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Abstract 
In Indonesia, transportation, especially by road, consumes more energy than any other sector. The 

increasing number of vehicles on the roads also means energy consumption and greenhouse gas (GHG) 

emissions are likely to increase. Vehicle emissions have been recognized as a significant contributor to 

atmospheric GHG pollution. Heavy-duty vehicles are considered to be the primary sources of vehicular 

emissions in most cities. It is therefore crucial to form projections of possible future emissions from 

heavy-duty vehicles in order to support policymakers in identifying which vehicles are most responsible 

for GHG emissions and in developing pollution control strategies. This study aims to forecast heavy-duty 

vehicle population, vehicle kilometers traveled (VKT), fuel consumption, and heavy-duty vehicle 

emissions using data from Semarang City, in order to demonstrate the GHG emissions of large cities in 

Indonesia. The ‘Business as Usual’ (BAU) method and methods used by the Intergovernmental Panel on 

Climate Change (IPCC) are incorporated to form a reliable projection of future vehicle emissions. It is 

found that heavy-duty vehicle emissions overall are likely to increase by 12,317 to 22,865 Gg CO2/year 

between 2021 and 2030; in 2030, emissions from trucks and buses are likely to be around 21,981.5 Gg 

CO2/year and 884.2 Gg CO2/year, respectively.  
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1. Introduction

The high levels of greenhouse gas (GHG) emissions being released into the atmosphere have

become a significant concern in many countries (Pauzi and Abdullah, 2014). The transportation sector is 

one of the most significant sources of GHG emissions. In 2019, transportation consumed more energy 

than any other economic sector in Indonesia. The amount of energy required for transportation in 

Indonesia is about 40% of the total national energy requirement; this is equivalent to 414.98 million 

barrels of oil (Ministry of Energy and Mineral Resources Republic of Indonesia, 2019). Approximately 73% 

of total GHG emissions from the global transportation sector come from road transportation (Japan 

Automobile Manufacturers Association, 2008). This number is likely to continue to increase, in line with 

the increasing number of vehicles on the road. 
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Vehicle emissions have been recognized as a significant contributor to air pollution globally, 

causing disadvantageous effects on air quality and human health (Anenberg et al., 2017; He et al., 2016). 

The rapid growth of the vehicle population in megacities has been recognized as an important source of 

atmospheric pollution (Song et al., 2017). Vehicle emissions which can potentially harm the environment 

include carbon dioxide (CO2), carbon monoxide (CO), hydrocarbon (HC), nitrogen oxide (NOx), 

particulate matter (PM), and sulfur dioxide (SO2). CO2 in particular is the most significant GHG  in the 

atmosphere in terms of long-term effects (Wulandari, 2020). It is necessary to establish a series of policies 

to control vehicle pollution, reduce fossil fuel use and build transportation facilities. These policies will 

have a long-term impact on the vehicle population and on vehicle emission characteristics (Wu et al., 

2016). Heavy-duty vehicles are currently the primary sources of vehicular emissions in cities because the 

emission factors of heavy-duty vehicles are much higher than those of light-duty vehicles (Wang et al., 

2008). Therefore, it is essential to form projections of heavy-duty vehicle emissions in megacities. 

 Semarang City is one of the biggest cities in Indonesia, with an area of 373.7 km2 and a population 

of 1.8 million people. The population grows by approximately 1.57% per year, and the gross domestic 

product (GDP) of the city  grows at 7.73% (Central Bureau of Statistics of Semarang City, 2020). According 

to Liu et al. (2017); Wu et al. (2014), GDP per capita is closely related to energy demand and to vehicle 

emissions. Currently, Semarang City contains 615,396 heavy-duty vehicles. The number of vehicles in the 

city increases by 6.9% per year, on average. 

 Therefore, this study aims to calculate a large-scale city-level projection of heavy-duty vehicle 

population, vehicle kilometers traveled (VKT), fuel consumption and heavy-duty vehicle emissions. This 

study is limited to heavy-duty vehicles registered to Semarang City. The results of this study could be 

used to develop multi-year road transportation emission inventories at the national, regional, and city 

levels. These results can also support policymakers by making them aware of potential future vehicle 

emissions. The results of this study could be used as a reference for planning pollution control strategies. 

