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1. General Overview of Transportation Sector  
The use of energy in transportation sector in 2011 accounts for 37.68% of total energy consumption, 

the second largest after industry sector. Energy consumption in transportation sector in 2011 was 

277,36 million BOE comprised 52% of gasoline, 21% of ADO, 8% of B5 biofuel, 0.01% of IDO, 0.06% of 

fuel oil, 0.07% of natural gas, 0.005% of aviation gasoline and 17% of jet fuel (PUSDATIN ESDM 

2012a).  

 

 
Figure 1 Fuel Mix of Transportation Sector in 2011 (PUSDATIN ESDM 2012a) 

 
Government policy in transportation sector reveals the importance of transportation sector in 

supporting development and national integration as part of the efforts to improve people welfare as 

mandated by the Law No. 22 of 2009 on road traffic and transportation.  

 

Transportation in I2050PC is divided into three sub-sectors, namely (1) passenger transportation 

sub-sector that covers road transportation, railway based transportation and water transportation;  

(2) freight transportation sector that also covers road transportation, railway based transportation 

and water transportation; and (3) aviation transportation sub-sector. Passenger transportation sub-

sector is further divided into two, namely urban transportation and inter-city transportation. 

Classification of transportation sector is shown in Figure 2.  
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Figure 2. Classification of Transportation Sector in I2050PC 

 
Factors contributing to the growth of passenger transportation sector are number of vehicles, 

growth of public transportation infrastructure, urban spatial situation, and quality of public 

transportation. Freight transportation sector will increase following the growth in industry sector. 

Aviation transportation sector is projected to increase as a suitable mode of transportation for an 

archipelagic country.  

 

2. Methodology 
Energy demand of transportation sector in this model is calculated using ASIF method that was 

developed by Lee Schiper (2000). This method has been widely used as a reference for emission 

calculation in transportation sector, for instance in the study conducted by the International Energy 

Agency (IEA), Asian Development Bank (ADB), and United Nations (UN). This approach 

accommodates various factors which affect greenhouse gases emission. The approach includes 

transportation activity (Activity), vehicle mix used for transportation activity (Structure), level of 

energy use per movement unit (Intensity) and fuel type used for the trip (Fuel type).  
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G = A x S x I x F                   (1) 
 
G  Greenhouse gases emission from transportation sector. 
A Transportation activity both for passenger and freight, in km-passenger or km-ton unit. 

Activity can be calculated by using the number of vehicles, travel distance and occupancy 
factor or vehicle’s average capacity.  

S Structure is defined as vehicle mode that is used including non-motorized transportation 
such as walking and cycling.  

I Energy intensity is obtained from the fuel content divided by distance unit, for example liter 
of fuel per km-passenger. Energy intensity of a fuel is influenced by type of fuel, vehicle 
technology, driving mode (for instance driving under traffic jam circumstance) and 
occupancy rate.  

F Carbon content of fuel represents carbon emission that is released to the environment for 
each energy unit (kilogram CO2/ Mega Joule). One of the references used globally or this 
parameter is emission coefficient that is issued by the Intergovernmental Panel on Climate 
Change (IPCC). 

 

Development of I2050PC model refers to energy demand as the basis for emission calculation. 

Energy demand calculation in transportation sector uses ASIF method that has been simplified as 

follow:  

Energy Demand = activity x energy intensity                   (2) 

Activity variable under freight transportation sub-sector is calculated based on Gross Domestic 

Product (GDP) data and other supporting data due to the following reasons: First, limited availability 

of activity data for freight transportation. In addition, GDP data can be used to estimate the 

transportation data that is generally available as an aggregate figure that has not been broken down 

into each sub-sector. Second, GDP data provides overview of the trend in sub-sector growth based 

on historical data that is used as a reference for future projection. This approach has been used 

when the National Action Plan for Greenhouse Gases Emission Reduction (RAN-GRK) for 

transportation sector was developed, particularly for freight transportation and aviation. In 

passenger transportation sub-sector, the activity is calculated using vehicle’s travel distance data 

and number of vehicles. Meanwhile in aviation sub-sector, activity variable is calculated by using 

data on number aircrafts. Model structure of transportation sector is presented in Table 1.  

 
Table 1. Model structure of transportation sector 

Structure Activity Energy Intensity Unit  

Passenger transportation  • Travel distance 
• vehicle number by type of vehicle  

BOE/travel distance/  
Type of vehicle/ year 

Freight transportation  GDP BOE/rupiah/year 
Aviation Number of aircrafts  BOE/unit/year 
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Raw data of fuel consumption for the base year of transportation sector in I2050PC is obtained from 

BPPT Study in 2012 on fuel consumption by type of vehicle as well as number of vehicle as listed in 

Handbook of Energy & Economic Statistics of Indonesia 2012 (see Table 2). 

 
Table 2. Fuel Consumption of Transportation Sector (Sugiyono 2012, PUSDATIN ESDM 2012a) 

Transportation 
Mode Vehicle Type Fuel type  Fuel Consumption 

(Million BOE) 

Road transportation Passenger car  Gasoline 66,27 

  
ADO 2,02 

  
Biofuel B5 1,19 

 
Small bus Gasoline 4,05 

 
Medium bus ADO 1,60 

  
Biofuel B5 1,72 

 
Big bus ADO 6,64 

  
CNG 0,18 

 
Small truck  Gasoline 5,84 

 
Medium Truck ADO 34,32 

  
Biofuel B5 38,62 

 
Big truck  ADO 6,56 

  
Biofuel 5,06 

 
Motorcycle Gasoline 73,52 

Train  
Passenger ADO 1,20 
Electric train Electricity  0,05 
Freight ADO 0,14 

Marine Transport  
 

ADO 7,19 
IDO 0,03 
MFO 0,16 

Aviation 
Aviation 
Gasoline 0,01 
Jet Fuel  20,98 

TOTAL 277,36 
 
Development and selection of assumptions and parameters in one pager that affect the energy 

demand projection up to 2050 was done through expert judgment and stakeholder consultation 

with business actors, government, associations and academicians. 

 

3. Freight Transportation Sub-Sector  
Freight transportation is still dominated by the road transportation that accounts of 93.5%, followed 

by marine transportation with 6%; train accounts for 0.23% and aviation accounts for 0.02% (See 

Table 3). Under the Presidential Regulation No. 26 of 2012 on National Logistic System, Indonesia 
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has a policy direction towards the national freight transportation development. Prior to the issuance 

of this regulation, the policy related to freight transportation was partial and covered freight 

transportation business permit, standard and specification of vehicle for freight transportation, and 

other provisions of freight transportation which did not lead to the development of efficient and 

competitive freight transportation system. The absence of a well-structured freight  transportation 

that is equipped with clear working mechanism and technical standards leads to the country’s poor 

logistic performance, when compared to other ASEAN countries. Such poor performance also caused 

a high logistic expenditure (World Bank 2013). 

