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1 Introduction 

In the face of ongoing global warming, anthropogenic GHG emissions reinforce climate 

change. According to the United Nations Framework Convention on Climate Change 

(UNFCCC), Indonesia has to report its GHG emissions and pledge an unconditional 

commitment of a 29 % reduction of its GHG emissions and a conditional target (with 

international support) of 41 % in 2030 compared to the emissions in a Business as 

Usual Scenario (BAU) (Republic of Indonesia 2018). In order to reach these targets, cit-

ies need to take action - among others in the transport sector. Sustainable urban 

transport (SUT) policies, such as the planned BRT projects in Bandung, Batam, Sema-

rang and Pekanbaru, can contribute to GHG mitigation. In order to evaluate the poten-

tial impacts of GHG reduction, the current situation of transport (modal split; vehicle 

kilometers travelled) must be understood and the GHG emissions have to be known 

for each city. 

This report first presents the methodology to calculate GHG emissions of transport ac-

tivities in cities, the input data gathered as well as the final results of the current GHG 

emissions, i.e. in Bandung for 2017 and in Semarang and Pekanbaru for 2019). A GHG 

inventory for Batam has not yet been calculated, since the desk research turned out to 

be insufficient and local partners had not provided data so far. Most of the input data 

were derived via desk research. In a next step, the data validity was discussed and con-

firmed with the local partners. 

In addition to the calculations of the pilot cities GHG inventories, this report describes 

the applied data, methodology and potential GHG emission savings from the imple-

mentation of the BRT systems in the pilot cities. In Batam no BRT GHG impact assess-

ment was carried out, since there was no BRT design data available. 
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2 Regulatory background on MRV for GHG 
emissions 

The Indonesia Bus Rapid Transit Corridor Development Project (INDOBUS) assessed in 

this report is part of the Sustainable Urban Transport Programme in Indonesia (SUTRI 

NAMA) and should help transforming urban transport in Indonesia. One goal of the 

project is to mitigate GHG emissions of the transport sector as well as to reinforce 

MRV in the participating pilot cities. The MRV framework needs to be differentiated by 

administrative levels (see Figure 1): 

 National level covering all transport modes and the whole country 

 City level covering transport modes in a city 

 Project level covering the spacial boundaries and the modes within these 

boundaries of the project activity implemented, e.g. the catchment areas of 

the BRT corridors. 

Figure 1: Scope of MRV assessments in this study 

 

In terms of determining the MRV at the national level it is important to take into ac-

count that Indonesia is a member of the United Nations Framework Convention on Cli-

mate Change (UNFCCC) and has pledged to mitigate its GHG emissions in its Nationally 

Determined Contributions (NDCs) as per the Paris Agreement and in previous pledges. 

It reports progress in the National Communications (NCs) and the Biennial Update Re-

ports (BURs). Indonesia considers the so-called Nationally Appropriate Mitigation Ac-

tions (NAMAs) as an important instrument to implement GHG emissions reduction ac-

tivities. Thereby, Monitoring, Reporting and Verification of GHG emissions (MRV) 
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serves the purpose to monitor progress and, in the ideal case, to adjust reduction ef-

forts reflected in the NAMAs or elsewhere. A good MRV also provides the basis for in-

creasing the level of ambition reflected in the NDCs. All UNFCCC signatory countries 

are obliged to estimate emissions in the national GHG emissions and removals inven-

tory, develop emissions scenarios and assess the impact of mitigation actions, if appro-

priate. Yet, the current study focuses on the city level due to transport mitigation ac-

tivities of the project happening in a reduced number of urban areas of Indonesia. 

Therefore the national level is not the priority in this study. 

At the city level a comparable internationally binding agreement does not exist. Some 

GHG emission reduction activities, such as the BRT in Jakarta, are reported to the na-

tional level (Republic of Indonesia 2018), while most are not reported or monitored at 

the city-level. Beyond that, international city-initiatives such as C40, Mobilise YourCity 

(MYC) or the Covenant of Mayors for Climate & Energy also tackle the issue of report-

ing GHG emissions, action plans and GHG emission reductions. While Jakarta is already 

a member of C40, none of this studies’ pilot cities are a member of such initiatives so 

far. 

On the project level, different national and international regulations exist regarding 

the environmental impacts described in the PFS report, e.g.: 

 Law No. 32 Year 2009 on Environmental Protection and Management 

 Law No. 26 Year 2007 on Spatial Planning 

 Law No. 22 Year 2009 on Traffic and Road Transportation 

 Government Regulation No. 27 Year 2012 on Environmental Permit 

 Government Regulation No. 41 Year 1999 concerning air pollution control 

 Decree of the State Minister for Environment No. Kep-48/MENLH/11/1996 con-

cerning quality standards for noise  

 Decree of Central Java Governor No. 08 Year 2001 concerning ambient air qual-

ity standard in Central Java 

 IFC Performance Standards (2012) 

 IFC Environmental, Health and Safety (EHS) General Guidelines on Air Emissions 

and Ambient Air Quality (2007) 

 IFC Environmental, Health and Safety (EHS) General Guidelines on Noise Man-

agement (2007) 

Those regulations cover a large set of environmental impacts, including air pollution, 

noise, land-use and technical requirements for construction projects and public 

transport. Even if no regulation concerns GHG emissions, the monitoring of emissions 

reductions can be subject to financial support for emission reduction projects, like un-

der the Clean Development Mechanism (CDM). Such performance-based payment 

schemes directly provide an incentive or even an obligation to calculate GHG emission 

reductions. 

In the case of SUTRI NAMA, the GHG emission reduction estimates will be used for the 

reporting to the NAMA facility. The results may also be used for other MRV purposes 
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such as for reporting at the city level. Potential further usages of the results of this 

study are open.  
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3 Methodology for calculating GHG emis-
sions 

This chapter first describes the methodology to calculate GHG emissions of transport 

within the boundary of a city (3.1) and GHG emission reductions from the implementa-

tion of BRT systems on the project level (3.2). 

3.1 GHG emission inventory at city level 

There are different approaches for calculating GHG emissions, depending on the scope 

and availability of data. On the national level, GHG emission inventories have to follow 

the methodology of the IPCC guidelines (IPCC 2006) in line with UNFCCC requirements. 

On the city level, there are further guidelines, e.g. the Greenhouse gas Protocol (Fong 

et al. 2014) and the Mobilise Your Cities (MYC) initiative (Bongardt / Eichhorst 2017). 

However, it is the national government that is the signatory party to the UNFCCC and 

the Paris Agreement. The application of the before-mentioned city-level guidelines is 

however wide-spread, though non-binding. There are examples of city-level invento-

ries around the globe. 

Figure 2 shows the general formula for calculating GHG emissions, following a bottom-

up approach. An alternative and possibly complementary approach is the top-down 

approach, that also can be applied to the city level, consisting of computing energy 

consumption (based on fuel sales) within a territory and multiplying it with the specific 

GHG emissions of the different fuels. However, the bottom-up approach and related 

data can also be used for calculating GHG reduction of BRT (see 4.2) or other single 

mitigation actions. Therefore, this approach was used for the present project. 
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Figure 2: General methodology for the bottom-up calculation of GHG emissions in cities and relevance of city-specific data 

Source: ifeu 

 

The first parameter to assess the GHG emissions of a city is data on transport demand 

(activity), which is given by vehicle kilometers travelled (VKT) by transport mode, e.g. 

passenger cars, buses, motorcycles, etc.. Multiplying the VKT with the specific energy 

consumption per vehicle category and adding up the results leads to the total 

transport energy demand of the given city. The specific energy consumption is sensi-

tive to various factors, e.g. vehicle size, powertrain and operating condition, level of 

congestion, etc. The specific GHG emission factor depends on the energy carrier, e.g. 

diesel, gasoline, biofuels or electricity. 

There are different approaches (system boundaries) to define the transport activities 

of a city, referring to: 

 transport activities within the city’s boundaries (territorial approach),  

 transport activities of inhabitants 

 transport activities with origin or destination  

Each system has different data requirements and different geographical scopes. In 

(Bongardt / Eichhorst 2017), the territorial approach is described as best practice ap-

proach for GHG inventories of cities. Among the different approaches, it mirrors best 

the transport activities within a municipality’s scope of action, i.e. the city boundaries 

(Bongardt / Eichhorst 2017). However, it requires comprehensive and up-to-date data 

on traffic volumes (traffic counts) and the length of the cities’ road network, or in the 

best case a local transport model. If no reliable data (traffic counts, road length) is 

available, other approaches than the territorial approach should be applied to calcu-

late the cities’ GHG emissions, stepping back to a more basic approach (Bongardt et al. 

2016a). 
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Figure 3: System boundaries of transport activities in cities 

 

Table 1 summarizes the different boundaries and system limits for both “best prac-

tice” and for the present prefeasibility study:  

 System boundaries: the “territorial approach” could not be applied because 

there wasn’t sufficient information – neither on total VKT nor on traffic counts 

for all cities (see further explanation in the Annexes). Therefore, the authors 

decided to use the inhabitants approach, based on the number of vehicles and 

average annual VKT per vehicle, in order to have a harmonized methodology 

for all pilot cities. However, for Bandung – which had the best data availability 

– an analysis for total VKT from three different approaches, including a simpli-

fied territorial approach was carried out (see Annex 2). 

 Transport modes: The project focuses on the implementation of a BRT system. 

Thus, the accent of the cities’ GHG inventories is set on urban passenger 

transport. As there is no urban train or metro in Indonesia (but only na-

tional/inter-city railway), this report focuses on road transport. Even if passen-

ger transport is the main focus, data for road freight transport could be de-

rived and are included in the GHG inventory calculations.  