 

2.  Methods 

Emissions projections were carried out based on data from 2016-2020, which was also used for 

calculating emissions. The forecasting years were set as 2021-2035. It was assumed that no changes in 

regulation and policy will limit the growth of the vehicle population or reduce vehicle emissions. This 

study calculates CO2 emissions from heavy-duty vehicles such as buses and trucks, not any other GHG 

emissions. 

 

 2.1.  Data Collection 

The primary data used in this study were ‘vehicle kilometers travelled’ (VKT). These data were 

obtained from five major service stations and three vehicle dealers in Semarang City. Meanwhile, other 

information was obtained from relevant agencies, literature, and regulations. Relevant agencies include 

the Central Java Police Traffic Service, Transportation Services, National Planning and Development 

Agency, and private companies.  

 

2.2.  Business as Usual (BAU)  

The projection in this study uses the Business as Usual (BAU) method. BAU is a method of 

estimating calculations in the absence of new policies or activities. When calculating a projection using 

the BAU scenario, the projection will continue to increase using the growth rate at the time of calculation. 

The BAU method assumes that there will be no interruption to this rate due to changes in regulation or 

any other event (Sun et al., 2020). This study also follows the baseline guidelines for conducting an 

emission inventory as defined by the Indonesian government in the Guidelines for Implementing the 

National Greenhouse Gas Inventory (Bappenas, 2014). 

The projection of GHG emissions was performed using data on GDP, heavy-duty vehicle 

ownership, and heavy-duty vehicle population. Previous and current growth rates in heavy-duty 
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population were used as initial data in order to project the population of heavy-duty vehicles in the future. 

These numbers were obtained by averaging the yearly growth rate of the heavy-duty vehicle population 

from 2015-2020, resulting in an average growth rate of 0.92% per year. The following equation estimates 

the future heavy-duty vehicle population: 

 

P(y) = (PG+ 1) x P(y -1)         (1) 

 

where P is the heavy-duty vehicle population, y is the year for which the estimate is being made, and PG 

is the growth rate per year of the heavy-duty vehicle population.  

 The GDP projection describes the ability of the population to buy heavy-duty vehicles in the years 

between 2021 and 2030. In order to project future GDP, growth rates were calculated using the average 

yearly grwoth in GDP from 2015-2020, which was 7.73%. The following equation estimates the future GDP 

for a given year under the BAU scenario: 

 

G(y) = (GG+ 1) * P(y -1)         (2) 

 

where G represents GDP GG represents the GDP growth rate per year, P represents the heavy-duty vehicle 

population and y represents the year for which the estimate is being made.   

 In order to project ownership of heavy-duty vehicles, two variables were tested using a linear 

regression model. The resulting linear regression analysis graph indicates a high correlation between the 

two variables vehicle category and GDP per capita (R2 = 0.9). The projection of heavy-duty vehicle 

ownership was calculated by an equation which makes use of the results of the regression analysis: 

 

VP(y) = VO(y) * P(y)         (3) 

 

where VO represents the heavy-duty vehicle ownership projection. In previous studies (Lv et al., 2019; 

Sun et al., 2016), heavy-duty vehicle populations were collected from public data sources, such as 

government websites and statistical yearbooks. 

The next stage of the projection included emissions calculated using the IPCC method. It 

consisted of projections of VKT total per year, fuel consumption, and estimates of the CO2 emissions from 

heavy-duty vehicles. The VKT total was determined based on the heavy-duty vehicle population 

projection and the average VKT, using the following equation: 

 

VKT total(y) = VP (y) * average VKT       (4) 

 

where VP is the heavy-duty vehicle population projection and y is the year for which the estimate is being 

made.  

 In addition, future fuel consumption was estimated by the following equation: 

 

FC(y) = VKT total(y) / AFC(v)        (5) 

 

where AFC represents average fuel consumption, based on Nasri and Utomo (2015), and v represents the 

type of heavy-duty vehicle.  

 Finally, the CO2 emissions of heavy-duty vehicles were projected, based on fuel consumption and 

specific GHG emission factors, using the following equation: 

  

VEL(y) = FC(y) x EF         (6) 
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where EF represents specific GHG emission factors based on fuel type. An emission rate of 2.2 kg CO2/liter 

was estimated for vehicles using diesel fuel. 