Table 3. Share of Freight Transportation in Indonesia in 2006  (UNCRD 2006) 

Transportation 
Mode Road Transportation  Railway 

transportation 
Crossing 

Transportation 
Marine 

Transportation Aviation Total Share 

Island  Kton/ 
year Share Kton/ 

year Share Kton/ 
year Share Kton/ 

year Share Kton/ 
year Share kton/ 

Year  
Sumatera 807,972 90.7% 1,636 0.2% - 0% 80,776 9.1% 160 0.0% 890,545 10% 
Jawa 7,605,578 95.7% 19,023 0.2% - 0% 321,861 4.0% 1,029 0.0% 7,947,491 87% 
Bali,NTB,NTT 75,773 93.5% 15 0.0% - 0% 5,147 6.4% 102 0.1% 81,037 1% 
Kalimantan 4,146 11.0% 2 0.0% 109 0% 33,444 88.5% 73 0.2% 37,775 0% 
Sulawesi 85,692 39.5% 227 0.1% - 0% 130,091 60.0% 746 0.3% 216,756 2% 
Maluku, Papua 11 0.4% - 0.0% - 0% 2,859 98.9% 22 0.8% 2,892 0% 
Indonesia 8,579,173 93.5% 20,903 0.23% 109 0% 574,178 6.3% 2,133 0.02% 9,176,496 100% 

Source: Survey of Origin Destination of National Transportation, MOT 2006 
 
Freight transportation sub-sector covers 3 transportation modes namely road transportation that 

features truck, railway based transportation that features train that uses diesel machine, and marine 

transportation. One pager scenario of freight transportation sub-sector covers the change of 

transportation mode towards railway based and marine transportation; it also covers the fuel mix 

that affects the greenhouse gases emission up to 2050. This scenario is developed on the basis of 

government policy pathway that was dominated by road transportation and the high intake of fossil 

fuels. Energy demand calculation for freight transportation sub-sector is given below:  

 

Energy demand = GDP x Energy Intensity               (3) 
 

Based on the above equation (3), projection of sub-sector GDP and energy intensity are required to 

calculate the energy demand of freight transportation sub-sector. Hence, the fixed assumptions in 

energy demand model for freight transportation are GDP of freight transportation subsector and 

energy intensity in 2011, as well as the growth of GDP and energy intensity. 

 
 
a. Fixed assumption 
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1. GDP of freight transportation sub-sector in base year  

 

In order to obtain the estimated GDP of freight transportation sub-sector, first it is essential to set 

the basic assumption to determine the share between freight and passenger transportation from the 

aggregate GDP that is compiled based on transportation mode (BPS, 2014). Basic assumption to set 

the share of freight and passenger transportation was determined based on the expert judgment of 

the model team as presented in Table 4, column 3 and 4. Some assumptions used are as follow: for 

railway-based transportation, the ratio of PT KAI revenue between freight and passenger was the 

basis for basic assumption in determining the share. Meanwhile, for the other transportation modes, 

GDP share of freight transportation directly contributes to the activity of such sector. Once the share 

between passenger and freight transportation is set, the share of freight transportation is later used 

to calculate the GDP value designated for freight transportation in 2011 (base year). The calculation 

result of freight transportation share in GDP for each transportation mode is shown in Table 5.  

 
Table 4. GDP share assumption for freight and passenger transportation 

Transportation Mode 
GDP constant price 

2011 (billion 
rupiahs) 

Share of 
passenger 

transportatio
n 

Share of 
freight 

transportatio
n 

GDP of 
passenger 

transportation 

GDP of 
freight 

transportatio
n  

1 2 3 4 5 6 
1). Road transportation  38.339 50% 50% 19.169 19.169 
2). Railway 
transportation 798 57,3% 42,7% 457 341 
3). Marine 
transportation  9.157 20% 80% 1.831 7.325 

4). River, lake and 
crossing transportation  3.083 60% 40% 1.850 1.233 

   TOTAL 23.308 28.069 
 

Table 5. GDP share of freight transportation by mode 

Mode of road transportation Share of GDP 
Road transportation  68,29% 
Railway transportation  1,22% 
Marine transportation 
(including river, lake and 
crossing transportation)  

30,49% 

TOTAL 100% 
Source: based on expert judgment 

 
2. GDP growth projection of freight transportation sub-sector  
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GDP growth of freight transportation sub-sector is estimated high until 2035 along the economic 

growth particularly in industry sector (based on Stakeholder Consultation Meeting, September 

2014). Growth projection of aircraft number is assumed 7% per year until 2025 which will later rise 

to 8% until 2035 and finally fall to 5% until 2050 (see Table 6). GDP growth assumption is based on 

the economic growth of 7% as set in KP3EI model.  

 

Table 6. Projection of GDP Growth of Freight Transportation Sub-sector. 

Year 2025 2035 2050 
Annual GDP growth 7% 8% 5% 

Source: based on expert judgment 
 

 
Figure 3. Projection of GDP growth of Freight Transportation Sub-sector 

 
3. Total energy consumption of freight transportation sub-sector in base year  

 

Estimated energy consumption of freight transportation sub-sector for truck and train in 2011 is 

obtained from BPPT Study (Sugiyono 2011) on energy consumption by transportation mode. 

Meanwhile, the energy consumption of freight transportation for marine transportation mode and 

river, lake and crossing transportation mode is assumed on the basis of GDP share (See Table 7). 

Henceforth, estimation of total energy consumption and fuel mix of freight transportation sub-

sector is obtained (Table 8). 
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ADO 7,189 40% 60% 2.875.543 95,13% 
IDO 0,026 80% 20% 20.800 0,69% 

MFO 0,158 80% 20% 126.400 4,18% 
 

Table 8. Energy consumption of freight transportation in 2011 (Sugiyono 2012) 

Transportation Mode  Fuel Type 

Freight 
transportation 

energy 
consumption 

(BOE)  

Fuel Mix 

Road transportation 
Gasoline 5.842.554,32 6,46% 
ADO 82.373.563,07 91,12% 
Biofuel 2.183.871,82 2,41% 

Subtotal  90.399.989,21 100% 

Train 
ADO 140.556,07 100% 
Biofuel - 0% 
Electricity  - 0% 

Subtotal  140.556,07 100% 

Marine Transportation  

ADO 2.875.543,30 95,13% 
IDO 20.800 0,69% 
MFO 126.400 4,18% 
Biofuel  0 0% 
Natural Gas 0 0% 

Subtotal  3.022.743,30 100% 

 
 
4. Projection of energy intensity growth of freight transportation  

Growth of energy intensity of freight transportation sub-sector is assumed in Table 9 below. This 

assumption is based on the historical data of average energy intensity growth of road 

transportation, railway-based transportation and marine transportation from 2004 to 2011, which is 

2%. Energy intensity growth of marine transportation is relatively higher than those of railway and 

road transportation. Such higher growth in marine transport is caused by the shift of freight 

transportation to marine transportation. Energy intensity of freight transportation does not 

proportionate directly with the improvement of transportation efficiency owing to technology 

innovation. Nonetheless, energy intensity of freight transportation is assumed to increase until 2050 

due to the ongoing infrastructure growth that leads to an increase in sector activity.  

 
Table 9. Projection of Energy Intensity Growth of Freight Transportation Sub-Sector 

Freight transportation mode 
Year 

2025 2035 2050 
Road transportation  0,5% 0,75% 1% 
Train  0,5% 0,75% 1% 
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Marine transportation 
(including river, lake and 
crossing transportation) 

0,5% 1% 1,5% 

Source: based on expert judgment 
 

b. Trajectory assumption 

Trajectory assumption for freight transportation sub-sector includes the share of subsector’s GDP for 

each transportation mode and fuel mix of freight transportation until 2050.  

 
1. Projection of Freight Transportation’s GDP Share by Transportation Mode  

Projection of freight transportation’s GDP share by transportation mode will experience a shift. Train 

and ship will replace truck that currently dominates the freight transportation. Share increase of 

train and ship is triggered by the government policy on infrastructure construction for railway and 

marine transportation. Ship share will increase following the marine terminal (tol laut) policy that 

will construct 24 big ports in Indonesia and rearrange the structure and system of marine 

transportation’s supply chain. Meanwhile, share of freight transportation through train will also 

increase following the double track construction at the southern coast of Java, Trans Sumatera 

railway, Trans Sulawesi railway and Trans Kalimantan railway. The use of a more efficient railway and 

ship modes is expected to decrease the energy consumption share of freight transportation until 

2050. The scenario’s level 1 to 4 for GDP share of freight transportation by transportation mode is 

explained as follow:  

 

Level 1 

Level 1 assumes that in 2050, the freight transportation will still be dominated by truck compare to 

train and ship. Train capacity increases following the double track in Java Island and the construction 

of railway network system in 5 main islands that has been 20% completed. GDP share of freight 

transportation in 2050 is similar to that of base year, with 2,39% share of train and 30.13% share of 

marine transportation.  