 Emission boundary: GHG emissions are tank-to-wheel (TTW) emissions, thus 

being compatible with the methodology of national inventories as given in 

(IPCC 2006) where upstream emissions are excluded from the transport sec-

tor, as they are already encompassed in the energy production sector. Calcu-

lating only TTW emissions can be problematic for energy sources whose up-

stream emissions influence strongly the total (well-to-wheel) emissions, i.e. 

electricity. But there is no evidence that electricity is being used significantly in 

road transport in Indonesia. However, the use and potential upstream emis-

sions of biofuels have not yet been analyzed and might be relevant in further 

studies.  

 Gases: the best practice is applied by calculating GHG emissions in CO2-eq. 
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Table 1: Scope of GHG emission inventories of cities as best practice and approach applied for this study 

Scope Best practice approach Approach applied for this 

study 

Comments 

System 

boundary 

Territorial approach Inhabitants approach 

based on vehicle stock 

registered in the cities 

Alternative approaches tested for 

Bandung (territorial approach; inhab-

itant approach based on trip surveys)  

GHGs CO2, CH4, N2O – summarized as CO2-

equivalent (CO2-eq) 

CO2, CH4, N2O – summa-

rized as CO2-equivalent 

(CO2-eq) 

Emission factors based on Tier 1 ap-

proach according to IPCC, 2006 

Transport 

modes 

All motorized transport modes Urban road transport 

(passenger and freight)  

Other modes (i.e. rail) were not rele-

vant in the cities 

Emission 

boundary 

Well-to-wheel (including direct emis-

sions from fuel use/burn and up-

stream emissions from fuel produc-

tion) 

Tank-to-wheel i.e. direct 

emissions from fuel use 

no information on alternative energy, 

i.e. electric vehicles, in use for road 

transport 

 

After the step of calculating a GHG inventory at the city-level, it is possible to develop 

scenarios. While the inventory estimates the GHG emissions in the current situation, 

the scenarios try to estimate future emissions (based on a set of assumptions about 

the change in key parameters affecting emissions). Typically, this requires the defini-

tion of a BAU (business as usual)-scenario and one or several policy scenarios. Those 

steps require additional analysis on future transport demand, changes in the fleet 

composition over time (depending on socio-economic development, transport infra-

structure), and assessments of existing and already planned policies. These analyses 

were not carried out in the PFS as the focus was on a project level (see next section), 

but might be content of future studies. Also, the assessment of a set of transport pro-

jects and their interactions on the city level would require a scenario analysis. 

3.2 GHG emission reduction potential for BRT (project-

level) 

Most of the data used to calculate the potential emission reductions from the imple-

mentation of a BRT system in this report (e.g. future BRT demand, fleet, VKT) are de-

rived from the BRT design. The aim of the data gathering carried out by the consultant 

team was to better understand the traffic within the catchment areas of the planned 

BRT corridors and to estimate the future BRT demand. Hence, the surveys carried out 

by the team present the transport demand and mode-shift potential within the 

planned BRT corridors. The methodology to calculate GHG savings of the implementa-

tion of BRT systems focuses on the project level. 

Figure 4 describes the underlying assumptions: 

 The difference of GHG emissions from the BRT system (project) and the avoided 

GHG emissions from transport modes shifted to BRT (baseline) is the net GHG 

emission impact. 
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 The GHG emissions of project and GHG emission reductions of baseline modes 

are calculated by dividing transport demand/transport shift by the average oc-

cupancy (the intermediate result is the VKT/VKT-reduction of each mode), mul-

tiplied with the specific GHG emission per kilometer for each transport mode. 

 The transport demand of the BRT system is assumed to be equal to the 

transport shift from baseline transport modes. 

Figure 4: Approach for estimating GHG emission reduction of BRT implementation 
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4 Selected input data for the pilot cities 

4.1 Input data for a GHG inventory at city-level, inhabit-

ants approach 

4.1.1 Process for data collection 

The calculation of GHG emissions in a base year requires the activity data (VKT) per ve-

hicle type (see 3.1). For the inhabitants approach, data on the number of vehicles reg-

istered (vehicle stock) and the average number of kilometers travelled per vehicle 

(VKT) must be obtained.  

In a first step of the data collection process, secondary data from studies, reports, na-

tional and local strategic plans and other relevant documents, which could be found 

on the internet was gathered. Other data was sourced from relevant documents of 

transport authorities (e.g. Transport Masterplan Bandung), additional desk research 

and interviewing local authorities (e.g. Dishub for local Bus data). In addition to these 

research activitiesthe team also collected primary data by conducting structured sur-

veys and traffic counts. As a result of these surveys, data on the local transport activi-

ties (e.g. number of trips, modal split, occupancy rates) could be derived for each city 

(this data was used in the alternative approaches, see chapter 9.2). In a final step, ifeu 

checked all data in terms of reliability and accuracy. 

On the next pages, all relevant data sources for the GHG-emission calculations are 

listed, classified by the following input parameters: 

 Vehicle stock 

 Average VKT 

 Fuel Split 

 Average specific fuel consumption 

 GHG emission factors 

A full list of the data collection including type of data, sources, geographic scope and 

methodology is given in Annex 1. 

4.1.2 Vehicle stock 

For Bandung most of the obtained data on vehicle stock is published by the statistical 

authority Badan Pusat Statistik (BPS). Vehicle stock data for Semarang and Pekanbaru 

were derived from online applications (Hidayatullah 2019a; b). The data in Semarang 

and Pekanbaru was from August 2019 and in Bandung for the year 2017. While those 
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sources included some vehicle types and the total number of vehicles, additional 

sources were used to provide the numbers of other vehicle types1: 

 For Bandung, the number of angkots, taxis and buses from the local bus opera-

tor Damri (153 vehicles) were derived from the report “Bandung Low Carbon 

Mobility Plan” (AFD 2017). Furthermore, the number of local school buses (36 

vehicles) and local buses (Trans Metro Bandung, 40 vehicles) were provided by 

the local transport authority Dinas Perhubungan (Dishub 2019).  

 For Semarang, data of the local bus operator Trans Semarang (80 vehicles) was 

provided by Dishub (Dishub 2019). Since there was no data for the taxi and ang-

kot vehicle stock available, these numbers were estimated from the motoriza-

tion rates from the taxis and angkots in Pekanbaru2. 

 For Pekanbaru, data on the local operating bus fleet Trans Metro Pekanbaru 

was provided by Dishub (Dishub 2019). The number of angkots and taxis is pub-

lished in the Transport Masterplan Kota Pekanbaru (Kota Pekanbaru 2018). 

Table 2 shows stock data in each city. As the most populated city, Bandung has the 

highest vehicle stock and Pekanbaru has the smallest. Motorcycles are the most com-

mon vehicle category in all three cities, followed by passenger cars and goods vehicles. 

Table 2: Vehicle stock in Bandung, Semarang and Pekanbaru per vehicle category 

Vehicle category and base year Bandung 2017 Semarang 2019 Pekanbaru 2019 

Motorcycles 1,328,783 [1] 1,338,803 [4] 750,347 [5] 

Private Cars 398,004 [1] 243,045 [4] 155,831 [5] 

Taxis 1,858 [2] 1,444 [5]* 911 [6] 

Angkots 5,521 [2] 2,962 [5]* 1,869 [6] 

Buses - Local operators 229 [2]; [3] 116 [3] 91 [3] 

Buses - Other operators 998 [1] 134 [4] 754 [5] 

Goods vehicles 76,098 [1] 80,834 [4] 70,517 [5] 

Other vehicles 7 [1] 972 [4] 604 [5] 

Sum 1,811,498 [1] 1,668,310 [4] 980,924 [5] 

Sources: [1] (BPS 2018a), [2] (AFD 2017), [3] (Dishub 2019), [4] (SRCPJ 2019), [5] (RCSRZ 2019), [5]* De-
rived from the motorization rate of Pekanbaru, [6] (Kota Pekanbaru 2018) 

 

Figure 5 gives an overview of the number of vehicles per 1000 inhabitants in order to 

compare the motorization rate among the three cities and with the national average 

values. Overall, the derived motorization rates in all three cities are above the national 

value, probably reflecting the gap in terms of motorization between urban and rural 

areas that naturally also form part of the national average value. Between the three 

cities, Semarang shows the highest and Bandung the lowest total motorization rate.  

–––––––––––––––– 
1 Assuming that BPS and the online apps summarize taxis in cars, angkots and local buses in buses. 
2 It is assumed that Pekanbaru is more comparable to Semarang than Bandung, because Bandung is ex-
ceptional in its relevant share of Ankgots for urban transport 
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Figure 5: Comparison of the motorization rate (vehicles per 1000 inhabitants) in Bandung, Semarang, Pekanbaru and Indonesia 

 

Sources: Vehicle stock, see text, Population by BPS 

 

The analysis of vehicle stock data raised some questions, leading to uncertainties, 

which could not be answered so far: 

 From the statistical data available for each city, the actual number of vehicles in 

operation is quite uncertain. It is unclear if the statistical data include vehicles 

which are registered but no longer in operation or vice versa. It has to be clari-

fied if these cases occur in significant numbers. 

 In the BPS data for Bandung the vehicle category “trucks, pick-ups” is given, the 

proportion of trucks and pickups and the definition of those vehicles is un-

known. For example, a pick-up might be used to transport both passengers and 

freight and refer to a heavy passenger car; a truck is a typical freight vehicle but 

can imply various weight classes from light or medium duty to heavy articulated 

trucks. In the vehicle stock data from BPS, trucks are defined as “[…] any motor 

vehicles used to transport goods excluding passenger cars, buses, and motorcy-

cles.” (BPS 2018a). However, in the BPS publications, there is no definition for 

“pick-ups”. The size or weight of trucks is unknown. The consequence is a high 

uncertainty for the VKT and the specific fuel consumption. 

 The numbers of vehicles are aggregated per vehicle type. They do not offer any 

further information on the fuel type or age of vehicles1. This enables only a sim-

plified calculation of GHG emissions, as average VKT, specific fuel consumption 

and GHG emissions factors depend on such vehicle specifications. 