 

2.3.  IPCC Guidelines 

The Intergovernmental Panel on Climate Change (IPCC) guidelines provide a methodology for 

estimating nation-level anthropogenic GHG emissions which factors in both GHG sources and sinks 

(Gollnow et al., 2014). The calculation of transportation GHG emissions in this study used the IPCC’s 

bottom-up (or Tier 2) method. The bottom-up method calculates heavy-duty vehicle emissions based on 

Vehicle Kilometers Traveled (VKT) per year (IPCC, 2019). The following equation shows the general 

formula for calculating GHG emissions: 

 

GHG Emission (CO2) = VP × SEC × EF       (7) 

 

where VP represents heavy-duty vehicle population, SEC represents specific energy consumption 

(calculated by dividing VKT (km/unit) by the fuel consumed (km/L)), and EF represents specific GHG 

emission factors based on fuel type (kg CO2/L). Since heavy-duty vehicles commonly consume diesel, 

according to Bappenas (2014), the specific GHG emission factor used was 2.2 kg CO2/liter.  

 

3.  Results and Discussion 
3.1.  Heavy-duty Vehicle Population Projection 

Vehicle emissions in megacities are essentially related to the population of vehicles in the city 

(Sun et al., 2019). Table 1 shows the heavy-duty vehicle population from 2021 to 2030. The total heavy-

duty vehicle population is projected to increase from around 600,000 in 2021 to 1,198,000  in 2030. In 2030, 

the number of trucks is projected to be higher than the number of buses; the number of trucks is projected 

to reach about 1,125,000, representing 94% of all heavy-duty vehicles. According to Amin et al. (2017), the  

vehicle population is affected by increases in population and per capita income (GDP). Vehicle population 

can also be predicted based on its relationship to GDP by using the elastic coefficient method (Liu et al., 

2017). Heavy‐duty vehicles are fundamentally different from passenger cars. The end‐use of trucks varies 

widely—for instance, trucks are used for regional or long‐haul delivery, municipality use, and for 

construction. Trucks vary in engine sizes, fuel tank sizes, cab sizes, chassis heights, and number of axles 

according to the specific end-use or purpose of each vehicle (ACEA, 2019).  

Table 1. Heavy-duty vehicle population projection 

Year 
Vehicle 

Buses Trucks Total 

2021 39,951 605,980 645,931 

2022 42,515 646,769 689,284 

2023 45,295 691,003 736,298 

2024 48,309 738,984 787,293 

2025 51,577 791,035 842,612 

2026 55,121 847,513 902,634 

2027 58,966 908,800 967,766 

2028 63,137 975,317 1,038,454 

2029 67,663 1,047,517 1,115,180 

2030 72,575 1,125,896 1,198,471 

 

On the other hand, it is estimated that 6% of all heavy-duty vehicles in 2030 will be buses, of which 

there are projected to be a total of 72,500. Yu et al. (2016) state that the population of buses increases as 

passenger load increases. Traffic conditions also strongly influence the bus population and ultimately 
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impact the amount of emissions which they produce. In Semarang, buses are usually used for daily long-

haul and regional transportation.  

 

3.2.  VKT Total 

The average vehicle kilometers traveled (VKT) was determined according to data obtained from 

service stations and heavy-duty vehicle dealers in Semarang City. Table 2 provides information on 

differences in the average VKT of trucks and buses. Trucks travel longer distances than buses: their VKT 

is 32,000km/year and that of buses is 15,000 km/year. This difference is related to export-import activities 

and inter-regional goods deliveries (Anas and Sembiring, 2019). Furthermore, the VKTs of trucks and 

buses increase as GDP grows. It is necessary to have data indicating total VKT per year in order to project 

the future fuel consumption of vehicles. The VKT total of vehicles per year was calculated by multiplying 

the vehicle population by the average VKT per year. 

Table 2 Average VKT  

Buses (Km/year) Trucks (Km/year) 

15,699.56 32,688.79 

 

Table 3 presents information on the projection of the total VKT per year of trucks and buses. By 

2030 truck VKT is projected to exceed 38 million km/year and bus VKT to exceed 15 million km/year. 

According to Huo et al. (2012), the purpose of a vehicle journey is one of the most critical factors 

influencing vehicle use. Trucks have more vpurposes than buses do. Therefore, VKT for trucks is higher 

than it is for buses. Studies carried out in Japan and the United States indicate that trucks travel longer 

distances than buses do because trucks are commonly used for long-distance transport (Wang et al., 

2006). 

