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_________________________________________________________________________________ 

ABSTRACT— In this paper, we measured the potential avoidable emissions in Jakarta city, one of the busiest cities in 

the world for traffic. We analyzed its impact on the total emissions from passenger gasoline cars. We recorded each 

designated road to estimate the idling time during travelling and calculated the avoidable emissions of CO, NO, and HC 

gas from vehicles. We determined that more than 46.0% of the recorded lost travel distance occurred with an average 

speed <5 km/h. Expanding idling driving to <10 km added a +10.0% contribution to the avoidable emissions. The 46.0% 

portions contribute to the current emission levels. However, because of the limitations of the work in this field, the last 

portion is often neglected in past work. In 2040, CO, NO, and HC showed similar tendencies with an emission difference 

of more than 46.0% or 481.79 thousand tons for CO, 2,275 thousand tons for NO, and 20,472 thousand tons for HC. 

Idle driving contributes to the emissions in traffic jam conditions in Jakarta city. The increase of avoidable emissions 

is strongly supported by the high growth rate of vehicles by more than 9.0% every year, which is larger when compared 

to the annual road growth that only averages 0.01%. We have concluded that avoidable emissions during traffic jams 

needs to be urgently solved. Eliminating emissions during idling conditions using a technological approach or by 

conducting idle driving education are two potential ways to reduce avoidable emissions during traffic jams. 

Keywords— Jakarta, traffic jam, avoidable emission. 
_________________________________________________________________________________ 
 

1. INTRODUCTION 

Jakarta, the target city in this paper, is one of the busiest capitals in the world. The traffic condition is also terrible. One 

of the traffic contributions comes from the rapid growth of vehicles. Annually, the increase of vehicles registered is more 

than 10%, in which passenger cars have contributed more than 9% over the last five years as described in Table 1. 

Motorcycles hold the highest percentage out of the documented vehicle composition, taking up more than 74% of the total 

vehicles (Badan Pusat Statistik Jakarta, 2015). 

Moreover, the traffic condition has worsened due to the slow road construction growth that is based on the promptness 

of the Indonesian transportation authority over the last four years (2010-2014). While the average annual road construction 

growth has only been around 0.01%, this is less than 900 times the growth of vehicle demand (Jakarta, 2014). Consequently, 

the traffic density has become higher and this seems to accelerate the frequency of traffic jams. This high traffic density 

will also cause unnecessary air pollution from the exhaust pipes and fuel consumption that occurs.  

In this paper, we have studied the effectiveness of idling control related to the traffic density condition in Jakarta city 

in order to investigate avoidable emissions during traffic jams. Regarding this topic, we have investigated the effectiveness 

of introducing a Low Cost Green Car (Pratama and Tokai 2018) and scrappage incentive program for old cars (Pratama & 

Tokai, 2018). In this paper, we tackled issues related to the idling driving condition. Idling generates a certain amount of 

emissions (Gaines, Rask & Keller, 2012). As idling is relevant to road structure, there are a few idling controls that are 

effective for emission control. However, even after a government emission regulation was issued and due to the 

technological development of environmentally-friendly cars, peoples' driving behavior remains the target of automobile 

emission control.  

During traffic jam conditions, vehicles are often in a state of idling. However, there will still be continuing emissions 

due to the engine combustion. As for the environmental impact, not only are there gas emissions (CO, NO, HC), but fuel 

will also be wasted. These conditions should be reduced or avoided entirely if possible. In previous work, Shancita et al. 

(2014) discussed the impact of idle driving on emissions (CO, NO, HC) and fuel consumption, related to gasoline cars as 
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well as diesel cars.  

However, research working on clarifying of the effectiveness of controlling the idling state based on real world field 

surveys in Indonesia is very rare. One related research study was done by Nugroho & Fujiwara (2005), which measured 

the emission levels in Jakarta city. However, the idle driving condition has still not been estimated in detail. Because of 

the limited work related to this topic, fieldwork was also conducted to support the actual data available. For this pioneer 

research, we utilized GPS (Global Positioning System) technology to measure the actual idle driving condition in Jakarta 

city. 

Based on the above problem identification, this research focused on the measurement of idle driving during traffic jam 

conditions in Jakarta city, calculating the potential avoidable emissions of CO, NO, HC and the impact of the 

aforementioned on the emission level of gasoline cars in Jakarta city as a future projection.  