The uncertainties described above may have a significant impact on the results of the 

GHG emission calculations in each city. Some of them may still be clarified in the next 

phase of the project, i.e. a feasibility study. 

–––––––––––––––– 
1 The national vehicle registration authority SAMSAT (Sistem administrasi manunggal satu atap) was con-
tacted by the national experts but did not provide further information. 
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4.1.3 Average VKT 

Data on average VKT can be collected from expert interviews, odometer data (e.g. 

from inspection/maintenance), GPS logging or estimated from trip surveys, expert 

guess etc. Of these potential sources, the only available data was from surveys based 

on trip questionnaires and expert interviews. Only the local bus operators could supply 

primary data for their bus fleet. Due to the lack of primary data some of the VKT val-

ues presented in Table 3 show a high variability, which could not be explained. In or-

der to end up with plausible estimates of average VKT, the authors compared the data 

with other international values and made a “best-guess” for the cities based on their 

knowledge and experience.  

Table 3: Overview of values for average annual VKT for this study and in different sources 

Region: Indonesia 
     

International 
  

Region: Indonesia Bandung Bandung Bandung Semarang Various Vietnam South Africa* Non-OECD 

Source: (Sinaga et al. 

2010) 

(AFD 2017) (Nugroho 

2016) 
(WRI 

2017) 

(Huboyo et al. 

2017) 

(Dishub 

2019) 

TRIGGER Model 

2017 

(Merven et al. 

2012) 

IEA/SMP 

Model 2010 

Motorcycles 4,586 2,880 8,359 
 

9,510 - 27,092 
 

5,000 8,340 7,500 

Cars 6,889 5,110 9,892 
 

17,737 - 

21,347 

 
15,630 16,169 

(4,260 – 25,357) 

10,875 

Taxis   
 

25,477 
      

Angkots   
     

30,000 – 50,000 30,927 

(18,000 – 86,400) 

40,000 

Buses 15,719 71,527 42,632 62,963 
 

Bandung: 

45,716*** 

Semarang: 

87,436*** 

Pekanbaru: 

49,406*** 

50,000 22,072 

(15,000 

- 73,920) 

40,000** 

Goods vehicles 1,987 
     

30,731 - 70,000 19,202 21,125 

Note: selected sources for the pilot cities are marked in green. * The values for South Africa and Vietnam 
present national averages and bandwidths for different cities (in brackets) ** Value applied for buses from 

other operators *** Values applied for buses from local operators 

 

Since no source had data for all relevant vehicle types, data from different sources 

were considered: 

 For motorcycles, passenger cars and taxis rely on a study for Bandung (Nugroho 

2016) which is well in the range of typical international values and in between 

other studies for Bandung and Semarang. 

 Since no data for angkots was available, the VKT is taken from IEA default val-

ues. This value is well within the range of data for minibuses in other countries. 

 For buses operated by local operators, VKT data from the local bus operators 

were applied. For buses from other operators the non-OECD default value was 

taken. 



20 GHG emissions of transport in Bandung, Pekanbaru and Semarang  ifeu 

 For goods vehicles, it is assumed that the majority of freight is transported by 

light or medium trucks (21,125 km/a) according to (IEA 2010), see (Merven et al. 

2012). 

 

Even if the chosen values represent a best guess and rather average than extreme val-

ues, the bandwidth of presented studies indicates that there is high uncertainty in the 

VKT estimates. Therefore, plausibility checks (see chapter 5) should be applied and 

data availability improved in future analysis.  

4.1.4 Vehicle Occupancy 

The average occupancy rate measures the average number of passengers transported 

in one vehicle. As given in table Table 4, the occupancy rate can vary significantly be-

tween different vehicle categories and sizes (e.g. taxi 2 passengers/vehicle, bus 34.8 

passengers/vehicle). For this study, values from different sources could be derived and 

selected for every vehicle category. 

Table 4: Occupancy rates in different sources and for this study 

Region: Asia Bandung Semarang Pekanbaru 

Source: CURB TEEMP UNESCAP 
Transport 

Masterplan 
FEM DISHUB FEM DISHUB FEM DISHUB 

Motorcycles 1.4 1.3 1   1.4   1.3   1.3   

Private Cars 2.5 2.4 2           2   

Angkots    5.3 4.2 3   2.8   2   

Taxis 2.5   2               

Buses 
8.4*, 

20.1, 47.5 
41.3 27 27.3 13 9.2** 16.6 34.8** 11 13.9** 

Note: The sources taken for the pilot cities are marked in green. * Value applied for buses from other operators. ** 

Values applied for buses from local operators.  

 

4.1.5 Fuel split 

Petrol and diesel are currently the dominant fuel types for road transport in Indonesia. 

Data on the percentage of fuel types were taken from a case study in Bandung 

(Nugroho 2016) and supplemented by international data from the CURB tool for good 

vehicles, since no local data was available. As Table 5 shows, most light vehicles (mo-

torcycles, cars, angkots) run on gasoline and most heavy vehicles (buses, trucks) on 

diesel.  

Table 5: Fuel split (% of VKT) assumed for all cities 

Source: IGES [1], Bandung CURB [1], Asia 

Fuel Type Gasoline Diesel Gasoline Diesel Other 

Motorcycles 100% 0% 100%     

Private Cars 97% 3% 89% 8% 3% 
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Goods vehicles n.a. n.a. 45% 55%   

Angkots 85% 15% 45% 55%   

Taxis 100% 0% 89% 8% 3% 

Buses 0% 100% 30% 70%   

Note: The sources taken for the pilot cities are marked in green. Sources: [1] (Nugroho 2016), [2] (The World 
Bank 2016) 

 

The accuracy of the data could not be further assessed, since the only other recent In-

donesian source by (OECD/IEA 2017) considered only new registrations of cars. Those 

indicate a higher share of diesel cars (in average 10 % for the last 10 years), but this 

could not be verified for the existing vehicle stock. 

4.1.6 Specific fuel consumption 

Specific fuel consumption data for all considered vehicle types mainly originates from 

international literature, e.g. CURB (The World Bank 2016) and TEEMP (Clean Air Asia 

2015) for the Asian region. (Huboyo et al. 2017) derived specific fuel consumption for-

mulae based on average vehicle velocity for Indonesia, but did not differentiate fuel 

types. Overall, the values for most of the vehicle categories are in the same order of 

magnitude. Significant discrepancies occur for motorcycles and buses. In the case of 

motorcycles, the discrepancies might be due to different size classes (e.g. lower con-

sumption for small mopeds/scooters than fast motorcycles). We assume the value 

given in the CURB tool (1.8 liter/100 km) representative, since the values well compare 

to official specific fuel consumption values of the manufacturers in the past (Honda 

Asia & Oceania 2013; hondacengkareng 2014) and today (Astra-Honda 2019a; b; c): 

The fuel consumption for the most popular motorcycle models in Indonesia vary be-

tween 1.59 liters/100 km (Honda Beat eSP), 1.61 liter/100 km (Honda Supra 125) and 

1.68 liter/100 km (Honda Vario 125)(hondacengkareng 2014). According to an investi-

gation from (Le Anh et al. 2012) the mentioned manufacturers’ values are well compa-

rable with real world fuel consumption values. For buses, data from the local opera-

tors (if available) and default values from the CURB tool for all other vehicle types 

were applied.   
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Table 6: Average specific fuel consumption in liter per 100 km 

Region: Asia Asia Indonesia Indonesia 

Source: CURB TEEMP 
(Huboyo et al. 

2017) at 15 km/h 

(Dishub 2019) 
 

Fuel Type Petrol Diesel Petrol Diesel n.a. Diesel 

Motorcycles 1.8  1.8   4.9  

Private Cars 11.3 8.2 8 7 15.8  

Goods vehicles*  12.3 9.6 10 8 20.9-23.6   

Angkots 12.3 9.6 10 8 9.2  

Taxis 11.3 8.2        

Buses 24.0 17.4***   28 22.3 

Bandung: 33.3 

Semarang: 29.4 

Pekanbaru: 29.4** 

Note: The sources taken for the pilot cities are marked in green. *Value for Light duty trucks in the CURB tool was used. 

**Value from Semarang is applied. ***Value applied for buses from other operators. 

 

4.1.7 GHG emission factors  

The application of the data from the previous sections delivers the fuel consumption in 

litres per vehicle type and fuel type. The litres can be converted into tonnes of GHG 

equivalents by using default values on fuel density, the standardized energetic content  

and default GHG emission factors from (IPCC 2006). These data are also applied in In-

donesia’s national GHG inventory, e.g. (Republic of Indonesia 2018). 

Table 7: GHG emission factors, lower heating value and fuel density 

Unit Petrol Diesel LPG CNG 

CO2 (kg/TJ) 69,300       74,100 63,100  56,100 

CH4 (kg/TJ) 33 4 62 92 

N2O (kg/TJ) 3,2 4 0 3 

Total CO2-eq (kg/TJ) 71,079 75,360 64,710 59,294 

Heating value (MJ/kg) 44.3 43 47,3 48 

Density (kg/l) 0.74 0.84 0.52 - 

Note: Emission factors of CH4 and N2O for Petrol refer to: “Motor Gasoline- uncontrolled” 

 

The results of the GHG emission inventory are presented in Chapter 5. 

4.2 Input data for estimating emissions reductions in the 

BRT scenario  

After listing the applied input data for the GHG emission inventory for each city, the 

second step of the project requires estimating the potential GHG emission reduction 
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that the BRT systems would enable, as currently planned in the three Indonesian cit-

ies. Most of the input data used in this calculation are similar to the one used for the 

GHG inventory. Using the same data and data sources attributes accuracy and compa-

rability of the results. Therefore, this chapter describes only the data parameters and 

assumptions added i.e.: 

 Specific fuel consumption BRT 

 Fuel efficiency and fuel split development 

 VKT and Passenger-kilometers of the BRT system 

 Modal shift (in pkm) coming from the “source modes” (buses, angkots, motorcy-

cles and passenger cars) 

4.2.1 Specific fuel consumption BRT 

It is assumed that all BRT buses are diesel buses and have the same average specific 

fuel consumption as non-BRT buses currently in operation by local operators. A more 

detailed analysis should incorporate the technical specifications of the planned BRT 

bus fleet in terms of passenger capacity, powertrains (e.g. hybrid) and the driving be-

havior, i.e. more free-flow because of dedicated lanes. This level of detail could not be 

investigated in the context of the PFS. 