 

Level 2 

Level 2 assumes that in 2050, capacity of railway system increases following the 40% completion of 

railway system construction on 5 main islands. Improvement of ports has been done in the Western 

part of Indonesia. It leads to an increase in GDP share of freight transportation, with 5% share of 

train and 35% share of marine transportation by 2050.   

 

Level 3 
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Level 3 assumes that in 2050, capacity of railway system increases following the 60% completion of 

railway system construction on 5 main islands. Improvement of ports has been done in the Western 

and Central parts of Indonesia, thereby Marine Terminal program could be implemented effectively 

in Western and Central parts of Indonesia. It leads to an increase in GDP share of freight 

transportation, with 19% share of train and 38% share of marine transportation by 2050.  

 

Level 4 

Level 4 assumes that the Eastern part of Indonesia by 2050 has developed significantly, thus load 

factor of ship from this area increases and the Marine Terminal program could be implemented 

effectively. Share of road transportation becomes lower and the railway system construction has 

completed 100%.  This situation leads to an increase in GDP share of freight transportation, with 

15% share of train and 42.5% share of marine transportation by 2050.  

 
Table 10. Assumption on GDP share of Freight Transportation 

Mode Level 1 
2050 

Level 2 
2050 

Level 3 
2050 

Level 4  
2050 

Truck 68,29%  60%  53%  42,5%  
Train  1,22%  5%  19%  15%  
Ship  30,49%  35%  15%  42,5%  

Source: Based on Expert Judgment  
 

2. Fuel mix of freight transportation sub-sector  

Currently, the freight transportation relies on vehicles that use fossil fuels (Sugiyono 2012). To 

improve the energy efficiency and reduce greenhouse gases emission of freight transportation sub-

sector, the fuel mix of freight transportation sub-sector is guided towards the increase use of 

vegetable oil, namely biofuel for road transportation and natural gas for marine transportation. 

Nowadays, a test on the use of natural gas for ship has been carried out. Mixing them with biofuel 

can reduce the use of fossil fuels for road transportation. However, the mix ratio should not be more 

than 20% given the nature of machinery technology that exists nowadays. It is in concordance with 

government policy on the use of biofuel that is mandated under Minister of Energy and Mineral 

Resources Regulation No. 20 of 2014.  

 

Level 1 scenario on the fuel mix of freight transportation sub-sector describes the current situation 

that is not affected by the regulation, thus the fuel mix in 2050 is similar to the one in base year. 

Level 2 assumes that the fuel mix has accommodated the existing policies. Level 4 describes a very 
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optimistic condition on the use of biofuel, in which half of ADO demand has been replaced by pure 

biodiesel. Meanwhile, level 3 is the condition between level 2 and level 4 that is described by using 

some assumptions as a result of stakeholders and core team consultation.  As for marine 

transportation, PT PELNI conducts a test on the use of natural gas for marine transportation. The 

testing is the basis of the negative trend projection of ADO consumption in 2050 for each level. 

Based on the consultation result with stakeholders, alteration in fuel mix of freight transportation is 

projected linear up to 2050.  

 

Level 1 

Level 1 assumes that in 2050, the share of pure biodiesel use in freight transportation is still similar 

to the base year, that is 2.42% for truck. Alternative fuel has not been tapped for freight train. 

Meanwhile, natural gas has been used for marine transportation with 2% share.  

 

Level 2 

Level 2 assumes that in 2050 the use of natural gas is marine transportation will reach 5% share 

following the construction of natural gas distribution infrastructure in the main ports. Share of 

biofuel increases to 30% for road transportation following the mandate in the Minister of Energy and 

Mineral Resources No.20 of 2014. Share of biofuel for train will get to 10% by 2050.  

 

Level 3 

Level 3 assumes that biofuel share reaches 40% for road transportation with the adoption of flexible 

fuel vehicle technology. Biofuel share for train will be 15% by 2050. And natural gas share for marine 

transportation will reach 10% due to the government policy on ship obligation to use natural gas.  

 

Level 4 

Level 4 assumes that marine transportation in 2050 would have used natural gas in the amount of 

20% of total fuel mix due the expansion of natural gas distribution infrastructure. Biofuel accounts 

for 50% of total fuel mix for road transportation following the introduction of machine technology 

for vehicle that uses pure biodiesel. Biofuel for freight train will account for 30% share of fuel mix by 

2050.  
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Table 11. Fuel mix of freight transportation sub-sector in 2050 

Vehicle Technolog
y 

Level 1 
2050 

Level 2 
2050 

Level 3 
2050 

Level 4 
2050 

Truck biofuel 2,42%  30%* 40%* 50%*  
  *) of total ADO demand 
Train  biofuel 0%  10% 15%  30% 
Marine 
Transporta
tion  

Natural 
gas 

2%  5%  10%  20%  

Source: based on expert judgment  
 

4. Passenger Transportation Sub-sector  
Currently, the motorized passenger transportation is still dominated by passenger car and 

motorcycle. Significant uncontrolled growth of motorized vehicle causes a major traffic jam issue in 

urban area. The use of public transportation including small bus (mikrolet, KWK), taxi, large bus and 

train is still limited due to a poor public transportation system at this moment (Ministry of Public 

Works, 2009). The focus of current government is to push the shift of transportation mode from 

private vehicle to public transportation in order to improve efficiency and reduce greenhouse gases 

emission. In urban area, Buss Raid Transit (BRT) and Mass Rapid System (MRT) are the long-term 

solution to reduce energy intensity in transportation sector. Modal shift from private vehicle to 

public transportation can be achieved if the public transportation is operated pursuant to the good 

service standards that is safe, comfortable and reliable (PUSDATIN ESDM 2012b). Minister of Energy 

and Mineral Resources Regulation No. 0031 of 2005 article 5 regulates the energy saving measures 

in transportation system by pushing the use of gasoline product named Pertamax for private vehicle 

and natural gas for public transportation. This regulation aims for reducing fossil fuel subsidy that is 

consumed mostly by the private vehicles. Thereby, the fuel mix in passenger transportation sub-

sector is still dominated by fossil fuels. Unfortunately, fossil fuel reserve is predicted to continuously 

decrease in the future. (PUSDATIN ESDM 2012b). 

 

In general, government policy related to urban public transportation is listed as follow:  

1. Improvement of urban public transportation standard; 

2. Limit the use of private vehicle through vehicle ownership requirements;  

3. Endorse the use of BRT and railway based mass transportation; 

4. Fuel diversification; 

5. Encourage the development of urban traffic management system; 

6. Encourage the development of technology that targets the limitation of private vehicle use, 

such as electronic road pricing (ERP); 
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7. Encourage walking as alternative transportation mode by providing facilities to pedestrian; 

8. Encourage the use of off street parking (parking pocket and parking building) by limiting the on 

street parking on the urban main roads. 

(Hubdat 2014) 

 

Passenger transportation sub-sector covers three transportation modes, namely road 

transportation, electric railway based transportation and marine transportation. This sub-sector is 

divided into two parts, namely urban transportation and inter-city transportation. One pager 

scenario of passenger transportation sub-sector includes the shift of transportation mode to public 

transportation; and conventional vehicle technology to low emission technology that affects energy 

intensity of each type of vehicle and fuel mix. This scenario is based on the government policy to 

reduce the use of private vehicles and shift it to a more efficient public transportation, and 

accommodate the use of environmentally friendly vehicle technology. 

 

Energy demand calculation for passenger transportation sub-sector is divided into urban and inter-

city transportation. It is based on the trend of increasing urbanization. It is estimated that 70% of 

Indonesian population will live in urban area by 2020 (DG of Spatial of the Ministry of Public Work 

2913). A large passenger movement also happens inter-city, apart from urban transportation. 

Demand calculation method is done by using the following formula:  

 
Energy demand = number of vehicle x travel distance x energy intensity  (4) 
 
Based on equation (4), in order to calculate the energy demand, the projections of vehicle number, 

travel distance and energy intensity are required. Therefore, the fixed assumptions in energy 

demand model for passenger transportation sub-sector are vehicle number data, travel distance and 

energy intensity in 2011. Base year later was later projected towards 2050 using assumed growth 

rate derived from expert judgment.  