 

Table 1. Data of vehicles in Jakarta 

 

 

 

 

 

 

 

2. Materials and Method 

2.1 Research Framework 

The research framework was constructed by combining the fieldwork with the secondary data from the authorities and 

the calculation processes. In the first step, the measurement of the traffic density was the focus and became the input used 

to calculate the time and distance lost during bad traffic conditions. From the time and distance lost, the avoidable emissions 

were then estimated as described in Fig 1. 

 

 

 

 

 

 

 

 

 

 

The total emissions were estimated and calculated while accommodating the emission factor and annual travelled distance. 

To support the calculation of the traffic condition changes, a road growth and car growth comparison was also considered. 

2.2 Traffic density measurement (time and distance lost (or avoided)) 

2.2.1 Sample Selection and Determination  

As we decided to use Jakarta city as the boundary sample area, we used several samples to represent the actual traffic 

conditions present in the city. The Government Bureau has classified the roads based on their function either as a primary 

road, secondary road, primary collector or secondary collector as shown in Table 2 (Jakarta, 2014). 

 

 

Table 2. Road data in Jakarta City (Unit: meter) 

 

Fig1. Research framework 
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We approached the sample by selecting the most common roads - primary and secondary - to increase the accuracy of 

the data. For the primary roads, 100% were measured. However, for secondary roads, in order to simplify the data selection, 

we set the proportion of the targeted roads at 50%, 40%, 30%, 20%, and 10% along with their proportion from the total of 

the secondary roads in Jakarta city based on the area regency. A map of Jakarta city has been shown in Fig 2 (Geografis 

Jakarta, 2018). 

       The North Jakarta area has the first rank with the highest 

road number of 54, resulting in 93,412 kilometers. Central and 

West Jakarta were placed in second and third rank with the 

number of roads being 74 (89,333 kilometers) and 68 (10,165 

kilometers) respectively. We set the highest proportion as 50% 

for North Jakarta, 40% for Central Jakarta, 30% for West 

Jakarta, and the last as 10% for East Jakarta. The linear 

proportion was expected to increase the representing level of the 

data. 

One path of the driving sample taken from the selected road 

will be considered as being 1 sample. The one road path will 

correspond to the one primary road or secondary road, 

neglecting the road length variation from each selected road. 

We also did not consider the driving direction for each path;  

 both traffic directions will be accepted.  

 

For several roads, the local authority applied either a one-way direction or two-way 

direction system. On certain paths of road, particular regulations were also applied. For example, since August 2016, the 

local government has launched new regulations on odd-even car plate numbers to reduce the traffic condition at designated 

times, particularly in the area surrounding the important public places in the center of Jakarta. However, the number of 

these roads is low, and thus can be neglected in this experiment.  

We also applied the sampling time category for each selected road. We considered that the traffic density of each time 

slot is potentially different. We created 4 sampling time slots; morning rush hour (06:00-09:00 am), normal weekday 

(09:00-16:00), evening rush hour (16:00-20:00), and holiday. The morning rush hour is considered to be a peak rush hour 

time because people are heading in to start work. People drive their car from their home to their office. Some people use 

public transport such as buses and trains. However, the number of people driving a car for their commute is presumed to 

still be high. People struggle to reach their office before the average working time, which is generally between 07:00 am 

and 08:00 am.  

On a normal weekday, the traffic condition tends to lower in density. In the evening rush hour, in a general government 

office, public place, or company, they often end their activities between 16:00-17:00 pm. Therefore the time slot between 

16:00-20:00 is considered to be a rush time because people have just finished their work and want to go home. Monday 

and Friday will be representative of the weekday sampling. We considered that people tend to drive their cars most on 

these days. This is because both days are connected with a holiday, Saturday and Sunday respectively. People consider 

driving their car at the end of the weekday (Friday) to directly go to a holiday activity and return on Sunday morning, 

occasionally going directly to the office. Therefore, Monday and Friday will represent the worst conditions of the weekday 

traffic.  

For holidays, the traffic condition is assumed to differ from the weekday condition. People are not driving outside for 

work, but they are driving to take a holiday, to go to a public pleasure place, or to visit family and friends. Saturday will 

be the representative of the holiday sample.  