4.2.2 Fuel efficiency and fuel split development until 2041 

Fuel efficiency improvements were considered for light duty vehicles. Based on past 

trends given in  (OECD/IEA 2017) the specific fuel consumption of new light duty vehi-

cles with gasoline engines was reduced in average by ~ 1.2% per year between 2005 

and 2017 in Indonesia. No fuel economy improvements were observed for diesel vehi-

cles. It is assumed that those trends will continue in the future and are valid for all pas-

senger cars, taxis and angkots. 

No fuel efficiency improvements were considered for motorcycles and buses due to a 

lack of information. This assumptions is simplified but considered realistic since motor-

cycle’s fuel consumption in Indonesia is already quite low and has slightly increased 

for new models (e.g. from Euro 2 to Euro 3) in the past. For buses, including BRT, the 

fuel efficiency is very sensitive to the types of buses i.e. size, which was not analyzed in 

detail in the PFS. Therefore, an analysis of efficiency improvements should be done to-

gether with a more detailed fleet analysis in future studies. 

The fuel split for all vehicles was assumed to be similar than today. This assumptions is 

very simplified and was taken due to a lack of data. 

4.2.3 VKT and passenger kilometers of the BRT system 

The estimation of future BRT demand was carried out by Far East Mobility as a part of 

the PFS draft report (GOPA INFRA et al. 2019). It includes the following information for 

each city: 
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 Current average trip distances of motorcycles, cars, angkots, buses passengers 

within the planned BRT-corridor 

 Current modal split (in % of trips) of motorcycles, cars, angkots, bus passengers 

within the planned BRT-corridor 

 Definition of BRT routes, frequencies and BRT VKT for 2022 (start of operation) 

 Number of monthly boarding for 4 scenarios (current demand for buses and 3 

levels of additional demand due to hypothetical modal shift of 5%, 10% and 15% 

from motorcycles and cars) 

 Two variations of future demand forecasts (3% or 5% growth of passenger vol-

umes), whereas 50% of demand growth is met by increase in frequency (VKT) 

and 50% by increase in occupancy. 

 

BRT routes, frequency and VKT were assumed to be constant and thereby independ-

ent from BRT demand. It has to be emphasized that this is a simplified assumption in 

order to demonstrate a preliminary design and its performance in terms of operability 

(stress test), costs, etc. for the PFS (see GOPA INFRA et al. 2019). 

As passenger-kilometers and occupancy rates of the BRT were not directly available 

from the BRT design planning, those values are estimated from the number of board-

ing, the average trip distances and modal split today.  

The following formulas were applied: 

(1) BRT pkm/a = monthly boarding (number of passengers) x 12 months x BRT av-

erage trip length (km) 

(2) BRT Average trip length (km) =

∑ current modal split𝑖 (%) x average trip length𝑖 (km)𝑖
0  

i= vehicle type i.e. Bus, Angkot, PC, MC 

(3) Occupancy rate BRT (number of passengers per bus) = BRT transport demand 

(pkm/a) / BRT VKT (km/a) 

The parameters obtained by these formulas differ for each scenario: 

 In the “current” scenario BRT boarding is only from former bus and angkot pas-

sengers, i.e. persons switch from one form of public transport to another. 

 In the “shift” scenarios additional boardings to the current demand result from 

motorcycles and passenger cars (in proportion to today’s modal split, respec-

tively). 

The average trip distance for BRT passengers slightly decreases with increasing level of 

former motorbike and car passengers, as their trip distances are typically shorter as of 

those currently using public transport. As VKT is assumed to be constant in all scenar-

ios, additional boarding lead to higher occupancy rates (see Table 8). 

Table 8: BRT demand data 2022 

 Bandung Semarang Pekanbaru 

monthly boarding (number)*    
Current 1,820,288 1,081,606 264,689 
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5% mode shift 2,660,420 1,697,037 767,442 

10% mode shift 4,075,644 2,355,406 1,326,578 

15% mode shift 5,485,867 3,011,730 1,884,148 

Average trip distance (km)**   
Current 6.5 11.0 6.3 

5% mode shift 6.3 8.9 5.2 

10% mode shift 6.1 7.8 5.0 

15% mode shift 6.0 7.2 4.9 

Transport demand (Mio pkm/a)**    
Current 142 143 20 

5% mode shift 200 180 48 

10% mode shift 298 220 79 

15% mode shift 396 260 110 

vkt (Mio km/a)* 12,0 10,7 7,8 

Occupancy (number of Passengers) **    
Current 12 13 3 

5% mode shift 17 17 6 

10% mode shift 25 21 10 

15% mode shift 33 24 14 

Source: *FEM data (GOPA INFRA et al. 2019), ** own calculations 

 

A growth rate of 3% p.a. was considered for the BRT demand, broken down into an an-

nual increase of 1.5% in vkt and 1.5% in occupancy. 

4.2.4 Modal shift (in pkm) from the baseline modes (buses, angkots, motor-

cycles and passenger cars) 

Table 9 displays the modal shift of the 4 passenger modes from which passenger-kilo-

meters are coming for each city and scenario. For example in the 5% mode shift in 

Bandung, from the 200 Mio pkm shifting to BRT (see table above), 23% come from 

motorcycles, 6% from private cars, 29% from angkots and 58% from public buses. The 

reduction of pkm for the vehicle category of baseline was then divided by its current 

average occupancy to calculate the avoided VKT. 

Table 9: Modal shift from current modes to BRT (% of PKM) 

 Motorcycles Private Cars Angkots Public Buses 

 Bandung    
Current 0% 0% 42% 58% 

5% mode shift 23% 6% 29% 41% 

10% mode shift 41% 12% 20% 28% 

15% mode shift 50% 14% 15% 21% 

 Semarang    
Current 0% 0% 9% 91% 

5% mode shift 15% 5% 7% 72% 

10% mode shift 26% 9% 6% 59% 

15% mode shift 33% 12% 5% 50% 
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 Pekanbaru    
Current 0% 0% 14% 86% 

5% mode shift 45% 13% 6% 35% 

10% mode shift 58% 17% 4% 21% 

15% mode shift 63% 19% 3% 15% 

Source: ifeu calculations 
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5 GHG emission inventory for transport in 
the pilot cities  

5.1 Transport demand and GHG emissions 

In Figure 6 the total passenger kilometers travelled (pkm) and the modal split per vehi-

cle category in each city are shown. Bandung has the highest transport demand, Pek-

anbaru the smallest. The modal split in passenger transport is well comparable for the 

three cities, with only slight differences. The transport modes with the highest shares 

are motorcycles, passenger cars and taxis. Compared with Semarang and Pekanbaru, 

in Bandung passenger cars and taxis account for a relatively high proportion (32.7 %). 

Public transport modes (angkots and buses) have just a small proportion. The public 

transport shares are between 3.2 % in Semarang and 4.6 % in Bandung. 

Figure 6 Total passenger kilometers and model split (% of pkm) in the pilot cities (preliminary results) 

        

Source: ifeu 

 

When comparing the total GHG emissions between the three cities including passen-

ger and goods transport, Bandung, with a total of 2.5 million inhabitants, has the high-

est (2.0 mil. t CO2-eq, 2017) and Pekanbaru, with 1.1 million inhabitants, the lowest 

(1.1 mil. t CO2-eq, 2019), see Figure 7. In Bandung passenger cars and taxis account for 

more than 50 % of the total GHG emissions in road transport, which is significantly 

higher compared with Semarang and Pekanbaru. In Semarang especially the share of 

motorcycles, with almost 30 %, is quite high. In Pekanbaru the high proportion of 
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goods vehicles, with a share of 36.4 % of the total GHG emissions in road transport, 

stands out. Due to the low traffic demand in the public transport in all three cities, the 

emissions of angkots and buses only account for a small proportion of the total GHG 

emissions. 

It must be mentioned that transit traffic going through the city is not included in the 

applied “inhabitant approach”. This traffic could not be assessed and added as there 

was no data available (e.g. traffic model, surveys). Depending on the cities’ actual 

transit transport, this may lead to significantly different results in the total road-based 

transport GHG emissions. 

Figure 7: Total GHG emissions in the pilot cities and share of vehicle categories (preliminary results) 

          

Source: ifeu 

 

Table 10 gives an overview of the total numbers for VKT, pkm and GHG emissions in 

each city and for every vehicle category. The current results are yet preliminary and 

might include relevant uncertainties, which are related to open questions, which can-

not be answered without further data. 
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Table 10: Total VKT, Passenger-kilometers and GHG emissions in the pilot cities (preliminary results) 

Vehicle category Total VKT [mil. km] Total pkm [mil. pkm] Total GHG [kt CO2-eq] 

Bandung, 2017 

Motorcycles 11107 15105 462 

Passenger Cars 3937 7795 1033 

Angkots 221 663 63 

Taxis 47 95 12 

Buses 49 434 27 

Goods vehicles 1608 - 440 

Sum 16969 24091 2037 

Semarang, 2019 

Motorcycles 11190 14771 465 

Passenger Cars 2404 4760 631 

Angkots 118 332 34 

Taxis 37 74 10 

Buses 16 320 10 

Goods vehicles 1708 - 467 

Sum 15473 20257 1616 

Pekanbaru, 2019 

Motorcycles 6272 8404 261 

Passenger Cars 1541 3052 405 

Angkots 75 150 21 

Taxis 23 46 6 

Buses 35 312 18 

Goods vehicles 1490 - 407 

Sum 9435 11964 1118 

 

5.2 Plausibility of the results 

The presented results for the GHG emissions for the analysed years (Bandung 2017, 

Pekanbaru and Semarang 2019) and the underlying transport activity greatly depend 

on the chosen methodology and the quality of input data. The authors want to empha-

size that the lack of high-quality data leads to high uncertainties. The following chapter 

intends to give a better understanding of those uncertainties by: 

 Comparing GHG emissions in the transport sector between different studies  

 Comparing the three approaches used to calculate VKT in Bandung 
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5.2.1 Comparison to annual GHG emissions in other studies 

Comparing results of studies, as shown in Table 11, requires paying attention to the 

methodology and the data used. First and foremost, no bottom-up GHG emission cal-

culation on the national level could be found for Indonesia. The top-down approach 

(i.e. based on fuel sales) for Indonesia delivers results of 0.48 t CO2-eq per capita if 

only road and rail is included and of 0.52 t CO2-eq per capita for all transport sub-sec-

tors. But in Indonesia, access to transportation is, like in many other developing coun-

tries, very heterogeneous especially between cities and countryside. For this reason, 

this national average can only be an orientation for the range of results expected but 

not a point of comparison. 