 

Shift of transportation mode is calculated based on the number of private vehicle that is replaced by 

public transportation. Number of vehicle is the calculation basis for passenger who shifts to public 

transportation and the number of public bus required to accommodate the passenger shift. In 

equation (4) number of private vehicle has incorporated the vehicle reduction due to the shift to 

public transportation. It also applies to public transportation, the number of vehicle in equation 4 

has also incorporated the additional vehicle required to accommodate modal shift. In order to 
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calculate trip activity by passenger, the number of trip per year parameter for each type of vehicle is 

included in the following calculation formula:  

 
Nu = Np x Jp x Kp / ( Ju x Ku)                    (5) 
 
Where: 
Nu  = Number of public vehicle required 
Np  = Number of private vehicle that is replaced by public transportation  
Jp  = Number of trips using private vehicle per year  
Kp  = Number of average passenger of private vehicle  
Ju = Number of private vehicle trip per year  
Ku = Average capacity of public transportation  
 
Based on the above equation (5), in order to project the additional public vehicle unit required for 

modal shift, calculations of average public transportation capacity and projection of average 

passenger of private vehicle until 2050 are required. This calculation is also the fixed assumption to 

obtain the energy demand model projection for passenger transportation sub-sector in urban area.  

 

 
 

4.a. Passenger Transportation Sub-sector in Urban Area  
 

a. Fixed assumption  

 

1. Vehicle growth  

Vehicle growth of passenger transportation sub-sector in urban area is calculated using some 

assumptions based on the number of vehicle in base year and BPS historical data from 2004 (BPS 

2014). Vehicle growth is assumed similar to its historical growth (CAGR) that is calculated from 2004. 

Referring to literature on motorization phenomenon and vehicle ownership in some countries, it is 

assumed that the vehicle growth will slow down when per capita income has reached USD 10,000 

(Dargay et al. 2007). Motorcycle growth is assumed stagnant when the ratio of motorcycle to 

population is 1 to 2, it is confirmed with Indonesia’s situation based on average household size of 

Indonesia and the tendency to purchase car after owning 2 or 3 motorcycles (based on expert 

judgment). Growth of public transportation unit is assumed similar to the historical data. The 

number of commuter line units in Jabodetabek was obtained from PT.KCJ. Growth of commuter line 

unit is assumed to increase five folds in 2050, following the government target to build mass 

transportation in five big cities pursuant to the Mid-term Development Plan 2010 – 2014.  
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Table 12. Number of Vehicle in Base Year 2011 

Vehicle Type Number of Vehicle Reference 
Car 8.828.000 BPS 
Motorcycle 61.133.000 BPS 
Microbus (angkot, mikrolet) 1.684.000 BPPT 
Small bus 178.000 BPPT 
Big bus 468.848 BPPT 
Commuter line, MRT, monorail 30 trains  PT. KCJ 

 

 

2. Number of passenger per each vehicle  

Average passenger number is assumed based on the study that has been conducted and load factor 

of public transportation is based on the expert judgment (See Table 13). Average capacity of public 

transportation is vehicle maximum capacity times load factor that is defined as empirical value, 

expressed in in percentage, of vehicle capacity that is filled with passenger. Load factor data of 

personal vehicle in base year refers to JABODETABEK Urban Transportation Policy Integration Project 

(JUTPI) study in 2011 and JABODETABEK Public Transportation Policy Implementation Strategy 

(JAPTraPIS) study by JICA in 2012. Load factors of public transportation and train are taken from 

Land Transportation in Figures 2013.  

 
 

Table 13. Number of Average Passenger in base Year 2011 

Type of vehicle 
Average passenger number in 2011  

 
Projection of average passenger 

number in 2050  
 

Car 1,3 person 1,3 orang 
Motorcycle 1,2 person 1 orang 
Microbus (angkot, mikrolet) 14 people with the load factor of 

30% 
14 people with the load factor of 60% 

Small bus 24 people with the load factor of 
30% 

24 people with the load factor of 60% 

Big bus 80 people with the load factor of 
30% 

80 people with the load factor of 60% 

Commuter line, MRT, monorail 2500 people with the load factor of 
50% 

2500 people with the load factor of 
70%  

Source: JUTPI 2011, Japtrapis 2012, Land Transportation in Figures 2013 
 
3. Travel distance per each vehicle  
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Average travel distance of car and motorcycle per year is obtained through estimation from total 

energy consumption in 2011. Average travel distance of microbus and small bus per year is 

determined based on expert judgment. Meanwhile, average travel distance bus in urban area per 

year is obtained from Transjakarta study for natural gas use model (BPPT 2014). Projection figures in 

2050 are set based on expert judgment and upon consultation with stakeholders. Travel distance of 

commuter line is based on Jakarta- Bogor route. Growth of vehicle’s travel distance is projected 

linear up to 2050.  

Table 14. Average travel distance in Base Year 2011 

Type of vehicle Average travel distance in 2011 Projection of average travel distance in  
2050 

Car 32 km/day (10 km/day with 3,2 
trips/day) 20 km/day 

Motorcycle 16 km/day(4 km/day with 4 trips /day) 15 km/day 
Microbus (angkot, 
mikrolet) 90 km/day 150 km/day 

Small bus 90 km/day 150 km/day 

Big bus 278 km/day (34.75 km/ day with 8 
trips/day) 250 km/day 

Commuter line, 
MRT, monorail 

45 km/day with  
8 trips/day 

45 km/day with  
8 trips/day 

 

4. Energy efficiency by type of vehicle and fuel  

Vehicle’s energy efficiency in this model is defined as energy consumption required to travel one 

kilometer distance while carries average passenger capacity per vehicle; and it is expressed in 

BOE/km unit. Energy efficiency could be calculated based on fuel energy content in one liter of fuel 

(BOE/liter) divided by fuel specific consumption per type of vehicle to travel certain distance 

(km/liter). Energy content data per type of fuel is obtained from various sources (see Table 15). 

Estimation of alternative fuel energy content such as VGas, CNG, bioethanol and biofuel is assumed 

based on energy content comparison with gasoline and ADO (EIA 2013). Fossil fuel specific 

consumption for car and motorcycle is obtained from survey conducted by Swisscontact Foundation 

in 2008 and is projected linear up to 2050 based on expert judgment (see table 16) (Suhadi 2008). 

For vehicle’s energy efficiency approach with advanced and low emission technology such as electric 

vehicle and fuel cell, data can be obtained from vehicle’s specification that have been 

commercialized in developed countries at the moment (Gekgo Worldwide 2014, US-DOE/US-EPA 

2014b, US-DOE/US-EPA 2014c).  
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Table 15. Fuel energy content in base year 2011 

Type of fuel Energy Content (BOE/liter) Source 
Gasoline 0,0058275 BPPT 
ADO 0,0064871 BPPT 
CNG 37,5% of gasoline energy content  (EIA 2013) 
Biofuel 0,006162745 (Kutz 2008) 
Bioethanol  80% of gasoline energy content  (EIA 2013) 

 

Table 16. Fuel consumption by vehicle (Suhadi 2008) 

Type of vehicle Fuel consumption in 2011(km/l) Fuel consumption in 2050 (km/l) 

Car  8,5 15 
Motorcycle 28 28 

 

Figure 4 describes the energy efficiency by type of fuel of private car from the base year 2011 to 

2050. Basic assumptions for car are: saving technology will still develop and traffic jam issue in the 

big cities of Indonesia will lessen, thus fuel specific consumption increases. For hybrid car, it is 

assumed that fuel specific consumption increases from 35 km/l in base year 2011 to 50 km/l in 2050. 

