and NOx emissions in 2022 would be 
nine times lower (Fu et al., 2013). Because the 
data on the current implementation of Euro 4 is 
lacking and the entire project implementation has 
been postponed, this research was limited to the 
existing use of Euro 2 standard vehicles.

Fu et al. (2013) found that the emission of 
NOx from HDV became the primary pollutant 
source influencing the air quality in Chinese cit-
ies. The emission factors of NOx measured from 
buses were 1.60-, 1.16-, 1.77-, 1.27-; 2.49- and 
2.44- times higher than the NOx predicted by the 
Euro 4 model for vehicles in the city, suburb, and 
highway (Huo et al., 2012). Therefore, adjusting 
the essential emission factor from a local study is 
highly encouraged in the Euro 4 model to improve 
emission estimation. Wang et al. (2018) found 
that the elimination of old vehicles and upgrad-
ing fuel quality contributed to a decrease in emis-
sions in Tianjin, Beijing, and Hebei City, China 
(Wang et al., 2018). Lee et al. (2019) stated that 
the emission factor of NOx for Euro 4 for LDV 
only estimated–27-31% of the NOx emissions on 
the street. This weak representation was caused 
by low acceleration during the driving cycle and 

limited monitoring tools (valve degradation of 
EGR/exhaust gas recirculation). This condition 
also proved that the standard emission for Euro 
4 for the LDV was highly dependent on vehicle 
age. If the vehicle is already old (as is the case in 
Korea today), then the measurement of emission 
of NOx with this standard would be accurate and 
helpful in increasing the effectiveness of emission 
control. If the vehicle is still new, then a complete 
change is required to the diagnostic system and 
the valve tools for its EGR. Therefore, the Euro 4 
emissions policy for passenger cars has high un-
certainty (Kraan et al., 2014). 

CONCLUSIONS

Identifying the specific contributors of each pol-
lutant is essential to better address the air pollution 
problem. On the basis of the results of this study, mo-
torbikes were the primary contributors to the emis-
sion of air pollutants CO, HC, and PM, and buses 
were the primary contributors to NO from 2007 to 
2018 in DKI Jakarta. If there is no intervention to 
address this issue shortly or until 2040, the primary 
contributor will still be motorbikes, followed by 
passenger gasoline cars. This study also concluded 
that LDVs are major contributors to air pollutants 
in DKI Jakarta. Significant interventions to reduce 
LDVs in DKI Jakarta will improve the air quality. 
Using the auto cohort with emission sub-model en-
abled this study to confirm that the age of the ve-
hicles is essential. However, the increased number 
of vehicles in DKI Jakarta is an even more critical 
issue to address. Knowing the source of the problem 
will help produce a better solution to address each 
specific problem. For instance, if the source of the 
problem is the increasing number of motorbikes, 
then some regulations, such as the limitation of mo-
torbike ownership, limiting the area where people 
can ride a motorbike, and intensive emission tests 
for motorbikes produced before 2013, can be ap-
plied. The author also believes that the Indonesian 
Government needs to produce more detailed emis-
sion factors that fit the local situation. Implementing 
Euro 4 will likely decrease the air pollution caused 
by private passenger cars, because some of the data 
used in this study were collected using references 
from other countries. Therefore, a future study is re-
quired to determine the actual emissions of different 
vehicle categories and fuels. Future studies should 
focus on how the implementation of the Euro 4 in 
Indonesia could work as planned.
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