Table 3 VKT total per year 

Year 
Vehicle (km/year) 

Buses Trucks  
2021 627,206,264 20,569,590,958  
2022 667,470,971 21,954,117,002  
2023 711,114,522 23,455,626,808  
2024 758,430,539 25,084,293,881  
2025 809,737,474 26,851,152,247  
2026 865,382,913 28,768,245,360  
2027 925,742,775 30,848,598,500  
2028 991,228,472 33,106,466,742  
2029 1,062,284,391 35,557,247,903  
2030 1,139,395,723 38,217,753,645  

 

3.3.  Fuel Consumption 

Following the total VKT per year calculation, annual fuel consumption was estimated by dividing the 

total VKT per year by the average fuel consumption for each type of vehicle. According to Nasri and 

Utomo (2015), buses and trucks  running on diesel have average fuel consumption rates of 2.8 km/l and 

3.8 km/l, respectively. Figure 1 presents the amount of fuel projected to be consumed by heavy-duty 

vehicles in each year between 2021 and 2030. Trucks are projected to consume more fuel than buses. Fuel 

consumption by trucks is projected to increase from 5.38 to 9.99 gigaliter/year by 2030 due to the high 

population and high total VKT per year. Buses, however, are projected to consume fuel at a rate of about 

0.22 to 0.4 gigaliter/year. This increase in fuel consumption is influenced by several factors, including the 

increasing vehicle population, the large amount of discounted fuel provided by the government, and 

increases in per capita income (Tiarani et al., 2016).  A previous study has found that trucks will be the 
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largest fuel consumers among road vehicles in 2050 due to their high total VKT and high fuel 

consumption rates (Wang et al., 2006).  

 

 
Figure 1 Fuel consumption from 2021-2030 

 

3.4.  Heavy-duty Vehicle Emissions Load (CO2) 

From 2021 to 2030, the total emissions load (CO2) from heavy-duty vehicles in Semarang City 

increased from 12,317 to 22,865 Gg CO2/year. Of this total, trucks were responsible 21,981.5 Gg CO2/year 

and buses for 884.2 Gg CO2/year. Figure 2 indicates that trucks produce more emissions than buses. 

According to previous calculations, in comparison with buses there is a higher population of trucks, their 

total VKT is higher, and their average fuel consumption is higher. According to Wang et al. (2008), heavy-

duty vehicles are the primary sources of vehicular emissions in cities. This is consistent with the fact that 

heavy-duty vehicles mainly consume diesel with few controls on their emissions. Furthermore, the 

emission factors of heavy-duty vehicles are much higher than those of light-duty vehicles. 

 
Figure 2 Heavy-duty vehicle emissions (CO2) from 2021-2030 

 

4.  Conclusion 

This study was conducted to construct a projection of heavy-duty vehicle emissions in Semarang 

City in order to support further studies and future policies dealing with road transportation emissions. 

This study used the BAU method for projection and the IPCC method to determine and project vehicle 

emissions. In Semarang City, the heavy-duty vehicle population is predicted to increase from around 

600,000 to 1,198,000 units by 2030. The population of trucks is projected to remain higher than that of 
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buses at a total number of 1,125,000, representing 94% of the total number of heavy-duty vehicles in the 

city. On the other hand, the population of buses is projected to reach 72,500 by 2030, representing 6% of 

the total number of heavy-duty vehicles in the city. Trucks have travel longer distances than buses: 38 

million km/year and 15 million km/year, respectively. The total VKT of trucks is also higher than that of 

buses. Fuel consumption of heavy-duty vehicles is also projected to increase significantly by 2030. 

Between 2021 and 2030, the total fuel consumption of Semarang’s trucks is projected to increase from 5.38 

to 9.99 gigaliter/year. Meanwhile, the total fuel consumption of buses is projected to increase from 0.22 

to 0.4 gigaliter/year. Furthermore, heavy-duty vehicle emissions are projected to increase from 12,317 Gg 

CO2/year in 2021 to 22,865 Gg CO2/year in 2030, of which 21,981.5 Gg CO2/year will result from trucks 

and 884.2 Gg CO2/year from buses. Without changes to the type of fuel used, or a limit on the number 

of vehicles, emissions may increase even more rapidlyas a result of increases in vehicle population, VKT, 

and fuel consumption. 
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