Assumption on hybrid car’s energy efficiency in 2050 is similar to the specification of hybrid car that 

is being used in developed countries at the moment (Autoguide.com 2011). Currently, car in 

Indonesia averagely uses machine with Euro 2 emission standard. However, motor machine 

technology is assumed to be stagnant, thus the energy efficiency will not change until 2050. Low 

emission and advance technology motorcycle and car are predicted to penetrate Indonesia’s market 

in 2020. Their energy efficiency is considered similar up to 2050 with the same assumption of the car 

specification that has been commercialized in developed country at the moment. Due to limited 

budget availability, energy efficiency of public transportation is calculated from total energy 

consumption data by type of vehicle divided by  travel distance per year and it is estimated constant 

until 2050 (See Table 17).  
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Figure 4. Energy efficiency of private car until 2050 

 

Table 17. Energy Efficiency of private car 

Type of vehicle Type of 
fuel/technology  

Energy efficiency in 
2011 (BOE/km)  

 

Energy Efficiency in 
2050 (BOE/km)  

 
Car Gasoline 6.80E-04 3.89E-04 

 ADO 7.57E-04 4.32E-04 

 VGas 5.44E-06 3.11E-06 

 CNG 2.55E-04 1.46E-04 

 Pure biofuel 7.19E-04 4.11E-04 

 Pure bioethanol  4.76E-04 2.72E-04 

 Hybrid 1.67E-04 1.17E-04 

 Electric 1.32E-04 1.32E-04 

 Fuel cell 5.12E-05 5.12E-05 
Motorcycle Gasoline 2.08E-04 2.08E-04 

 Pure bioethanol  1.34E-04 1.34E-04 

 Electric 1.28E-04 1.28E-04 
Microbus (angkot, mikrolet) Gasoline 7.43E-05 1.49E-04 
Small bus ADO 5.77E-04 1.15E-03 

 Pure biofuel 5.48E-04 1.10E-03 
Big bus  ADO 1.51E-04 3.03E-04 

 Pure biofuel 1.44E-04 2.87E-04 

 CNG 4.94E-05 9.88E-05 
Commuter line, MRT, monorail Electric 1.52E-02 2.12E-02 

Source: data processing from various literatures and surveys  
 
 

b. Trajectory assumption 
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One pager of energy consumption projection of passenger transportation sub-sector in urban area is 

divided into three: (1) modal shift of passenger transportation, (2) vehicle technology, both 

conventional and (3) advanced and low emission technology for urban transportation.  

 

1. Modal shift of passenger transportation  

Traffic jam issue in Indonesia causes inefficient use of energy since the vehicle needs more fuel to 

travel a short distance. It is caused by road infrastructure capacity that could not cope with the 

increasing number of vehicle. One of the solutions to this problem is increasing the use of public and 

mass transportation because the fuel specific consumption for public transportation is much lower 

than private vehicle1

 

. One of public transport models that start to be developed in the big cities is 

the bus rapid transport (BRT), like TransJakarta. BRT is defined as the road-based mass 

transportation that utilizes bus with specific and protected lane, thus enable the increase of carrying 

capacity (PUSDATIN ESDM 2012b). Other strategy to reduce energy consumption derived from 

motorized vehicle is to encourage the non-motorized transportation by providing facility for 

pedestrians and bike lane.  

One pager of passenger transportation’s modal shift is based on the current condition of urban 

passenger transportation that is still dominated by private car and motorcycle. Current focus of 

government policy is to encourage modal shift from private vehicle to public transportation in order 

to improve energy efficiency and reduce greenhouse gases emission. In urban area, Bus Rapid 

Transit (BRT) and Mass Rapid Transit (MRT) systems are considered as a long-term solution to 

reduce energy intensity in transportation sector. This one pager is not applied to the inter-city 

transportation. In one pager of passenger transportation’s modal shift, level 1 describes the absence 

of modal shift from private vehicle to public transportation. BRT has been adopted in base year 2011 

in some big cities in Indonesia and it is assumed that the systems will be adopted and developed 

until 2050. However, in level 1, the use of private car is assumed to increase and people still prefer 

to use private vehicle than massive transportation (BRT and MRT), thus the modal shift of private 

vehicle does not happen. The higher levels represent the lower private vehicle growth because half 

of private vehicle owners prefer to use public transportation, hence the growth of public 

transportation is higher. With the provision of supporting infrastructures and reliable and integrated 

urban public transportation in level 4, it is assumed that the efforts succeed to encourage the 

                                                             
1 For instance, the fuel specific consumption of private vehicle in Jakarta is 10.04 km/liter-passenger. 
Meanwhile, the fuel specific consumption of large bus in Jakarta is 0.88 liter/km-passenger (PUSDATIN ESDM 
2012b). 
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transportation user in shifting their transportation mode to non-motorized system such as walking 

and cycling.  

 

Level 1 

Level 1 assumes that in 2050, the urban transportation is still dominated by private vehicle. 

Development of public transportation infrastructure is still low. The use of private vehicle in urban 

area has not been significantly shifted to BRT and railway based transportation (commuter line, 

monorail, MRT [Mass Rapid Transit], and etc.).  

 

Level 2 

Level 2 assumes that in 2050, the modal shift in 2050 from private vehicle to railway based 

transportation increases 20% owing the provision of infrastructures for public transportation, 

particularly BRT and railway based transportation  

 

Level 3 

Level 3 assumes that in 2050, the modal shift from private vehicle to bus and railway-based 

transportation increases 25% following the infrastructure provision for public transportation.  

 

Level 4 

Level 4 assumes that the growth of integrated railway based passenger transportation that is 

integrated with the bus system is able to shift 30% private vehicle users to public transportation in 

2050. The most optimistic scenario of modal shift to MRT is assumed in 20 cities of Indonesia that 

has a system like commuter line that currently exists in Jabodetabek. In addition, with the provision 

of a reliable MRT, 5% of private vehicle users shift to non-motorized transportation such as walking 

and cycling. Modal shift to NMT is assumed to be triggered by the urban planning that locates 

residential close to commercial area and also the work from home lifestyle as the impact of a more 

modern communication technology.  

 
Table 18. Modal shift level of passenger transportation 

Modal Shift from Private Vehicle to 2011 Level 1 
2050 

Level 2 
2050 

Level 3 
2050 

Level 4  
2050 

Urban BRT & MRT  0% 0% 20% 25% 30% 
Non-motorized system     5% 

Source: based on expert judgment  
 

2. Passenger transportation technology  
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One pager of alternative technology and fuel of passenger transportation is based on government 

policy related to the use of biofuel as stated in the Minister of Energy and Mineral Resources 

Regulation No. 20 of 2014 as well as the use of advance and environmentally friendly technology 

(Table 19).  

 

Level 1 

Level 1 assumes that in 2050 private vehicle technology is still based on ICT and dominated by the 

use of conventional fossil fuels. The use of pure biofuel has been adopted in land transportation sub-

sector like the situation nowadays; therefore the share of biofuel in 2050 is still similar to that in 

2011. Natural gas share for passenger transportation including public bus in 2050 is still similar to 

the condition of baseline year. In 2050, the share of vehicle with low emission technology is 0.1% out 

of total private vehicles.  

 

Level 2 

Level assumes that the share of pure biofuel increases to 30% out of total demand of ADO in 2020 

and bioethanol share is 20% pursuant to the Minister of Energy and Mineral Resources Regulation 

No. 20 of 2014. Share of natural gas for urban bus reaches 12% in 2050. The growth of 

transportation sector is supported by the transportation infrastructure including fuel station and 

provision of natural gas and biofuel. Share of vehicle with low emission technology reaches 1% out 

of total private vehicles.  

 

Level 3 

Level 3 assumes that in 2050, the share of vehicle that uses biofuel has increased to 40% out of total 

diesel cars. Bioethanol share is 25%. This circumstance is achieved by flexible fuel vehicle 

technology, which refers to the machine that could use pure biofuel with higher mix level. Share of 

natural gas for bus reaches 25% in 2050 following the increasing number of fuel station and the 

policy to support the provision of biofuel. In 2050, share of vehicle with low emission technology will 

be12% and electric motorcycle will be 30%.   