For this sampling category, one road will be driven in the four times slot; morning rush hour, normal weekdays, evening 

rush hour, and holiday. By considering one path/road’s driving as one sample, we measured a total of 1,100 path-roads 

(1,100 samples taken). We consider these samples to be able to represent the actual traffic conditions of Jakarta city.  

2.2.2 Idle driving time measurement 

Idle driving time is an important element in this experiment. The data will be used to estimate the avoidable emissions 

produced during the idling condition. We define idle driving as driving at a speed below 5 km/h (with <10 km/h as a 

reference) over a certain distance. We conducted data measurements using a Global Positioning System (GPS) tracker 

machine that was installed in the vehicle. The Global System for Mobile (GSM) provider sent the recorded data to the 

server, and an application program (tracksolid) was used to read and extract the data. The Transport Systems Centre (TSC) 

North Jakarta 

Central Jakarta 

East Jakarta 

West Jakarta 

South Jakarta 

Fig 2. Jakarta City Map  
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also developed an integrated Global Positioning System (GPS) to measure the traffic condition (Taylor, Woolley & Zito, 

2000). 

The procedure involved in the data measurement was as follows:  

STEP 1   Prepare all devices installed properly; check that the GPS tracker machine is working properly by checking to 

see if the indicator lamp is blinking (GPS positioning lamp, data recording lamp). We will also check to see if the GSM 

data sending method has enough of a data pulse to send the recorded data to the server. The data sending element has been 

set to record and send the collected data every 10 seconds.  

STEP 2  Select the targeted pathway (road) from the city map. The selection of the pathway is determined as shown in 

Fig. 2. 

STEP 3  Start driving. The GPS tracker will record the car speed and positioning data (altitude, longitude), and send it to 

the server every 10 seconds. The sample data list has been shown in Appendix 1.  

STEP 4   To finish the measurement, switching off the GPS tracker will end the process.  

In the actual observation procedure, the observed car started from the 0 point assigned as 0 minute before travelling to 

the determined road with a certain distance. Every 10 seconds, the GPS tracker recorded the speed data and sent it to the 

server. After this, we extracted all of the data recorded, sent it to the server and exported it into an Excel file format to 

make it easy to analyze. If the speed was under 20 km/h, then we defined this as idle driving. Fig 1 is the sample of one 

path’s driving record data after it has been analyzed. The measurement was conducted using one vehicle and the same 

driver to avoid unexpected external factors occurring from people’s driving habits or car specifications, to maintain the 

consistency of the measurement. Different drivers will cause deviation in the driving habits. The instruments used were 

the following: 

 

 

 

 

 

 

 

 

 

 

Specifications: 

Dimension   : 106 (L) x 54 (W) x 16 (H) mm 

Weight    : 96 g 

Backup Battery  : 450 mAh / 3.7 V 

Operation Temperature : -25oC - 60oC 

Humidity   : 5%-95% 

Standby Time  : 60 hours 

GSM Frequencies : 850/900/1800/1900 MHz 

GPRS   : Class 12 

GPS Channel  : 20 

GPS Sensitivity  : - 159dBm 

Acquisition Sensitivity : -144dBm 

Position Accuracy : 10 m 

TTFF (Open Sky) : Cold Star <38s; Warm Start <15 s; Hot Start <2s 

GSM GPS Antenna  : Built-in design 

LED Indicator  : GSM-green, GPS-blue, Power-red 

Data Transmit  : TCP, SMS 

Geo-fence  : View any existing Geo-fence in the map 

Speeding Alarm  : Report when speeds are higher than the pre-set value 

Low Power Alarm : Alarm when the backup battery is running out 

Non-Movement Detection : Movement alarm based on built-in 3D motion sensor 

Mileage report  : Track by time/distance interval 

Remote control  : Cut off petrol/electricity 

Fig 3. Speed recording instrument  
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2.2.3 Time lost from idle driving time and determining the average speed  

The idle driving time was derived from the equation of the average speed defined as the distance traveled divided by 

the total traveled time. Average speed and traveled time were the reverse corresponding factors; when the traveled time 

was longer, consequently, the average speed was also reduced. On the other hand, the average speed will increase when 

the traveled time is shorter. A shorter traveled time indicates that the lost time during driving is less. A longer traveled time 

will show the reverse condition. Shorter traveled time is considered to be the better condition because lost time can be 

minimized. Time lost was defined using equations (1), (2) and (3), and represents the wasted time while in an idling 

condition. In idle driving, the car’s engine is still in a working condition. However, the car does not travel at the minimum 

suggested speed.  