Focusing on Bandung where data availability was highest, the years of the two com-

pared studies are similar to the present one (2016-2017). But the methodologies are 

different: the study of the UNESCAP uses a top-down methodology while the other 

study from the IGES (Nugroho 2016) is based on a bottom-up analysis. This leads inevi-

tably to discrepancies (fuel sales are never perfectly equal to the fuel consumption cal-

culated1), for example in Germany discrepancies of 5 to 10 % are common. However, 

the difference here is 150 % and the highest emission of 1.3 t CO2-eq per capita of the 

IGES study (Nugroho 2016) refers only to passenger transportation. Unfortunately, the 

publication gives very few details on the methodology and data sources so that it is 

impossible to give an explanation for this gap. It is nevertheless noticeable that the re-

sult of the present study is situated almost in the middle of the two other sources with 

0.82 CO2-eq /capita (50 % to IGES and 70 % to UNESCAP). 

The study for Semarang city dates back to 2010 and is therefore not comparable to the 

other studies. In Semarang the gap between the highest (0.98 t CO2-eq /capita) and 

the lowest value is 15 % (0.85 t CO2-eq /capita). However, the highest value concerns 

only passenger transport. The present study displays a similar result of 0.89 t CO2-

eq/capita, being then in the range of (Haryono et al. 2017). Unfortunately, data 

sources are not given so that this is again impossible to assess the similarities with the 

present study in more detail. Finally, no source comparison can be done for Pekanbaru 

as no other literature source for this city has been found. 

Comparing the results for the three cities among each other for the present study, 

Bandung and Semarang have similar emission levels per capita of approx. 0.8 t CO2-eq. 

Pekanbaru displays slightly higher emissions with 0.98 t CO2-eq/capita. Several as-

sumptions explaining this gap were given throughout the report (especially the high 

motorization rate and the high number of goods vehicles). 

–––––––––––––––– 
1 Because of fuel tourism: people refueling in other territories than the one where the mileage is rec-
orded, black market, uncertainty in the repartition of the overall fuel sold on the different sectors 
(transport, building etc.), and the repartition on the sub-sectors: air, water, road and uncertainty in the 
database for bottom-up analyses (real world fuel consumption per vehicle type, mileage etc.) 
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Table 11: Comparison of transport GHG emissions in different studies 

Territory Year Total GHG   

[Mio. t CO2-

eq] 

GHG per capita             

[t CO2-eq 

per capita] 

Included 

Transport 

modes 

Excluded 

transport modes 

Calculation 

method 

Source 

Indonesia 2016 136.4 0.52 Rail, Road, 

Water, Air 

/ Top-down (Republic of Indonesia 

2018) 

 Indonesia 2016 124.1 0.48 Rail, Road Water, Air Top-down 

 

Bandung 2016 3.3 1.33 Road pas-

senger 

Road freight, Rail, 

Water, Air 
Bottom-up (Nugroho 2016) 

Bandung 2015 1.3 0.53 Road Rail, Water, Air Top-down (UNESCAP 2018) 

Bandung 2017 2.0 0.82 Road Rail, Water, Air Bottom-up This study 

 

Semarang 2016 1.7 0.98 Road pas-

senger 

Road freight, Rail, 

Water, Air 
Bottom-up (Nugroho et al. 2017) 

Semarang 2015 1.4 0.85 Road Rail, Water, Air Bottom-up (Haryono et al. 2017) 

Semarang 2010 1.1 0.71 No infor-

mation 

No information No infor-

mation 

(Semarang City Govern-

ment 2016) 

Semarang 2019 1.6 0.89 Road Rail, Water, Air Bottom-up This study 

 

Pekanbaru 2019 1.1 0.98 Road Rail, Water, Air Bottom-up This study 
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5.2.2 Comparing VKT estimates from three different approaches 

Estimating vkt without any transport model and high quality input data is fraught with 

uncertainty; therefore three different approaches are tested for Bandung, the city for 

which the most datasets were available:  

1. The Inhabitants approach (vehicle registration): VKT= number of vehicles x av. 

mileage per vehicle 

2. The Inhabitants approach (trip survey): VKT = number of inhabitants x number 

of trips per inhabitant (per mode) x distance per trip (per mode) /occupancy 

rate 

3. The Territorial approach: length of road (per road type) x number of vehicles 

per road (per road type and mode)  

The first approach refers to the data used for the GHG emission inventory in this re-

port; the other two approaches are described in the Annex (chapter 9.2). The total an-

nual mileages calculated on the basis of these approaches are compared in Table 12. 

Table 12: Comparison of VKT estimates for Bandung, 2017 by different approaches 

 Total VKT [Mil. km/a] 

Vehicle Category 1. Inhabitants approach 

(vehicle registration) 

2. Inhabitants approach 

(trip survey) 

3. Territorial  approach 

(traffic counts) 

Motorcycles 11,107 5,893 12,367 

Cars, Taxis 3,937 1,150 3,083 

Angkots 221 337 240 

Buses 49 110 19 

Total road passenger transport 15,314 7,489 15,708 

Good vehicles 1,608 n.a. 135 

Total road transport 16,922 7,489 15,843 

Source: ifeu 

 

Looking at the total mileage, the first approach renders a very similar result to the 

third approach: the difference is approximately 7 %. Concentrating on passenger 

transportation, the results are almost similar between the two approaches, but the in-

habitants approach based on trip surveys only estimates ~ half of this mileage. Unfor-

tunately, the trip surveys might be biased (ex: most of the questioning took place in 

city centers so that the length of trips might have been underestimated, excluding 

suburban inhabitants) – data which cannot be corrected by the project. Also freight 

vehicles were not considered. Therefore, the second approach is excluded in the fol-

lowing analysis. 

The first and the third approaches show a similar mileage for angkots but a big differ-

ence in bus mileage. Different explanations can be found for the discrepancy but it re-

mains impossible to know which method is closest to reality. Either the VKT of buses in 

the first approach is too high, because some of the registered buses might have a 

lower average VKT than assumed (e.g. reserve fleet) or operate outside the city terri-

tory (interregional buses). Another shortcoming might be that the traffic counts do not 
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reflect the real bus traffic in the city, e.g. some bus routes might not have been in-

cluded in the counting. For “residential roads”, which account for 88 % of the network 

(in length), no bus counts were reported in (Nugroho 2016) and therefore assumed to 

be zero. Though It is very likely that this is not correct, a more precise estimation was 

not possible due to a lack of data.  

The mileage of individual motorized vehicles (passenger cars and motorcycles) on the 

contrary shows a low discrepancy of around 3 % between the first and the third ap-

proaches and is therefore satisfying.  

Finally one main uncertainty lies in the VKT of good vehicles. Freight transport activity 

– as determined by the territorial approach – is relatively low if we compare it to the 

stock of approx. 76,000 vehicles. This would imply an annual average mileage of only 

1,770 per vehicle. Similar to buses, several explanations can be found but are equally 

realistic or unrealistic so it is not possible to choose between the approaches: either 

many vehicles are registered in Bandung but are driven outside of the city or they are 

not driven at all (only used as posts to sell goods in the street or are out of use). This 

leads to either an overestimated mileage in approach 1 or an underestimated mileage 

in approach 3. 

The authors selected the first approach: inhabitants based on vehicle registration, be-

cause this methodology can be applied to all cities (data available) and is a classical 

method used in several similar projects. Nevertheless, the uncertainties of the results 

delivered by this approach are highlighted throughout the present report to ensure 

transparency. The third approach could be continued in further investigations if addi-

tional data from traffic counts can be obtained. 
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6 GHG emission reduction potential of the 
BRT implementation 

The reduction of GHG emissions from a shift of individual to public transport and from 

existing public transport to improved public transport- and BRT in particular- results 

from a higher efficiency in terms of passenger km per liter of fuel consumed of those 

modes compared to individual transportation, provided the occupancy of the public 

transport vehicles is high enough (see Figure 8). 

Figure 8 Average GHG emissions per Passenger-kilometer per mode used in the scenario “15% mode shift” in Bandung in 2022 

 

6.1.1 Net GHG emission reductions in 2030 

Figure 9 displays the additional and avoided GHG emissions as well as the net GHG 

emission balance after implementation of the BRT in the year 2030 for Bandung, Se-

marang and Pekanbaru. In Bandung and Semarang, the BRT enables GHG emissions re-

ductions in each scenario. For Bandung, for example, these amount to around 5,000 t 

saved in the “current” scenario and up to 20,000 t in the case of a 15% modal shift. In 

Pekanbaru, a net GHG emission reduction can only be achieved in the 15% shift sce-

nario and is much lower than in the other cities. This is due to the low occupancy of 

the BRT in Pekanbaru, caused by relatively low number of boarding compared to the 

available BRT VKT. It has to be considered that the demand forecast in the BRT design 

of the PFS stage were very simplified and, especially in the case of Pekanbaru, might 

be adapted at the FS stage. 
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The relevance of the BRT impact can be demonstrated by comparing GHG reductions 

with each city’s GHG emissions of transport in the base year (see 5.1): in Bandung the 

emission reductions of the “15% shift” scenario in 2030 equal to 1%, in Semarang to 

0.8% and in Pekanbaru to 0.09% of the GHG emissions of transport, respectively.  