 

Level 4 

Level 4 assumes that in 2050, the share of biofuel use for road transportation reaches 50% and 

bioethanol reaches 35% for private vehicle following incentive policy and domestic production of 

flexible fuel technology. Share of natural gas for bus will be 50%. In 2050, share of vehicle with low 

emission technology reaches 30% and electric motorcycle reaches 65%.  
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Table 19. Technology level of conventional urban passenger transportation 

Vehicle Technology Level 1 
2050 

Level 2 
2050 

Level 3 
2050 

Level 4 
2050 

Car biofuel  0.1% 30% 40% 50% 
Car / 
Motorcycle  

bioethanol 0% 20% 25% 35% 

 *) out of total gasoline 
Car 

Hybrid&electric 
0.1% 1% 12% 30% 

Motorcycle  0.1% 1% 50% 80% 
Bus  Biofuel 0% 30% 40% 50% 
 Natural gas 8.2% 12% 25% 50% 

Source: based on expert judgment 
 
 

3. Passenger vehicle with low emission technology  

Passenger vehicle with advance and low emission technology includes hybrid technology and electric 

car. Hybrid technology has been developed by some famous automotive industries such as Honda 

from Japan, BMW from Europe, as well as General Motor and Ford from Unites Stated. Hybrid 

technology has a system to regenerate wasted mechanical energy (due to deacceleration process) 

into stored energy in a form of electricity. Therefore, the fuel specific consumption decreases 

because the energy demand has been partially provided by the electric motor. The laboratory test 

shows the reduction in fuel specific consumption up to 31 km/liter (Pusdatin ESDM 2012 b)  

Electric car technology is a car that is powered by electricity alone from the electric motor and a 

rechargeable battery package. Electric car has some benefits compare to the other cars with internal 

combustion machine, such as energy efficient and environmentally friendly. Electric car converts 

approximately 59 – 62% if electricity from grid into wheel movement. Meanwhile, conventional 

gasoline car converts only 17 – 21% of energy from gasoline into movement. Electric car does not 

produce emission directly, yet the emission might be emitted from the power plant that generates 

electricity. It is also expected that the power plant also produces less emission such as nuclear, 

hydro, wind and (US-DOE/US-EPA 2014a). The average share of electric car technology in developed 

country in 2013 is estimated 0.93% (Shahan 2014).  

 

One pager of passenger vehicle with low emission technology accommodates the possibility of an 

increase in hybrid technology and electric vehicle use that is currently being commercialized in 

developed countries. It allows the emission reduction in transportation sector by reducing the use of 

conventional fossil fuels and vehicle technology with low emission feature. Current average share of 

electric vehicle in developed country is used as the reference for level 2 of electric vehicle share. In 
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level 2, the share of electric vehicle in Indonesia in 2050 is assumed similar to the current condition 

in developed countries.   

 

Option A 

Option A assumes that in 2050, all passenger cars with low emission technology will be fully hybrid. 

And, motorcycle with low emission technology will be fully electric. 

 

Option B  

Option B assumed that in 2050, 70% of passenger car with low emission technology will be hybrid 

and 30% will be electric. Meanwhile, motorcycle with low emission technology will be fully electric.  

 

Option C  

Option C assumes that in 2050, 50% of passenger car with low emission technology will be hybrid 

and 50% will be electric. Meanwhile, motorcycle with low emission technology will be fully electric.  

 

Option D 

Option D assumes that in 2050, all passenger vehicles with low emission technology will be electric.  

 

Table 20. Level of low emission technology passenger vehicle 

Vehicle Technology Level 1 
2050 

Level 2 
2050 

Level 3 
2050 

Level 4 
2050 

Car Hybrid 100% 70% 50% 0% 
Car Electric 0% 30% 50% 100% 

Motorcycle Electric 100% 100% 100% 100% 
Source: based on expert judgment  

4. b. Inter-city passenger transportation sub-sector.  
 

a. Fixed assumption  

 

1. Vehicle growth  

The number of inter-city bus unit and marine transportation is obtained from Transportation 

Statistic 2012 (Kemenhub 2013). Vehicle growth is projected based on historical data from 2008. 

Number of train unit is obtained from BPPT Study for energy consumption by type of vehicle 2011, 

and the growth uses historical data of diesel train in 2009 from PT KAI Annual Report 2009  

(PT. KAI 2013). The unit growth is projected linear until 2050. 
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Table 21. Number of vehicle unit in base year 2011 

Type of vehicle Number of unit Reference 
Inter-city bus 21.152 Transportation Statistic 2012 (Kemenhub 

2013) 
Diesel train  194 locomotives BPPT (Sugiyono 2012) 
Ship 14.926 Transportation Statistic 2012 (Kemenhub 

2013) 
 
 
2. Travel distance by type of vehicle  

For inter-city transportation, average bus travel distance is assumed similar to the daily distance of 

Jakarta – Semarang for 360 operational days per year. Average train travel distance per year is 

assumed similar to the distance of Jakarta – Surabaya per day with 360 operational days per year. 

Average marine transportation is assumed based on the distance of Merak – Bakauheni with the 

frequency of 4 times a day for 360 operational days per year   distance (ANTARA Sumatera Barat 

2012, Kompas 2011). Travel distance of inter-city transportation is assumed constant until 2050. 

 
Table 22. Average travel distance in base year 2011 

Type of vehicle Average travel distance in 2011 Average travel distance projection 
in 2050  

Inter-city bus  477 km/day 477 km/day 
Diesel train 785 km/day  785 km/day 

Ship 15 nautical miles/day with 4 
trips/day  

15 nautical miles/day with 4 
trips/day  

Source: based on expert judgment  
 
 
3. Energy efficiency by type of vehicle and fuel  

Energy efficiency of vehicle in this model is defined as the amount of energy required to travel one 

kilometer and carry passengers, equal to vehicle’s average capacity, and expressed in BOE/km. Due 

to data constrain, the energy efficiency of passenger vehicle is calculated by dividing total energy 

consumption data by annual travel distance, and the figure is assumed constant until 2050 (See 

Table 23). Estimation of energy content of ADO and MFO for marine transportation is assumed 

based on energy content data comparison from UNFCCC report (2012).  

Table 23. Energy efficiency of public transportation 

Type of vehicle 
Type of 

Fuel/Technology  
Energy Efficiency   

 (BOE/km) 
Inter-city bus ADO               0.0002163  

 Pure biofuel                0.0002055  
Diesel train  ADO               0.0219147  

 Pure biofuel                0.0208189  
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Ship  ADO               0.0072908  

 CNG               0.0024855  

 IDO               0.0071595  

 MFO               0.0066491  

 Pure biofuel                0.0069263  

 
b. Trajectory assumption 

One pager of energy use projection in inter-city passenger transportation sub-sector accommodates 

the use of alternative fuel for inter-city vehicles.  

 

Passenger transportation’s technology  

One pager of alternative technology and fuel of passenger transportation is based on the 

government policy related to the use of biofuel. Level 1 assumes that the government policy has not 

come into effect yet. Level 2 assumes that the Minister of Energy and Mineral Resources Regulation 

No. 20 of 2014 have been implemented. Level 3 and 4 assume that the flexible fuel vehicle 

technology that utilizes biofuel has been adopted for bus and train; natural gas is used for marine 

transportation (Table 24).  

 

Level 1 

Level 1 assumes that in 2050, inter-city transportation is still dominated by ICT-based technology 

and fossil fuels. The use of pure biofuel for inter-city transportation has not been in place yet until 

2050. Meanwhile, the test on natural gas use for marine transportation is succeeded, thus the share 

is 2% in 2050.  

 

Level 2 

Level 2 assumes that the use of biofuel for inter-city transportation has been implemented pursuant 

to Minister of Energy and Mineral Resources No.20/2014. Share of biofuel in ADO is 30% for inter-

city bus. Diesel train has used 10% pure natural gas in 2050. Growth of transportation sector is 

supported by the development of transportation infrastructure including the construction of fuel 

station that provides natural gas and biofuel. Meanwhile, share of natural gas for marine 

transportation has reached 5% in 2050.  