We defined normal speed as the normal condition that is expected without or with less idle driving time. It has been 

expressed in the following equation, and Va was calculated from the total traveled distance divided by the total traveled 

time minus the time spent in a traffic jam that we defined as idle driving time. The total travel distance was calculated from 

all of the recorded speed range data. The idle driving time was taken from the sum calculation of the speed range under 5 

km/h. For the abnormal conditions that we were not expecting, such as travel in a traffic jam condition, we calculated, from 

the original condition, the total traveled divided by the total time needed for the travel. Since traffic with an idling time is 

considered to be an abnormal condition, the actual measured data will be the original condition that represents an abnormal 

condition. This is because the idling time is still inside the traffic jam.  

The definition of a traffic jam is varied depending on the source. From the previous research, the Korean Highway 

Corporation (KHC) identified traffic congestion spots as being where vehicle speed falls below 30 km/h or when the traffic 

congestion continues for longer than 2 hours a day, 10 days a month. Daejeon city center uses the congestion criteria of 

when the vehicle speed is less than 14 km/h. Japan uses speed as a threshold value to identify potential traffic congestion 

areas. It is said that there is traffic congestion if the freeway travel speed falls below 40 km/h, if there are repeated ‘Stop-

and-Go’s for more than 1 km, or if these conditions stay for more than 15 minutes (Choi et al, 2007). 

 

𝑇𝑙𝑜𝑠𝑡 = 𝑇𝑡𝑜𝑡𝑎𝑙 −  𝑇𝑖𝑑𝑙𝑒 ................(1) 

𝑉𝑎 =
𝑇𝐷

𝑇𝑙𝑜𝑠𝑡
 ........................(2) 

𝑉𝑏 =
𝑇𝐷

𝑇𝑡𝑜𝑡𝑎𝑙
.....................(3) 

TD : Travel distance (km)   

T
lost : Time lost because of idling driving (minute)   

Tidle : Time during idling condition (minute)   

Ttotal : Total time needed for certain travel distance (minute)  

Va : Average speed with traffic condition (km/h)   

V
b : Average speed without traffic condition (km/h)  

 

By utilizing the equation above, time lost can be expressed as the difference or gap between time spent in a traffic jam 

condition and the time without there being a traffic jam condition. The time lost for each sampling path of each road will 

be summarized in the calculation of the total time lost in Jakarta city. As shown in equation (4), lost travel distance TDlostis 

calculated from the average speed with the presence of a traffic jam condition and the time spent in an idling condition. 

The average speed shows the opposite condition, compared to the time consumed both with traffic and without traffic. 

Because less idling time will consequently increase the average speed of the traffic, high traffic density with a higher idling 

condition will cause the average speed to improve. In principle, traffic with a high congestion condition is bad for the 

environment. This is because cars will continue to emit emission gases even though there is no travel. This condition should 

be seriously considered and avoided. Unnecessary emission gases should not come from the exhaust pipe while in an idling 

state. People also do not get any benefits from this condition because they cannot reach their travel target within an effective 

amount of time. With the expected normal average speed then being resumed, at least some of the travel distance lost can 

be retrieved.  

 

𝑇𝐷𝑙𝑜𝑠𝑡 = 𝑉𝑎  . 𝑇𝑖𝑑𝑙𝑒 ................(4) 
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TDlost: Travel distance lost due to time lost (km)  

Va : Average speed with traffic condition (km/h)   

Tidle : Time during idling condition (minute)   

 

2.2.4 Avoidable emission estimation  

Idle driving in a high traffic density condition or in a traffic jam causes emissions. Avoidable emissions should not 

occur, and they can be minimized if the idling time is lessened. Emission gaps with and without idling, E, can be calculated 

from the vehicle data by utilizing the following equation (5). The emissions are the function of travel distance (TD), the 

emission factor (EF), and the deterioration factor from the catalytic converter (DF). As long as the value of EF and DF are 

considered to be constant for all conditions and cars, the most influential factor is travel distance. This is because the 

emission gap is obtained from multiplying the travel distance elements, emission factor, and deterioration factor, in which 

the distance element value is much higher compared to the other elements. The length of the travel distance in a certain 

time will produce the difference between the conditions. In the same way of thinking, the amount of emission pollutants 

in the normal traffic area with and without heavy traffic can be compared. 