Figure 9 GHG emission impact of the BRT implementation for each city in 2030 in different shift scenarios 

 

 

 

 

Therefore, attracting a sufficient amount of passengers to shift from individual 

transport to the BRT system is very important for a net GHG emission reduction. The 
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should thus be combined with a mix of pull policies, i.e. an attractive BRT system, and 

push policies, i.e. less attractive usage of passenger cars and motorcycles. 

6.1.2 Comparison to MRV data for existing BRT systems in Indonesia 

Indonesia’s BUR reported a GHG emission reduction due to BRT for DKI Jakarta of ap-

prox. 35 kt CO2-eq in 2015 and 104 kt CO2-eq in 2016 equaling to ~ 3 - 10 kg CO2-eq 

per inhabitant (Republic of Indonesia 2018). The predicted GHG reduction for Bandung 

in 2030 ranges between 4 to 20 kt CO2-eq equaling to ~ 1 - 7 kg CO2-eq per inhabitant1. 

The numbers are in a same order of magnitude, but further analyses on the methodol-

ogies and assumptions are needed for a more robust comparison. 

6.1.3 Cumulative reductions of the project 

The cumulative GHG emission reductions reflect the potential impact of a project over 

its technical lifetime (assumed to be 10 years) or the economic lifetime (assumed to be 

20 years similar to the PFS financial analysis, see (GOPA INFRA et al. 2019). 

Table 13 Cumulative net GHG emissions (kt CO2-eq) due to BRT implementation in each city per shift scenario until 2031 and 2041 

Timeframe 2022-2031 2022-2041 

Scenario Bandung  
Current -32.8 -88.2 

5% mode shift -66.2 -163.9 

10% mode shift -122.3 -291.4 

15% mode shift -178.3 -418.5 

 Semarang  
Current -40.4 -110.0 

5% mode shift -63.2 -161.8 

10% mode shift -87.7 -217.1 

15% mode shift -112.1 -272.3 

 Pekanbaru  
Current 46.3 97.0 

5% mode shift 30.0 60.1 

10% mode shift 11.9 19.1 

15% mode shift -6.1 -21.9 
 

6.1.4 Limitiations of the study 

The modal shift and the results for potential GHG reduction depend significantly on 

the input data and the previously described assumptions. Some factors were not con-

sidered for means of simplification within the scope of this PFS, as they would require 

using a comprehensive transport planning model: 

–––––––––––––––– 
1 The population of Bandung was estimated to be ~2.6 Million in 2030 
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 A bottom-up, route-by-route analysis of passenger flows per vehicle type, which 

would have produced more accurate data (however, only for the current situa-

tion) 

 Trip distances of BRT passengers might differ from original transport modes:  

e.g. the “last mile” for cars or motorbikes cannot be done by BRT, or the BRT 

routes might be longer than individually chosen routes.  

 Induced transport and rebound-effects were not considered. Those can occur if 

the BRT system attracts additional trips e.g. because new destinations can be 

reached, or if the traffic is more fluid thanks to the shift of PC and MC to the 

BRT, this may lead in the long term to additional people using cars because driv-

ing times have been reduced. 

 Occupancy rates for motorcycles based on passenger and vehicle counts. It was 

not considered if drivers from ride-hailing services, e.g. GoJek or Grab, were in-

cluded in those counts and what their relevance in motorcycle traffic is. This 

might lead to an overestimation of the occupancy and an underestimation of vkt 

reduction for motorcycles due to shift to BRT. 

 The BRT demand estimates, e.g. VKT, boarding, demand growth base on general 

assumptions for all cities. The example Pekanbaru shows that further optimiza-

tion in the BRT design is possible (e.g. increasing occupancy by adjusting bus fre-

quencies), which should be carried out in more detailed feasibility studies. 

On the other hand, future modal split, transport demand and passengers traffic behav-

ior can hardly be predicted because they depend on various external factors, e.g. fuel 

prices, economy, etc. The mentioned uncertainties may both lead to overestimation or 

underestimation of the BRT GHG mitigation potentials and should be kept in mind 

when interpreting the results. 
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7 Recommendations 

7.1 Improving city level GHG emissions inventories 

Past GHG emissions of road transport in the cities Bandung, Semarang and Pekanbaru 

are estimated with the best available data in a bottom-up approach. Plausibility checks 

show that the results are in a realistic range, but uncertainties are still very high. 

It is recommended to take different steps in order to improve the GHG emission esti-

mates for the pilot cities’ GHG inventories. This requires working with the national and 

local level to ensure data quality for the main input parameters of a bottom-up 

transport GHG emission assessment: 

 Access to data and update/improvement of data quality for vehicles registra-

tion, definition and specification 

 Improve data reliability on mileage in the city (ex: large official surveys) 

 Improve data quality on fuel consumption 

 Increase the network of national and local transport specialists and access to lit-

erature data (ex: sustainable contact with universities) 

Some possibilities to improve data quality and data gathering process are given in the 

next sections. 

7.1.1 Short-Term: Clarify open questions on existing data 

Especially for vehicle registrations, questions regarding the coverage of statistics (com-

pleteness of registration and deregistration), vehicle definitions, and consistency (dif-

ferences for different publications, plausibility of timelines in different reporting years) 

should be clarified. An in-depth research and a close collaboration with local authori-

ties should make it possible to clarify these points. 

7.1.2 Short to mid-Term: Get access to further existing data 

It is very likely that further local data is not included in this analysis. For example, vehi-

cle registrations might include more information on the vehicle type, fuel type, size, 

fuel efficiency etc. than given in the publications. This data should be available for 

public authorities, e.g. SAMSAT or DISHUB, even if it has not been accessible for this 

project so far. 

Universities and private research institutes are likely to have carried out similar or re-

lated research and therefore have data of various kinds. Some studies were already 

available and considered in the analysis but more studies and unpublished data are 

probably available.  
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7.1.3 Mid-Term: Improve data collection, conduct new surveys 

For important data which are missing or outdated, the necessity of new surveys 

should be evaluated and political decisions taken. Experiences from other countries 

and cities show that the following data collection strategies are very effective: 

 Establish a high quality vehicle stock register in the context of vehicle-type ap-

proval including a high differentiation (e.g. fuel type, age, number of seats, vehi-

cle weight, etc.) and an exact number for vehicles in-use (excluding inactive/de-

registered vehicles) 

 Carry out VKT surveys by vehicle owner questionnaires, household surveys, in-

spection and maintenance (odometer records), GPS records, traffic counts, 

transport network models1 

 Specific fuel consumption surveys by chassis dynamometer and on-board test-

ing, vehicle owner questionnaires/tank protocols 

7.2 Improving GHG emission reductions estimates for 

BRT (ex-ante) 

The GHG emission reduction estimates are subject to several data and assumptions, 

which could be improved at a more detailed planning stage of a FS. Chapter 4.2 and 

6.1.4 describe some limitations in this study. The main uncertainties and recommen-

dations for improvement are summarized here:  

 The BRT design is preliminary: If corridors, frequency, VKT etc. are adapted at a 

later stage of planning, this should also be considered in updated GHG estima-

tions. More focus should also be laid on the bus fleet, i.e. the size of buses, the 

technology (diesel, hybrid, etc.), which was not considered in detail but can 

have a significant impact on the results.  

 Transport demand estimates and travel behavior of passengers of baseline 

modes base on very rough scenario assumptions which are similar for all cities. 

Some parameters, e.g. drivers of motorcycle taxis should not be counted as pas-

sengers in occupancy rates and mode shift estimations of MCs, could be im-

proved by additional surveys or expert assumptions. The expected traffic flows 

on the corridor, mode selection of passengers and rebound effects might be an-

alyzed by a transport model. 

7.3 Monitoring GHG emission reductions for BRT (ex-

post) 

–––––––––––––––– 
1 There are several models with different level of analysis and required input data available on the market 
and operated by different transport model firms. E.g. Commercial: NYCDOT has models for city using 
AIMSUN which can provide micro/meso/macro level simulation features while VISSIM/VISUM offers both 
macro and microscopic modeling.  Open source: MATSIM  http://www.matsim.org/content/quickstart) 
and SUMO also exist. 
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Based on the technical design and the objectives that have been set to be achieved by 

the BRT systems (ex: ridership by 2025, number of corridors built by 2025 etc.) the 

evaluation of its implementation should be monitored to show any deviation. The rea-

sons for deviations should be studied and explained, eventually some new measures 

must be designed to help improving the performance of the BRT (for example: en-

forcement of dedicated lanes to avoid other vehicles using the lane and reducing 

speed of BRT vehicles).  

Some points to be monitored and data to be gathered over the course of the imple-

mentation of the BRT are given below. These data may be gathered yearly to be able 

to judge the success of the implementation phase when compared to the BRT planning 

documents and implementation plan, for example the main parameters are: 

 Lengths of corridors 

 Number and passenger capacity of BRT buses in usage 

 Frequency of BRT 

 Ridership of BRT 

 Speed of BRT 

Moreover an ex-post monitoring (after the implementation of mitigation measures) of 

the BRT’s GHG emissions reductions should be done. This should enable comparing 

the reality to the expected GHG emission gains of the project. The reasons for any gap 

should also be explained (ex: another fleet as planned is introduced and the fuel con-

sumption values were incorrect). Possible improvements should also be considered in 

this assessment, e.g. using bigger buses to improve the efficiency of the fleet (i.e. GHG 

emissions/pkm). Last but not least, uncertainties in the GHG estimates including GHG 

impacts from other measures interfering with the BRT result, should be taken into ac-

count and described. 