 

Level 3 

Level 3 assumes that in 2050, the share of public transportation that uses biofuel has reached 40% 

for inter-city bus and 15% for train. Share of natural gas for bus and marine transportation will be 

10% by 2050 with a lot of fuel stations and other policies that support the provision of natural gas.  
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Level 4 

Level 4 assumes that in 2050, the share of road transportation that uses biofuel will be 50% by 2050 

following the incentive policy and the domestic production of flexible fuel vehicle. Share of natural 

gas for marine transportation will be 20%.  

 

Table 24. Fuel mix level for inter-city passenger transportation 

Vehicle Technology  Level 1 
2050 

Level 2 
2050 

Level 3 
2050 

Level 4 
2050 

Bus Biofuel 0% 30% 40% 50% 
Train  Biofuel 0% 10% 15% 30% 

Marine 
Transportation  Natural gas 2% 5% 10% 20% 

Source: based on expert judgment  
 

5. Aviation Sub-sector  
In 2010, greenhouse gases derived from transportation sector was 105 million tCO2e, aviation 

contributed 9% out of total transportation sector’s emission (PUSDATIN ESDM 2012b). GHG emission 

reduction covers the energy saving measures in aviation sub-sector. The measures are improve the 

effectiveness of air traffic controller, improvement of airport management, improvement of 

operational system and procedures, as well as fossil fuel efficiency by utilizing biofuel for aviation 

(bioavtur) (Kemenhub 2012). Referring to the above policy, one pager scenario for aviation sub-

sector is divided into two: improvement of flight operational efficiency and increase the use of 

biofuel in aviation fuel mix until 2050.  

 

In line with the international agreement, IATA (International Air Transport Association) announced 

the GHG emission target related to climate change mitigation phenomenon under Carbon Neutral 

Growth 2020 (CNG2020) and Carbon Zero Growth 2050 to reduce emissions in 2050 by half compare 

to the emissions in 2005. This initiative comprises four strategic pillars in the international aviation 

industry, namely improvement in technology, operation, infrastructure and carbon trading scheme 

(IATA 2013).  

 

The use of bioavtur is a strategy to reduce carbon emission in aviation sector. It also aims to reduce 

the use of fossil fuel. Bioavtur is IATA strategy towards CNG 2020 target (IATA 2011). IATA focuses on 

biofuel second generation or new findings (algae, jatropa and cameline) and biomass. These fuels 

could be produced sustainably to minimize impacts on food and freshwater use. Tests in 2008 and 
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2009 show that biofuel from those sources could be used without modification of aviation’s 

machine. Such type of biofuels could be mixed with fossil fuel for direct use. In 2011, Lufthansa was 

the first aviation company to test the use of bioavtur. Within 6 months, the aircraft A321 enrouted 

from Hamburg to Frankfurt use the fuel mix with 58% biokerosene content (Bisnis.com 2013). In 

September 2014, Lufthansa flew for the first time in Europe using 10% biokerosene farnesene for 

Frankfurt – Berlin route. Farnesene is a sugar-based biokerosene that has passed the test and could 

improve the fuel emission characteristic (Lufthansa 2014). Raw material for bioavtur and bioavtur 

production technology are required to produce bioavtur that has the same characteristic as avtur 

from fossil fuels. Bioavtur could be made from fatty oil such as coconut oil and jatropa oil through 

hydrogenation technology (Soerawidjaja 2010).  

 

Energy demand for aviation sub-sector in I2050PC is calculated using the following formula: 

 
Energy Demand = number of aircraft unit x energy intensity          (6) 
 
Based on equation (6) above, energy demand projection of aviation sub-sector requires the data on 

number of aircraft unit and energy intensity. Therefore, the fixed assumption in modeling the energy 

demand of aviation sub-sector is number of aircraft unit in 2011. Meanwhile, projection of energy 

intensity per aircraft and projection of energy mix until 2050 are parts of trajectory assumption  

 

a. Fixed assumption 

 

Projection of Aircraft Growth  

Projection of aircraft growth is assumed 12.5% until 2025 based on GDP growth per year from 2004 

to 2011 which is 11.3% (See Table 25). This projection is higher than historical data to accommodate 

the potential growth of freight transportation through aviation. The growth of aircraft number is 

assumed slower to 10% per year between 2025 to 2035 and 7.5% between 2035 to 2050. Such 

weakened growth until 2050 is assumed triggered by saturated growth of aviation sector. 

 

Basic assumption of aircraft growth that is relatively high is caused by, first, government policy to 

develop a number of big airports in some areas according to Long-Term Planning of Ministry of 

Transportation 2005 – 2025, that states that the aviation sector will grow; second, high potential of 

e-commerce (goods shipment using aviation service) that is predicted to grow 30% by 2020 (based 

on Stakeholder Consultation Meeting, December 2014); third, possibility of open space adoption due 

to ASEAN Economic Community (AEC) which will commence in 2015. It allows the overseas aircraft 
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to land on local airport without transit in the main airport in advance. Therefore, the government 

needs to build more international airports.  

 

Table 25. GDP of Aviation Sector (BPS 2014) 

Year 2004 2005 2006 2007 2008 2009 2010 2011 
GDP (billion rupiah) 9384,30 10362,30 11466,20 12385,30 13044,40 14564,30 17330,40 19815,70 

 
Table 26. Projection of aircraft growth 

Year 2011 2015 2020 2025 2030 2035 2040 2045 2050 
Number of 

Aircrafts 1067 1710 3082  5554 8945  14407  20684  29695  42632 
Source: based on expert judgment 
 

 

 
Figure 5. Projection of aircraft growth 

 
 

b. Trajectory assumption 

 

Trajectory assumption for aviation sub-sector comprises energy intensity and fuel mix until 2050. 

 

1. Energy intensity of aviation sub-sector  

Average energy intensity in base year for aviation sub-sector is the average energy consumption per 

aircraft unit, that is obtained by dividing the total energy consumption of aviation sub-sector by 

number of aircraft in 2011 (see Table 27). Decline in energy intensity is affected by two factors, 

which are aircraft fleet revitalization and efficiency in flight operation that covers improvement of 

airport operational management and air traffic control management.  
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Table 27. Energy intensity of Aviation Sub-sector in base year 2011 

Parameter Value Unit Source 

Total energy consumption of aviation 
sub-sector in 2011  

20.996.000 BOE 
(PUSDATIN ESDM 

2012a) 

Number of aircraft in 2011 1067 Unit (Kemenhub 2014) 
Average energy intensity of aviation 
sub-sector in 2011  

19.677,60 BOE/Unit Calculation Result 

 
Change in energy intensity of aviation sub-sector due to aircraft fleet revitalization is calculated 

based on the proportion of aircraft age in 2011 that was obtained from the Minister of 

Transportation (2014). The data reveals that there was 1067 aircrafts in 2011, in which 75 out of 531 

passenger aircrafts are new and the aircraft is averagely used for 5 years. The data is used as a 

reference to assume the age proportion of aircraft. The estimation of aircraft’s age proportion is 

listed in Table 28.  

 
Table 28. Estimation of aircraft’s age proportion in base year 2011 

Aircraft Age Number of Aircraft (unit) Proportion of aircraft age (%) 
Under 1 year  75 7,03% 
Under 5 years 436 42,74% 

More than 5 years 536 50,23% 
Number of aircraft 1067 100% 

 
Projection of aircraft’s age proportion until 2050 is decided based on expert judgment (see Table 

29). Proportion growth is projected linearly until 2050  

Table 29. Projection of aircraft’s age proportion 

Level Year 
Aircraft age 

Aircraft < 1 year Aircraft 1-5 years Aircraft > 5 years 
Base year 2011 7,03% 42,74% 50,23% 

Level 1 2050 10% 45% 45% 
Level 2 2050 25% 37,5% 37,5% 
Level 3 2050 40% 30% 30% 
Level 4 2050 50% 25% 25% 

Source: based on expert judgment  
 

Considering that the use of a new aircraft could save energy up to 15% (based on Stakeholder 

Consultation, September 2014), it is assumed that the energy consumption in 2050 for the aircrafts 

that are operated under 1 year, will be 15% lower than the average energy consumption per aircraft 

in base year. The aircraft which has been operated between 1-5 years consumes energy with the 
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same intensity as those of base year, meanwhile the aircraft that has been operated for more than 5 

years consumes 15% more energy than the average energy consumption per aircraft in base year.  