 

 

𝐸𝑔𝑎𝑝 = ∑(𝑇𝐷𝑎𝑣  −  𝑇𝐷𝑙𝑜𝑠𝑡). 𝐸𝐹 . 𝐷𝐹 

𝑁

. . . . . . . . . . . (5) 

 

Egap : Emission gap between with and without lost idling emission (ton)   

TDav : Annual average travel distance (km) 

TDlost  : Travel distance lost due to time lost (km) 

EF : Emission factor (gr/km)   

DF : Deterioration factor (60% increase times after 80,000 kilometer travelled;  

 CO 3.52 gr/km; HC 0.08 gr/km; NO 0.72 gr/km) 

N : Number of recorded traffic condition data 

 

2.2.4Future projection 

Emissions in the future were estimated as a future projection by utilizing the driving measurement results. The levels 

of the avoidable emissions were derived from equations (4) and (5), which were used to determine the emission gap, with 

the condition of no idle driving being the ideal condition. The time lost during idle driving represents the lost travel distance 

in equation (1), which was used to calculate and differentiate from the annual travel distance obtained from the survey 

(Pratama & Tokai, 2018). Taking into account the detailed driving patterns, including idle driving, increases the accuracy 

of the travel distance affecting the gas emissions from the vehicles. 

Car growth was also used to estimate the number of cars on the road in the future. We estimated the future projection 

up to 2040 and determined the gas emission tendencies. The contribution of the emissions emitted during idle driving was 

further analyzed. 

3. Results and Discussions 

3.1 Target Area 

In this research, we selected Jakarta, the capital city of Indonesia, as the target area. Jakarta can be considered to be 

representative of the research object because 37% of the car population is focused in the Jakarta area (Saragih, 2016), with 

an area of 664.01km2 and a population of 9,992,842 people in 2017 (Dickson, 2017). On the other hand, Jakarta was named 

the world’s worse city for traffic in one index last year based on satellite navigation data, which found that the average 

driver started and stopped more than 33,000 times in a year. An estimated 70% of the city’s air pollution comes from 

vehicles (Mead, 2016). 

 

 

3.2 Measurement results of idling time in a traffic jam 

We conducted measurements of selected roads in Jakarta city. We sampled the road traffic condition using a speed-

recording instrument as shown in Fig 3. We recorded all of the path road driving speeds to calculate the idling time while 

travelling on a certain road.  
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Fig 4. Data measurement result - cumulative time and distance with average speed 

We recorded the data as shown in Fig 4, with a total distance of 352 kilometers in the right-Y-axis, and a cumulative 

driving time of 29.9 hours in the X-axis, taken over a 10 day period. We filtered idling time by selecting when there was a 

car speed of less than 5 km/h, while considering that the idle driving fluctuated in the left-Y-axis. By accommodating 

equations (2), (3) and (4), we calculated the lost travel distance TDlost. Due to the time and financial limitations of this 

fieldwork, the travel distance was below the targeted 30% of the total road length. However, as a pioneer research study, 

we consider this data to be adequate. 

From the results, the average speed was 23.9 km/h with the distribution for each time sampling shown in Fig 5 (a). The 

time periods of 06:00-09:00 and 16:00-20:00, described as the rush hours, had an average speed that was lower than the 

other time periods. The rush hour between 16:00-20:00 had the lowest average speed of 21.6 km/h and the time period 

06:00-09:00 followed as the next lowest average speed. The highest average speed was 24.7 km/h. We estimate that the 

two rush hours contribute more traffic density, causing the average speed to go down compared to the other times. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 

: Vehicle speed 

: Cumulative mileage 
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Fig 5 (a) Average speed in the different time periods. (b) Comparison of the average speed between the weekend and 

weekdays. (c) Total travel time for each average speed segment. 

 

In Fig 5 (b), the weekday time was 6.3% slower compared to the weekend, with the weekday being 24.7 km/h and the 

weekend being 23.2 km/h. The weekend was shown to have a better traffic condition compared to the weekdays. We 

estimate that during the weekend, people travel with their family and use the car for leisure. During the weekdays, they 

prefer to use public transport due to the time taken and to avoid the time lost due to traffic jam conditions. 