The data to gather for an ex-post GHG emission calculation are: 

Concerning the BRT fleet: 

‒ Number of buses per size class, age and fuel type 

‒ VKT per year 

‒ Average fuel consumption per bus 

‒ Average transportation offer (number of seats per bus) 

Concerning the ridership: 

 Number of persons using the BRT per year 

 Number of boarding/passengers per year 

 Average distance per trip 

 Average vehicle occupancy 

 Survey on the mode of baseline of the BRT users 

Concerning the rest of the transportation system: 



ifeu  GHG emissions of transport in Bandung, Pekanbaru and Semarang   41 

 Ridership and VKT of conventional buses and minibuses 

 Mileage of other motorized vehicles (cars/motorcycles) by conducting trip sur-

veys or traffic counts in order to verify shift or identify rebound effects 
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9 Annex 

9.1 List of data sources 

Population 

Name of the source Geographic 

scope 

Reference 

Bandung in figures Bandung (BPS 2016a, 2017a, 2018a) 

Pekanbaru in figures Pekanbaru (BPS 2016b, 2017b, 2018b) 

Semarang in figures Semarang (BPS 2016c, 2017c, 2018c) 

 

Vehicle Stock 

Name of the source Geographic 

scope 

Transport Modes Survey method/ Primary 

data 

Reference 

Bandung in figures Bandung MC, PC, Bus/Microbus, 

Truck/Pickup 

Data from Dinas Pendapatan 

Daerah Provinsi Jawa Barat 

(BPS 2016a, 

2018a; Gun-

awan et al. 

2017) 

Bandung low carbon mo-

bility plan 

Bandung MC, PC, Taxi, Angkot, Bus Secondary data from litera-

ture review and interviews 

with local authorities 

(AFD 2017) 

Co-benefits Action Plan 

for Bandung 

Bandung MC, PC, Taxi, Bus Secondary data from litera-

ture review and interviews 

with local authorities 

(Nugroho 

2016) 

Open data Bandung Bandung Taxi, Bus, Bus, Microbus Data from Dinas Perhub-

ungan 

(Open Data 

Bandung 2017) 

Dishub Bandung, 

Pekanbaru, 

Semarang 

Bus Primary data for Trans 

Metro Bandung 
(Dishub 2019) 

RCSR - ZAPIN (POLDA 

RIAU) – Google Play 

smartphone app 

Pekanbaru MC, PC, Bus, Commercial 

vehicles, Other vehicles 

Primary data from the local 

Police Department 

(Hidayatullah 

2019a) 

Pekanbaru in figures Pekanbaru MC, PC, Bus/Microbus, 

Truck/Pickup, Heavy duty 

vehicles 

Data from Regional Reve-

nue, Finance and Assets 

Agency of Pekanbaru Munic-

ipality 

(BPS 2016b, 

2018b) 

Rencana Pembangunan 

Jangka Menengah Daerah 

(RPJMD) Kotan Pek-

anbaru Tahun 2017-2022 

Pekanbaru MC, PC, Bus, Commercial 

vehicles, Taxi, Angkots 

Data from Profil Dinas 

Hubkominfo, 2016 
(Pemerintahan 

Kota Pek-

anbaru 2017) 

Rencana Pengembangan 

Angkutan Perkotaan Di 

Kota Pekanbaru 

Pekanbaru Angkots, Taxi, Bus Statistical data (Kota Pek-

anbaru 2018) 
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SRC POLDA JAWA TEN-

GAH – Google Play 

smartphone app 

Semarang MC, PC, Bus, Commercial 

vehicles, Other vehicles 

Primary data from the local 

Police Department 

(Hidayatullah 

2019b) 

Kind of Vehicles in Sema-

rang City, 2005 - 2014 

Semarang Bus, Trucks, Taxi, Angkots, 

PC, MC 

Statistical data (BPS 2019) 

Semarang in figures Semarang Bus, Trucks, PC, MC Data from Dinas Perhub-

ungan, Komunikasi & Infro-

matika Kota Semarang 

(BPS 2018c) 

 

Average VKT per vehicle 

Data on average VKT per vehicle was available from the following sources: 

Name of the source Geographic 

scope 

Transport Modes Survey method/ Primary 

data 

Reference 

Bandung low carbon mo-

bility plan 

Bandung MC, PC, Bus Primary data from traffic 

counts and questionnaire 

surveys 

(AFD 2017) 

Co-benefits Action Plan 

for Bandung 
Bandung MC, PC, Taxi, Bus Primary data from question-

naire surveys, traffic counts 

and on vehicle GPS data log-

ging 

(Nugroho 

2016) 

Rencana Pengembangan 

Angkutan Perkotaan Di 

Kota Pekanbaru 

Pekanbaru Bus Primary statistical data (Kota Pek-

anbaru 2018) 

Dishub Bandung, 

Pekanbaru, 

Semarang 

Bus Primary data from the local 

authority 
(Dishub 2019) 

Diponegoro University, 

Tembalang, Semarang 

Semarang MC, PC Primary data from surveys 

and workshops 

(Huboyo et al. 

2017) 

Business as Usual Sce-

nario for the Road 

Transport Sector in Indo-

nesia 

Indonesia MC, PC, Bus Estimated from trip surveys 

and authors’ assumptions 
(Sinaga et al. 

2010) 

 

Fuel split 

Name of the source Geographic 

scope 

Transport Modes Survey method/ Primary 

data 

Reference 

Co-benefits Action Plan 

for Bandung 

Bandung MC, PC, Taxi, Bus Primary data from question-

naire surveys, traffic counts 

and on vehicle GPS data log-

ging 

(Nugroho 

2016) 

CURB Tool East-Asia MC, PC, Bus, Taxi, Angkot Regional default values (The World 

Bank 2016) 

Occupancy rates 

Name of the source Geographic Transport Modes Survey method/ Primary  Reference 

Far East Mobility Bandung, 

Pekanbaru, 

Semarang 

Bus, Angkot Primary data from on vehicle 

traffic counts 
(FEM 2019) 
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Embracing Paratransit in 

Bandung Metropolitan 

Area, West Java, Indone-

sia 

Bandung Angkots No information available (Syabri 2013) 

Transport Masterplan 

Kota Bandung 

Bandung Angkot, Bus No information available (Kota Bandung 

2017a) 

Sustainable Urban Mobil-

ity Index - Bandung City 
Bandung MC, PC, Bus, Truck, Taxi, 

Angkot 

Data from Mode Share Study 

2017 
(UNESCAP 

2018) 

Dishub Bandung, 

Pekanbaru, 

Semarang 

Bus Primary data for Trans Metro 

Bandung, Pekanbaru and Se-

marang 

(Dishub 2019) 

Rencana Pengembangan 

Angkutan Perkotaan Di 

Kota Pekanbaru 

Pekanbaru Bus Statistical data (Kota Pek-

anbaru 2018) 

CURB Tool East-Asia MC, PC, Bus, Taxi, Angkot Regional default values (The World 

Bank 2016) 

TEEMP Tool Asia (other) MC, PC, Bus Regional default values (Clean Air Asia 

2015) 

 

 

Fuel consumption 

Name of the source Geographic 

scope 

Transport Modes Survey method/ Primary 

data 

Reference 

Prakiraan Kebutuhan En-

ergi Untuuk Kendaraan 

Bermotor Di Perkotaan: 

Aspek Pemodelan 

Bandung MC, PC, Bus, Truck Data from Diolah dari CRE-

ITB (2001), PIE (2002), dan               

RPC (2006) 

(Sugiyono 

2012) 

Dishub Bandung, Se-

marang 

Bus Primary data from the local 

authority 
(Dishub 2019) 

Potential air pollutant 

emission from privatev-

ehicles based on vehicle 

route 

Indonesia MC, PC, Bus, Trucks No information found (Huboyo et al. 

2017) 

CURB Tool East-Asia MC, PC, Bus, Taxi, Minibus 

(Angkot), light-duty trucks, 

Medium-duty trucks 

Regional default values (The World 

Bank 2016) 

TEEMP Tool Asia (other) MC, PC, LCV, Bus, HCV Regional default values (Clean Air Asia 

2015) 

GFEI, IEA Indonesia Light-duty vehicles WLTP-data, IEA elaboration 

and enhancement for 

broader coverage of IHS 

Markit database (IHS Markit, 

2018) 

(Global Fuel 

Economy Initi-

ative 2019) 

Road length 

Name of the 

source 

Geo-

graphic 

scope 

Road Category Survey method/ Primary data Reference 
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Transport Master-

plan Kota Bandung 

Bandung National, Provincial, 

Kota Bandung Roads 

Primary Arterial, Primary 

Collector, Secondary Ar-

terial 

Data from Review Masterplan dan 

Penyusunan Peraturan Walikota Trans-

portasi Kota Bandung, 2013 

(Kota Ban-

dung 

2017a) 

Bandung Low Car-

bon Mobility Plan 

 

Bandung National, Provincial 

Roads 

Data from Bandung Spatial Plan, 2011-

2031 
(AFD 2017) 

Bandung in figures Bandung Total length of road sys-

tem, National, Provin-

cial, City Roads 

Data from Dinas Bina Marga & Pengairan 

Kota Bandung 
(BPS 2018a) 

Pekanbaru in fig-

ures 

Pekanbaru Total length of road sys-

tem, National, Provin-

cial, City Roads 

Data from Dinas Pekerjaan Umum Kota 

Pekanbaru 

(BPS 2018b) 

Semarang in fig-

ures 

Semarang Total length of road sys-

tem, National, Provin-

cial, City Roads 

Data from Dinas Pekerjaan Umum, Pe-

rumahan, Pertambangan & Energi Kota 

Semerang 

(BPS 2018c) 

 