  

By calculating the projection of total energy consumption of aviation sub-sector divided by the 

projection of vehicle number in 2050, the average energy intensity of aviation sub-sector in 2050 is 

obtained. The figure was later compared to the 2011 figure (due to aircraft rejuvenation). Other 

factor that that affects the energy intensity of aviation sub-sector is the efficiency in flight operation 

comprising improvement of operational management and a more efficient air traffic control. This 

factor is assumed to reduce energy intensity by 5% in 2020 based on the consultation with 

stakeholders. Thus, the estimated energy intensity of aviation sub-sector in 2050 is obtained. The 

growth of energy intensity in aviation sub-sector is projected linear until 2050. Level 1 to level 4 

scenarios for the change in intensity of aviation sub-sector owing to efficiency improvement of flight 

operational are described below. 

 

Level 1 

Level 1 assumes that the efficiency improvement program of flight operational is adopted slowly; 

thereby the energy intensity is 2% lower in 2050. Aircraft fleet revitalization has been implemented 

that 10% operated aircrafts are under 5 years. This measure increases the energy intensity of 

aviation sub-sector by 3.25% in 2050.  

 

Level 2 

Level 2 assumes that the efficiency improvement program of flight operational is adopted; thereby 

the energy intensity is 5% lower in 2050. Aircraft fleet revitalization has been implemented that 25% 

operated aircrafts are under 5 years. This measure reduces the energy intensity of aviation sub-

sector by 3.1% in 2050.  

 

Level 3 

Level 3 assumes that the efficiency improvement program of flight operational is adopted; thereby 

the energy intensity is 5% lower in 2050. Aircraft fleet revitalization has been implemented that 40% 

operated aircrafts are under 5 years. This measure reduces the energy intensity of aviation sub-

sector by 6.5% in 2050.  

 

Level 4 
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Level 4 assumes that the efficiency improvement program of flight operational is adopted in all 

airports in Indonesia; thereby the energy intensity is 10% lower in 2050. Aircraft fleet revitalization 

has been implemented that 50% operated aircrafts are under 5 years. This measure reduces the 

energy intensity of aviation sub-sector by 13.75% in 2050.  

 

 

Table 30. Projection of energy intensity in aviation sub-sector in 2050 

Level Year 
Energy intensity due to 

aircraft rejuvenation 
Change in energy intensity due to 

flight operational efficiency  
Energy intensity of 
aviation sub-sector  

Base year 2011 0% 0% 100% 
Level 1  2050 105,25% -2% 103,25% 
Level 2 2050 101,88% -5% 96,88% 
Level 3 2050 98,5% -5% 93,5% 
Level 4 2050 96,25% -10% 86,25% 

 
 
2. The use of bioavtur 

Fuel mix projection of aviation sub-sector is determined by the projection of jet fuel (avtur) and 

aviation gas (avgas) consumption in aviation sub-sector. Growth of jet fuel consumption is assumed 

10%, thus the figure in 2050 will be close to the historical data of GDP growth in aviation sub-sector 

which is 11.3%. Meanwhile, the growth of aviation gas consumption is assumed 6% - 7.5% until 2050 

based on the projection of national GDP growth stated in RUEN and KP3EI. The estimation of total 

fuel consumption in aviation sub-sector in 2050 is used as a reference to estimate the fuel mix of 

aviation sub-sector in 2050 including the use of bioavtur (see Table 31) and later projected linearly 

down to base year. Level 1 of one pager for the use of bioavtur in aviation sub-sector is assumed to 

have adopted the Minister of Transportation’s target, which is 3% share of bioavtur in 2018. Level 2 

to level 4 assumes an increasing share of bioavtur use. 

 

Level 1 

Level 1 assumes that the use of biofuel for aviation in 2018 reaches 3% share pursuant to the RAN 

GRK target of the Ministry of Transportation. 

  
Level 2 

Level 1 assumes that the use of biofuel for aviation in 2025 reaches 25% share pursuant to the 

Minister of Energy and Mineral Resources Regulation No. 20 of 2014.  
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Level 3 

Level 3 assumes that the government has a strong policy support towards biofuel supply; the share 

of pure biofuel in transportation sub-sector (bioavtur) in 2050 will be 30%.  

 

Level 4 

Level 4 assumes that the machine technology of an aircraft has been able to use pure biofuel, thus 

pure biofuel share in aviation sub-sector in 2050 reaches 50%.  

 

 

Table 31. Level of fuel mix in aviation sub-sector in 2050 

Level Year 
Fuel Type 

Jet Fuel  Bioavtur Aviation gas 
Base year 2011 99,94% 0% 0,06% 
Level 1  2050 89,99% 10,00% 0,01% 
Level 2 2050 79,99% 20,00% 0,01% 
Level 3 2050 70% 29,99% 0,01% 
Level 4 2050 50% 49,99% 0,01% 
Source: expert judgment  
 

6. Calculation Result 
By using the above methodology and assumption, the energy demand of transportation sector is 

calculated below. The energy demand of freight transportation is shown in Figure 6. Level 4 of one 

pager scenario for “Modal shift of freight transportation’ affect the decline of energy demand in 

2050 that is 33.3% lower than the demand in level 1. One pagers for “alternative fuel for freight 

transportation sub-sector” for road transportation, train and marine transportation are presented in 

figure 7, 8 and 9 respectively.  

 

 
Figure 6. Energy demand of freight transportation sub-sector 
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Figure 7. Fuel mix of freight transportation using road transportation 
 

 
Figure 8. Fuel mix of freight transportation using train 

 

 
Figure 9. Fuel mix freight transportation using marine transportation 

 

Energy demand of passenger transportation sub-sector is presented in Figure 10. Level 4 of one 
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presented in figure 11, 12 and 13 respectively. Low emission technology mix for urban passenger 

0% 

20% 

40% 

60% 

80% 

100% 

2011 Level 
1 

2050 

Level 
2 

2050 

Level 
3 

2050 

Level 
4 

2050 

Biodiesel B100 

Minyak solar 

Bensin 

0% 

20% 

40% 

60% 

80% 

100% 

2011 Level 
1 

2050 

Level 
2 

2050 

Level 
3 

2050 

Level 
4 

2050 

Biodiesel B100 

Minyak solar 

0% 

20% 

40% 

60% 

80% 

100% 

2011 Level 
1 

2050 

Level 
2 

2050 

Level 
3 

2050 

Level 
4 

2050 

BBG 

Minyak bakar 

Minyak diesel 

Minyak solar 



37 

 

transportation based on one pager for “low emission passenger transportation” is presented in 

Figure 14. Energy mix for inter-city passenger transportation is presented in Figure 15.  

 
Figure 10. Energy demand of passenger transportation sub-sector 

 

 
Figure 11. Fuel mix of urban passenger transportation – passenger car 

 

 
Figure 12. Fuel mix of urban passenger transportation – motorcycle 
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Figure 13. Fuel mix of urban passenger transportation – large bus 

 

 
Figure 14. Low emission technology mix of urban passenger transportation sub-sector 

 

 
Figure 15. Fuel mix of inter-city passenger transportation 
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Energy demand of aviation sub-sector is presented in Figure 16. One pager for fuel mix of aviation 

under “the use of bioavtur” is presented in Figure 17.  

 

 
Figure 16. Energy demand of aviation sub-sector 

 

 
Figure 17. Fuel mix of aviation sub-sector 
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Figure 18. Comparison of total energy demand in transportation sector between level 1 and level 4 
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