The distribution of the average speed has been shown in Fig 5 (c). The segment for the average speed >5 km/h showed 

the highest total travelled time compared to the others with a total traveled time of 13.8 hours down from the total travel 

time of 29.9 hours. The average speed <10 km/h was 3.1 hours, with <15 km/h for 3.0 hours, < 20km/h for 2.2 hours and 

>20 km/h for 7.8 hours. The average speed of <5 km/h dominated the traffic for more than 46% of the total travelled 

distance. 

 

3.3 Emission estimation for the CO, HC, NO gases 

The calculation of the total emissions lost was done by utilizing equation (5) for all vehicles registered in Jakarta city. 

The gas emissions of CO, NO, and HC have been shown in Fig 6. From Fig 6 (a), the amount of CO in 2020 shows that 

avoidable emissions during idle driving will reach more than 46.0% compared to the total emissions without the condition 

of idle driving. Avoidable emissions in 2020 will be more than double that in 2010 with more than a 41.65 thousand ton 

increase, which is more than 135.5%. A similar condition also occurs in 2030, with the emissions up by more than 138.3%, 

equivalent to  100.08 thousand tons compared to the amount of CO in 2020. The end of the projection in 2040 is 

approximately more than 5.7 times the condition in 2020, with a 338.54 ton difference. Compared with the normal condition 

that is not <5 km/h, idle driving in 2040 produces a 481.79 thousand ton difference, which is more than 46.0%. The 

condition becomes better if idle driving is expanded to <10 km/h. More than 10.0% of the contribution from the <10 km/h 

portions will be reduced. 

(c) 

(b) 
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 Fig 6. Avoidable emissions of CO (a), NO (b), and HC (c) from the total emissions 

(a) 

(c) 

(b) 
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NO and HC shows a similar portioning, with more than 46.0% of the NO and HC being released during idle driving in 

2020 compared to the normal condition without idle driving. The avoidable emissions of NO and HC in 2030 were 138.3% 

compared to those in 2020, with an emission difference of 2,275 thousand tons and 20,472 thousand tons for NO and HC 

respectively. In 2040, the amount of NO and HC is up by 46.0% compared to the normal condition in the same year with 

a total difference of 10,950 thousand tons and 98,549 thousand tons for NO and HC respectively. The percentages of the 

avoidable emissions (CO, NO, HC) were determined by the percentage portion of the time lost during idle driving from 

when in the traffic jam condition. 

 

4. CONCLUSION 

In this paper, we focused on Jakarta city as one of busiest traffic centers in the world. We approached the problem by 

utilizing GPS technology to measure the actual traffic condition represented by idle driving time and calculated the 

potential avoidable emissions (CO, NO, HC) and their impact on the emission level of gasoline cars in Jakarta city as a 

future projection. 

Traffic jams in Jakarta city contribute significant and avoidable emission levels. The average speed, by more than 

46.0%, was dominated by <5 km/h. Expanding the condition of idle driving to <10 km will add a contribution of more than 

10.0% to the time and distance lost to idle driving and emissions. In 2040, CO, NO and HC show similar tendencies with 

an emission difference of more than 46.0% or 481.79 thousand tons for CO, 2,275 thousand tons for NO, and 20,472 

thousand tons for HC. Idle driving contributes a significant amount of emissions when in traffic jam conditions in Jakarta 

city. Due to the limited sample, increasing the size of the sample will potentially increase the accuracy of the calculation. 

We strongly propose reducing these emissions by reducing the idling time. Implementing a technological approach and 

better idle driving education are two of the options available to solve the problem. The technology option will potentially 

eliminate emissions, such as implementing an idling stop system. Idle driving education can help drivers to avoid 

unnecessary emissions. For example, by turning off the engine while in an idle condition or turning off other connected 

electronic devices on board to reduce the load of the engine. Furthermore, considering more complex factors could increase 

the benefits of this research, such as the habits of drivers during a traffic jam, diesel engine contribution, or measuring the 

actual amount of emissions from the exhaust pipe. Improving the average speed is estimated as being able to significantly 

reduce gas emissions. However, it requires a huge budget and lead-time. Therefore, comprehensive planning and a roadmap 

become key to these improvements. 
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Appendix 1 

Sample of the recorded raw data. 
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