Traffic counts 

Name of the source Geographic 

scope 

Transport Modes Survey method/ Primary 

data 

Reference 

Bandung low carbon mo-

bility plan 

Bandung MC, PC, LCV, Angkot, Bus, 

Truck 

Traffic counts (link and junc-

tion) on 35 selected roads 
(AFD 2017) 

Co-benefits Action Plan 

for Bandung 
Bandung MC, PC, Taxi, Bus, Angkot Traffic counts on three dif-

ferent road types in urban 

and suburban area, Second-

ary data from Transportation 

Office and ITB 

(Nugroho 

2016) 

Far East Mobility Bandung  Survey conducted by local 

partner 
(FEM 2019) 

 

Average number of trips 

Name of the source Geographic 

scope 

Transport Modes Survey method/ Primary 

data 

Reference 

Dishub Bandung, 

Pekanbaru, 

Semarang 

Bus Primary data for Trans Metro 

Bandung 
(Dishub 2019) 

Far East Mobility Bandung, 

Pekanbaru, 

Semarang 

MC, PC, Bus, Angkot, NMT Primary data from question-

naire survey 
(FEM 2019) 
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Embracing Paratransit in 

Bandung Metropolitan 

Area, West Java, Indone-

sia 

Bandung All (Sum), MC, Angkots No information available (Syabri 2013) 

Trans Metro Bandung 

Public Transportation Sys-

tem Service Improvement 

Bandung All (Sum) Estimation 1,7 trips per per-

son per day multiplied with 

the population 

(WRI 2017) 

Rencana Pengembangan 

Angkutan Perkotaan Di 

Kota Pekanbaru 

Pekanbaru Bus Statistical data (Kota Pek-

anbaru 2018) 

CURB Tool East-Asia All (Sum) Regional default values (The World 

Bank 2016) 

TEEMP Tool Asia (other) All (Sum) Regional default values (Clean Air Asia 

2015) 

 

Average trip length 

Name of the source Geographic 

scope 

Transport Modes Survey method/ Primary 

data 

Reference 

Far East Mobility Bandung, 

Pekanbaru, 

Semarang 

MC, PC, Bus, Angkot Primary data from question-

naire survey 
(FEM 2019) 

Dishub Bandung, 

Pekanbaru, 

Semarang 

Bus Primary data for Trans Metro 

Bandung 
(Dishub 2019) 

Bandung low carbon mo-

bility plan 
Bandung Bus Primary data from “Study 

from Transportation Depart-

ment” 

(AFD 2017) 

Co-benefits Action Plan 

for Bandung 
Bandung MC, PC, Taxi, Bus Primary data by vehicle GPS 

data logging 
(Nugroho 

2016) 

Transport Masterplan 

Kota Bandung 

Bandung MC, PC, Angkot Primary data from Analisis 

Hasil Survey, 2017 
(Kota Bandung 

2017b) 

Trans Metro Bandung 

Public Transportation Sys-

tem Service Improvement 

Bandung All (Sum) No information available (WRI 2017) 

CURB Tool East-Asia All (sum) Regional default values (The World 

Bank 2016) 

TEEMP Tool Asia (other) MC, PC, Bus Regional default values (Clean Air Asia 

2015) 

 

9.2 Alternative approaches for estimating VKT in Ban-

dung 

Vehicle kilometers travelled were estimated via two other approaches as the one de-

scribed in the report: 
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 Inhabitant approach: VKT = number of inhabitants x number of trips per inhabit-

ant (per mode) x distance per trip (per mode) 

 Territorial approach: length of road (per road type) x number of vehicles per 

road (per road type and mode) 

Inhabitant approach (Trip surveys) 

The population approach determines the VKT by considering the total population of 

the city, the number and distance of trips travelled by vehicle category. The multiplica-

tion of these factors provides information on the total mileage for the observation 

area.  

As mentioned above, FEM conducted traffic surveys locally to generate information on 

the length and frequency of trips. This representative data set was then processed by 

ifeu to obtain city-specific data on the traffic behavior of the local Bandung population 

(FEM 2019). Data on the population of Bandung was taken from the “Bandung Munici-

pality in Figures” (BPS 2016a) Report that is available online for the base year 2016. An 

overview of the input data is given in Table 14. 

Table 14: Input data for the inhabitants approach (trip survey) in Bandung 

Vehicle category Number of trips 

[trips/day/person] 

Average trip dis-

tance [km/trip] 

Occupancy rate [Pas-

sengers/vehicle] 

Total VKT 

[Mio. km] 

Motorcycles 1.49 5.9 1.36 5,893 

Passenger Cars 0.46 5.4 1.98 1,150 

Angkots 0.31 3.6 3 337 

Buses 0.10 15.2 13 110 

Sum 2.36 5.9 - 7,489 

Sources: (FEM 2019) and ifeu assumptions 

 

The results obtained by this approach are not fully satisfactory since the calculated 

VKT amount to less than 50% of what the alternative approaches deliver. Compared to 

other studies, the average trip length for some vehicle categories were much lower 

than in the FEM survey results, e.g. 5.4 km/trip for cars in (FEM 2019) versus 14.4 

km/trip in (Kota Bandung 2017b). This can partly be attributed to various biases (incl. 

representativity of the sample) that could not be eliminated entirely from the survey 

results.  

Territorial Approach 

The determination of the traffic performance in Bandung was carried out according to 

the methodology used by the authors in the GIZ publication “Monitoring Greenhouse 

Gas Emissions of Transport Activities in Chinese Cities” (Bongardt / Eichhorst 2017). As 

described above, this method considers the average DTV per transport type on the re-

spective road category and multiplies it by the length of the city’s total network of this 

road category.  

If using traffic counts for the determination of VKT, counting must take place at repre-

sentative road sections of each road type and for every vehicle category individually 
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since traffic shares are road-specific (Bongardt et al. 2016a). The traffic counts are re-

quired to cover a 24-hr period or at least different time spans throughout the week-

days and weekend. If only the possibility to cover a time span with traffic counts ex-

ists, the entire daily traffic can be derived from the traffic occurring in peak hours.  

The K-Factor is an indicator for the connection between peak hour and the average 

daily traffic. Hence, the K-Factor can be used for calculating the daily traffic if peak-

hour traffic is given. It should be calculated individually for each road type. If the cir-

cumstances do not allow the calculation of it, a default value of peak-hour traffic 

amounting to 10% of daily traffic can be assumed (Bongardt et al. 2016b).  

The following table shows the road network and its division into four  

categories and their respective length. Furthermore, the table displays information on 

the annual average daily traffic. These data were derived from two separate traffic 

counts conducted in Bandung. Due to the fact that there is a significant difference be-

tween residential and kota Bandung roads in width and utilization, the road network 

was divided into four categories. Traffic counts from (Nugroho 2016) on residential 

roads and road network data from (Kota Bandung 2017b) allowed ifeu to make this 

differentiation. 

Table 15: Road length and annual average daily traffic in Bandung 

Road Category Length [km] AADT (Annual Average Daily Traffic) 

Motorcycle Private Car Angkot Bus HDV 

National 43,6 80.085,8 16.689,1 2.371,2 473,0 1.787,6 

Provincial 32,1 46.884,6 10.892,1 2.600,3 211,5 318,2 

Kota Bandung 76,5 65.531,0 26.732,8 2.653,7 318,4 731,2 

Residential 1083,8 22.024,7 4.911,3 246,7 n.a. n.a. 

Total 1236      

Source: ifeu assumptions derived from (Kota Bandung 2017a), (AFD 2017), (Nugroho 2016) 

 

The multiplication of the AADT of one specific vehicle category with the respective 

length of the road network will deliver the annual VKT of this vehicle category on that 

road type.  

Various difficulties prevent the territorial approach from being transferred to the cities 

of Pekanbaru and Semarang. At this stage of the project there are no reliable traffic 

counts available which would form the foundation of this method. The uncertainties 

are too great to transfer the traffic counts from Bandung directly to the other cities. 

Traffic counts in Pekanbaru and Semarang were carried out by FEM, but the infor-

mation is not sufficiently in-depth to meet the requirements of the territorial ap-

proach. For Pekanbaru, national and provincial roads were covered with traffic counts 

with only two examples for each road type. In Semarang only one national road was 

covered. Since city roads make up for 93% of the total road network in Pekanbaru and 

for 97% in Semarang, the uncertainties are too high to generate a reasonable result. 

The existing data thus cannot be considered representative for the entire road net-

work. 
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In order to update this approach for Bandung in future monitoring years, it will be suf-

ficient to calculate VKT developments using percentage changes compared to the base 

year. This way, traffic counts are not required to be so elaborately designed. Traffic 

counts should still cover each road type adequately and to calculate relative changes, 

traffic count data from the monitoring year need to be compared to the base year 

data of the same site and time period. Another way to compare relative developments 

is to compare the number of car registrations in the monitoring and the base year. 

9.3 Nomenclature of vehicle categories 

Table 16: Vehicle categories by source 

PFS Report Badan Pusat Statistik Android Apps 

Motorcycles Sepeda Motor, Scooter SPD Motor (Sepeda Motor) 

Private Cars Sedan, Jeep, Minibus MP (Mobil Penumpang) 

Angkots - - 

Taxis - - 

Buses Bus, Microbus Bus 

Goods Vehicles Truck, Pick up MB (Mobil Barang) 

Other Vehicles Alat Berat Ransus (Kendaraan Khusus) 

 

The nomendclature of vehicle categories differs according to the source used. For the 

Prefeasibility Report ifeu decided on eight categories. The table above shows only 

seven categories. This is due to the fact that buses are additionally divided into two 

different operators (local and other operators) in the inventory calculation. The main 

sources for stock data are the statistical authority Badan Pusat Statistik (BPS) and An-

droid Apps which are provided for the city of Pekanbaru and Semarang.  

The main differences in the definition of the vehicle categories are that in the statisti-

cal publications the categories are given in Indonesian language. This required ifeu to 

find suitable allocations which are given in the table.  


